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Antecedentes

La premisa fundamental de esta tesis es la necesidad de usar datos de efectividad vacunal
provenientes del analisis de los encuentros entre el sistema de salud rutinario y el paciente
durante la practica médica rutinaria para la toma de decisiones regulatorias. Estos datos tienen

obvias ventajas, entre las cuales destaco las siguientes:

(1) Abren la posibilidad de usar bases de dato masivas, de decenas de millones de usuarios y
miles de millones de contactos con el sistema, como las de Medicare, el seguro de salud de
los ancianos de los Estados Unidos, que reembolsa los servicios de salud de cerca del 98% de
la poblacion de personas de 65 afios y mayores, y asegura ademas a personas de cualquier
edad con invalidez o insuficienciarenal.

(2) Disponen de denominadores directamente conocidos y bastante precisos y actualizados: los
beneficiarios de cada uno de los servicios reembolsados por Medicare, y de numeradores
conocidos también directamente, generalmente exactos.

(3) Dada la utilizacidn ya casi generalizada de la entrada directa de datos en la practica clinica
habitual en los Estados Unidos, y las ventajas econdmicas y de eficiencia que se obtienen con
el reembolso rapido de servicios médicos, una importante ventaja es la de obtener datos para
el andlisis en tiempo “"casireal ™.

(3) Dado que los datos utilizados son producto de la practica habitual, el costo incrementado de

la utilizacion de estos enormes recursos para la investigacién en salud pubica se limita casi
Unicamente al manejo y envio de datos (ciertamente cuando los datos utilizados son obtenidos

a través de acuerdos interinstitucionales entre oficinas del mismo gobierno).

Las grandes bases de datos observacionales, que llamaremos datos de la atencidn de salud
en el mundo real (real-world data) se diferencian de los datos derivados de estudios
experimentales (como los estudios clinicos controlados utilizados para la aplicacién de licencia

de nuevos productos) en que, a diferencia de los estudios experimentales, no controlamos
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implicitamente los sesgos ("“bias”’). Por lo tanto, cuando usamos datos de atencion de salud en
el mundo real deberemos considerar siempre la posibilidad (o quizds mas acertadamente la
certitud) de que los resultados asi obtenidos no reflejen la asociacion real entre la exposicidn
(por ejemplo, a una vacuna) y el evento a estudiar (episodio de la enfermedad supuestamente
evitada por esa vacuna), sino que estos resultados sean desviados del “"resultado verdadero™ por
una variedad de razones, que llamamos sesgos. Ejemplos frecuentes de sesgo en estudios que
usan bases de datos como las de Medicare son el subregistro de vacunados (lo cual clasificaria
erroneamente a un “‘verdadero vacunado” como “‘no vacunado” por lo cual el estudio
subestimaria la efectividad real de la vacuna al “contaminar’” el grupo de supuestos “"no
vacunados’’ con individuos que habian recibido vacuna sin haber sido detectados por la base de
datos como vacunados. Otro ejemplo de sesgo es el caso de que el individuo vacunado, de
enfermarse, tenga menor probabilidad de acudir a la consulta al creer que la enfermedad sera
controlada facilmente o de que su médico, que lo sabe vacunado y cree que la vacuna es
altamente eficaz, lo diagnostique como sufriendo una enfermedad otra que la que se estudia, lo
cual sesgaria el estudio al hacer disminuir el nUmero de casos entre los vacunados, desviando el
estimado de efectividad hacia hallar una efectividad vacunal mayor que la real. El caso mas tipico
de sesgo por causas no identificadas en la base de datos (""'unmeasured confounders’’) es el del
individuo de vida sana que se vacuna mas regularmente que otros con menos disciplina en el
cuidado de su salud, esto suele ser llamado efecto del vacunado saludable (“"healthy vaccinee
effect”). En este caso, al comparar a los vacunados, entre los cuales estos “individuos de vida
sana’’ estarian excesivamente representados, aumentariamos hipotéticamente la estimacién de
efectividad de la vacuna. Sin embargo, estos “‘individuos de vida sana ~ tienen, asimismo,
tendencia a acudir mas al médico cuando estan enfermos, lo cual tendria el efecto contrario,
disminuir el estimado de efectividad. Estos ejemplos ilustran la complejidad del problema, y
evidencian que, frecuentemente, no se puede saber a priori ni siquiera la direccién del presunto
sesgo, menos aun su magnitud en una poblacién y tiempo determinados. Ello evidencia la
necesidad de que, en estudios que utilicen datos de la atencién de salud en el mundo real, se
detecten y evallen a tiempo los posibles sesgos, y se corrijan sus efectos en el disefio y/o en el
analisis con metodologias adecuadas a la base de datos que se esta usando. Ello mejoraria la

validez del estudio y su utilidad para la toma de decisiones regulatorias y de salud publica.
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Objetivos

El objetivo comun de los cuatro estudios presentados en esta tesis (que pueden verse,
acompafados de sus datos suplementarios, en la seccidn Resultados (“Results”), es la
utilizacion de datos de servicios de salud reembolsados por Medicare ("'Claims™) para
investigar la efectividad de vacunas en ancianos de 65 afios y mayores. He seleccionado estos
estudios por su utilidad para la toma de decisiones regulatorias y de salud publica, y porque
presentan desafios metodoldgicos para la identificacién y correccion de posibles sesgos

derivados de la utilizacion de datos de la atencion de salud en condiciones reales.

Meétodos

Los estudios presentados en esta tesis han sido todos realizados utilizando datos de
Medicare, una de las bases de datos de servicios de salud para ancianos mds grandes de
occidente. Medicare cubre a aproximadamente un 98% de los individuos de 65 afios y mayores
de los Estados Unidos, y los datos derivados de contactos de pacientes asegurados por Medicare
con los servicios de salud pueden obtenerse casi en tiempo real, como lo hemos demostrado en
estudios previos. Durante el periodo de desarrollo inicial de esta tesis hicimos una
primera exploracidn sobre el uso de la base de datos de Medicare para estudios de efectividad
vacunal. Este estudio de prueba inicial (""proof of concept study’’) fue completado a fines del
ano 2015, y sirvid de base para el desarrollo de los cuatro estudios que constituyen los
resultados de esta tesis, este estudio serda explicado brevemente aqui, pues es esencial al
desarrollo de esta tesis. En otras palabras, los métodos de los estudios resultado de esta
tesis se basaron inicialmente en los utilizados en este estudio de prueba inicial en
Medicare. Para cada estudio subsecuente, dependiendo de factores que incluyen Ia
pregunta o preguntas a responder, la poblacién de interés para el estudio a realizar, los

grupos de riesgo a comparar, y las caracteristicas fundamentales del producto a estudiar,
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utilizamos innovaciones y adaptaciones que describiremos en detalle en la seccion de métodos

de cada uno de los proyectos. Este estudio de prueba inicial (Efectividad comparativa de las

vacunas de influenza a alta dosis (HD) vs. dosis standard (SD) para consultas médicas y

hospitalizaciones por influenza entre beneficiaries de Medicare de 65 afios de edad y mayores
durante la temporada 2012-2013 (""Comparative effectiveness of high-dose vs. standard dose
influenza vaccines against medical office visits and hospitalizations among Medicare
beneficiaries ages 65 years and older during the 2012-2013 season’’), fue publicado en Lancet
Infectious Diseases a fines del afio 2015 (lzurieta, Thadani et al, Lancet Infect Dis 2015). |
iniciamos el estudio subsecuentemente a la licencia dada por la Agencia de Medicamentos y
Alimentos de los Estados Unidos (U.S. Food and Drug Administration) a una vacuna de influenza
trivalente inactivada de alta dosis a fines del afio 2009. Esta licencia fue otorgada en base a
resultados seroldgicos favorables, usando el mecanismo de licencia acelerada (""Accelerated
approval regulations™), que no requiere demostracién previa de eficacia, y es utilizado
solamente para productos de alta prioridad para los cuales la demostracidon de eficacia previa a la
licencia no es posible o retrasaria excesivamente la licencia. Dada la incertidumbre existente en
esa época sobre la factibilidad de un estudio de eficacia aleatorio subsecuente a la licencia, y
sobre la dificultad de que ese estudio aleatorio, de completarse, pudiese estudiar también
efectos severos de influenza (hospitalizaciones), decidimos iniciar paralelamente un estudio
observacional de efectividad vacunal. El objetivo de este estudio fue determinar si la vacuna HD
era mas efectiva que las tradicionales vacunas SD con tres veces menos hemaglutinina, para la
prevencion de visitas médicas y hospitalizaciones relacionadas con la influenza entre los
beneficiarios de Medicare en los Estados Unidos. Para ello, utilizamos un disefio de cohortes
retrospectivo con cédigos de facturacion (“'Claims’’), e identificamos cohortes de beneficiarios
>65 anos que recibieron vacunas sea HD o SD en farmacias ambulatorias que ofrecian y
administraban ambas vacunas durante la temporada de influenza 2012-2013. Definimos los
diagnodsticos a analizar utilizando cddigos de facturacidén relevantes en Medicare. La variable
resultado para el analisis primario fue la infeccién probable por influenza, definida por la
implementacidon de una prueba rapida de diagndstico de influenza, seguida de la administraciéon
de oseltamivir, un inhibidor de la neuraminidasa utilizado Unicamente para tratar influenza. La
variable resultado para el analisis secundario fue la hospitalizacidn o la visita a urgencias con
un diagndstico de influenza. Estimamos etonces la efectividad relativa ambas vacunas
usando una comparacion de las tasas de influenza entre beneficiarios de Medicare que

recibieron la vacuna HD con beneficiarios que recibieron una de las vacunas con SD
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durante periodos de alta circulacion de influenza. Para estos analisis utilizamos modelos de
regresion de Poisson univariados y multivariados. Estudiamos un total de 929.730 vacunados
con HD y 1.615.545 con SD. Los sujetos incluidos en cada cohorte estaban bien
balanceados con respecto a edad, otras caracteristicas demograficas, y presencia de
afecciones médicas subyacentes. La vacuna HD fue 22% mas efectiva que la vacuna SD para la
prevencion de visitas médicas con un diagnéstico de influenza y también 22% mas efectiva
para la prevencion de hospitalizaciones o visitas a urgencias con un diagnéstico de
influenza. En conclusidon, este estudio, que fue calificado de “innovador” por el editorial
que lo acompaiidé (Hak et al, Lancet Infect Dis 2015), utiliz6 datos de mdas de dos
millones y medio de ancianos registrados en Medicare, vacunados durante Ia
temporada de gripe 2012-2013, vy demostré que la vacuna HD fue significativamente
mas efectiva que la SD para laprevencion de visitas médicas, hospitalizaciones y
visitas a urgencias por influenza. Una copia de este estudio, y de sus datos

suplementarios, puede encontrarse en la seccion Anexos ("Annex’’) de esta tesis.
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Resultados

Efectividad comparativa de las vacunas de influenza a alta
dosis (HD) vs. dosis standard (SD) para prevenir muertes
subsecuentes a influenza entre beneficiarios de Medicare
de 65 afios y mayores: estudio de cohortes retrospectivo,
2012-2013 y 2013-2014. (Shay et al, JID 2017).

Un ensayo de fase IV patrocinado por el fabricante de la vacuna de influenza HD y un
estudio observacional implementado por nosotros en millones de beneficiarios de Medicare,
mostraron que los vacunados con HD tuvieron una menor incidencia de visitas médicas y
hospitalizaciones por influenza. Ninguno de estos estudios pudo estudiar la consecuencia ultima
de influenza, la mortalidad. El objetivo de este nuevo estudio fue evaluar la efectividad de la
vacuna HD comparada con las vacunas SD para la prevencién de muertes asociadas con influenza
durante dos temporadas. Para ello identificamos beneficiarios de Medicare mayores de 65
anos que recibieron vacunas HD o SD en farmacias que ofreciesen ambas vacunas durante
2012-2013 y 2013-2014. El resultado primario fue muerte en los 30 dias siguientes a una
hospitalizacién o visita a urgencias con un cédigo CIE-9-MC de influenza. Estimamos la
efectividad vacunal durante los periodos de alta actividad de influenza en las diez regiones de
los Estados Unidos mediante eluso de modelos multivariados de regresion de Poisson.
Investigamos a 1.039.645 ancianos vacunados con HD y 1.683.264 vacunados con SD en
la temporada 2012-13 y a 1.508.176 vacunados con HD y 1.877.327 vacunados con SD
durante 2013-14. Hallamos que ambos grupos eran comparables en cuanto a

caracteristicas demogréficas, enfermedades crénicas e indicadores médicos de fragilidad.
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Hubo 83 muertes subsecuentes a influenza en el grupo de HD (0,028/10,000 personas/
semana), y 162 muertes en el grupo de SD (0,038/10,000 personas/semana). La tasa de
mortalidad fue 57% menor en 2013-2014, cuando los virus A (H1N1=pdmOQ9 fueron
dominantes, en comparacién con 2012-2013, cuando predominaron los virus A(H3N2). En
la temporada 2012-13, la vacuna HD fue 36.4% mas efectiva para reducir la mortalidad; en
2013-2014, fue 2.5% mas efectiva, pero este resultado no fue estadisticamente
significativo (IC 95% - 47% a 35%).

En conclusién, la vacuna HD fue significativamente mas efectiva que las vacunas SD
para prevenir muertes subsecuentes a influenza en 2012-2013, pero no en 2013-2014.
Sin embargo, en ambas temporadas, la vacuna HD fue mas efectiva para
prevenir hospitalizaciones, aunque el efecto estimado para 2012-2013 fue de mayor magnitud.
Una mayor circulacién de virus A (H3N2) en 2012-2013 yde virus A (HIN1)pdmO09
en 2013-2014 pudo haber influido en estos hallazgos. Junto a la publicacién, la revista

presentd un editorial que comentd positivamente sobre nuestro estudio (Monto A, JID2017).

Efectividad comparativa de la vacuna de influenza
cultivada en células comparada con las vacunas cultivadas
en huevos durante la temporada 2017-2018.”" (lzurieta et
al, JID 2018)

Un andlisis del “"Centers for Disease Control and Prevention (CDC)” realizado durante
la temporada 2017-2018 (dominada por influenza A(H3N2)), mostré que, en conjunto, las
vacunas de influenza usadas entre individuos de 65 afios y mayores tuvieron una efectividad del
20%. Algunos autores han sugerido que esta extremadamente baja efectividad puede haberse
debido a la adaptacién de los virus vacunales al crecimiento en huevos. Nuestro
objetivo fue evaluar la efectividad relativa de wuna nueva vacuna tetravalente de
cultivo celular comparada con las vacunas cultivadas en huevos. El componente A(H3N2) de la
vacuna celular de influenza para la temporada 2017-2018 fue integramente producido en cultivo
celular, pero los componentes influenza B y A(HIN1) tuvieron, en cambio, un pasaje inicial en

huevos. Usamos un disefio de cohortes retrospectivo con regresién de Poisson para evaluar la
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efectividad relativa de cinco tipos de vacunas de influenza utilizadas por beneficiarios de Medicare
de 65 afios y mayores vacunados durante la temporada 2017-18. Usamos la técnica Ilamada
“Inverse probability of treatment weighting”” para ajustar las diferencias en la distribucién de
covariables en las cohortes a comparar. Los beneficiarios elegibles recibieron uno de los cinco
tipos de vacuna evaluados: cuadrivalente de cultivo celular, cuadrivalentes de cultivo en
huevos, trivalentes cultivadas en huevo de dosis alta (HD), con adjuvante, o de dosis estandar
(SD). La variable resultado para el andlisis primario fue el encuentro hospitalario
(hospitalizacion o visita a urgencias) con diagndstico de influenza. La variable resultado para
el andlisis secundario fue la visita médica con diagndstico de influenza, definida por una
prueba rapida de influenza durante la visita seguida de tratamiento con oseltamivir (un
antiviral utilizado solamente para influenza). Estudiamos mds de 13 millones de
beneficiarios. En el analisis interino realizado a mediados de temporada, cuando el dominio de
las cepas A(H3N2) era casi absoluto, la vacuna de cultivo celular tuvo una efectividad relativa
(RVE) 16.5% mayor que la vacuna cuadrivalente cultivada en huevos. En el analisis subsecuente
de final de temporada, la vacuna de cultivo celular tuvo una efectividad 9-10% mas alta que la
tetravalente cultivada en huevos. En la comparacién entre cinco tipos de vacunas, la cultivada

en células (RVE 11%) y la HD cultivada en huevos (RVE 8%) fueron las mas efectivas.

En conclusidn, la diferencia entre el analisis interino, realizado durante un periodo en el que

dominaron solamente los virus A/H3N2, y el analisis de final de temporada, que incluyé periodos
en los que los virus del linaje B /Yamagata circularon frecuentemente, sugiere que la
mayor efectividad relativa que encontramos para la vacuna de cultivo celular podria haber sido
impulsado por diferencias de efectividad para el componente A/ H3N2, el Unico componente de
esta vacuna cultivado 100% en células sin paso alguno por cultivos en huevo. Esta
modesta efectividad diferencial explica solo parcialmente la baja efectividad del conjunto de
las vacunas utilizadas reportada por el CDC. Este estudio fue comentado muy favorablemente en
un editorial escrito por el equipo de influenza del CDC (Flannery and Fry, JID 2018), el cual
enfatiza la necesidad de continuar estudios comparativos y de desarrollar nuevas vacunas

para influenza utilizando los resultados obtenidos por nosotros.
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Uso de estatinas y riesgo de influenza entre ancianos
vacunados con dosis standard (SD) o dosis alta (HD) en
Medicare durante 2010-2015. (Izurieta et al, CID 2017)

Las estatinas se utilizan para reducir el riesgo de enfermedad cardiovascular, estudios
recientes sugieren que pueden estar asociadas con un mayor riesgo de infecciones por influenza
entre los vacunados. Nuestro objetivo fue evaluar la asociacién entre el uso de estatinas y la
efectividad de las vacunas de influenza entre los beneficiarios de Medicare vacunados. En este
estudio de cohortes retrospectivo, identificamos beneficiarios de Medicare de 65 afios y
mayores que recibieron vacunas contra la influenza en dosis altas (HD) o dosis estandar (SD), en
farmacias, durante las temporadas 2010-2011 hasta 2014-2015. Excepto por la hipertensidn,
los pacientes con enfermedad cardiaca previa fueron excluidos para no sesgar el estudio.
Los usuarios de estatinas se compararon con los no usuarios por tipo de vacuna, sexo, grupo
de edad, regién de residencia, encuentros médicos previos y comorbilidades. Utilizamos modelos
multivariables de Poisson para estimar las asociaciones entre el uso de estatinas durante los 15
dias previos o subsecuentes a la fecha de vacunacion y el riesgo de visitas médicas por influenza.
La variable de resultado para el andlisis primario fue una visita médica por influenza, definida
por la realizacion de una prueba rdpida de influenza durante la visita, seguida de la
administracion de oseltamivir. La variable de resultado para el analisis secundario fue el
encuentro hospitalario relacionado con influenza (hospitalizacién o visita a urgencias con un
codigo ICD-9-CM para influenza). Incluimos 1,403,651 usuarios de estatinas emparejados
(“matched”’) con no usuarios. Las cohortes emparejadas estaban bien equilibradas, con
diferencias de medias estandarizadas (""Austin standardized mean differences’’) <0,03 para
todas las covariables evaluadas. Analizamos eventos solamente durante periodos de alta
circulacién de influenza. Identificamos 2,419 visitas médicas por influenza (1.41 / 10,000
persona-semana) entre los usuarios de estatinasy 2,235 (1.31 / 10,000 persona-semana) entre

los no usuarios. El riesgo relativo ajustado (RR) para las visitas médicas por influenza fue 1.086
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(intervalo de confianza [IC] del 95% [1.025-1.150]) entre los usuarios de estatinas en
comparacion con los no usuarios. El RR para las hospitalizaciones relacionadas con la influenza
fue 1.096 (IC del 95%: 1.013-1.185). Los resultados fueron similares para los vacunados con HD
y SD, y para los usuarios de estatinas sintéticas y no sintéticas.

En conclusion, estos resultados sugieren que la recepcion de estatinas en el momento de
la vacunacion de influenza aumenta modestamente el riesgo de la enfermedad en adultos

mayores.

Efectividad y duracion de la efectividad de la vacuna
Zostavax entre beneficiarios de Medicare de 65 afios de edad
y mayores. (Izurieta et al, CID 2017)

En los Estados Unidos, decenas de millones de adultos mayores estan a riesgo de contraer
herpes zoster (HZ) y sus complicaciones. Zostavax, la vacuna viva atenuada contra el herpes
zoster, reduce el riesgo, aunque persisten preguntas sobre su efectividad y la durabilidad de la
proteccién en la practica clinica habitual. Nuestro objetivo fue investigar la efectividad de
Zostavax y su duracion. Este estudio de cohortes retrospectivo incluyd beneficiarios de mas de
65 afos desde enero del afio 2007 hasta julio del 2014. Realizamos ajustes multiples para corregir
los posibles sesgos. Los beneficiarios vacunados con Zostavax se compararon con (a) beneficiarios
no vacunados con Zostavax (analisis primario) y (b) con beneficiarios no vacunados con Zostavax
gue habian recibido una vacuna antineumocécica (analisis secundario entre grupos vacunados).
Analizamos los casos de visitas médicas y encuentros hospitalarios con diagndstico de HZ,
incluimos también zoster oftalmico ("OZ"") y neuralgia postherpética ("PHN"’). Entre los
beneficiarios elegibles (edad promedio de 77 anos), el analisis primario encontré una efectividad
para visitas médicas por HZ del 33% y 19% en los primeros 3 y en los afios 4 o mas subsecuentes
a la vacunacién, respectivamente. En el analisis secundario, la efectividad fue, respectivamente,
del 37% y 22%. En el andlisis primario, la efectividad para PHN fue del 57% y del 45%,
respectivamente. La efectividad para casos de HZ hospitalizados fue, respectivamente, del 74% y

55%. Las diferencias en efectividad por grupo de edad no fueron significativas.
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En conclusidn: Tanto en el analisis primario como en el secundario, Zostavax brindd
proteccién contra HZ en todas las edades, pero la efectividad disminuydé con el tiempo. La
efectividad fue mayor y mejor conservada en el tiempo para eventos severos como
hospitalizaciones por HZ y neuralgia post herpética. Este estudio, que publicamos en CID
(lzurieta et al, 2017) fue acompafiado por un editorial muy positivo escrito por el Doctor Steven
Black, uno de los autores mas conocidos internacionalmente en temas de efectividad y

seguridad vacunal.

Discusion

Una evidencia de la calidad y relevancia de los estudios presentados y discutidos en esta
tesis incluye el hecho de que todos han sido todos publicados en revistas médicas
internacionales de elevado prestigio (""Lancet Infectious Diseases’’, “"Clinical Infectious Diseases
”, vy “Journal of Infectious Diseases’’), que cuatro de ellos han sido acompafados por
editoriales muy positivos escritos por expertos conocidos internacionalmente (que
incluyo en la seccién Anexos ("Annex’’)), y que han mostrado ya impacto en la toma de
decisiones. Estos estudios tuvieron éxito en varios aspectos de la investigacidén en efectividad
vacunal: (a) en la seleccién de cohortes con una baja probabilidad de incluir individuos fragiles
(cohortes de vacunados en farmacias en las cuales se administraron ambas vacunas en estudio),
lo cual disminuyd ademas la probabilidad de que los grupos tuvieran diferencias importantes
en cuanto a la distribucién geografica de la enfermedad; (b) en la definicién de algoritmos que
incluyen, para visitas médicas, el tratamiento de la enfermedad, lo cual permitié aumentar la
especificidad; (c) en la definicion de periodos de alta circulaciéon de la enfermedad, lo cual
permiti6 aumentar aun mas la especificidad para enfermedades estacionales como la
influenza; (d) en la obtenciéon de estimaciones de efectividad para eventos raros y graves,
incluyendo la muerte, que no resultaria practico estudiar en ensayos clinicos; (e) en la
obtencién de resultados muy cercanos a los obtenidos durante los ensayos clinicos, lo cual
apoya la validez de nuestros estudios; (f) en estudiar la modificacién del efecto causada por un
farmaco utilizado concomitantemente a la administracion de una vacuna, y (g), al estimar no
solamente la efectividad comparativa sino también la duracién de la efectividad, dificil de

obtener en estudios clinicos aleatorios. Estas experiencias exitosas, ademas de



22

proporcionarnos informacion potencialmente util para la toma de decisiones regulatorias,
podrian asimismo contribuir a la fase de planificacién de estudios que podrian formar parte de

los compromisos y requisitos posteriores a lalicencia de nuevas vacunas.

Tuvimos menos éxito en otros aspectos, incluyendo: (a) asegurando Ila
generalizabilidad de los resultados del estudio (a menudo usamos restricciones para aumentar
la validez de los resultados, sacrificando asi parcialmente la generalizabilidad de los resultados a
todos los ancianos; (b) en el control del sesgo para eventos menos serios, y por tanto mas
facilmente influenciables por diferencias en el uso de servicios de salud, como visitas médicas.
No obstante, nuestro uso exitoso de cohortes mds grandes (no restringido a los
vacunados en farmacia) en nuestra reciente comparacion de la efectividad de las vacunas
de cultivo celular frente a las basadas en huevo, muestra que nuestros estudios no necesitarian

sacrificar la generalizabilidad de los resultados al conjunto de la poblacién de ancianos.

Tras completar esta tesis, hemos seguido desarrollando nuevos métodos.
Hemos completado recientemente la exploracion del uso de encuestas de Medicare para
validar la comparabilidad de las cohortes en nuestros estudios en cuanto a la tendencia a usar
(o evitar) los servicios de salud, al nivel de educacion, la capacidad para caminar sin ayuda, y
otras variables que podrian influir en el sesgo. Hemos continuado asimismo realizando
otros estudios de efectividad comparativa de las vacunas de cultivo celular frente a las
producidas con la técnica cldsica de cultivo en huevos, hemos iniciado investigaciones sobre
el efecto de la edad y el sexo en la efectividad vacunal comparativa y sobre la posible
interaccion de otros medicamentos con la efectividad vacunal. Asimismo, continuamos
desarrollando otros métodos para medir y ajustar el efecto de sesgos causados por variables no

incluidas en los datos de medicare.

Conclusiones

(1) Estos estudios han servido para brindar a los investigadores en efectividad vacunal orientaciones

para seleccionar cohortes con una probabilidad uniforme y baja de incluir individuos fragiles, lo que
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disminuye el riesgo de desequilibrios que podrian socavar gravemente la comparabilidad de los
grupos a estudiar.

(2) Los estudios han contribuido a definir algoritmos de reclamaciones de pago de servicios
por visitas médicas, que han demostrado su validez al nosotros obtener repetidamente resultados
sorprendentemente similares a los de estudios aleatorios realizados en poblaciones similares
durante las mismas temporadas. Con ello demostramos que estos algoritmos podrian acercarse
a lograr una especificidad suficiente para realizar estudios de efectividad con fines regulatorios.
(3) Estos trabajos también han ayudado a definir de manera innovadora periodos de alta circulaciéon
de influenza. Fuimos los primeros en utilizar la distribucién nacional de antivirales contra influenza
en Medicare para definir los periodos de circulacién de influenza, con una calidad similar (o incluso
mayor) a la de la vigilancia actual, realizada usando porcentaje de aislamoientos virales, y con
la ventaja de estar disponible mucho mas rapido y mas barato que cualquier sistema existente,
creando una herramienta de vigilancia que continuamos explorando.

(4) Al obtener estimaciones de efectividad para complicaciones graves de influenza muy
comparables a las obtenidas durante ensayos clinicos, y al obtener estimaciones para eventos muy
raros, incluida la muerte, nuestros estudios han demostrado la capacidad de los datos de uso
de servicios médicos en condiciones reales para proporcionar datos no disponibles en
estudios aleatorios.

(5) Los estudios presentados en esta tesis también han demostrado la capacidad del uso de datos
de servicios médicos en condiciones reales para identificar diferencias significativas de
efectividad y para detectar interacciones entre medicamentos y vacunas, incluso cuando la

magnitud de los efectos estudiados es pequeiia.



BACKGROUND
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Justification

In most industrialized countries, the elderly are at high risk of serious disease and death
from vaccine-preventable diseases such as influenza and pneumonia, as compared with younger
persons.}*Individuals aged 265 years account for more than 90% of all U.S. influenza deaths. 1
Despite this serious public health concern, ethical considerations, including, once a vaccine is
licensed, the presumption of clinical equipoise (genuine uncertainty in the expert medical
community over whether the vaccine will be beneficial) no longer exists, which complicates (and
often impedes) the use of randomized trials to confirm efficacy against serious disease or death,
or among specific subpopulations such as the elderly. For instance, until recently, only one
randomized, placebo-controlled study of the efficacy of inactivated influenza vaccines in the
elderly has been published.> Thus, most information on the benefits of influenza and other

vaccines in persons aged >65 years are obtained from observational studies.

In influenza studies, for instance, estimates of the effectiveness of inactivated influenza
vaccines in preventing serious influenza-associated outcomes among people aged >65 years
have varied widely, suggesting zero to moderate effectiveness.®® The extreme disparities in
results obtained from observational studies of vaccine effectiveness among the eldery, the
frequent absence of adjustments for influential covariates including surrogates for frailty, the
insufficient accounting of the effects of seasonality and other limitations suggest that, at least in

some such studies, bias and confounding could have contributed to explain the findings.>1°
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Although better information on the efficacy of vaccines is needed, post-licensure
randomized trials to confirm efficacy are often unfeasible/unethical. Observational studies,
instead, can be performed more cheaply, rapidly, and in larger populations, but they are often
subject to bias. Thus, there is an increasing need for large observational effectiveness studies in

which bias is either decreased or accounted for.

The XXI Century Cures Act

In December, 2016, the U.S. Congress passed the XXI Century Cures Act,'* which changes
the way in which the Food and Drug Administration (FDA) approves some medical products,!?
including encouraging FDA to provide faster tracks for the licensing of new products, sometimes
with data on efficacy surrogates (as opposed to efficacy outcomes). It also encourages the
Department of Health and Human Services (HHS) to promote innovation in the development of
vaccines that minimize the burden of infectious diseases and stress the need for  ensuring
timelyand adequate recommended utilization guidelines for qualified countermeasures,
including pandemic and epidemic products.''?2 Thus, regulators have been increasingly
considering the use of real world data (RWD), data relating to contacts between the patient and
the health system, to the patient use of services, health status and/or the delivery of health care
routinely collected from a variety of sources, to respond to some of the regulatory questions
post-licensure, giving priority to the understanding of and methods for the use of real world
evidence (RWE) to obtain reliable and timely post- marketing evidence of the effectiveness of

regulated products.!3-18
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Limitations in the use of randomized clinical trials for
licensure

Prior to licensure of a product, regulators require verification of the product’s safety and
efficacy, mainly through implementation of randomized trials. The internal validity of these trials
is often reached at the expense of generalizability, since populations enrolled in such studies may
often differ in significant ways from those seen in clinical practice. Moreover, the cost of
performing clinical trials have increased, without substantial decreases in the time required for
their completion.® During the last few years, the availability, connectivity and processing
speed of electronic medical data have substantially increased, providing Sponsors and the
regulator with significant amounts of large linked medical care data in record time.**>2° One of
regulator's priorities is to make medical products that are safe and effective available as quickly
as possible, but requiring large clinical studies prior to licensure requires significant time and
resources, and many safety and effectiveness questions relevant for regulators just can’t

be answered pre-licensure.!3
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Vaccine approval scenarios

“Traditional” approval

Under a traditional approval pathway, the licensure of vaccines or other biologic products
is based on the demonstration that a product is “safe, pure and potent”. Here, we interpreted
“potency” to mean effectiveness, based on substantial evidence from adequate and well-

controlled clinical investigations.

“Non-traditional” approval scenarios

There are two scenarios, accelerated and animal rule approval. The accelerated
approval (21 CFR 601): It is based on adequate and well-controlled trials establishing effect on a
surrogate endpoint that is “reasonably likely” to predict clinical benefit. In this scenario, the
applicant must study the biological product further following licensure to verify and describe
clinical benefit (such studies must be adequate and well-controlled). The animal rule approval (21
CFR 601.90 - 601.95), applies when human efficacy studies are not ethical and field trials are not

feasible.

Could non-traditional approval scenarios be relevant for
regulators?
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The post-marketing determination/verification of effectiveness could be useful for
vaccines designed to prevent diseases with highly variable and difficult to predict circulation
patterns (e.g., pandemic influenza), long incubation periods (cancer vaccines such as human
papilloma virus vaccines), when randomized efficacy studies might be unfeasible
(unethical)/unaffordable/unacceptably long. They could also be useful to confirm protection
for specific high-risk groups, serious and very rare outcomes such as hospitalizations and death,

and to support new indications for already licensed and recommended vaccines.

An important constraint for the use of real-world data:
Bias

Bias is a “Systematic error in the design, conduct or analysis of a study that results
in a mistaken estimate of an exposure’s effect on the risk of disease” (Schlesselman and Stolley,

1982). The main types of bias are:

Selection bias: participant selection that distorts the exposure-outcome relationship from that

in the target population (e.g. health seeking behavior bias)

Information bias: When information is collected differently between groups, leading to

misclassification of exposure or outcome (e.g. vaccination status misclassification)

Confounding: the observed association between exposure and disease differs from the truth

because of a third variable (e.g. unmeasured confounding)
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Strategies to address bias:

Ways to address selection and other bias include adjustments, evaluating health seeking
behavior differences, differences in disease risk, and/or in frailty (which also influence outcome
severity), validation of the comparability of cohorts, verification/confirmation of exposures,
outcomes, etc. In some cases, the use of negative endpoints can help determine of bias is

affecting the study results. All these strategies will be explored in this thesis.

Partnerships to investigate effectiveness

Understanding the need to promote and develop the use of real world data for studies of
effectiveness post-licensure, while addressing the constraints generated by the unavoidable
challenge that bias and confounding bring to the analysis of real-world data, we initiated a
series of investigations to monitor the absolute effectiveness, comparative effectiveness,
duration of effectiveness and interactions between drugs and vaccines that could affect
vaccine effectiveness.'**® These studies are the product of inter-institutional collaborations, and
are a continuation of already existing projects to assess the safety of vaccines, which includes
studies of the association between influenza vaccines and Guillain Barré Syndrome (GBS),

initiated during 2003, that still continue.?%??
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Using a claims dataset

In the United States, CMS is the primary medical insurance provider for a large majority
of the elderly population through Medicare. CMS holds claims records for the medical care
received by a large percentage of the 65 years and older population. These records have strong
potential for use in a study of the high-dose influenza vaccine among the elderly. Since these
records include a wide range of demographic and healthcare information, they can be used to
determine high-dose vaccination field effectiveness in different age and risk groups. However,
claims data has some limitations. Diagnoses on claims for respiratory illnesses are often imprecise
since many conditions have similar symptoms. In addition, the vaccination status of individuals
without vaccination claims in CMS is unknown, since they may have been vaccinated outside of
CMS or their claims may not have been submitted. Even with these limitations, CMS claims
information is a viable tool for analyzing vaccine effectiveness in the elderly since the information
is comprehensive, collected continuously, and covers a large percent of the population of
interest. This study uses CMS data to select cohorts of study that focus on relatively homogenous
populations in terms of health, socioeconomic status, and geographic region, with access to both
the high-dose and seasonal-dose vaccine. Then, claims data is used to identify adverse outcomes
related to influenza in vaccinated populations. These adverse outcomes are analyzed with
consideration to the amount of influenza circulating at the time of event. With this information,
this study can compare the effectiveness of the seasonal and high- dose vaccines in different

phases of influenza circulation.
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Special concerns regarding the investigation of vaccines

Among medical products, vaccines have characteristics which make the use of RWD
particularly compelling. Mainly during the last century, vaccines have dramatically decreased the
worldwide incidence (or completely eliminated) highly infectious life-threatening diseases such
as smallpox, poliomyelitis, neonatal tetanus, congenital rubella syndrome, measles and many
others.?324 For vaccines to provide such outstanding public health benefits, they often had to be
administered to large proportions of the susceptible population, including also healthy
individuals and persons at low infection risk.?>?4In part linked to the need to administer vaccines
to millions of healthy individuals (many at low or very low risk for the diseases being prevented)
regulators usually require larger safety clinical trials for vaccines than for drugs. 12> Moreover,
the safety of vaccines is also monitored post-licensure through large passive (e.g. VAERS) and
active (e.g. Sentinel, VSD, CMS) vaccine safety networks.?%2%26-30 Until recently, however, real
world data were not systematically used by the FDA to monitor the effectiveness of vaccinespost-

licensure.16:18

Because some vaccines are produced to prevent epidemics or pandemics that are
sporadic in nature (e.g. meningitis and influenza pandemics, Ebola outbreaks), it is not always
possible to wait for the disease to occur prior to performing efficacy trials. Also, even when pre-
licensure efficacy studies are feasible, they can take significant time and, in some cases, the
immediate consequences of a disease outbreak and the lack of a viable therapeutic alternative
are such that there are no valid alternatives to the use of a vaccine for which efficacy has not yet

been proven but for which the safety profile is good and there is a reasonable expectation



33

of efficacy based on immunogenicity or animal data.3133In such cases, FDA can use accelerated
approval or animal rule regulations343°to license such vaccines, using either immune markers to
infer effectiveness, or efficacy studies in animal models, conditional to the implementation of
efficacy or effectiveness studies post-licensure. Once the vaccine is approved, however, clinical
equipoise (genuine uncertainty in the expert medical community over whether the vaccine will
be beneficial) may no longer exist and, in such cases, it becomes difficult to justify ethically a
randomized placebo-controlled efficacy study post-licensure.?® In such cases, effectiveness
studies using real world data can be the best alternative.'®!® Other considerations make a
compelling case for the use of real world evidence to provide evidence of effectiveness: (a) pre-
licensure clinical trials are often conducted with healthier populations and in specialized
environments, subject to multiple restrictions. Therefore, their findings are difficult to generalize
to the larger, more inclusive populations of patients, clinicians and health care systems that exist
in real world practice;?” moreover, many vaccines are licensed to prevent diseases caused by
organisms susceptible to frequent mutations (e.g. influenza), and, given the need to rapidly
vaccinate susceptible populations during epidemics, vaccine efficacy can’t be assessed prior to
each epidemic by a drifted strain'#383°, Also, once multiple vaccines with similar indications are
marketed, evaluating their comparative effectiveness and risk/benefit profiles using randomized
studies may sometimes be unethical. Also, the rarity of serious vaccine adverse events and the
potential for small differences in efficacy could make such studies impractical, time-consuming,

and overly expensive.?%??
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Influenza

The disease and the agent

Influenza is one of the most notorious human ailments. First described by Hippocrates in
412 BC, it is among the oldest and most common human diseases. It affects large portions of the
world population in seasonal epidemics each year. While the symptoms of the flu are often mild,
the ever-changing influenza virus can lead to deadly pandemics. Surveillance and vaccine
preparation - two important activities of influenza control - are therefore indispensable to

prevent its potentially deadly effects.

Influenza viruses are classified as A, B and C. Influenza A and B are the two types that cause
epidemic human disease. Influenza A viruses are further categorized into subtypes on the basis
of two surface antigens: hemagglutinin (H) and neuraminidase (N). The development of antigenic
variants through a process called antigenic drift is the virologic basis for seasonal flu epidemics.
A more fundamental shift in the hemagglutinin and neuraminidase of influenza viruses can cause

pandemics instead. ®8

Clinical Signs and Symptoms:

Influenza viruses are spread from person-to-person primarily through the coughing and

sneezing of infected persons. The incubation period for influenza is 1-4 days, with an average of
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2 days. Persons can be infectious starting with the first symptoms through approximately 5 days
after illness onset; children can be infectious for a longer period. Uncomplicated influenza iliness
is characterized by the abrupt onset of constitutional and respiratory signs and symptoms (e.g.,
fever, myalgia, headache, severe malaise, nonproductive cough, sore throat, and rhinitis). It
typically resolves after several days for most persons, although cough and malaise can persist for
more than 2 weeks. In some persons, the disease can exacerbate underlying medical conditions
(e.g., pulmonary or cardiac disease), lead to secondary bacterial pneumonia or primary influenza

viral pneumonia, or occur as part of a co-infection with other viral or bacterial pathogens. &8

Influenza epidemiology

In temperate and cold climates, influenza (the flu) usually causes winter
epidemics: December-March in the Northern Hemisphere; June-September in the Southern
Hemisphere. In tropical and subtropical areas, influenza epidemics can occur either twice
a year or even throughout the year. As mentioned before, these seasonal epidemics occur

due to antigenic drift. 8

More rarely, major antigenic changes (a new hemagglutinin or neuraminidase) occur in
the viruses and can cause pandemics (worldwide outbreaks of an influenza virus subtype to
which the human population has no protection). The most severe infectious disease disaster of

the 20th century was the “Spanish” influenza pandemic of 1918, which killed more than 40
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million persons worldwide. Other more recent pandemics were the 1957 “Asian” flu, the 1968
“Hong-Kong” flu, and, more recently, the 2009-10 HIN1 swine influenza pandemic. In 2009, a
new pandemic influenza A (H1IN1) virus spread globally, leading to the accelerated production of
monovalent 2009 Influenza A (HIN1) vaccines (pH1N1) by manufacturers in the Americas,
Europe, and Asia. Rapid and extensive monovalent vaccine administration was implemented

worldwide.

Influenza Surveillance

Respiratory illness caused by influenza is difficult to distinguish from illness caused by
other respiratory pathogens on the basis of symptoms alone. The reported sensitivity and
specificity of clinical definitions for influenza-like illness that include fever and cough have ranged
from 63% to 78% and 55% to 71%, respectively, compared with viral culture. Sensitivity and
predictive value of clinical definitions can vary, depending on the degree of cocirculation of other
respiratory pathogens and the level of influenza activity. For these reasons, and also because the
influenza strains identified during one season are useful to help define the influenza strains to be
recommended for the next season, virologic surveillance is the most important element of
influenza surveillance. Work absenteeism due to influenza could be a problem among otherwise
healthy adults. Although this and other low-risk groups can also benefit from vaccination, in a
CDC-led investigation, Carolyn Bridges and other researchers performed a two-year cost analysis
of influenza vaccination in a work setting and found that, from a public health perspective, there

were no savings when giving the flu shot to healthy adults.®
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Antivirals for influenza

The first recommended influenza antivirals were Amantadine and, subsequently,
rimantadine. Nonetheless, increase in resistance to these drugs made the CDC to no longer
recommend them for treating influenza. Currently, the following antivirals with FDA license are
recommended by CDC for use in the United States during the 2018-2019 influenza season: Three
of them are neuraminidase inhibitors, effective against influenza A and influenza B viruses:
oseltamivir phosphate (oral), zanamivir (inhaled), and, more recently, peramivir (intravenous).
Another recently licensed antiviral is not a neuraminidase inhibitor, it is instead an endonuclease
inhibitor that interferes with viral RNA transcription and can, therefore, block replication of the

virus.’

Influenza vaccines

A person’s immunity to the surface antigens reduces the likelihood of infection

and severity of disease if infection occurs. Antibody against one influenza virus type or
subtype confers limited or no protection against another influenza virus type or subtype.

Furthermore, even when a person, following vaccination, has developed a response,
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antibodies to one antigenic variant of influenza virus might not protect against a new
antigenic variant of the same type or subtype. Antigenic drift is the reason for the incorporation
of one or more new strains in each year’s influenza vaccine. It is also the basis for the
recommendation of yearly influenza vaccination. In the U.S., seven vaccines are currently
marketed, a live- attenuated vaccine, a cell-cultured inactivated vaccine, and four egg-based
vaccines (high dose trivalent, adjuvanted trivalent, standard dose trivalent, standard dose
qguadrivalent, and recombinant). Among them, only the live-attenuated vaccine is not licensed

for use in the elderly.?

Because manufacturers normally need months to prepare a new vaccine, the World
Health Organization (WHO) meets every year (usually in March) to recommend the
influenza strains to be included in the vaccine for the Northern Hemisphere’s winter (usually
December to March). Until 1998, the vaccine recommended for the Northern Hemisphere
was used for the Southern Hemisphere winter half a year later. Studies by Regnery, Savy et al.
have shown that, for eight out of ten winters analyzed, the vaccine recommended for the
Northern Hemisphere did not match the strains that circulated during the following Southern
Hemisphere winter. For this reason, since 1998, WHO holds a second yearly meeting
(usually in September), to recommend influenza vaccine strains for the Southern Hemisphere.
Because of the often-unusual patterns of virus circulation in these areas, deciding the best time
for vaccination in tropical and subtropical areas is more challenging and needs to be studied on

a case-by-case basis.
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Can real-world data be used to compare the effectiveness of
different vaccine products? What are the constraints? The case
of influenza.

Understanding influenza vaccine effectiveness in the elderly is crucial to minimizing
hospitalizations and death due to influenza. The elderly face a higher risk for severe influenza-
related complications than other age groups, because immune systems often weaken with age.?3
The elderly also respond to vaccination with lower antibody titers to influenza hemagglutinin
when compared with younger adults.*® Researchers are investigating alternate formulations and

higher doses of the influenza vaccine for improved vaccine effectiveness in the elderly.

The effectiveness of the standard-dose inactivated influenza vaccine among people ages
65 years and older is subject to controversy. Current study conclusions vary widely between very
high estimates of effectiveness that suggest that the influenza vaccine reduces the risk of death
from all causes by 50% and very low estimates that conclude the vaccine has no effectiveness.1%4!
Only one small (<2000 subjects) post-licensure clinical trial has been published, and its estimates
of effectiveness depended upon serological diagnosis of influenza.> Recent research suggests that
use of a serologic endpoint for influenza diagnosis tends to overestimate the effect of inactivated
vaccines, because once antibody titers increase in response to the vaccine, they reach an

“antibody ceiling” and cannot rise further in response to infection.*?
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Regulatory implications for the study of comparative influenza
vaccine effectiveness

The comparison of the effectiveness of HD and SD influenza vaccines, was chosen for our
first comparative effectiveness studies because of its potential regulatory usefulness, under the
assumption that two products used for the same indication and recommendations in a given
population (in this case elderly individuals ages 65 years and older) could be compared using
observational studies. Our objective was to compare the effectiveness of the high dose influenza
vaccine (HD), licensed by FDA for persons ages >65 years in December 200932 under accelerated
approval regulations (applicable to products for treating or preventing serious illnesses that
provide meaningful therapeutic benefit over existing treatments) with the standard dose (SD)
influenza vaccines.'®® The outcomes selected included serious and rare influenza-related
outcomes such as hospitalizations and deaths, particularly relevant because the investigation of
such rare and serious outcomes in a randomized study would not only be very challenging to
implement, but also extremely expensive and time consuming. To further test the use of RWE we
focused on a more pressing HHS priority, the timely evaluation of the comparative effectiveness
of influenza vaccines used among the U.S. elderly, a key element of

U.S. (and global) influenza pandemic preparedness.*?

Accelerated approval of a high-dose influenza vaccine
for the elderly
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In December 2009, under accelerated approval regulations, the FDA licensed an injectable
inactivated trivalent influenza vaccine (Fluzone High-Dose, Sanofi-Pasteur) that contains four
times the amount of influenza virus hemagglutinin antigen as compared to standard-dose
trivalent influenza vaccines (SD), for use among adults ages >65 years.33% Licensure was
supported by superior hemagglutinin inhibition (HI) responses for 2 of 3 vaccine strains. For
licensure, efficacy of the vaccine was characterized by immunogenicity. Data from three studies
among the elderly indicated that Fluzone High-Dose elicited higher hemagglutination inhibition
titers against all three influenza virus strains included in the vaccine as compared to standard-
dose Fluzone.***” A two-season study conducted by Sanofi-Pasteur on the Fluzone High-Dose
vaccine using a cohort of 30,000 older adults found that the High-Dose vaccine is 24:-2 percent
more effective in preventing influenza in older adults than the standard vaccine.*® This study can
be expanded upon by characterizing vaccine effectiveness in different age groups and in patients
with different risk factors to understand the usefulness of the high- dose vaccine in the Medicare
population. Because the post-licensure commitments agreed upon with the manufacturer did
not include the evaluation of efficacy against rare outcomes such as hospitalizations and death,
which would have required extremely large populations, unpractical for a randomized study, and
because of a public health need to estimate benefits against influenza strains that often drift from
year to year, we decided to use multiple years of Medicare claims data from beneficiaries aged
>65 years for this purpose. Because we wanted the control population to be comparable to the
HD recipients, particularly in regard to health seeking behaviors, we decided to use SD recipients

as comparison group.
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Issues when investigating influenza vaccine
effectiveness

Study outcomes

Investigating influenza vaccine effectiveness is challenging. Vaccine effectiveness varies
based on the adequacy of the antigenic match between the vaccine and the circulating influenza
strain, the specific population vaccinated, the interval between vaccination and disease
exposure, the age of vaccine administration, and the vaccinee’s immune system, among other
factors. Since influenza diagnostic tests are used infrequently, secondary infections such as
bacterial pneumonia often cause influenza patient hospitalization. In addition, respiratory
syncytial virus, other respiratory viruses, and other non-viral pathogens often cause lower
respiratory tract infections in winter.! Therefore, identifying outcomes that can be used as
surrogates for influenza-related complications is difficult. In addition, characteristics of the
vaccinated population provide other complications in assessing the effectiveness of the influenza
vaccine. Vaccine effectiveness is hard to assess for the very frail, since they are less likely to
receive vaccines. In addition, vaccines are administered in a wide variety of settings, including
nursing homes, hospitals, outpatient settings, and pharmacies. The patients that receive

vaccination in these locations differ greatly in demographic and health characteristics.

Using medical office visits outcomes in influenza
comparative effectiveness studies
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To perform our studies comparing the effectiveness of the HD vs SD influenza vaccines,
we had to resolve a number of issues. We faced the challenge of determining if our cohorts were
comparable not only for the multiple covariates available in the Medicare databases, but also for
unmeasured variables that might have influenced the likelihood of vaccination and/or the
outcome risk. Thus, to perform our comparisons using medical office visits as the outcome, we
needed to decrease the likelihood of including non-ambulatory (frail) individuals, adjust for
temporal and geographic factors influencing socioeconomic characteristics, closeness to care,
influenza circulation, and access to HD vaccine. We also needed to resolve the potential bias
associated with the participation of persons who entered Medicare because of disability and
those who lived in assisted living facilities. Moreover, we needed to evaluate the study cohorts
with regard to covariates measured in Medicare by evaluating differences in baseline covariates,
and correct the differences found. More important, because routine medical practice in the U.S.
does not include the systematic verification of influenza diagnoses by PCR or culture, we had to
create algorithms for influenza case definition that did not include virological case
confirmation.®8 An advantage, and also a challenge, associated with our use of medical office
visit outcomes in studies of the comparative effectiveness of influenza vaccines was the
availability of contemporary results from randomized trials of the same vaccines. This would
allow us to confirm that our methods succeeded in allowing us to obtain comparative
effectiveness estimates similar to those from the randomized studies performed during the same

seasons.*8:49 50
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Interactions: The effect of age and sex

As previously stated, a number of randomized and observational studies have suggested
that the HD vaccine has higher efficacy, effectiveness, and superior immune responses
compared to the SD vaccines in some, but not all, seasons.6:184850-52 For the 2011-12 and 2012
—13 influenza seasons, a manufacturer-sponsored randomized trial with 31,989 participants
demonstrated that, compared with Sanofi’s SD vaccine, the HD vaccine was associated with
improved protection against laboratory-confirmed influenza iliness (relative efficacy 24.2%, 95%
confidence interval (Cl) 9.7-36.5%), overall influenza related serious adverse events (relative
effectiveness 17.7%, 95% Cl 6.6—27.4%), and superior immune responses for adults >65
years.*®>1 A retrospective cohort study with more than 2.5 million Medicare beneficiarie65
years found that, for the 2012—13 season, HD vaccine recipients were less likely to have
influenza office visits (RVE (RVE) 22%, 95% Cl 15—29%) and influenza hospitalizations (RVE 22%,
95% Cl 16—27%) than SD vaccinees.'® Shay et al.found that the HD vaccine showed better
protection against post-influenza mortality than SD vaccines in the 2012—-13 (RVE 36.4%, 95%
Cl 9-56%) but notinthe 2013-14 season (RVE 2.5%, 95% Cl - 47—35%) among Medicare
beneficiaries 265 years.'® Izurieta et al. compared RVE of cell- cultured and egg-based influenza
vaccines among Medicare beneficiaries >65 years in the 2017—-18 season and showed that HD
was more effective than SD in preventing influenza hospital encounters (RVE 8.7%, 95% Cl 6.5
—10.9%).'* The same study found that the cell- cultured SD vaccine had higher RVE than

traditional trivalent and quadrivalent SD vaccines.*
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Several studies have investigated HD relative efficacy, effectiveness, or immunogenicity
by age and suggested potential age effect modification. DiazGranados et al. analyzed clinical trial
data by age group and showed that the point estimate of the relative vaccine efficacy for
laboratory-confirmed influenza caused by any influenza strain (regardless of similarity to the
vaccine) was higher for participants ages 275 years (32.4%, 95% Cl 8.1-50.6%) than for those ages
65—74 years (19.7%, 95% Cl 0.4—35.4%), although the difference was not statistically significant>°.
However, the study did not have a separate group for people 285 years. An unadjusted FDA sub-
analysis of the HD relative vaccine efficacy trial> found a slightly increasing trend with age for
vaccine efficacy of HD relative to SD, even though results were not statistically significant,
possibly due to the small number of subjects in the subgroups. In a retrospective cohort
observational study among elderly U.S. veterans, Richardson and collaborators showed that,
during 2010-11, the risk of hospitalization for influenza or pneumonia was significantly lower
among patients receiving HD versus SD vaccine only for patients >85 years>*. Although there are
potential limitations in the Richardson study,>>°® the findings raise questions regarding potential

effect modification of HD RVE by age, at least for some seasons.

Due to sex difference in human biological aging and other characteristics, men and
women can have different exposures, health status, and morbidity and mortality risks as they
age®’ %0, Sex-related differences in influenza vaccine effectiveness and immunogenicity have been
observed in studies for both younger (18—64 years) and older (>65 years) adults.6¥®* The
unadjusted FDA sub-analysis of the HD relative vaccine efficacy trial>3found potential differences

in efficacy by sex for culture-confirmed influenza associated with protocol-defined
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influenza-like illness caused by viral types/subtypes antigenically similar to those contained in the
vaccine. However, no significant difference in relative vaccine efficacy by sex was found for the
primary endpoint (laboratory-confirmed influenza associated with protocol defined influenza-

like illness caused by any viral types/subtypes).

The above-mentioned research suggests that the RVE of HD versus SD influenza vaccines
could potentially be modified by age, sex, and factors related to the influenza season, such as
severity of influenza circulation and differences between the vaccine and circulating influenza
strains. This study aims mainly to investigate potential effect modification by age on the RVE of
HD versus SD influenza vaccines for people 265 years. We hypothesize that the RVE of HD versus
SD influenza vaccines may be higher among older vaccine recipients. Therefore, in future studies,
we plan to investigate the potential effect modification of age and sex on the relative

effectiveness of the HD vs the SD influenza vaccines.

The study of influenza-associated mortality

Results from the Sanofi-sponsored post-licensure randomized, controlled trial of high-
versus standard- dose vaccine among ~30,000 subjects aged 265 year had shown superior
efficacy of the high-dose vaccine for prevention of laboratory-confirmed influenza infections
(relative efficacy, 24.2%; 95% Cl, 9.7 to 36.5). However, despite the relatively large number of
subjects enrolled, this study was not powered to characterize efficacy of these inactivated

influenza vaccines (lIV) against not only serious influenza-related outcomes, such as
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hospitalizations, but, more important, against death associated with influenza infections. Using
a retrospective cohort design with Medicare claims, we had already identified cohorts of
beneficiaries aged 265 years who received high- or standard-dose IIV from outpatient pharmacies
during the 2012-2013 influenza season.®

Our “proof-of-concept” 2012-13 season study on the comparative effectiveness of the
High Dose vs. Standard Dose influenza vaccines among the elderly had provided results that were
consistent with the findings of the clinical trials performed by the Sponsor.¢%> Among 929,730
high-dose vaccine and 1,615,545 standard-dose vaccine recipients, we had found that the high-
dose vaccine was 22% more effective than standard-dose vaccine for prevention of influenza
infections, a finding very similar to those from the manufacturer’s randomized trial, and 22%
more effective for prevention of the influenza hospitalizations.'®®> Nonetheless, important
guestions remained, including if the comparative effectiveness findings from one season (the
influenza A(H3N2)-dominated 2012-13 season) could be extrapolated to another (in this case,
the A(HIN1)-dominated 2013-14 season). Results from multiple observational studies of
inactivated influenza vaccine effectiveness have been quite variable, with estimates of the
effectiveness of standard-dose inactivated influenza vaccines in preventing serious influenza-
associated outcomes among people aged =65 years ranging from no effects, to moderate
effectiveness, and even unrealistically high estimates.%4%67 Although results from some of these
studies were likely the product of methodological issues, the effectiveness of influenza vaccines
does change between seasons. Also, neither our study nor the clinical trials had been able to
resolve a fundamental question: was the High Dose vaccine more effective than the Standard
Dose to prevent influenza-associated mortality? Persons aged >65 years are not only at greater

risk for influenza-related complications,?3 as stated previously, but also account for more than
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90% of all influenza-associated deaths.* Unhappily, evaluating effectiveness to prevent influenza
deaths, one of the most important reasons for influenza vaccines to be promoted among the
elderly, require a significantly larger sample than what could be obtained in a modern clinical
trial. Reducing influenza complications and, specifically, influenza deaths, were important
reasons for the influenza vaccination of the elderly program. During the 1957 influenza A(H2N2)
pandemic it already became evident that the elderly (and persons suffering chronic health
conditions such as chronic pulmonary and cardiac diseases) were at the greatest risk of death,
68,69 hut the clinical trials performed among the elderly continue to assess mainly laboratory-
confirmed infections, not deaths.*®’9 The mean reason is that, because of the low incidence of
influenza-related deaths during annual epidemics, their investigation in the context of a
controlled trial would require enormous financial resources, and very significant time. Thus, no
good evidence exists of the effectiveness and comparative effectiveness of influenza vaccines
against death. The outcomes used in the largest modern placebo-controlled study of influenza
vaccine efficacy among the elderly showed a 58% efficacy (95% confidence interval [CI] 26% -
77%) against clinical illness with serologic evidence of influenzainfection.”*

The December, 2009 accelerated approval licensing of the High Dose trivalent vaccine)
for use among adults aged >65 years, which contains four times the antigen amount found in
the standard dose vaccine (60 micrograms of antigen per strain),** was based on higher
hemagglutination inhibition (HAI) titers among persons ages =65 years. 627273 Post-licensure, the
manufacturer agreed to perform a randomized trial comparing the high-dose versus standard-
dose vaccine during two seasons (2011-12 and 2012-13). This study of subjects aged
>65 years*® showed that the High Dose vaccine was more efficacious in preventing laboratory-

confirmed influenza infections (relative efficacy, 24.2%) than the Standard dose vaccine.
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Nonetheless, these results, which used a relatively frequent outcome, already had wide
confidence intervals (95% Cl, 9.7% - 36.5%). Thus, although this trail was large (it included some
30,000 people), it did not have sufficient power to estimate efficacy against death. In our 2012-
13 real world evidence stud among Medicare beneficiaries aged 265 years vaccinated in 2012-
2013 with high-dose versus standard-dose vaccines, which we restricted to individuals vaccinated
in pharmacies,'®we found that High-dose vaccine was 22% (95% Cl 15%-29%) more effective than
standard-dose vaccines in preventing influenza-related office visits, which was consistent with
results from the post-licensure trial, which used polymerase-chain reaction- confirmed influenza
infection as the outcome®®. Although that study also found a 22% (95% Cl 16%-27%) reduction
in the rates of influenza hospitalizations among individuals who had received the High dose

vaccine, we did not evaluate the risk of influenza-related deaths either.1® Thus, for the 2012-13
and 2013-14 seasons study, our main aim was to evaluate the comparative effectiveness
against influenza-related deaths among Medicare beneficiaries. We also wanted to determine if
our 2012-13 season finding of a higher vaccine effectiveness for the High Dose vaccine could

also be found during an influenza A(H1N1)-dominated season.
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Can these studies also address the challenges of
studying interaction between drugs and influenza
vaccines?: The statins issue as an example for an
investigation using real world data.

Based on the experience already gained with these types of studies, we decided to
perform an analysis on the effect of statins on influenza vaccine effectiveness among the
elderly. Our recently published research used a retrospective cohort study and data from CMS
to evaluate the effectiveness of the high-dose influenza vaccine to standard dose vaccine in the
US elderly. That study16 evaluated nearly a million Medicare beneficiaries vaccinated with a HD
vaccine and a similar number of beneficiaries vaccinated with a SD vaccine, and found the high-
dose vaccine was ~22% more effective. The consistency of findings between the sponsor’s
clinical trial and FDA’s observational study was reassuring. This experience reassured us that
we could use methods developed in these projects to perform an observational study
to evaluate the effect of other products, such as drugs, including statins, on vaccine
effectiveness, using the same influenza vaccine working group, adding as well other
scientists with specific expertise in the investigation and regulation of cholesterol-lowering

drugs. The objective of the study, for both High Dose (HD) and Standard Dose (SD) influenza
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vaccines, would be to determine the relative risk and risk difference in influenza outcomes

among influenza vaccinees who were statin users and statin nonusers.

We were interested in this study as a proof-of-concept that would help us respond to the

qguestion of whether our Medicare databases could address such complex issue.

Because statins are widely used worldwide, particularly among the elderly, to decrease
the risk of heart disease, 74’ and influenza vaccines are the main tool for prevention of influenza
disease, which causes significant respiratory morbidity and mortality among the elderly,?*
determining the accuracy of these findings, and, if true, establishing the real magnitude of the

effect, became a priority.

Three observational studies have raised the possibility that the immunogenicity and
effectiveness of inactivated influenza vaccines may be lower among recent statin users.”># The
fact that they were performed using different methodologies in a diversity of settings have
increased the level of concern. The effect found in these studies was large, raising the possibility
of a need for a change in the indications for statins and/on in vaccination recommendations. In a
post-hoc analysis of data from a randomized clinical trial, Black and collaborators evaluated the
effect of statins on the immune response to inactivated influenza vaccines, finding significantly
lower hemagglutination inhibition (HI) titers to vaccine antigens among patients who had
received statins from 28 days before to 22 days after vaccination. Among statin users, HI titers
for the three vaccine antigens were 38% to 67% lower than among non- users.’”® A nine-season
retrospective cohort study performed in an integrated health care delivery organization (Kaiser

Permanente) found that influenza vaccine effectiveness (VE) during periods of widespread
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influenza circulation was 18% lower for participants who had >1 month of statin therapy prior to
vaccination compared to non-users.®? In a test-negative design study of influenza vaccine
effectiveness (VE), McLean and collaborators found an adjusted VE against influenza A(H3N2)
infection of -21% (95% Cl -85% to 20%) among statin users and 45% (95% Cl 27%-59%) among

non-users.

Although the studies suggested that the effectiveness and immunogenicity of inactivated
influenza vaccines could be lower among recent statin users, they presented limitations that
could affect the validity of theirfindings:

(1) BlackS et al, JID 2015:7°In a post-hoc analysis from a randomized trial of the comparative
safety and immunogenicity of MF-59 adjuvanted trivalent influenza vaccine (allV3) and
unadjuvanted (11V3) in >14 000 adults aged >65 years of age during the of 2009-2010 and
2010-2011 influenza seasons, the authors performed a cross-sectional observational
study of >5000 individuals to evaluate the impact of statin therapy on the immune
response to influenza vaccination. Comparison of hemagglutination-inhibiting geometric
mean titers (GMTs) to influenza A(H1N1), A(H3N2), and B strains revealed that titers were
38% (95% confidence interval [Cl], 27%—50%), 67% (95% Cl, 54%—80%), and 38% (95% Cl,
28%—29%) lower, respectively, in subjects receiving chronic statin therapy compared with
those not receiving chronic statin therapy. This apparent immunosuppressive effect of
statins on the vaccine immune response was most dramatic in individuals receiving
synthetic statins (which are more frequently used in the U.S. market), compared to
fermentation-derived (natural occurring) statins. These effects were similar in both the
adjuvanted and unadjuvanted vaccine groups. The study had some limitations: (a) it did

not assess VE (only immunogenicity), and it is unclear how immunogenicity correlates with
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clinical efficacy; (b) participants were recruited among clinical trial participants, and
therefore, they may have been healthier than the overall population and results may not be as
generalizable; (c) since receipt of statins was not randomly assigned, it is possible that the
observed effect could be due to other factors. Among these factors: (a) patients receiving
statins had higher rates of comorbidities potentially associated with risk of influenza
complications, and (b) they may have been more likely to have received unadjuvanted
influenza vaccines in the years before the study (receipt of influenza vaccine in the previous
season has been associated with a decreased immune response in the subsequent season in

some studies).

) Omer et al, JID 2015:2° In a retrospective cohort study over nine influenza seasons using
research databases of a large U.S. managed care organization, investigators ascertained
influenza vaccination status, statin use and medically attended acute respiratory illness
(MAARI) of cohort members for each season. Incidence rate ratios (IRRs) of MAARI were
estimated using Poisson regression and stratified by vaccine use and statin use. Using a ratio
of ratios approach, they compared IRRs from periods of widespread (and local) influenza
circulation to IRRs from periods before influenza circulation and used relative IRRs to compute
VE. After adjustment for age, comorbidities, and other covariates, the influenza VE against
MAARI was significantly lower among statin users than nonusers during periods of
widespread influenza circulation (12.6% vs 26.2%). The authors concluded that, in this
study, statin therapy was associated with reduced influenza VE against MAARI. The study had
some limitations: (a) influenza activity was not defined based on virologic surveillance but by
monitoring the percent of sentinel doctors' visits for "influenza-like illness”; (b) participants

could have received vaccination in places other than the MCO; (c) participants who did not
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stay in the MCO for the whole season were excluded, thus increasing the likelihood of
excluding patients who died of influenza; (d) the outcomes were based on MAARI cases, as
opposed to confirmed influenza; (e) not all prescriptions are filled at network pharmacies,
and thus statins use misclassification may have occurred; (f) because statin users may utilize
preventive services more often, their MAARI events may have been more likely to be
identified, although the use of a rate of ratios approach may mitigate the effects of this
problem;

(g) statin users may have received other prescriptions of drugs that could affect VE or they
could to be obese, which could also affect VE; (h) all influenza seasons were combined in one
overall analysis, although there could be effect modification by season;

(i) most participants were ages <65 years, and thus, results may not be representative of older
individuals; (j) the distribution of participants was not well balanced overall (among non-statin
users who were vaccinated, there were almost twice as many females as males); (k) health
seeking behaviors (e.g well-care visits, other vaccinations) were different for vaccinated and
unvaccinated participants, as well as for statin user and non-statin user participants; (I) the
study appeared to have limited power to evaluate in the effect of statins by sex in the
adjusted analysis, despite combining all seasons; and (m) investigators did not account for

the effect of influenza vaccination in a prior year.

B) MclLean et al, JID 2016:3! In a test-negative design study of influenza vaccine
effectiveness (VE), McLean and collaborators found an adjusted VE against influenza
A(H3N2) infection of -21% (95% Cl -85% to 20%) among statin users and 45% (95% ClI 27%-
59%) among non-users. That study also had important limitations : (a) Although they

found significant effects among users of non-synthetic statins, no effect was found for
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users of synthetic statins; (b) no dose-effect response was noted; (c) a significant effect was
found for influenza A(H3N2) but not for other strains; and (c) the study had limited power, given

its relatively small sample size.?!

Also, multiple studies have reported that statins may have clinically relevant anti-

inflammatory effects independent of their lipid-lowering effects. 8288 It is possible that these

immuno-modulatory effects could both impair the immune response to influenza vaccination and
decrease the risk of pneumonia and severe influenza outcomes.®89> These investigators found

significant effects among users of non-synthetic but not among synthetic statin users; no dose-

effect response was noted.8!

Given the limited published data, we decided to conduct a retrospective cohort study to
evaluate the effects of statins, including potential differences by statin type and dose, on the risk

of influenza-related outcomes among Medicare beneficiaries aged >65 years who received

influenza vaccination in community pharmacies.6:18°6

Investigating the comparative effectiveness of multiple
vaccines: Comparing the effectiveness of the cell-
cultured influenza vaccine with egg-based vaccines

As indicated previously, influenza is responsible for a significant share of U.S. morbidity
and mortality. Some 140,000-710,000 influenza-related hospitalizations and 12,000-56,000

deaths occur annually, with most of the burden occurring among individuals ages >65 years.>4#

Seasonal strain-specific vaccination is the main tool for influenza prevention.®” A preliminary
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estimate of the effectiveness of influenza vaccines during the A(H3N2)-dominated 2017-18
season by the U.S. influenza vaccine effectiveness network, using a test-negative design, found
20% (95% Cl -9 to 41%) and 17% (95% Cl -22% to 44%) VE against any influenza strain and
against influenza A(H3N2) viruses, respectively, among persons ages >65 years.”® A prior
interim analysis of the U.S. data, and studies in Australia and Canada, had also found low
effectiveness against A(H3N2) strains that circulated during 2017-18.%°-191 Although there were
differences in the dominant A(H3N2) influenza virus clades that circulated in these
countries,'® the low effectiveness found caused concern. One hypothesis for this low
effectiveness is the adaptation of influenza virus to growth in eggs.’® Two vaccines not
manufactured in eggs are licensed and distributed in the U.S.: a recombinant protein vaccine
consisting of virus hemagglutinin (HA) produced in insect cells, not included in our study due to
the limited number of users, and a sub-unit vaccine prepared from influenza viruses
propagated in mammalian cells (i.e. cell-cultured).’2103 The A(H3N2) virus used for the
manufacture of the cell-cultured vaccine for the 2017-18 season did not undergo egg
adaptation prior to culture in cells, while the 3 other components, the A(HIN1) virus and
both influenza B vaccine seeds, originated from egg isolates.'® All other influenza vaccines
are produced in eggs, although some differences are potentially relevant to the evaluation of
effectiveness: one is high-dose3? (contains 60 mcgs of each HA antigen per dose), others are
standard-dose (15 mcg/dose). Among standard-dose vaccines, one is adjuvanted,®> some are
trivalent (contain antigens from subtype A(H1IN1) and A(H3N2) strains, and a single type B (B/
Victoria) lineage strain), while others are quadrivalent (contain antigens from both A subtypes
and from two type B lineage strains). The RVE (RVE) for the ensemble of these vaccines has

never been evaluated. We used real-world data from
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Medicare claims to conduct both an interim evaluation, with data as of January 19, 2018, and an
end-of-season analysis, with data updated as of August 4, 2018, of the RVE of cell-cultured vs.
egg-based influenza vaccines administered to U.S. beneficiaries ages >65 years during the

2017-2018 season.

Herpes Zoster: Disease and complications

Herpes zoster (HZ) is a painful condition resulting from the reactivation of the varicella—
zoster virus (VZV) from a latent state in sensory nerve ganglia. The disease manifests as a
vesicular rash, characteristically unilateral and restricted to a single dermatome, accompanied
by radicular pain along the dermatome. Older populations are particularly affected, as the
incidence and severity of HZ increases with age. There is a marked increase in the incidence of
HZ after age 50, which correlates with aging-related decline in cell-mediated immunity. Studies
in Canada, Israel, Japan, Taiwan and the USA reported age-adjusted HZ incidence rates of 8 to
11 per 1000 person-years in populations aged >65 years, while incidence in the general
population was lower, ranging from 3.4 to 5.0 per 1000 person-years. 1°6,197 Complications of
herpes zoster include ophthalmic zoster (0Z), bacterial superinfections of skin lesions and
disseminated VZV infections, particularly among immunocompromised patients. 1° The most
common serious complication of HZ is postherpetic neuralgia (PHN), which has been defined as
pain that persists more than 90 days after onset of rash or cutaneous healing. 1°° Adults aged

>70 years have a four-fold increased risk of PHN compared to those younger than 60

years, 110111
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The first Herpes Zoster vaccine: Zostavax

The Herpes Zoster live-attenuated vaccine, ZOSTAVAX® (Zoster Vaccine, Live; Merck
& Co., Inc., Whitehouse Station, NJ) was initially licensed in the U.S. in May 25, 2006 to prevent
HZ, following a clinical trial on over 38,000 participants ages 60 years or older with no history of
HZ, immunosuppression or other conditions that could interfere with study participation. >3
This study showed that the vaccine (HZV) reduced HZ incidence by 51% (95%Cl: 44%, 58%) and

PHN by 67% (95%Cl: 48%, 79%). 53112

Investigating the effectiveness of a herpes zoster vaccine

In many cases, we need to obtain a reliable measure of absolute effectiveness, this
usually means comparing a group of vaccinated individuals with another group of
unvaccinated individuals. The main concerns for performing these studies are that, almost
invariably, the populations to be studied are different not only with respect to their
likelihood of getting vaccinated but also regarding the risk of the disease prevented
by the vaccine being investigated. To address this issue, we decided to evaluate
whether, using Medicare claims data, we could successfully evaluate vaccine effectiveness
against an unvaccinated cohort. For this proof-of-concept study we decided to evaluate,
using a population of Medicare Fee-for- service beneficiaries, the rate of Herpes Zoster

outcomes among a group of vaccinees vs. an unvaccinated cohort.
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Nonetheless, vaccinated and unvaccinated cohorts in Medicare are often different with
respect to important potential confounders. One consideration is the fact that the population
eligible to receive the study vaccine does not necessarily include the whole population of CMS
beneficiaries. Specifically, in the case of the Zostavax effectiveness study, the vaccine has three
main contraindications:!13
(1) Zostavax should not be administered to individuals with a history of

anaphylactic/anaphylactoid reaction to gelatin, neomycin or any other component of the

vaccine. Nonetheless, a neomycin allergy manifested as contact dermatitis is not a

contraindication.

(2) It should not be administered to pregnant women, given that naturally occurring
varicella-zoster virus infection is known to sometimes cause fetal harm. The package insert

recommendation specifically states that pregnancy should be avoided for 3 months

following Zostavax administration.

(3) It should not be administered to individuals who are immunodeficient or
immunosuppressed due to disease or therapy, as serious or fatal disseminated vaccine strain
varicella-zoster virus disease may occur. The main list of causes of
immunodeficiency or immunosuppression includes “primary or acquired
immunodeficiency states, AIDS or other clinical manifestations of infection with
human immunodeficiency viruses, leukemia, lymphoma or other malignant
neoplasms affecting the bone marrow or lymphatic system, and immunosuppressive

therapy.”

Of the three contraindications described above, the one about pregnancy is not relevant
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for a study among the elderly. Also, because our studies in CMS use claims, not medical records,
we are unable to specifically identify individuals with a history of anaphylactic/anaphylactoid
reaction to gelatin or neomycin. Nonetheless, such anaphylactic reactions are rare, and should
not, a priori, affect a HZ disease comparison. The contraindication regarding immunosuppression,
however, is relevant to our study because the conditions described (primary or acquired
immunodeficiency states, AIDS or other clinical manifestations of infection with human
immunodeficiency viruses, leukemia, lymphoma or other malignant neoplasms affecting
the bone marrow or Ilymphatic system, and immunosuppressive therapy) are usually
associated with severe morbidity, including herpes zoster, and are not so infrequent among the
U.S. elderly. Therefore, prior to performing a Zostavax effectiveness study, we must identify and
exclude relevant immunocompromising conditions. Moreover, for similar reasons, we should also
identify and exclude immunocompromising drugs. We will describe the procedures followed to

perform these exclusions and the codes used in the methods section.

An additional problem, not limited to claims-based studies, is the definition of study
outcomes. Although defining hospitalizations or medical office visits for herpes zoster is fairly
straightforward, giving the high positive predictive value of this diagnosis, defining other
important outcomes using claims, particularly post-herpetic neuralgia, would require the use of

algorithms, this will be described in detail in the methods section.!107,108,114-121

The main problem for a comparison between a vaccinated and an unvaccinated
population, however, is the cohort balance. Although Zostavax, the vaccine included in this
particular study, is available to the (part D) Medicare-eligible population free-of-cost, the
individuals who are more likely to use preventive services, including vaccinations, are different

from those who don’t. Therefore, we developed a list of covariates that are likely to reflect those



61

differences. The list includes demographic factors, socio-economic conditions, healthcare
utilization, frailty characteristics, and functional immunocompromising chronic conditions. The
table below (Table i) shows the imbalance between the herpes zoster vaccinated and

unvaccinated cohorts with respect to these covariates.
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Table i: Cohort balance prior to matching in a study of the effectiveness of a herpes

zoster vaccine in the Medicare population

Demographic

Vaccinated Unvaccinated

Variables Austin Std.
Base Population Diff

946,077 6,715,986
Age (Continuous)

946,073 6,715,203
Mean 76.61 78.06

0.21

SD 6.15 7.58
Age (Categories)
65-69 106,175 11% 923,193 14% 0.08
70-74 292,409 31% 1,574,338 23% 0.17
75-79 262,863 28% 1,508,504 22% 0.12
80-84 172,307 18% 1,275,867 19% 0.02
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85-89 84,236 9% 879,397 13% 0.13
90-94 24,194 3% 420,045 6% 0.18
95-99 3,628 0% 116,978 2% 0.13
100+ 265 0% 17,664 0% 0.06
Gender

Male 316,749 33% 2,426,752 36% 0.06
Female 629,328 67% 4,289,234 64% 0.06
Race

White 850,089 90% 5,390,931 80% 0.27
Black 22,086 2% 722,205 11% 0.35
Asian 44,649 5% 207,048 3% 0.08
Hispanic 10,905 1% 256,832 4% 0.17
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Other 18,348 2% 138,970 2% 0.01
Low-Income Subsidy Status

Receives LIS 205,438 22% 2,731,085 41% 0.42
No LIS 740,639 78% 3,984,901 59% 0.42

Note: For Austin standardized differences, the accepted threshold is 0.01
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As can be seen in the highlighted cells, which show standardized mean differences (SMDs)
larger than the conventionally accepted 0.10, the vaccinated and the unvaccinated populations
were significantly different with respect to all important potential confounder categories
included, with the exception of gender. Because these confounders have the potential to alter
the association between HZ vaccination and HZ risk, we needed to take a series of steps to correct
the imbalances in covariates included in the study. Therefore, prior to performing an absolute
effectiveness study such as this one, we had to make the two populations as comparable as

possible to regard to important potential confounders.

Are unmeasured confounders an unsurmountable issue
Iin real-world evidence studies?

Other important issues also needed to be resolved, including regarding the effect of
confounders unmeasured in the database such as likelihood to seek medical care when sick. This
is a persistent problem for studies that compare a vaccinated and unvaccinated population. This
is not easy to resolve and will be discussed extensively in this thesis. One approach to diminish
the effect of such a problem is the use of a comparison cohort restricted to persons who received
another vaccine.'’ Such approach, however, is not without problems.'” A number of studies
have used negative outcomes and other methods to detect such imbalances, with varying

degrees of success.*?? In the methods section we will present the approaches we decided to use,
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and the success of our effort will also be discussed in this thesis.

Are real-world effectiveness studies appropriate for
Investigating the duration of effectiveness of a herpes
zoster or other vaccines?

Anissue difficult also to resolve using (more expensive) clinical trial studies, is the duration
of effectiveness of regulated vaccines. Clinical trials usually last only for sufficient time to
establish short-term effectiveness, but that is usually not sufficient to determine how long
vaccines work. This is of particular concern for a vaccine such as Zostavax, which did not show
high effectiveness in randomized studies. Therefore, we decided to also estimate the duration of
effectiveness for Zostavax. An advantage for this analysis is that an external comparison cohort

may not be necessary.

Our objective was to estimate the absolute effectiveness and duration of effectiveness of
Zostavax among Medicare beneficiaries ages 65 years and older. We chose multiple herpes zoster
(HZ) outcomes including: (a) outpatient outcomes (medical office visits, which are frequent and
less severe than hospitalizations; (b) less frequent and more severe outcomes including
ophthalmic zoster and post-herpetic neuralgia (PHN)), and (c) rare and serious events including
HZ hospitalizations and emergency room visits. We defined HZ medical office visits using two
case definitions, with and without requiring antiviral treatments for HZ. We restricted the

comparison to beneficiaries who had aged into Medicare (e.i. individuals who did not enter
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Medicare prior to age 65 years because of special conditions such as renal failure) and were
Medicare beneficiaries ages 65 years and older since at least the date of Zostavax licensure, and
compared vaccinees with two well matched cohorts: (a) unvaccinated Medicare beneficiaries,
and (b) beneficiaries not vaccinated with Zostavax who had received another unrelated vaccine

(pneumovax).

Unmeasured confounders issues when comparing a
Zostavax vaccinated group with an unvaccinated cohort

Unmeasured confounders are probably the main unresolved problem regulators face
when trying to use observational study “real-world data to make regulatory decision. As
indicated above, the 215t Century Cures Act ! directs the regulators to “develop a regulatory
framework to evaluate how real world evidence!® can potentially be used to support approval
of new indications for approved drugs or to support or satisfy post-approval study
requirements”. 2° This is not without difficulties. In clinical trials, the comparison groups (e.g.
vaccine and placebo recipients) are usually randomized, guaranteeing that subjects assigned to
the test vaccine are not systematically different from controls regarding measured and
unmeasured variables. Thus, investigators can directly estimate treatment effects. In RWE
studies, the decision to vaccinate is not made at random; it is instead made by parties such as
the medical provider, patient, or insurance company. Therefore, the vaccinated and

unvaccinated groups are often not balanced with respect to potential confounders that could
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affect the associations being studied. These imbalances, if not well controlled, generate bias

which may affect the direction and magnitude of the association being investigated.

Using matching and other techniques, investigators can control for potential measured
confounders, but not for unmeasured variables. As the magnitude and direction of the potential
bias due to unmeasured confounders cannot be estimated, it limits the use of RWE for

regulatory decision-making.

Medicare claims and enrollment databases offer a powerful source of RWE for FDA's
investigation of post-market vaccine safety and effectiveness. Medicare provides health
insurance to some 58.5 million beneficiaries in the United States, of whom 49.8 million are 65
years or older.'?> While Medicare databases include information on a vast array of
demographics, health conditions, and services delivered, they do not contain comprehensive
information on behavioral and impaired mobility measures. Estimates based on Medicare
claims data may therefore be biased. One possible solution is to incorporate information from
external sources to evaluate covariate balance and adjust for confounders unavailable in the

database.

The Medicare Current Beneficiary Survey (MCBS)'?*is a continuing, multipurpose survey
of a nationally representative sample of the Medicare population conducted by the Centers for
Medicare and Medicaid Services (CMS) since 1991, with approximately 16,000 respondents
yearly. Participants are selected from a stratified sample of the Medicare population based on
age and disability status.'?4#12> MCBS data can therefore be linked back to the Medicare claims

database to provide additional beneficiary behavioral and impaired mobility information.2¢ A
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potential solution to the issues arising from unmeasured confounders is to use MCBS data to
assess the balance of covariates unavailable in the claims-based databases among cohorts in
our vaccine effectiveness studies, and use multiple imputation techniques to evaluate the
potential bias in study results by adjusting for a select set of MCBS covariates. Because the MCBS
population comprises only a small portion (0.1%-0.2%) of the Medicare population, such a study
should treat beneficiaries who had not participated in the survey as observations with missing
information. Therefore, multiple imputation by chained equations approach could be used to

impute variables that have been identified as potential confounders.



OBJECTIVE



The objective of this project is the development and implementation of methods
and analytical strategies for the use of large-linked databases in the epidemiological
investigation of the effectiveness of vaccines in the elderly. This should facilitate the use of
real-world data such as the one available in Medicare for regulatory and public health

decision-making.
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METHODS



Proof of concept phase:

A proof of concept study in which we evaluated the effectiveness of high-dose compared
with standard dose trivalent inactivated influenza vaccine (TIV) against outpatient and
inpatient influenza among a sample of U.S. Medicare beneficiaries aged 265 years was initiated
shortly before the submission of this thesis proposal, and was published during the following
months in Lancet infectious diseases.'® The methods initially developed during this “proof of
concept” phase were the starting points for those used in the studies included in this thesis.
These methods were also further improved during the development of the thesis, as will be
seen in the following chapters.

Because a high-dose trivalent inactivated influenza vaccine was licensed in 2009 by the
US Food and Drug Administration (FDA) on the basis of serological criteria, we sought to
establish whether high-dose inactivated influenza vaccine was more effective for prevention
of influenza- related visits and hospital admissions in US Medicare beneficiaries than the
standard-dose inactivated influenza vaccine. In this retrospective cohort study, we identified
Medicare beneficiaries aged 65 years and older who received high-dose or standard-dose
inactivated influenza vaccines from community pharmacies that offered both vaccines
during the 2012-13 influenza season. Outcomes were defined with billing codes on Medicare
claims. The primary outcome was probable influenza infection, defined by use of a rapid
influenza test followed by dispensing of the neuraminidase inhibitor oseltamivir (a

medication that is only used against influenza). The secondary outcome was a hospital or
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emergency department visit listing a Medicare billing code for influenza. In this proof of
concept phase, in which pharmacy matching was used, we estimated relative vaccine
effectiveness by comparing outcome rates in Medicare beneficiaries among recipients of
High Dose (HD) vs. Standard Dose (SD) influenza vaccines during periods of high influenza
circulation, determined by virologic surveillance. Univariate and multivariate Poisson
regression models were used for analyses.

Our main findings were the following: Between August 1, 2012 and January 31, 2013, we
studied 929 730 recipients of high-dose vaccine and 1 615 545 recipients of standard-dose
vaccine. Participants enrolled in each cohort were well balanced with respect to age and
presence of underlying medical disorders. The high-dose vaccine (0.86 outcomes per 10 000
person-weeks) was 22% (95% Cl 15-29) more effective than the standard-dose vaccine
(1.01 outcomes per 10 000 person-weeks) for prevention of outpatient influenza
consultations (rapid influenza test followed by oseltamivir treatment) and 22% (95% ClI
16-27%) more effective for the prevention of influenza hospital admissions. In conclusion,
this retrospective cohort study in US Medicare beneficiaries shows that, in people 65
years of age and older, high-dose inactivated influenza vaccine was significantly more
effective than standard-dose vaccine in prevention of influenza- related medical encounters.
Additionally, the large population in our study enabled us to show, for the first time, a
significant reduction in influenza-related hospital admissions in high-dose compared to
standard-dose vaccine recipients, an outcome not shown in randomized studies.

These results provided important new information to be considered by policy makers
recommending influenza vaccinations for elderly people®. More important, results from this
proof of concept study, as well as from other two studies presented as results of this

project,**8have been cited to support the findings of randomized studies implemented under
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experimental conditions but with significantly less power.48°051,556566 Qur findings have also
been commented favorably in comparison with less stringent observational vaccine

effectiveness studies>>.

Comparative effectiveness of high-dose versus
standard-dose influenza vaccines among US Medicare
beneficiaries in preventing post-influenza deaths: a
retrospective cohort study, 2012-13 and 2013-14

Data sources

Influenza

Data was gathered from the administrative files for Medicare, which provides
government sponsored health insurance coverage to about 40 million US residents of ages 65
and over, and to about 9 million persons under the age of 65 who are disabled or have end
stage renal disease. For each beneficiary, Medicare enrollment data was linked to claims from
the inpatient (Medicare Part A), office-based medical care (Part B) settings, as well as claims
for prescription drugs (Part D) to track influenza trends, define outcomes, and determine
population characteristics. Pharmacy data was drawn from the Provider Enrollment, Chain,
and Ownership System (PECOS). The proportion of samples testing positive for influenza
infection among samples submitted to laboratories collaborating with the National Respiratory

and Enteric Virus Surveillance System (NREVSS) was used to define the intensity of influenza



circulation during each week of a calendar year. This CDC-sponsored nationwide laboratory-
based surveillance system monitors temporal and geographic patterns associated with the
detection of influenza and other respiratory and enteric viruses. With NRVESS data, we defined
high-, medium-, and low-intensity influenza weeks by using previously published criteria. To
identify likely episodes of influenza related iliness in the outpatient setting, it is necessary to
have access to prescription drug (Part D) claims for beneficiaries. For analyses involving this
outcome, the study population is further subset to those beneficiaries who are also enrolled

in Medicare Part D on the date of vaccination.

Study Cohort

The study’s base population was drawn from fee-for-service Medicare beneficiaries
aged 265 years who had a Healthcare Common Procedure Coding System (HCPCS) or Current
Procedural Terminology (CPT) code for a high-dose influenza vaccination (CPT of 90662) or
standard-dose vaccination (CPT of 90655-90661 or 90724; HCPCS of G0O008, Q2035-Q2038)
between August 1%, 2012 and January 31%, 2013 for the 2012-13 season and August 1%, 2013
and January 315, 2014 for the 2013-14 season. Each beneficiary was required to be enrolled
in Medicare parts A and B on the date of vaccination and for a period of at least 6 months prior
to vaccination, so that data were available to detect comorbidities. For each season,
beneficiaries diagnosed with influenza prior to vaccination or recorded as having both the
high- and standard-dose vaccines between August 1stand May 315t of the following year were
excluded from the study. Additionally, beneficiaries who entered Medicare for reasons other
than being above the age of 65 — being disabled or having end stage renal disease — were

excluded from the analysis. The remaining population was subset to only those beneficiaries
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who received the vaccine at a community pharmacy. This restriction was applied to ensure
that the eligible population met a minimum standard of self-care ability, demonstrated by the
ability to request vaccination at an outpatient pharmacy. We hypothesized that this restriction
would reduce the likelihood of confounding bias in the receipt of an influenza vaccine
associated with physical or mental frailty. To account for temporal and geographical factors
that may affect the availability of or access to the high-dose vaccine, the study population was
further restricted to those beneficiaries who received a standard- or high-dose vaccine at a
community-located pharmacy which vaccinated at least one other beneficiary with the

alternate vaccine in the 2 weeks preceding or following the vaccination index date.

Vaccines

The 2012-2013 influenza vaccines used in the Northern hemisphere contained
antigens representing the following viruses: an A/California/7/2009 (H1N1)pdmO09-like
virus, an A/Victoria/361/2011 (H3N2)-like virus, and a B/Wisconsin/1/2010-like virus. For
the 2013-14 season, trivalent vaccines contained the following antigens: an A/
California/7/2009 (H1N1)pdmQ9-like virus, an A(H3N2) virus antigenically like the cell-
propagated prototype virus A/Victoria/361/2011 (A/Texas/50/2012), and a B/
Massachusetts/2/2012-like virus. B/Wisconsin/1/2010 and B/Massachusetts/2/2012 are
both B/Yamagata lineage viruses, and thus good serologic cross-reactivity is expected. Thus,
the vaccine components used for the 2012-2013 and the 2013-2014 influenza vaccines
were very similar, suggesting that pooled estimates of vaccine effects over these two

seasons might be possible.
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Outcomes and Follow-Up

The three outcomes of interest for this study are (i) influenza hospitalizations, (ii)
deaths occurring within 30 days of hospital admission for influenza, and (iii) likely episodes of
an influenza-related illness resulting in a clinical encounter at a community-based health care
provider. The influenza hospitalization outcome occurred at the time of a hospital inpatient
admission or an emergency department visit with a diagnosis of influenza, defined use of an
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code
or 488.xx. An influenza-associated death was defined as death within 30 days of admission for
influenza. The 30-day window is an appropriate time window during which acute or subacute
effects of an influenza hospitalization might be associated with death (refs). Similar to the
hospitalized influenza outcome, the fatal influenza hospitalization outcome was defined to
have occurred on the date of the inpatient hospitalization or Emergency department. Both
these outcomes are evaluated in the vaccinated population that includes people both with
and without Medicare Part D enrollment. The final outcome of interest — influenza related
illness — was defined by an outpatient medical encounter with the provision of a rapid
influenza diagnostic test (RIT) coded with CPT 87804, followed by the dispensing of oseltamivir
for treatment (oseltamivir, 75 mg twice daily for 5 days) within a 2-day period. This influenza-
related illness outcome was evaluated in a cohort that represented a subset of eligible
beneficiaries who were enrolled in Medicare Part D on the day of influenza vaccination, as this
criterion permitted the identification of the dispensing of a therapeutic course of oseltamivir.

To define oseltamivir prescription, we used Medicare NDCcodes.

Follow-up time began 14 days after the date of vaccination and continued until the
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occurrence of the first of the following events: death, disenroliment from Medicare Part A/B,
or an outcome. In the case of the influenza related illness, beneficiaries were censored if they
disenrolled from Medicare Part D. Beneficiaries contributed person-time to the analysis for
each week that they remained in the study. For each of the 10 Census regions of the United
States, each calendar week was classified as low, medium, or high influenza period, based on
an estimated level of influenza activity during that week in that region. High, medium, and low
periods of influenza activity were defined as weeks when the proportion of respiratory
samples that tested positive for influenza was at the 75th or greater percentile, the 55%
through 74™, and less than the 55th percentile, respectively, based on NREVSS data from all

regions from August 2012 through August 2014.

Covariates

Baseline covariate data were collected for all study subjects in the 6 months prior to
their date of vaccination. Covariates included demographic variables as well as pre-existing
medical conditions The remaining population was subset to only those beneficiaries who
received the vaccine at a community pharmacy. This restriction was applied to ensure that the
eligible population met a minimum standard of self-care ability, demonstrated by the ability
to request vaccination at an outpatient pharmacy. We hypothesized that this restriction would
reduce the likelihood of confounding bias in the receipt of an influenza vaccine associated with
physical or mental frailty. To account for temporal and geographical factors that may affect
the availability of or access to the high-dose vaccine, the study population was further

restricted to those beneficiaries who received a standard- or high-dose vaccine at a
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community-located pharmacy which vaccinated at least one other beneficiary with the

alternate vaccine in the 2 weeks preceding or following the vaccination index date.
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Table iii: List of covariates used in adjusted Poisson model.

81

Covariates

Age Low Income Subsidy (LIS)
65 to 74 Not LIS
75to 84 No Copay
85+ Low Copay
Gender
High Copay
Female 15% Copay
Male
Race Medical Conditions
White Diabetic
Black At least one inpatient hospitalization
Hispanic At least one high risk condition
Asian Asthma Diagnosis
Native Blood Disorder Diagnosis
Unknown Chronic Lung Disease Diagnosis
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Regions

Heart Disease Diagnosis

1: CT, ME, MA, NH, RI, VT

Kidney Disorder Diagnosis

2: NJ, NY, PR, VI

Liver Disorder Diagnosis

3: DE, DC, MD, PA, VA, WV

Neurological Disorder Diagnosis

4: AL, FL, GA, KY, MS, NC, SC, TN

Weakened Immune System Diagnosis

5:1L, IN, MI, MN, OH, WI

6: AR, LA, NM, OK, TX

7:1A, KS, MO, NE

8: CO, MT, ND, SD, UT, WY

9: AZ, CA, HI, NV, AS, FS, GU, PU

10: AK, ID, OR, WA
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Medicare hierarchical medical condition categories

We used Centers for Medicare and Medicaid Services (CMS) hierarchical conditions
categories (HCCs) to compare the acute and chronic medical conditions diagnosed in recipients
of high-dose and standard-dose inactivated influenza vaccines in the 6 months prior to the date
of immunization. The HCCs were developed to guide Medicare in making payments to private
health care plans for the health expenditure risk of beneficiaries enrolled in these plans.’?’ The
HCCs are used with an individual’s demographic data to determine a risk score, which is a relative
measure of how costly that individual is anticipated to be to the plan. The HCCs and the risk
model used by CMS were recently reviewed in a compressive white paper available from CMS
(https://www.cms.gov/CClIO/Resources/Forms-Reports-and-Other- Resources/Downloads/RA-
March-31-White-Paper-032416.pdf). The ICD-9-CM and HCPCS codes used to define the disease
categories listed in Table 1 have been used only with Medicare data file and are available on

request from the authors of the study.

Indicators of frail health status

We used indicators for dementia, falls, fractures, home oxygen use, home use of a urinary
catheter, and use of walkers or wheelchairs to define states associated with frail health that might
represent confounders of the vaccine — outcome associations that we studied. Beneficiaries were
placed into these seven categories by using ICD-9-CM Diagnosis (DGN) and Procedure (PRC)

codes, and HCPCS codes, as can be seen in Table iv.


https://www.cms.gov/CCIIO/Resources/Forms-Reports-and-Other-Resources/Downloads/RA-March-31-White-Paper-032416.pdf
https://www.cms.gov/CCIIO/Resources/Forms-Reports-and-Other-Resources/Downloads/RA-March-31-White-Paper-032416.pdf
https://www.cms.gov/CCIIO/Resources/Forms-Reports-and-Other-Resources/Downloads/RA-March-31-White-Paper-032416.pdf

Table iv: Frailty indicators

Data source | Diagnosis
Indicator Code source

used* position
Dementia DGN IP/OP All
Falls DGN IP/OP All
Fracture DGN/HCP/PRC IP/OP All
Home Oxygen DGN/HCP/PRC IP/OP/DM All
Urinary Catheter DGN/HCP/PRC IP/OP/DM All
Walker Use HCP IP/OP/DM --
Wheelchair Use DGN/HCP IP/OP/DM All

84

* IP, inpatient; OP, outpatient; and DM, durable medical equipment, data files were accessed in

defining the indicator

Indicator of low income status

The Medicare Prescription Drug, Improvement and Modernization Act of 2003 (MMA),

established the Medicare Prescription Drug Program, or Medicare Part D, which provides

prescription drug coverage to Medicare beneficiaries who enroll in the program. The MMA also

provides for a low-income subsidy (LIS) for extra help with prescription drug costs for eligible
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individuals whose income and resources are limited. The LIS is a subsidy paid by the U.S.
government to the drug plan in which the Medicare beneficiary enrolls, and it subsidy provides
assistance with the premium, deductible and co-payments of the program. Beneficiaries apply
for the low-income subsidy (LIS) through either the Social Security Administration or their State
Medicaid agency. Medicare beneficiaries who wish to enroll in the Medicare Prescription Drug

Program must choose a prescription drug plan through which to receive the benefit.

Power estimates

Data from the phase IV clinical trial,*® a follow-up post-hoc analysis of the trial data
stratified by factors that may influence influenza vaccine response,”® and our previous
observational study!® suggested that receipt of high-dose versus standard-dose influenza vaccine
might reduce post-influenza mortality by 20-30%, if the results from less severe outcomes were
similar in magnitude to putative effects for the prevention of deaths. As the laboratory,
randomized trial, and observational data all demonstrated a benefit with receipt of high-dose

16,48,50,51,62,72,73 e conducted a 1-tailed power analysis to

compared with standard-dose vaccines,
estimate the effects that we could detect at 80% and 90% statistical power, with an alpha = 0.05.
Using data on deaths occurring after influenza hospitalizations in the entire cohort, we estimated
that the study had 80% power to identify a RVE of 30% or higher for the primary outcome, post-
influenza deaths. We also had 80% power to detect comparative effectiveness of 6% or higher
for the hospitalized influenza and 8% for theinfluenza-related iliness secondary outcomes. These

statistics used data combined for both seasons — we also made estimates for each season

individually, if seasonal effect modification was suggested. See power analyses results in Table v.



Table v: Power analysis for all outcomes, one tailed, by season
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Outcome Nsp NHp Follow- Number | Baseline | Comparative

up time of rate effectiveness
events threshold*

10 000 10 000 | Power | Power =
person- person- =80% | 90%
weeks weeks

Post-influenza

Death

2012-13 1,683,264 | 1,039,645 | 3,121 151 0.05 34.3 39.3

Season

2013-14 1,877,327 | 1,508,176 | 4,156 94 0.02 43.4 49,5

Season

Combined 3,560,591 | 2,547,821 | 7,278 245 0.03 29.5 34.0

Hospitalized

Influenza

2012-13 1,683,264 | 1,039,645 | 3,121 3,848 1.23 8.0 9.3

Season

2013-14 1,877,327 | 1,508,176 | 4,156 2,192 0.53 10.2 11.9
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Season

Combined 3,560,591 | 2,547,821 | 7,278 6,040 0.83 6.3 7.4

Influenza-

related lliness

2012-13 950,318 580,648 1,736 2,308 1.33 10.2 11.9
Season

2013-14 1,270,144 | 1,003,067 | 2,782 1,806 0.65 11.2 13.1
Season

Combined 2,220,462 | 1,583,715 | 4,519 4,114 0.91 7.6 8.9

*If comparative effectiveness is lower than the comparative effectiveness threshold, then the
study does not have the power to identify a statistically significant difference from zero, at

an alpha of 0.05.

Statistical Analysis

To assess whether the beneficiaries in the two cohorts were similar, the differences
in baseline covariates across cohorts were evaluated using standardized mean differences,
calculated as the difference in means or proportions of a variable divided by the pooled
standard deviation of the variable. A standardized mean difference of 0.1 or greater indicated
a substantial difference in means or proportions between groups. The standardized mean

difference is an effect-size measure that not influenced by population size, and thus provided
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a more meaningful measure of the difference in the two large cohorts than simple mean

differences.

Outcome rates were calculated as the number of outcomes per person-time for each
cohort. The crude RVE (RVE) was estimated during the high season. The primary analysis
included only events occurring in the high influenza period during each season. RVE was
estimated by using the formula: RVE = (1 — rate high-dose recipients / rate standard-dose
recipients) x 100. A multivariate Poisson model, which adjusted for all covariates listed in the
table below, was used to model the outcomes in the high-influenza season, and used to derive
an adjusted RVE in the high season from the model-estimated rate ratio. Because both the
seasons and the vaccines administered in 2012-13 and 2013-14 were similar, the primary
analysis pooled outcomes from both seasons. Two different multivariate Poisson models will
be fit to the pooled data; both models included a covariate for season to account for the
differences in outcome rates across seasons, while one model also included a treatment-season
interaction term. The interaction term was used to assess whether there was a difference in
relative effectiveness by season. The log-likelihood ratio test was used to evaluate which of the
two models better fit the data; a p-value of <0.1 was used to indicate a substantial difference

in model fit.

Comparative effectiveness of cell-cultured vs egg-
based influenza vaccines during the 2017-18 season.



Data Sources

We used Medicare administrative files providing data on enrollment, inpatient and
outpatient care, physician office visits, and prescription drugs as the primary data source. We
used respiratory sample data from the National Respiratory and Enteric Virus Surveillance
System to define periods of high influenza circulation within seasons,®!8 the National Plan
and Provider Enumeration System plus the National Council for Prescription Drug Programs

databases to identify pharmacies, and the Minimum Data Set to identify nursing facilities.

Observation Period

The study included the period from August 6, 2017 to August 4, 2018. For the interim

analysis, we used data available up to January 19, 2018.

Study Population

We included Medicare beneficiaries ages 265 years who received an egg-based or
cell- cultured influenza vaccination from August 6, 2017 through January 31, 2018, with
data available as of August 4, 2018. For the interim analysis, we only included beneficiaries
vaccinated prior to January 4, 2018, with data available as of January 19, 2018. We required
continuous enrollment in fee-for-service Medicare Parts A and B in the six months prior to

vaccination to allow for identification of chronic medical conditions. We excluded
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beneficiaries enrolled in Medicare Part C, and those residing in nursing homes on
vaccination date because their medical encounters may not be reliably captured. We also
excluded beneficiaries who received an earlier influenza vaccination in the same season,
and those for whom region of residence was not defined in the Department of Health and
Human Services (DHHS) regions.'®!® The selection process, and the attrition of cohorts

participants after each step, are described in Figure i.
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Figure i: Selection Process for Defining Influenza Vaccine Cohorts among Medicare Beneficiaries in

the 2017-2018 Influenza Season (ilustration)

Base Population:

Beneficiaries who received an influenza vaccination within
the specified time frame for the season

Beneficiaries with continuous Medicare Part
A/B enrollment for the 6 months prior to their
vaccination date

Beneficiaries at least 65 years of age

\ 4

Beneficiaries who received only one influenza vaccine type on
index day, were not in a nursing home facility on vaccination
day, and did not
receive any influenza vaccine prior to index date in the
season

Beneficiaries residing in one of the ten HHS
regions

Final study population
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Influenza Vaccine Exposure

We classified eligible beneficiaries into five cohorts based on the type of vaccine received.
Vaccinations were identified using Healthcare Common Procedure Coding System (HCPCS) and
Current Procedural Terminology (CPT) codes for the cell-cultured quadrivalent vaccine (CPT
90674 & 90756), as well as the four egg-based vaccine types: quadrivalent (CPT 90630, 90685-
90688), high-dose trivalent (CPT 90662), adjuvanted trivalent (CPT 90653), and standard-dose
trivalent (CPT 90656-90658; HCPCS Q2034-Q2038). Other influenza vaccines were not utilized in
sufficient numbers for study inclusion. An unvaccinated cohort was not included because we
were unable to reliably identify unvaccinated beneficiaries from Medicare claims alone, since

they may have been vaccinated outside of the system.

Study Outcomes

The primary outcome was influenza hospital encounters, defined as inpatient
hospitalizations/emergency department visits listing an International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10 CM) code for influenza (ICD-10 codes J09.xx, J10.xx,
J11.xx, J129). We also performed a post-hoc analysis using only inpatient stays as outcomes, and
a pre-specified secondary analysis of influenza-related office visits, defined as community-based
physician office visits or hospital outpatient visits with a rapid influenza diagnostic test
performed (RIT, CPT 87804) followed by a therapeutic course of Oseltamivir (75 mg twice daily

for 5 days) prescribed within 2 days of the test.6:®
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Person-Time under Observation

Follow-up time began 14 days after vaccination (to allow for development of vaccine-
specific immunity) and continued until one of the following occurred: outcome of interest,
Medicare disenrollment, end of study period, death, admission into a nursing home, or
administration of a subsequent influenza vaccine. To increase the positive predictive value of
outcomes, we focused the analyses only on person-time observed in regions and weeks with high
levels of influenza circulation.®8 Each week of the influenza season within each DHHS region
was classified as a high influenza circulation period if the proportion of respiratory samples that

tested positive for influenza was >15%.1,16:18

Variables of Interest

For each beneficiary, we collected data on demographics, Medicaid eligibility, reason for
entry into Medicare, DHHS region of residence, prior medical encounters, chronic medical
conditions, and frailty indicators in the six months prior to vaccination. We adjusted for all study
covariates as potential confounders. We assessed the covariate balance between cohorts using
standardized mean differences (SMDs). SMDs of less than 0.1 represented negligible

imbalance.128

Statistical Analyses

Our main analysis focused on the comparison between the cell-cultured and egg-based
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standard-dose quadrivalent vaccines to ensure comparability. For the adjusted analysis, we
used inverse probability of treatment weighting (IPTW) to adjust for imbalances between
cohorts on all covariates.'?® Stabilized IPTW weights were derived from propensity scores,
representing each beneficiary’s probability of receiving the cell-cultured over egg-based
vaccines, conditional on covariates.’3® We calculated propensity scores using a logistic
regression model with vaccine cohort as the dependent variable and all covariates as
independent variables. Weight values greater than five were truncated to five to limit the bias
that outlier beneficiaries could have on results.’3! We ran a univariate Poisson regression model
on the weighted population to estimate the adjusted rate ratio (RR) between the two
cohorts. The adjusted RVE was defined as (1 — RR)x100%. As sensitivity analyses, we ran a
weighted univariate Poisson model for which weights were not truncated and a doubly-robust

model that implemented covariate adjustment along with IPTW weighting.!3?

To provide further context, we conducted an analysis that also included the egg-based
high-dose, adjuvanted, and standard-dose trivalent vaccines, using IPTW to adjust for covariate
imbalances. We calculated five propensity scores for each participant using separate
logistic regression models, with each score representing the probability of receiving a particular
vaccine type relative to any other.®® The outcome models and sensitivity analyses

conducted were similar to those we used for the two-way vaccine comparison.

We conducted the analyses using R 3.4.3 (R Foundation for Statistical Computing,
Vienna, Austria) and SAS v. 9.4 (SAS Institute Inc., Cary, NC). We performed all analyses with de-
identified data collected for administrative purposes by the Centers for Medicare &
Medicaid Services (CMS). This study was approved by the FDA’s Research Involving Human

Subjects Committee.
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Derivation of Vaccine Effectiveness Estimates for All
Vaccine Cohorts

Although the main study objective was to evaluate comparative effectiveness, more
specifically between cell-cultured vs egg-based influenza vaccines, we also decided to provide
hypothetical vaccine effectiveness estimates for each study vaccine in the 2017-18 season among
beneficiaries ages 265. These estimates were approximated using the CDC interim VE estimate
for the season, %191 assuming a +10 point difference, given that, as indicated previously, we are
unable to reliably identify unvaccinated beneficiaries using Medicare claims (given that the
influenza vaccine is often also offered free of charge at the workplace, or in public health clinics,

which do not report the vaccinees to CMS.

The steps for calculating VE estimates for each vaccine type are described below. The
calculation assumes that the vaccine effectiveness and share of each vaccine type among our
study population is comparable to that of the population used by the CDC to produce interim VE

estimates across all vaccine types for the 2017-18 season.%10%,134

e Set of treatments defined as T=1[1, 2, 3, 4, 5],

o 1 = Cell-cultured Quadrivalent, 2 = Egg-based Adjuvanted, 3 = Egg-based HD
Trivalent, 4 = Egg-based SD Trivalent, 5 = Egg-based SD Quadrivalent (reference
group)

e Pt=Proportion of beneficiaries that received vaccine type t among the total study
population

e |Rx=Incidence rate of cohort x
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Definitions:

RRxy=IRx/IRy

RVExy=(1-RRxy)*100%

VEx=(1-RRx,unvaccinated)*100%

VEall=18% based on CDC’s interim VE estimates for the 2017-18 season

VE Estimate Calculation:

1. We know that the incidence rate in the vaccinated population is the weighted
average of the rate ratios for each vaccine compared to the egg-based
guadrivalent vaccine multiplied by the incidence rate amongst the egg-based
guadrivalent vaccinated cohort.

2. By definition, the rate ratio of the vaccinated population to the unvaccinated population
is described as:
e RRall, unvaccinated=IRall/IRunvaccinated
3. Rearranging the equations, we get an estimate of the rate ratio for the egg-based

guadrivalent cohort against the unvaccinated population:

Note: The proportion of the total study population in each vaccine cohort is provided in Table
1 of the article. The estimated rate ratio for each vaccine cohort, using the egg- based
guadrivalent cohort as the reference group, can be derived from the vaccine effectiveness

estimates provided in Table 3 and Table 4 of the article.

4. Replacing values, we can derive the rate ratio of the egg-based quadrivalent vaccinated

cohort to the unvaccinated population as0.892:
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5. We derive the rate ratio for all other vaccine categories, using the rate ratios for the

vaccine to the egg-based quadrivalent vaccine (derived from the RVEs in Table 3 and Table

4 of the article), and the rate ratio for the egg-based quadrivalent vaccine to the
unvaccinated population.

6. We derive VE for each vaccine group from the rate ratios (approximately 10.8% for the egg-based

guadrivalent vaccine).

Statin use and risks of influenza-related outcomes among
older adults receiving standard-dose or high-dose
Influenza vaccines through Medicare during 2010-2015

Data sources

Medicare administrative files were the primary data source. Medicare provides health
insurance coverage to ~49 million U.S. residents aged >65 years, as well as to ~¥9 million younger
beneficiaries who are disabled or have end-stage renal disease.®° Medicare administrative files
include data on enrollment, inpatient and outpatient care, physician office visits, and prescription
drugs. Pharmacy data were derived from the National Plan and Provider Enumeration System and
the National Council for Prescription Drug Programs databases. Respiratory sample data were

drawn from the National Respiratory and Enteric Virus Surveillance System.!3>

Participants
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Medicare beneficiaries aged >65 years who received high-dose (HD) or standard-dose (SD)
influenza vaccines at community pharmacies from August through January of each influenza
season in the study period, defined as August 1, 2010 through August 1, 2015. We restricted
enrollment to beneficiaries vaccinated in a pharmacy setting, because previous studies
demonstrated this restriction produced vaccinated cohorts well balanced for factors associated
with increased risks for serious complications of influenza infection.'®!8 Beneficiaries
were included for each season in which they received a vaccination.®!® Vaccinations were
identified using Healthcare Common Procedure Coding System (HCPCS) and Current Procedural
Terminology (CPT) codes for high dose (CPT 90662), trivalent standard dose (CPT 90654, 90656-
90661, 90673, and 90724; HCPCS Q2034-Q2039), and quadrivalent standard dose influenza
vaccinations (CPT 90630, 90686, and 90688). Beneficiaries who received more than one influenza

vaccination in the same season were excluded.

We required continuous enrollment in fee-for-service Medicare Parts A (hospitalization),
B (outpatient medical care), and D (prescription drugs) for at least 1 year prior to vaccination to
permit identification of chronic medical conditions. Participants whose Medicare eligibility
depended on disability or end-stage renal disease prior to age 65 years were excluded.'®8
Beneficiaries enrolled in Medicare Part C (i.e., Medicare advantage plans) were excluded because
their medical encounters may not be reliably captured in claims data.® Additionally, beneficiaries
were excluded if they resided in a nursing home or skilled nursing facility (SNF), received hospice
care or chemotherapy, were diagnosed with HIV or cancer other than skin cancer, or underwent
organ transplant in the year prior to vaccination. 7 Medical condition exclusion criteria were
identified using HCPCS, CPT, or International Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) codes.
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As statins are prescribed specifically to treat persons with hyperlipidemia to prevent
complications of atherosclerotic cardiovascular disease, which may be associated with more
serious complications of influenza, we excluded beneficiaries who received a diagnosis of

atherosclerotic cardiovascular disease in the year prior to vaccination (e-Table 1).

Study outcomes

The primary outcome was a community-based physician office visit or hospital outpatient
visit containing a claim for a rapid influenza diagnostic test (CPT coded 87804) followed by a claim
for a therapeutic course of oseltamivir (75 mg twice daily for 5 days) prescribed within 2 days of
the test claim, which we have referred to here as “influenza-related office visits”.®* The secondary
outcome was a hospitalization or emergency department visit with an ICD-9-CM code for
influenza (codes 487.xx and 488.xx), which we have referred to here as “influenza

hospitalizations”.

Statin exposure

Participants were classified as statin users or non-users. Statin users were eligible
beneficiaries with a sufficient supply of statins to cover the 15 days before through 15 days after
vaccination, with a maximum allowable gap of 2 days. Adherent statin users were defined as
beneficiaries who received at least two prescriptions of statins in the period from 6 months

before to 15 days after vaccination and had a medication possession ratio (MPR) of > 0.8.13¢ Non-
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users were defined as beneficiaries with no evidence of receiving statins during the period
extending from 6 months before to 15 days after vaccination. Beneficiaries who did not meet the

criteria for either group were excluded.

Person-time under observation

Follow-up began 14 days after vaccination, to permit development of vaccine-specific
immunity. 137 It ended when one of the following endpoints was reached: a study outcome of
interest, disenrollment from Medicare Parts A, B, or D, diagnosis of cardiovascular or
immunosuppressive conditions, organ transplant, chemotherapy, admission to a SNF or nursing
home, transfer to hospice care, end of influenza season, or death. Each week in each influenza
season for each geographic region of the United States as defined by the Department of Health
and Human Services (HHS) was classified as a high-, medium-, or low-intensity influenza period.
These periods were defined, respectively, as weeks in which the proportion of respiratory
samples that tested positive for influenza was above the 75% percentile, within the 55" and 74t

percentile, or below the 55™percentile.1®

Control for confounding

Data on demographics, socioeconomic status, medical encounter history, medical
conditions, and health status were collected for each beneficiary during the year prior to
vaccination.'3813%9 We used a combination of exact matching and propensity score matching to

adjust for potential confounders.12%140 Propensity scores were calculated using a logistic
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regression model with statin use as the dependent variable. For each statin user, we first
identified a group of non-users who were identical by vaccine type, sex, age group (65-69, 70-74,
75-79, 80-84, and 85+ years), and HHS region of residence, and then selected the non-user with
the nearest propensity score.?° Balance in baseline covariates between the cohorts was assessed
using standardized mean differences (SMDs). We considered SMDs of less than 0.1 to represent

a negligible imbalance.'?®

Statistical analyses

Rates for each study outcome in the low, medium, and high intensity influenza periods
were calculated as the number of outcomes divided by person-time in weeks. We focused on the
high-intensity influenza periods to increase the specificity of outcomes. We used three Poisson
regression models to estimate rate ratios between statin users and non-users. The first model
adjusted for influenza season, to account for differences in influenza circulation by season. The
second model included all covariates used in the matching process in addition to season. In the
third model, an interaction term between season and statin exposure was added to Model 2, to
evaluate if associations between statin use and outcome risks varied by season. The Akaike
Information Criterion (AIC) was used to evaluate model fit.1*! Two-tailed P values <

0.05 were considered statistically significant.

We conducted several additional analyses to address specific questions. To evaluate if
statin effects varied by receipt of HD or SD vaccine, we fit a model including an interaction for

vaccine type and statin exposure. We also examined the effect of synthetic (atorvastatin,
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fluvastatin, rosuvastatin) vs non-synthetic (simvastatin, pravastatin, lovastatin, and pitavastatin)
statin use, and intensity of statin treatment exposure on influenza-related outcomes (e-Table 2).
For the statin-type analysis, the statin user cohort was split into synthetic and non-synthetic
statin cohorts.®! In the statin-intensity analysis, the statin user cohort was split into low,
moderate and high intensity statin cohorts based on active ingredient and prescribed dose.*? To
investigate the effect of the relationship between statin type and intensity, we fit a model
comparing users of different statin type and intensity combinations. In a post-hoc analysis, the
statin intensity analysis was repeated with cohorts weighted with stabilized inverse probability

of treatment weights (IPTW) to address residual imbalances found in the statin-intensity cohorts.

To assess if our findings might reflect the effect of persistent use of a common medication,
rather than statin-specific effects, we performed “negative exposure” analyses. **3These analyses
replicated the study methodology for the primary and secondary outcomes using an alternate
exposure in place of statin use, to evaluate if observed differences were due to bias from
unmeasured confounders.'** Null results would suggest lack of confounding. Negative exposures
considered were use of hydrochlorothiazide medications (HCTZs) not combined with another

drug in a single pill and use of proton pump inhibitors (PPls).

Analyses were conducted using R 3.2.0 (R Foundation for Statistical Computing, Vienna,
Austria) and SAS v. 9.4 (SAS Institute Inc., Cary, NC). All analyses were performed with de-
identified data collected for administrative purposes by the Centers for Medicare & Medicaid

Services.



103

Effectiveness and duration of effectiveness of the
Zostavax vaccine among Medicare beneficiaries ages 65
years and older

Study Population

Medicare beneficiaries ages 65 years or older enrolled in fee-for-service Medicare Parts A
(inpatient services), B (outpatient services), and D (prescription drugs) were analyzed
retrospectively, comparing those who received a claim for HZV to those who were unvaccinated.
Exposure to the HZV was identified using National Drug Codes (NDCs) for ZOSTAVAX, with the
vaccination date used as the index date. Vaccinations between January 1, 2007 and July 31, 2014
were eligible for use as index dates. For the unvaccinated cohort, index dates were assigned to

match the distribution of vaccination dates, subject to eligibility requirements.

Beneficiaries were included in the analyses if they had 12 months of continuous
enrollment in Medicare A, B, and D. Additionally, to ensure that unvaccinated beneficiaries were
truly unvaccinated, beneficiaries were included in analyses only if they were enrolled in Medicare
Part D since at least May 2006, when HZV was first licensed. Beneficiaries were excluded if they
had an overlapping nursing home, skilled nursing facility, or hospice stay, an HZ diagnosis in the
12 months prior a claim for an immunocompromising medical condition in the 12 months prior,

or immunosuppressive treatment in the 6 months prior to their index date (Appendix I-11).
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Cohort Follow-up

Start of follow-up began 30 days after cohort entry, similar to the Shingles Prevention
Study 12, Beneficiaries were followed continuously until: a subsequent HZV claim, death,
disenrollment from fee-for-service Medicare, end of study (July 31, 2014), admission to a nursing
home, skilled nursing facility, or hospice, occurrence of the outcome of interest, or an

immunosuppressive drug claim in the first two months after index date.

Outcomes

Incident HZ cases were defined using International Classification of Diseases, Ninth
Revision (ICD-9-CM) codes (053.XX for HZ and 053.2X for OZ). Cases were captured in institutional
and non-institutional care settings and categorized into five separate outcomes: outpatient HZ,
hospitalized HZ, outpatient OZ, hospitalized OZ, and PHN. We do not present our hospitalized OZ
results because of low sample size and overall similarity to findings on hospitalized HZ. For
inpatient cases, HZ in the first diagnosis position only was used, as it has the highest reported
Positive Predictive Value (PPV) for identifying hospitalizations due to HZ (86%) 11°. For outpatient
cases, outcomes in any diagnosis position were considered with reported PPVs ranging from

85.2% to 98% 111117,

Detection of PHN may be biased when ascertainment is restricted to medically-attended
care, and particularly challenging when using administrative data 121, Nonetheless, PHN is

an important consequence of HZ, especially in older adults, so we evaluated it as an outcome in
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an exploratory analysis. PHN was defined using a modified version of the algorithm in Klompas
et al. 1. Cases of PHN were identified based on the presence of ICD-9 053.xx in the 90-180 days
after an incident HZ diagnosis in combination with at least one of the following events: (1) a new
prescription of a PHN treatment (Appendix Ill) in the 0-60 days from incident HZ diagnosis,

(2)the presence of HZ with nervous system complications (ICD-9 053.1x) in the 90-180 days from
incident HZ diagnosis, or (3) the presence of a new diagnosis for neuralgia (ICD-9 729.2x) in the

0-180 days from incident HZ diagnosis.

Covariates

This study accounted for well-studied risk factors of HZ, including age, gender, and race,
in addition to other potential risk factors believed to be associated with risk of HZ or propensity
to seek care once HZ is contracted (Appendix 1V) 118144146 Tg gchieve balance between cohorts,
1:1 propensity score matching was used, with propensity scores estimated from a logistic
regression using all covariates. Beneficiaries were matched using this propensity score and the
minimum Mahalanobis distance for key covariates: age, gender, race, and low-income subsidy

status 147

Definitions of medical conditions and prescription drugs
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Because the Zostavax package insert contraindicates the use of this vaccine among
persons with immunosuppressive conditions, including primary or acquired immunodeficiency
states, AIDS or other clinical manifestations of infection with human immunodeficiency viruses,
leukemia, lymphoma or other malignant neoplasms affecting the bone marrow or lymphatic
system, and immunosuppressive therapy), and these conditions may be linked to the occurrence
and severity of herpes zoster, we identified codes for such conditions for study exclusion (Table

vi).



Table vi: Immunocompromising conditions used as an exclusion criterion- Zostavax study
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Frankly Immunocompromising
Conditions

ICD-9 Diagnosis Codes

HIV Infection

042, 079.53, 795.71

Hodgkin's Disease

201

Non-Hodgkin's Lymphoma

200, 202.0, 202.1, 202.2, 202.3, 202.5,
202.6, 202.7, 202.8, 202.9

Leukemia

202.4, 203.1, 204, 205, 206, 207, 208

Multiple Myeloma

203.0

Neoplasm

203.8, 238.6, 238.72, 238.73, 238.74,
238.75, 238.76, 238.77, 238.79

Immune System Disorder

273.3, 277.89, 279.0, 279.2, 279.3,279.4,
279.5,279.8, 279.9

White Blood Cell Disease

279.10, 279.11, 279.12, 279.13, 279.19,
284.09, 284.89, 288.01, 288.02,288.1,
288.2,288.4, 288.50, 288.64, 288.8, 289.53

Other Hematological Diseases

289.50, 289.59, 289.8, 289.9

Conditions were defined using all diagnosis positions in inpatient, outpatient, and

non- institutional settings.
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Because drugs with immunocompromising effects can also affect the occurrence and
severity of herpes zoster events, we also produced a list of such medications and excluded
individuals who had received them around the time of vaccination (see table below). This list of
drugs was used in three ways: (1) as a baseline exclusion criterion, (2) censoring reason in the 2
months after cohort entry, and (3) a time-varying covariate during follow-up. For the latter, a
beneficiary was considered immunocompromised during the time from prescription fill date up
until the end of days’ supply plus an additional 30-day grace period. If a subsequent prescription
was filled within the 30-day grace period of the first prescription, use was aggregated,
and the 30-day grace period was applied at the end of the ‘episode’. Because
immunocompromising drug use within 2 months of cohort entry was a censoring criterion, only

use in the period afterwards was considered.
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Table vii: Immunocompromising drugs used for exclusion in the Zostavax effectiveness study

IC Drug Categories

Drug Names

Antineoplastics

Altretamine, Bendamustine, Busulfan, Carboplatin, Cisplatin,
Oxaliplatin, Thiotepa, Chlorambucil, Cyclophosphamide, Ifosfamide,
Mechlorethamine, Melphalan,  Carmustine, Lomustine,
Streptozocin, Temozolomide, Bleomycin, Dactinomycin,
Daunorubicin, Doxorubicin, Epirubicin, Idarubicin, Mitomycin,
Mitoxantrone, Plicamycin, Pegaspargase, Azacitidine, Capecitabine,
Cladribine, Clofarabine, Cytarabine, Decitabine, Floxuridine,
Fludarabine, Fluorouracil, Gemcitabine, Nelarabine, Pemetrexed,
Pralatrexate, Thioguanine, Alemtuzumab, Obinutuzumab,
Ofatumumab, Rituximab, Brentuximab, Gemtuzumab, Ibritumomab,
Tositumomab, Pomalidomide, Cabazitaxel,
Docetaxel, Eribulin, Etoposide, Ixabepilone, Paclitaxel, Teniposide,
Vincristine, Vinblastine, Vinorelbine, Romidepsin, Everolimus,
Dasatinib, Erlotinib, Gefitinib, Ibrutinib, Imatinib, Lapatinib, Nilotinib,
Ponatinib, Bortezomib, Irinotecan, lodine, Radium, Samarium,
Strontium, Sipuleucel-T, Dacarbazine, Denileukin, Hydroxyurea,
Omacetaxine, Pentostatin, Procarbazine, Ifosfamide

& Mesna

Mercaptopurines

Mercaptopurine

Methotrexates

Methotrexate

Immunomodulators

Anakinra, Adalimumab, Golimumab, Leflunomide, Etanercept,
Abatacept, Rilonacept, Canakinumab, Tocilizumab, Tofacitinib,
Penicillamine

Immunosuppressants

Certolizumab, Infliximab, Thalidomide, Lenalidomide, Cyclosporine,
Lymphocyte,  Anti-thymocyte, = Mycophenolate,  Everolimus,
Sirolimus, Tacrolimus, Basiliximab, Daclizumab, Muromonab,
Belatacept

Azathioprines

Azathioprine

Central Nervous System
Agents

Teriflunomide, Natalizumab, Fingolimod

Corticosteroids

Betamethasone, Budesonide, Cortisone, Dexamethasone,
Hydrocortisone, Methylprednisolone, Prednisolone, Prednisone
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To define post-herpetic neuralgia in this claims-based study, drugs used to treat herpes

zoster-related pain, specifically neuralgia, had to be defined. Table viii lists below shows the codes

we used in the study.

Table viii: Anti-PHN drug categories used to define postherpetic neuralgia outcomes for the

Zostavax effectiveness study

Postherpetic Neuralgia
Categories

Drug

Drug Names

Analgesics/Opioids

Fentanyl, Methadone, Morphine, Oxycodone, Tramadol,
Buprenorphine, Butorphanol, Codeine, Hydrocodone,
Hydromorphone, Ketamine, Levorphanol, Meperidine,
Oxymorphone, Propoxyphene, Tapentadol

Anticonvulsants

Gabapentin, Pregabalin

We used propensity score matching to make the herpes zoster vaccinated and

unvaccinated cohorts comparable. The covariate categories we used included demographic

factors, socio-economic conditions, healthcare utilization, frailty characteristics, and functional

immunocompromising chronic conditions. Table ix lists all the covariates used by category.
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Table ix: Covariates used in the propensity score matching model for the Zostavax

effectiveness study

Covariate Condition ICD-9 Diagnosis/Procedure and HCPCS
Codes
Age --
Gender --
Race --

Demographic factors

Year of Cohort Entry

Reason for Entrance
into Medicare

Socio-economic
conditions

Metropolitan
Statistical Area
(urban/rural status)

Low Income Subsidy
(LIS) Status

Household Income by
ZIP Code of Residence

Healthcare utilization
characteristics

Hospital Visits

ER Visits

Physician Office Visits

Flu Vaccine Indicator

HCPCS: 90470, 90655, 90656, 90657, 90658,
90659, 90660, 90661, 90662, 90663, 90724,
G0008, G9141, G9142

Pneumococcal
Vaccine Indicator

HCPCS: 90669, 90732, GOO09

Frailty characteristics

Dementia

ICD-9: 094.1, 290.0, 290.1, 290.10, 290.11,
290.12, 290.13, 290.2, 290.20, 290.21, 290.3,
290.4, 290.40, 290.41, 290.42, 290.43, 291.1,
291.2, 292.82, 294, 294.0, 294.1, 294.10,
294.11, 331.0, 331.1, 331.11, 331.19, 331.82

Home Oxygen

ICD-9: V46.2, 93.96; HCPCS: 99503, 99504,
E0424, E0425, E0430, EO431, E0433, E0434,
EO0435, EO439, E0440, E0441, E0442, E0443,
EO444, E0445, E0550, E0560, E1390, E1391,
E1392, E1405, E1406, KO671

Urinary Catheter

ICD-9: 996.64, V53.6, 57.94, 57.95,96.48,
97.64; HCPCS: 51702, 51703, A4311, A4312,
A4313, A4314, A4315, A4316, A4338, A4340,
A4344, A4346, A4355

Walker Use

HCPCS: E0130, E0135, E0140, E0141, E0143,
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E0144, E0147, E0148, E0149, E0154, EO0155,
E0156, EO157, E0158, EO159, L1520

Wheelchair Use

ICD-9: E88.43, V46.3, V53.8; HCPCS: 97542,
E0192, E0950, E0951, E0952, E0953, E0954,
E0955, E0956, E0957, E0958, E0959, E0960,
E0961, E0962, E0963, E0964, E0965, E0966,
E0967, E0968, E0969, E0971, E0972, E0973,
E0974, E0977, E0978, E0981, E0982, E0983,
E0984, E0985, E0986, E0990, E0992, E0995,
E1002, E1003, E1004, E1005, E1006, E1007,
E1008, E1009, E1010, E1011, E1012, E1013,
E1014, E1015, E1016, E1017, E1018, E1019,
E1020, E1021, E1025, E1026, E1027, E1028,
E1029, E1030, E1050, E1060, E1070, E1083,
E1084, E1085, E1086, E1087, E1088, E1089,
E1090, E1093, E1100, E1130, E1140, E1150,
E1160, E1161, E1170, E1171, E1172, E1180,
E1190, E1195, E1200, E1210, E1211, E1212,
E1213, E1220, E1221, E1222, E1223, E1224,
E1225, E1226, E1227, E1228

Functional

immunocompromising

chronic conditions

Diabetes

ICD-9: 250; HCPCS: G0108, G0109, G0245,
G0246, GO0247, G8015, G8016, G8017,
G8018, G8019, G8020, G8021, G8022,
G8023, G8024, G8025, G8026, (8332,

G8333, G8334, G8335, G8336, G8385,
G8386, G8390

Kidney Disease

ICD-9: 585, 586, 587

Heart Disease

ICD-9: 402.01, 402.11, 402.91, 404.01,
404.03, 404.11, 404.13,404.91, 404.93, 414,
428, 37.66; HCPCS: 0050T, 33973, 33974,
33975, 33977, 33978, 33980, 92970, 92971,

G8027, G8028, G8029, G8030, G80O31,
G8032, G8184

Lung Disease

ICD-9: 491, 492, 493, 494, 495, 496, 500, 501,
502, 503, 504, 505, 506, 507, 508.1, 508.8,
508.9, 514, 515, 518.0, 518.1, 518.2, 518.3,

518.83; HCPCS: 32141, 32491, G8093, G8094

Liver Disease

ICD-9: 571

Conditions were defined using all diagnosis positions in inpatient, outpatient, durable

medical equipment, and non-institutional settings.
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Falsification outcomes

HZV recipients might differ from non-recipients in their ability or desire to access care for
HZ, introducing ascertainment bias. We adopted the approach in Tseng et al.?**to check for such
bias: hazard ratios were calculated for 13 acute symptomatic conditions (Table x) in the
vaccinated and matched unvaccinated cohorts. Because these conditions were unrelated to HZ,
as a group, the hazard ratios were expected to cluster around 1.0; any deviations from 1.0 would

alert us to potential biases.



Table x: Falsification outcomes list used in the Zostavax effectiveness study

Falsification Outcomes

ICD-9 Diagnosis Codes

Lipomas

214.1, 214.8, 214.9

Gout

274.0,274.9

Eyelid Disorders

373.00, 373.2,373.11

Thrombosis

451.9, 453.8,453.9

Hemorrhoids

455.0, 455.2,455.3, 455.6

Renal Stones

592.0, 592.9, 788.0

Ingrown Nail

703.0

Epistaxis

784.7

Wound of Hand or Finger

882.0, 883.0, 883.1, 883.2

Cataracts

366.10, 366.14, 366.16, 366.17, 366.19

Cholelithiasis and

Cholecystitis

574.00, 574.10, 575.10

Wrist Fracture

813.05, 813.23, 813.41, 813.42, 813.44,

813.81

Hip Fracture

820.00, 820.01, 820.02, 820.03, 820.8,

820.9, 820.09, 820.10, 820.11, 820.12,

820.13, 820.19

Conditions were defined using all diagnosis positions in inpatient, outpatient, and non-

institutional settings.
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Statistical analysis

Incident outcome rates were calculated by dividing the number of cases by the total
person-years of observation. Cox regression models were used to estimate the hazard ratios for
incident HZ and PHN in the vaccinated compared with the unvaccinated population, in which time
intervals were interacted with vaccine status. A doubly robust Cox regression model was used
that adjusted for all baseline characteristics.?#®14°, Additionally, for those beneficiaries in the
cohorts who were started on immunosuppressive therapies after the index date, drug use was
included in the model as a time-varying covariate. Vaccine effectiveness (VE) was calculated as
(1-HR) x 100, where HR is the estimated hazard ratio between the two cohorts for a particular

time interval, unless noted otherwise.

We also ran a secondary analysis using analogous methods but on a different comparator
population. In this analysis, HZ vaccinees were compared to beneficiaries who received a
pneumococcal vaccine (PV; Pneumovax®23, Merck & Co Inc, Whitehouse Station, New Jersey)
but did not receive HZV. PV beneficiaries were followed from vaccination as their index date.
Additional analyses were performed on both primary and secondary populations to investigate

whether there was effect modification due to age, gender, and race.

This study was performed as part of the SafeRx Project, a joint initiative of the Centers for
Medicare & Medicaid Services (CMS) and the U.S. Food and Drug Administration (FDA). It was

approved by the Research in Human Subjects Committee of FDA’s Center for Biologics



Evaluation and Research. Analyses were performed using R 3.0.2 (R Foundation for Statistical

Computing, Vienna, Austria) and SAS 9.4 (SAS Institute Inc., Cary, North Carolina).
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Comparative effectiveness of high-dose versus
standard- dose influenza vaccines among US Medicare
beneficiaries in preventing post-influenza deaths: a
retrospective cohort study, 2012-13 and 2013-14
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Background. Recipients of high-dose vs standard-dose influenza vaccines have fewer influenza illnesses. We evaluated the com-
parative effectiveness of high-dose vaccine in preventing postinfluenza deaths during 2012-2013 and 2013-2014, when influenza
viruses and vaccines were similar.

Methods. We identified Medicare beneficiaries aged 265 years who received high-dose or standard-dose vaccines in communi-
ty-located pharmacies offering both vaccines. The primary outcome was death in the 30 days following an inpatient or emergency
department encounter listing an influenza International of Classification of Diseases, Ninth Revision, Clinical Modification code.
Effectiveness was estimated by using multivariate Poisson regression models; effectiveness was allowed to vary by season.

Results. 'We studied 1039645 recipients of high-dose and 1683264 recipients of standard-dose vaccines during 2012-2013,
and 1508176 high-dose and 1877327 standard-dose recipients during 2013-2014. Vaccinees were well-balanced for medical con-
ditions and indicators of frail health. Rates of postinfluenza death were 0.028 and 0.038/10000 person-weeks in high-dose and
standard-dose recipients, respectively. Comparative effectiveness was 24.0% (95% confidence interval [CI], .6%-42%); there was
evidence of variation by season (P =.12). In 2012-2013, high-dose was 36.4% (95% CI, 9.0%-56%) more effective in reducing mor-

tality; in 2013-2014, it was 2.5% (95% CI, —-47% to 35%).
Conclusions.
A(H3N2) circulation was common, but not in 2013-2014.
Keywords.

High-dose vaccine was significantly more effective in preventing postinfluenza deaths in 2012-2013, when

influenza vaccines; influenza, human; comparative effectiveness; death.

Much of the impetus to expand influenza immunization pro-
grams has been prompted by a desire to reduce serious com-
plications of influenza infections, including death. It has been
recognized at least since the 1957 A(H2N2) pandemic that
older persons and those with some chronic health conditions,
including pulmonary and cardiac compromise, are at the great-
est risk of severe influenza outcomes [1, 2]. Recent randomized
trials of influenza vaccines conducted in older populations have
used more common outcomes as endpoints, typically labora-
tory-confirmed infections [3, 4]. Trials assessing influenza-as-
sociated mortality are unfeasible, given the low likelihood of
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death following influenza infection during seasonal epidemics,
even among the older persons at greatest risk. In fact, the best
evidence available from randomized placebo-controlled studies
of inactivated influenza vaccines among older persons demon-
strated vaccine efficacy of 58% (95% confidence interval [CI],
26%-77%) for the prevention of symptomatic clinical illness
associated with serologic evidence of influenza illness [5].
Several approaches to improving the clinical effectiveness
of influenza vaccines for older adults are being investigated. In
December 2009, the US Food and Drug Administration (FDA)
licensed an injectable inactivated trivalent influenza vaccine
containing more antigen (60 pug vs 15 pg per strain) for use
among adults aged >65 years, hereafter referred to as “high-
dose vaccine” [6]. High-dose vaccine was approved under
FDA accelerated approval regulations, for which licensure
was based on studies showing that high-dose vaccine elicited
higher hemagglutination inhibition (HAI) titers in adults aged
>65 years than standard-dose vaccine for influenza A(HIN1)
and A(H3N2) viruses, and noninferior titers for B viruses
[7-9]. A manufacturer-sponsored postlicensure randomized
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trial of high-dose vs standard-dose vaccine among approxi-
mately 30000 subjects aged >65 years was conducted during
2011-2012 and 2012-2013 [3]. It demonstrated that high-dose
vaccine was more efficacious in preventing laboratory-con-
firmed influenza infections (relative efficacy, 24.2% [95% CI,
9.7%-36.5%]). Despite its large size, this trial was not pow-
ered to estimate the comparative efficacy of these vaccines
against more serious influenza illnesses as primary outcomes.
In an observational study among Medicare beneficiaries aged
>65 years who were vaccinated in 2012-2013 with high-dose
vs standard-dose vaccines in pharmacies [10], we found that
high-dose vaccine was 22% (95% CI, 15%-29%) more effec-
tive than standard-dose vaccines in preventing influenza-re-
lated office visits. This finding was consistent with the relative
efficacy of high-dose vaccine in the postlicensure trial, which
used culture- or polymerase chain reaction (PCR)-confirmed
influenza infection as the primary outcome [3]. We also found
a22% (95% CI, 16%-27%) reduction in influenza hospitaliza-
tions in the high-dose group [10].

Here we assess the risk of death after a diagnosed influenza
infection among Medicare beneficiaries who received influenza
vaccines in 2012-2013 or 2013-2014. Based on results from
previous randomized and observational studies [3, 10, 11], we
hypothesized that high-dose vaccine would prevent 20%-30%
more influenza-associated deaths than standard-dose vaccine.

METHODS

Data Sources

Data were collected from Medicare administrative files (see
https://www.medicare.gov/sign-up-change-plans/decide-
how-to-get-medicare/whats-medicare/what-is-medicare.
html for a summary). Medicare provides US government—
sponsored health insurance to >40 million US residents
aged =65 years and to approximately 9 million persons aged
<65 years who are disabled or have end-stage renal disease.
We linked enrollment data for beneficiaries receiving fee-
for-service care with claims from inpatient (Medicare Part
A) and outpatient care (Part B) settings, as well as claims for
prescription drugs dispensed in outpatient settings (Part D).
Pharmacy data were drawn from the Provider Enrollment,
Chain, and Ownership System, the National Plan and
Provider Enumeration System, and the National Council
for Prescription Drug Programs databases. The proportion
of respiratory samples testing positive for influenza viruses
among samples submitted to laboratories collaborating with
the National Respiratory and Enteric Virus Surveillance
System (NREVSS) was used to monitor the intensity of influ-
enza activity during the study period [12].

Participants
The base population was drawn from Medicare beneficiaries aged
265 years enrolled in fee-for-service care through Medicare parts

121

A and B. Enrollment on the date of vaccination and for at least
6 months prior to vaccination was required, so that data were
available to detect comorbid medical conditions. Beneficiaries
with Part C coverage (managed care plan enrollment) were
excluded because regulations regarding coverage for medica-
tions and vaccines are more homogenous among those receiving
fee-for-service care. Beneficiaries who first enrolled in Medicare
for any reason other than reaching 65, specifically being disabled
or having end-stage renal disease, were excluded. We selected
beneficiaries who received inactivated influenza vaccines from
5 August 2012 through 31 January 2013 for the 2012-2013 sea-
son, and from 4 August 2013 through 31 January 2014 for the
2013-2014 season. Dates were formatted to reflect the reporting
of NREVSS influenza virus data—weekly, from Sunday through
Saturday. Beneficiaries recorded as receiving both high-dose
and standard-dose vaccines between 1 August and 31 May of
the following year were excluded. From this group of beneficia-
ries, we obtained the study population. They were beneficiaries
who received an influenza vaccination at a community-located
pharmacy. This restriction was applied to identify beneficiaries
who met a minimum standard of physical and mental health,
demonstrated by an ability to visit a pharmacy and request an
influenza vaccination [10]. To help adjust for temporal and geo-
graphical factors that influenced the availability of or access to
high-dose vaccine, the study population was further restricted
to those beneficiaries who received a standard- or high-dose
vaccine at a community-located pharmacy that vaccinated at
least 1 Medicare beneficiary with the alternative influenza vac-
cine in the 14 days preceding or following each vaccination date.
Figure 1 summarizes the cohort selection process.

Influenza Vaccine Exposure

Participants were defined as exposed to high-dose or stan-
dard-dose vaccines by using Healthcare Common Procedure
Coding System (HCPCS) and Current Procedural Terminology
(CPT) codes for high-dose vaccine (CPT 90662 code) or stan-
dard-dose vaccine (CPT codes 90655-90661 or 90724; HCPCS
codes G0008, Q2035-Q2038). The 2012-2013 influenza vac-
cines dispensed in the northern hemisphere contained anti-
gens representing the following viruses: an A/California/7/2009
(HIN1)pdm09-like virus, an A/Victoria/361/2011(H3N2)-
like virus, and a B/Wisconsin/1/2010-like virus [13]. For the
2013-2014 season, trivalent vaccines contained the following
antigens: an A/California/7/2009(H1N1)pdmO09-like virus,
an A(H3N2) virus antigenically like the cell-propagated pro-
totype virus A/Victoria/361/2011(A/Texas/50/2012), and a B/
Massachusetts/2/2012-like virus [14]. B/Wisconsin/1/2010 and
B/Massachusetts/2/2012 are both B/Yamagata lineage viruses,
and thus serologic cross-reactivity was expected with these 2
antigens. The vaccine components used in the 2012-2013 and
2013-2014 influenza vaccines were similar, suggesting that
pooled estimates of vaccine effects might be possible.
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Base Population
Beneficiaries who received influenza
vaccination during 2012-13 or 2013-14
N=33116980

2012-13 SD: N= 13930302
2012-13 HD: N= 2841318
2013-14 SD: N= 12452842
2013-14 HD: N= 3892518

v

Beneficiaries aged >65 years who aged into
Medicare and had continuous Part A & B
enrollment for 6 months prior to vaccination.

2012-13 SD: 10252 166 (26% excluded)
2012-13 HD: 2481307 (13% excluded)
2013-14 SD: 8985 394 (28% excluded)
2013-14 HD: 3397670 (13% excluded)

\ 4

Beneficiaries who received only 1 influenza
vaccine in a season, and were vaccinated at a
pharmacy that administered the alternate
vaccine within +/- 14 day window

2012-13 SD: 1683 264 (84% excluded)
2012-13 HD: 1039645 (58% excluded)
2013-14 SD: 1877327 (79% excluded)
2013-14 HD: 1508 176 (56% excluded)

A 4

For influenza-related visit outcome, a further
restriction was applied: Beneficiaries had
continuous outpatient prescription drug

coverage

2012-13 SD: 950318 (44% excluded)
2012-13 HD: 580 648 (44% excluded)
2013-14 SD: 1270144 (32% excluded)
2013-14 HD: 1003067 (33% excluded)

Figure 1. Cohort selection process. Abbreviations: HD, high-dose influenza vac-
cine; SD, standard-dose influenza vaccines.

Outcomes

The primary outcome was postinfluenza death, defined as a
death occurring in the 30 days following a Medicare claim for
an inpatient hospitalization or an emergency department visit
with a diagnosis of influenza, identified using the International
Classification of Diseases, Ninth Revision, Clinical Modification
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(ICD-9-CM) codes 487.xx and 488.xx. To permit comparison of
our findings with those from previous randomized and obser-
vational studies [3, 10, 11], we included 2 secondary outcomes:
(1) hospitalizations and emergency department visits listing an
ICD-9-CM code for influenza; and (2) likely influenza-related
office visits, defined by a visit with claims for a rapid influenza
diagnostic test (CPT code 87804) and for dispensing of a treat-
ment regimen of oseltamivir (75 mg twice daily for 5 days)
within 2 days of the test. The latter outcome was examined in a
cohort restricted to participants who were enrolled in Medicare
Part D on the day of influenza vaccination, so that we could
identify prescriptions for a therapeutic course of oseltamivir.

Person-time Under Observation

Follow-up time began 14 days after the date of the vaccination,
to permit the development of vaccine-specific immunity [15],
and continued until the first of the following events: disen-
rollment from Medicare Part A or B; the outcome of interest;
or death. For the influenza-related illness outcome, beneficia-
ries were also censored if they disenrolled from Medicare Part
D. Using numbers of postinfluenza deaths in the entire cohort,
we estimated we had adequate power to detect a 30% reduc-
tion in postinfluenza deaths in the high-dose vaccine group
(Supplementary Table 1).

Variables of Interest

Demographic characteristics (age, sex, race, and ethnicity),
and region of residence as characterized by the Department of
Health and Human Services (DHHS) were collected for each
participant. During the 6-month period prior to receipt of an
influenza vaccine, we categorized preexisting medical con-
ditions with the Hierarchical Condition Categories used for
Medicare risk adjustment [16]. Participants were identified in
the following categories: asthma, blood disorders, chronic lung
disease, diabetes, heart disease, kidney disorders, liver disor-
ders, neurological conditions, and immune system dysfunction.
Several indicators of frail physical health were also collected for
each participant (see Supplementary Materials).

Data Analyses
To determine whether the 2 cohorts were similar, differences
in baseline covariates were evaluated using standardized mean
differences, calculated as the difference in means or propor-
tions of a variable divided by its pooled standard deviation.
Standardized mean differences are not influenced by population
size, and may provide a more meaningful measure of differences
in large cohorts than standard hypothesis tests. A standardized
mean difference of 0.1 between groups was considered mean-
ingful [17].

Each calendar week during the study period in each DHHS
region was classified into low, medium, or high influenza peri-
ods, based on detections of influenza viruses during that week
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and in that region. High, medium, and low periods of influ-
enza activity were defined as weeks when the proportion of
respiratory samples that tested positive for influenza was the
>75th, 55th-75th, or <55th percentile for each region/season,
respectively [10].

Rates of each study outcome were calculated as the number
of events during influenza periods divided by person-time mea-
sured in weeks. To improve specificity, our analyses focused on
events occurring during high influenza periods. Three Poisson
regression models were used. In the first, comparative vaccine
effectiveness (VE) was estimated during high influenza periods
with a covariate for season (2012-2013 or 2013-2014). A sec-
ond model included all covariates listed in Table 1, to adjust for
potential residual confounding after restricting participation to
beneficiaries who were vaccinated in pharmacies. In the first 2
models, we pooled outcomes from 2012-2013 and 2013-2014.
A third added a vaccine-season interaction term to the second,
to evaluate whether effectiveness varied substantially by sea-
son. A log-likelihood ratio test was used to assess whether the
interaction term statistically improved model fit; a P value of
<.1 was considered significant. VE was estimated as [(1 - rate
high-dose recipients/rate standard-dose recipients) x 100] and
95% Cls were estimated. Analyses were conducted using R
3.2.0 (R Foundation for Statistical Computing, Vienna, Austria)
and SAS version 9.4 (SAS Institute Inc, Cary, North Carolina).
All analyses were performed with de-identified data collected
for administrative purposes by the Centers for Medicare and
Medicaid Services, and thus informed consent was not required
by the US DHHS.

RESULTS

During the study period, >33 million Medicare beneficiaries
aged >65 years received influenza vaccinations (Figure 1). In
2012-2013, 17% of vaccinees received the high-dose vaccine
(2.8 million beneficiaries), while 24% received the high-dose
vaccine in 2013-2014 (3.9 million beneficiaries). We studied
5797090 persons who received high-dose or standard-dose
vaccines at 29 669 community-located pharmacies during the 2
seasons. During 2012-2013, 1039 645 of 2722909 (38.2%) sub-
jects meeting entry criteria received high-dose vaccine; during
2013-2014, 1508176 of 3385503 (44.5%) received high-dose
vaccine. For the influenza-related illness outcome, requiring
outpatient prescription-drug coverage reduced the number of
subjects to 1530966 and 2273211 in the 2012-2013 and 2013-
2014 seasons, respectively.

Subjects receiving high-dose or standard-dose vaccine were
similar with respect to baseline covariates, including health
conditions, low-income status, and indicators of frail health.
Low and virtually identical proportions of high-dose and stan-
dard-dose recipients used home oxygen, wheelchairs or walk-
ers, or had claims for falls, fractures, or dementia (Table 1),
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suggesting that substantial confounding of vaccine exposure
by health status was unlikely. There were differences by region
of residence among high-dose and standard-dose vaccinees
(Table 1).When we restricted the population further to those
who received prescription drug coverage, the findings were very
similar (Supplementary Table 2). The characteristics of benefi-
ciaries who received standard- or high-dose vaccine in the first
and the second study seasons did not differ (Supplementary
Table 3).

Rates of postinfluenza death, hospitalized influenza, and
influenza-related visits were plotted by vaccine type and by low,
medium, and high influenza period in Figure 2. Rates for each
outcome were higher during the first season, when A(H3N2)
viruses predominated in the United States. The likelihood of
postinfluenza death was 57% lower during 2013-2014, when
A(HIN1)pdmO09 viruses predominated.

During both seasons, 83 postinfluenza deaths occurred in
the high-dose group during 30079255 person-weeks of obser-
vation (rate, 0.028/10000 person-weeks), and 162 deaths in the
standard-dose group during 42696182 person-weeks (rate,
0.038/10000 person-weeks), representing a risk difference of
-0.01/10000 person-weeks (95% CI, -.019 to -.002), and an
incidence rate ratio of 0.73 (95% CI, .59-.95). When examined
by season of occurrence, differences in the rate of each outcome
by vaccine type were greater in 2012-2013 (Figure 2).

Estimates of comparative effectiveness for influenza-related
illness, hospital-diagnosed influenza, and postinfluenza death
were similar in models that adjusted only for season and those
that included covariates for potential confounders (Table 2).
However, comparative effectiveness varied significantly by
season for influenza-related illness (P value for season-vac-
cine interaction = .006) and for hospital-diagnosed influenza
(P = .041); for postinfluenza death, the P value was .12. Given
the consistently higher estimates of comparative effectiveness
during the first season of the study, we presented season-spe-
cific estimates for each outcome (Table 2). During 2012-2013,
comparative VE for the primary outcome of postinfluenza
death was 36.4% (95% CI, 9%-56%), while during the following
season it was minimal and not significant (2.5% [95% CI, -47%
to 35%]).

DISCUSSION

In our study population, we found a significant reduction of
approximately 35% in postinfluenza deathsassociated with receipt
of high-dose vs standard-dose vaccines in 2012-2013, but not in
2013-2014. The 2012-2013 reduction was accompanied by sig-
nificant decreases of approximately 20% in influenza-related vis-
its and hospital-based influenza diagnoses. The latter 2 findings
are consistent with the results from our previous study (which
used slightly different eligibility criteria and only 2012-2013
data) [10], and those from analyses of a manufacturer-sponsored
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Table 1. Characteristics of Study Participants for Postinfluenza Mortality and Influenza Hospitalization Outcomes, by Influenza Vaccine Type apsl;Season

2012-2013 Season 2013-2014 Season
Standardized Standardized
Characteristic Standard Dose High Dose Mean Difference Standard Dose High Dose Mean Difference
Population 1683264 1039645 1877327 1508176
Age group, y
65-74 52.1% 49.8% 0.05 51.2% 49.4% 0.04
75-84 34.7% 36.6% 0.04 34.9% 36.7% 0.04
>85 13.1% 13.7% 0.02 13.9% 14.0% 0.00
Sex
Male 40.7% 42.1% 0.03 40.3% 41.7% 0.03
Female 59.3% 57.9% 0.03 59.7% 58.3% 0.03
Race/ethnicity
White 93.6% 93.1% 0.02 92.9% 92.7% 0.01
Black 2.6% 2.9% 0.02 2.8% 3.0% 0.01
Asian/Pacific Islander 1.3% 1.4% 0.01 1.4% 1.5% 0.01
Hispanic 0.6% 0.7% 0.01 0.8% 0.8% 0.00
Other, non-North American Native 1.3% 1.4% 0.01 1.3% 1.4% 0.01
North American Native 0.1% 0.2% 0.01 0.1% 0.1% 0.00
Unknown 0.4% 0.4% 0.01 0.7% 0.6% 0.01
DHHS region of residence
Region 1: CT, ME, MA, NH, RI, VT 6.2% 4.0% 0.10 6.7% 4.6% 0.09
Region 2: NJ, NY, PR, VI 7.8% 5.6% 0.09 8.3% 6.6% 0.07
Region 3: DE, DC, MD, PA, VA, WV 8.1% 10.0% 0.07 8.4% 10.4% 0.07
Region 4: AL, FL, GA, KY, MS, NC, SC, TN 23.4% 272% 0.09 21.8% 26.8% 0.12
Region 5: IL, IN, MI, MN, OH, WI 19.6% 12.9% 0.18 19.6% 13.7% 0.16
Region 6: AR, LA, NM, OK, TX 11.2% 10.9% 0.01 12.2% 10.7% 0.05
Region 7: IA, KS, MO, NE 4.9% 3.3% 0.08 5.0% 3.2% 0.09
Region 8: CO, MT, ND, SD, UT, WY 2.9% 4.7% 0.10 2.6% 4.3% 0.09
Region 9: AZ, CA, HI, NV, AS, FS, GU, PU 11.9% 14.9% 0.09 11.5% 13.8% 0.07
Region 10: AK, ID, OR, WA 3.9% 6.6% 0.12 3.7% 5.9% 0.10
Proportion of beneficiaries enrolled in 56.5% 55.9% 0.01 67.7% 66.5% 0.02
Medicare Part D
Low-income subsidy status?
Proportion with 15% copay 0.8% 0.8% 0.00 0.7% 0.6% 0.00
Proportion with high copay 4.8% 4.9% 0.01 4.4% 4.3% 0.01
Proportion with low copay 4.9% 5.2% 0.02 4.5% 4.5% 0.00
Proportion with zero copay 1.1% 11% 0.01 1.0% 1.0% 0.01
Chronic medical conditions®
At least 1 high-risk disorder 61.9% 62.9% 0.02 63.0% 64.6% 0.03
Asthma 3.8% 3.9% 0.01 4.0% 4.3% 0.02
Blood disorders 15.1% 15.6% 0.01 15.5% 16.3% 0.02
Chronic lung disease 13.8% 14.4% 0.02 13.9% 14.7% 0.02
Diabetes 20.1% 20.3% 0.01 21.1% 21.4% 0.01
Heart disease 33.1% 34.1% 0.02 33.7% 35.1% 0.03
Kidney disorders 6.9% 7.3% 0.01 7.7% 8.2% 0.02
Liver disorders 2.2% 2.3% 0.00 2.3% 2.4% 0.01
Neurological or neurodevelopmental 11.1% 11.3% 0.01 11.3% 11.6% 0.01
conditions
Weakened immune system 12.1% 12.4% 0.01 12.1% 12.8% 0.02
Indicators of frail health status®
Home oxygen use 2.4% 2.5% 0.01 2.4% 2.5% 0.00
Wheelchair use 0.1% 0.1% 0.00 0.1% 0.1% 0.00
Walker use 1.1% 1.1% 0.00 1.1% 1.0% 0.01
Dementia 3.2% 3.1% 0.00 3.4% 3.2% 0.02
Urinary catheter use 0.1% 0.1% 0.00 0.1% 0.1% 0.00
Falls 3.1% 3.1% 0.00 3.3% 3.2% 0.00
Fractures 1.1% 1.1% 0.00 1.1% 1.1% 0.00

Abbreviations: AK, Alaska; AL, Alabama; AR, Arkansas; AS, American Samoa; AZ, Arizona; CA, California; CO, Colorado; CT, Connecticut; DC, Washington, D.C.; DE, Delaware; DHHS, Department
of Health and Human Services; FL, Florida; FS, Federated States of Micronesia; GA, Georgia; GU, Guam; HI, Hawaii; IA, lowa; ID, Idaho; IL, lllinois; IN, Indiana; KS, Kansas; KY, Kentucky; LA,
Louisiana; MA, Massachusetts; MD, Maryland; ME, Maine; MI, Michigan; MN, Minnesota; MO, Missouri; MS, Mississippi; MT, Montana; NC, North Carolina; ND, North Dakota; NE, Nebraska;
NH, New Hampshire; NJ, New Jersey; NM, New Mexico; NV, Nevada; NY, New York; OH, Ohio; OK, Oklahoma; OR, Oregon; PA, Pennsylvania; PR, Puerto Rico; PU, Republic of Pulau; RI, Rhode
Island; SC, South Carolina; SD, South Dakota; TN, Tennessee; TX, Texas; UT, Utah; VA, Virginia; VI, U.S. Virgin Islands; VT, Vermont; WA, Washington; WI, Wisconsin; WV, West Virginia; WY, Wyoming.
3Low-income subsidy status among beneficiaries enrolled in Medicare Part D. This subsidy provides assistance with the premium, deductible, and co-payments of the program. See
Supplementary Materials for details.

®Medical conditions defined by the appearance of specific International Classification of Diseases, Ninth Revision, Clinical Modification codes in the 6 months prior to vaccination; see
Supplementary Materials for details.

“These indicators were defined by the appearance of specific Healthcare Common Procedural Codes in the 6 months prior to vaccination; see Supplementary Materials for details.
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Figure 2. Qutcome rates (per 10000 person-weeks) for each of 3 influenza outcomes, by influenza season and during periods of high, medium, and low influenza activity.

trial [3, 11]. The internal and external consistency of our find-
ings suggests that the use of high-dose vaccine in Medicare
beneficiaries during 2012-2013 prevented additional influen-
za-related deaths. Despite 31 million person-weeks of follow-up
time during 2012-2013, the magnitude of this reduction in
mortality was not precisely estimated (95% CI, 9%-56%). As the
outcomes of greatest interest when considering alternative vac-
cination strategies are often rare (eg, influenza-related mortality
or serious vaccine adverse events), large postlicensure observa-
tional studies are vital in understanding the comparative effects

of new vaccine formulations—randomized trials are unable to
answer all relevant policy questions. Multiple seasons of obser-
vational data analyzed with appropriate longitudinal methods
will be critical to providing valid information to those consider-
ing alternative influenza vaccine recommendations.

Persons aged 65 years and older experience the highest rates of
many serious complications of influenza—including prolonged
hospitalization, the need for intensive care, and death—during
most interpandemic influenza seasons [18-21]. During seasonal
epidemics in which influenza A(H3N2) viruses predominate, rates

Table 2. Comparative Effectiveness of High-Dose Versus Standard-Dose Influenza Vaccine in Preventing Each of 3 Influenza Outcomes

Covariate-Adjusted Poisson Model With Season-Vaccine Interaction®

Simple Poisson Covariate-Adjusted 2012-2013 2013-2014 Term for Season-
Model? Poisson Model® Season Season Vaccine Interaction
Outcome CE (95% ClI) CE (95% CI) CE (95% CI) CE (95% CI) PValue
Postinfluenza death 23.5 (.3-41.3) 24.0 (.6-41.8) 36.4 (9-55.6) 25 (-46.8 to 35.3) 12
Hospitalized influenza 18.8 (14.4-23) 18.6 (14.1-22.9) 221 (16.6-27.3) 12.7 (4.9-19.9) .041
Influenza-related illness 14.2 (8.5-19.4) 15.3 (9.7-20.6) 22.0 (14.8-28.6) 6.8 (-2.3 to 15.1) .006

Abbreviations: CE, comparative effectiveness; Cl, confidence interval.
aModel included vaccine status and a covariate for season.

®Added to simple model were covariates for each of the factors listed in Table 1.

°An interaction term for vaccine status and study season was added to the covariate-adjusted model.
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of serious complications are higher, often by a factor of 2 to 3 [21,
22]. Influenza A(H3N2) virus circulation was common during the
2012-2013 influenza season [14], leading to higher rates of influen-
za-associated outcomes; thus, we had improved power during the
first season to detect a difference in our rarest outcome, postinflu-
enza mortality. During the 2013-2014 influenza season, receipt of
high-dose vaccine was associated with a significant reduction only
in the rate of hospitalized influenza. This reduction was smaller
in magnitude than that found in the 2012-2013 season. There are
several plausible reasons that the comparative effectiveness of high-
dose vaccine was reduced or absent during 2013-2014, including
differences in the individuals who received high-dose vaccine by
season, differences in the circulation patterns of specific influenza
viruses by season, and differences in the antigenic relatedness of
vaccine and wild-type viruses by season.

Although more high-dose vaccine was used in 2013-2014,
both in terms of total vaccinations administered and in the pro-
portion of participants who received it, we found no evidence
that the characteristics of high-dose recipients differed by sea-
son. On the other hand, A(H3N2) viruses predominated in
2012-2013[14],and 90% of influenza A detectionsin2013-2014
were A(HIN1)pdmO09 viruses [23]. Data from the randomized
trial suggested that relative efficacy of high-dose vaccine might
be greater for A(H3N2) than for A(HIN1) viruses, but this dif-
ference was not statistically significant (23.3% [95% CI, 6.0%-
37.5%] and 11.1% [95% CI, -160% to 70.2%], respectively) [3].
Therefore, it is uncertain if our findings might reflect a difference
in comparative effectiveness by A subtype. Influenza B viruses
circulated in both seasons, representing 20%-30% of influenza
detections [14, 23], so differences in B virus activity are unlikely
to explain our findings. There was no evidence of antigenic drift
in A(HIN1)pdm09 viruses during the 2 study seasons: 99% of
A(HIN1)pdmO09 viruses characterized were antigenically simi-
lar to A/CA/7/2009-like viruses [14, 23]. The great majority of
A(H3N2) viruses characterized in 2012-2013 were antigeni-
cally similar to cell culture-propagated A/Victoria/361/2011
viruses [24]. A change in the A(H3N2) vaccine strain from A/
Victoria/361 in 2012-2013 to A/Texas/50 in 2013-2014 was
recommended because ferret antisera made with egg-propa-
gated A/Victoria/361 did not recognize more recent cell cul-
ture-propagated A(H3N2) viruses well. Ferret antisera made
with egg-propagated A/Texas/50/2012 (which was genetically
closely related to A/Victoria/361) better recognized the viruses
that were tested [24]. Low effectiveness of the 2012-2013 vac-
cine against reverse transcription PCR-confirmed A(H3N2)
virus infections was found [25]. Low effectiveness was based
mainly on mutations associated with adaptation to growth in
eggs, and not on mutations associated with antigenic drift [25].
Without samples of postvaccination sera and of the infecting
influenza viruses from participants, we cannot conclude that
2012-2013 high-dose vaccine led to a broader or improved
immune response than did standard-dose vaccine, although we

126
can expect that its administration did lead to higher HAI titers
to that season’s wild-type H3N2 viruses on a population level,
based on published immunogenicity data [3, 26, 27].

During 2012-2013, estimates of influenza VE were 39% (95%
CIL, 29%-47%) for medically attended A(H3N2) infections
among US subjects of all ages; estimates were lower and non-
significant among those aged >65 years (11% [95% CI, -41%
to 43%]) [28]. Given the greater relative severity of A(H3N2)
seasons in older adults, this low effectiveness estimate (which
should be interpreted in light of its broad CI) highlights the
need to improve VE for recent A(H3N2) strains, especially
among those aged >65. We lacked data on infecting viruses,
and cannot make subtype-specific VE estimates. However, how
comparative VE varies during seasons dominated by different
influenza types/subtypes deserves further investigation as new
vaccines are introduced.

This study has limitations. The lack of laboratory results in
Medicare data means that none of our outcomes represented
laboratory-confirmed influenza infections. As our comparative
effectiveness results for influenza-related visits (defined by a
claim for a rapid influenza test followed by receipt of oseltami-
vir) were concordant with those from a randomized trial that
used laboratory-confirmed influenza illness as a primary out-
come [3], we may have identified a valid proxy for a medically
attended influenza infection in the Medicare population. Our
2 more serious outcomes were defined only by influenza diag-
noses made in a hospital setting. Some data suggest that use of
influenza diagnostic tests by clinicians has increased since the
2009 pandemic; thus, the diagnosis of serious influenza infec-
tions may have improved recently [29, 30]. As in all observa-
tional research, it is possible that our findings were biased with
residual confounding. In vaccine studies focusing on older
adults, residual confounding associated with chronic condi-
tions which are not well characterized by a simple dichotomous
indicator—for example, a clinical history of chronic heart fail-
ure—can be especially problematic [31, 32]. The consistency of
our findings with those of the randomized trial of high-dose
vaccine suggests that we have successfully addressed this issue
through restriction of the study population to those vacci-
nated in community pharmacies. It is possible that knowledge
by a care provider of the influenza vaccine type a participant
received affected decisions to test for or to diagnose influenza.
However, the lack of published clinical results for high-dose
vaccine during the study period and the lack of recommenda-
tions to favor high-dose over standard-dose influenza vaccines
make such a bias unlikely. A final limitation is that restricting
participation to those Medicare beneficiaries vaccinated in
pharmacies may decrease the generalizability of our findings.
On the other hand, it is essential that comparative effectiveness
studies address the possibility of confounding by indication,
and the use of restriction to minimize this bias in large observa-
tional studies has been advocated [33, 34].
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Supplemental materials for:
Comparative effectiveness of high-dose versus standard-dose influenza vaccines among US Medicare

beneficiaries in preventing post-influenza deaths: a retrospective cohort study, 2012-13 and 2013-14

1. Power estimates

Data from the phase IV clinical trial,* a follow-up post-hoc analysis of the trial data stratified by
factors that may influence influenza vaccine response,?and our previous observational study® suggested
that receipt of high-dose versus standard-dose influenza vaccine might reduce post-influenza mortality
by 20-30%, if the results from less severe outcomes were similar in magnitude to putative effects for the
prevention of deaths. As the laboratory, randomized trial, and observational data all demonstrated a
benefit with receipt of high-dose compared with standard-dose vaccines,” we conducted a 1-tailed
power analysis to estimate the effects that we could detect at 80% and 90% statistical power, with an
alpha = 0.05. Using data on deaths occurring after influenza hospitalizations in the entire cohort, we
estimated that the study had 80% power to identify a relative vaccine effectiveness of 30% or higher for
the primary outcome, post-influenza deaths. We also had 80% power to detect comparative effectiveness
of 6% or higher for the hospitalized influenza and 8% for the influenza-related iliness secondary outcomes.
These statistics used data combined for both seasons — we also made estimates for each season

individually (Supplemental Table 1), if effect modification by season was suggested.

2. Medicare hierarchical conditioncategories

We used Centers for Medicare and Medicaid Services (CMS) hierarchical conditions categories
(HCCs) to compare the acute and chronic medical conditions diagnosed in recipients of high-dose and
standard-dose inactivated influenza vaccines in the 6 months prior to the date of immunization. The

HCCs were developed to guide Medicare in making payments to private health care plans for the health
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expenditure risk of beneficiaries enrolled in these plans.® The HCCs are used with an individual’s
demographic data to determine a risk score, which is a relative measure of how costly that individual is
anticipated to be to the plan. The HCCs and the risk model used by CMS were recently reviewed in a

compressive white paper available from CMS (https://www.cms.gov/CCIIO/Resources/Forms-Reports-

and-Other-Resources/Downloads/RA-March-31-White-Paper-032416.pdf). The ICD-9-CM and HCPCS

codes used to define the disease categories listed in Table 1 have been used only with Medicare data file

and are available on request from the authors of the study.

3. Indicators of frail healthstatus

We used indicators for dementia, falls, fractures, home oxygen use, home use of a urinary catheter, and
use of walkers or wheelchairs to define states associated with frail health that might represent confounders of the
vaccine —outcome associations that we studied. Beneficiaries were placed into these seven categories by using ICD-

9-CM Diagnosis (DGN) and Procedure (PRC) codes, and HCPCS codes, as follows:

Indicator Code source Eség*source Elc?sgi:igi:s
Dementia DGN IP/OP All
Falls DGN IP/OP All
Fracture DGN/HCP/PRC IP/OP All
Home Oxygen DGN/HCP/PRC IP/OP/DM All
Urinary Catheter DGN/HCP/PRC IP/OP/DM All
Walker Use HCP IP/OP/DM --
Wheelchair Use DGN/HCP IP/OP/DM All

* |P, inpatient; OP, outpatient; and DM, durable medical equipment, data files were accessed in defining the
indicator

The specific codes used to define these indicators are available on request from the authors.

4, Indicator of low incomestatus


https://www.cms.gov/CCIIO/Resources/Forms-Reports-and-Other-Resources/Downloads/RA-March-31-White-Paper-032416.pdf
https://www.cms.gov/CCIIO/Resources/Forms-Reports-and-Other-Resources/Downloads/RA-March-31-White-Paper-032416.pdf
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The Medicare Prescription Drug, Improvement and Modernization Act of 2003 (MMA),
established the Medicare Prescription Drug Program, or Medicare Part D, which provides prescription
drug coverage to Medicare beneficiaries who enroll in the program. The MMA also provides for a low-
income subsidy (LIS) for extra help with prescription drug costs for eligible individuals whose income and
resources are limited. The LIS is a subsidy paid by the U.S. government to the drug plan in which the
Medicare beneficiary enrolls, and it subsidy provides assistance with the premium, deductible and co-
payments of the program. Beneficiaries apply for the low-income subsidy (LIS) through either the Social
Security Administration or their State Medicaid agency. Medicare beneficiaries who wish to enroll in the
Medicare Prescription Drug Program must choose a prescription drug plan through which to receive the
benefit. Details income

regarding the requirements for the program can be found here:

https://secure.ssa.gov/poms.nsf/Inx/0603001005.

5. Supplemental tables

Supplemental Table 1. Power analysis for all outcomes, one tailed, by season

Outcome Nsp NHp Follow-up | Number | Baseline Comparative
time of rate effectiveness

events threshold*

10 000 10 000 Power = | Power =
person- person- 80% 90%
weeks weeks

Post-influenza

Death

2012-13 Season | 1,683,264 | 1,039,645 | 3,121 151 0.05 34.3 39.3

2013-14 Season | 1,877,327 | 1,508,176 | 4,156 94 0.02 43.4 49.5

Combined 3,560,591 | 2,547,821 | 7,278 245 0.03 29.5 34.0

Hospitalized

Influenza

2012-13 Season | 1,683,264 | 1,039,645 | 3,121 3,848 1.23 8.0 9.3

2013-14 Season | 1,877,327 | 1,508,176 | 4,156 2,192 0.53 10.2 11.9



https://secure.ssa.gov/poms.nsf/lnx/0603001005
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Combined 3,560,591 | 2,547,821 | 7,278 6,040 0.83 6.3 7.4
Influenza-

related lllness

2012-13 Season | 950,318 | 580,648 1,736 2,308 1.33 10.2 11.9
2013-14 Season | 1,270,144 | 1,003,067 | 2,782 1,806 0.65 11.2 131
Combined 2,220,462 | 1,583,715 | 4,519 4,114 0.91 7.6 8.9

*If comparative effectiveness is lower than the comparative effectiveness threshold, then the study does not have

the power to identify a statistically significant difference from zero, at an alpha of 0.05.

Supplemental Table 2. Characteristics of study participants for influenza-related visit outcome, by
influenza vaccine type and season

Demographic Variables

2012-2013 Season

2013-2014 Season

Standard | High Std. Mean | Standard | High Std. Mean
Dose Dose Difference | Dose Dose Difference
Base Population 950,318 580,648 1,270,144 | 1,003,067
Age (years)
65-74 54.4% 52.1% 0.05 52.9% 51.1% 0.04
75-84 33.3% 35.0% 0.04 34.0% 35.8% 0.04
85+ 12.4% 12.9% 0.02 13.1% 13.2% 0.00
Gender
Male 37.8% 39.1% 0.03 38.3% 39.6% 0.03
Female 62.2% 60.9% 0.03 61.7% 60.4% 0.03
Race
White 93.0% 92.3% 0.03 92.3% 92.1% 0.01
Black 2.4% 2.8% 0.02 2.8% 3.0% 0.01
Asian 1.8% 1.9% 0.01 1.7% 1.8% 0.01
Hispanic 0.9% 1.0% 0.01 1.0% 1.0% 0.00
Other, Non-North American | 0.1% 0.1% 0.01 0.1% 0.1% 0.00
Native
North American Native 1.3% 1.4% 0.01 1.3% 1.4% 0.01
Unknown 0.5% 0.4% 0.01 0.7% 0.7% 0.01
HHS Region”
Region 1: CT, ME, MA, NH, 6.2% 4.1% 0.10 6.4% 4.5% 0.08
RI, VT
Region 2: NJ, NY, PR, VI 7.8% 6.0% 0.07 9.0% 7.3% 0.06
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Region 3: DE, DC, MD, PA, 8.2% 9.4% 0.04 8.5% 9.9% 0.05
VA, WV

Region 4: AL, FL, GA, KY, 22.9% 26.4% 0.08 21.6% 26.4% 0.11
MS, NC, SC, TN

Region 5: IL, IN, MI, MN, 19.1% 12.9% 0.17 19.4% 14.0% 0.15
OH, WI

Region 6: AR, LA, NM, OK, 10.7% 10.5% 0.01 11.8% 10.5% 0.04
TX

Region 7: 1A, KS, MO, NE 5.6% 3.8% 0.08 5.4% 3.5% 0.09
Region 8: CO, MT, ND, SD, 2.9% 4.4% 0.08 2.4% 3.8% 0.08
UT, WY

Region 9: AZ, CA, HI, NV, AS, | 12.6% 15.9% 0.10 12.0% 14.7% 0.08
FS, GU, PU

Region 10: AK, ID, OR, WA 4.0% 6.6% 0.11 3.5% 5.4% 0.09
Other 0.0% 0.0% 0.00 0.0% 0.0% 0.00
Low-Income Subsidy Status

Number of Part D Enrolled 100.0% 100.0% 100.0% 100.0%
Beneficiaries

With 15% Copay 0.8% 0.8% 0.00 0.7% 0.6% 0.00
With High Copay 4.7% 4.8% 0.01 4.3% 4.2% 0.00
With Low Copay 4.8% 5.2% 0.02 4.5% 4.5% 0.00
With Zero Copay 1.1% 1.0% 0.00 1.0% 0.9% 0.01
Health Conditions

At Least one high-risk 63.3% 64.4% 0.02 64.5% 66.1% 0.03
disorder

Asthma 4.0% 4.1% 0.00 4.3% 4.6% 0.02
Blood Disorders 15.5% 16.0% 0.01 16.0% 16.8% 0.02
Chronic Lung Disease 14.4% 15.1% 0.02 14.4% 15.2% 0.02
Diabetes 20.8% 21.1% 0.01 22.0% 22.4% 0.01
Heart Disease 33.6% 34.7% 0.02 34.3% 35.8% 0.03
Kidney Disorders 7.0% 7.3% 0.01 7.9% 8.3% 0.02
Liver Disorders 2.4% 2.4% 0.00 2.4% 2.6% 0.01
Neurological or 11.3% 11.6% 0.01 11.6% 11.9% 0.01
Neurodevelopmental

conditions

Weakened Immune System | 12.3% 12.5% 0.01 12.3% 12.9% 0.02
Frailty Covariates

Home Oxygen Use 2.6% 2.7% 0.01 2.5% 2.6% 0.00
Wheelchair Use 0.2% 0.2% 0.00 0.1% 0.1% 0.00
Walker Use 1.2% 1.1% 0.01 1.1% 1.0% 0.01
Dementia 3.3% 3.2% 0.00 3.5% 3.2% 0.01
Urinary Catheter Use 0.1% 0.1% 0.00 0.1% 0.1% 0.00
Falls 3.2% 3.2% 0.00 3.3% 3.3% 0.00
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Fractures

1.1%

1.1%

0.00

1.1%

1.1%

0.00

*HHS = Department of Health and Human Services

Supplemental Table 3. Characteristics of study participants for post-influenza mortality and influenza
hospitalization outcomes, by influenza vaccine type: comparisons by season

Demographic Variables Standard Dose High Dose
2012- 2013- Std. Mean | 2012- 2013- Std. Mean
2013 2014 Difference | 2013 2014 Difference
Season Season Season Season
Base Population 1,683,264 | 1,877,327 1,039,645 | 1,508,176
Age (years)
65-74 52.1% 51.2% 0.02 49.8% 49.4% 0.01
75-84 34.7% 34.9% 0.00 36.6% 36.7% 0.00
85+ 13.1% 13.9% 0.02 13.7% 14.0% 0.01
Gender
Male 40.7% 40.3% 0.01 42.1% 41.7% 0.01
Female 59.3% 59.7% 0.01 57.9% 58.3% 0.01
Race
White 93.6% 92.9% 0.03 93.1% 92.7% 0.01
Black 2.6% 2.8% 0.01 2.9% 3.0% 0.00
Asian 1.3% 1.4% 0.01 1.4% 1.5% 0.00
Hispanic 0.6% 0.8% 0.02 0.7% 0.8% 0.01
Other, Non-North American | 1.3% 1.3% 0.00 1.4% 1.4% 0.00
Native
North American Native 0.1% 0.1% 0.00 0.2% 0.1% 0.01
Unknown 0.4% 0.7% 0.03 0.4% 0.6% 0.04
Regions
Region 1: CT, ME, MA, NH, 6.2% 6.7% 0.02 4.0% 4.6% 0.03
RI, VT
Region 2: NJ, NY, PR, VI 7.8% 8.3% 0.02 5.6% 6.6% 0.04
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Region 3: DE, DC, MD, PA, 8.1% 8.4% 0.01 10.0% 10.4% 0.01
VA, WV

Region 4: AL, FL, GA, KY, MS, | 23.4% 21.8% 0.04 27.2% 26.8% 0.01
NC, SC, TN

Region 5: IL, IN, MI, MN, OH, | 19.6% 19.6% 0.00 12.9% 13.7% 0.02
WI

Region 6: AR, LA, NM, OK, 11.2% 12.2% 0.03 10.9% 10.7% 0.01
TX

Region 7: 1A, KS, MO, NE 4.9% 5.0% 0.01 3.3% 3.2% 0.00
Region 8: CO, MT, ND, SD, 2.9% 2.6% 0.02 4.7% 4.3% 0.02
UT, WY

Region 9: AZ, CA, HI, NV, AS, | 11.9% 11.5% 0.01 14.9% 13.8% 0.03
FS, GU, PU

Region 10: AK, ID, OR, WA 3.9% 3.7% 0.01 6.6% 5.9% 0.03
Other 0.0% 0.0% 0.00 0.0% 0.0% 0.00
Low-Income Subsidy Status

Number of Part D Enrolled 56.5% 67.7% 0.23 55.9% 66.5% 0.22
Beneficiaries

With 15% Copay 0.8% 0.7% 0.02 0.8% 0.6% 0.02
With High Copay 4.8% 4.4% 0.02 4.9% 4.3% 0.03
With Low Copay 4.9% 4.5% 0.02 5.2% 4.5% 0.03
With Zero Copay 1.1% 1.0% 0.01 1.1% 1.0% 0.01
Health Conditions

At Least one high-risk 61.9% 63.0% 0.02 62.9% 64.6% 0.03
disorder

Asthma 3.8% 4.0% 0.01 3.9% 4.3% 0.02
Blood Disorders 15.1% 15.5% 0.01 15.6% 16.3% 0.02
Chronic Lung Disease 13.8% 13.9% 0.00 14.4% 14.7% 0.01
Diabetes 20.1% 21.1% 0.03 20.3% 21.4% 0.03
Heart Disease 33.1% 33.7% 0.01 34.1% 35.1% 0.02
Kidney Disorders 6.9% 7.7% 0.03 7.3% 8.2% 0.03
Liver Disorders 2.2% 2.3% 0.01 2.3% 2.4% 0.01
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Neurological or 11.1% 11.3% 0.01 11.3% 11.6% 0.01
Neurodevelopmental
conditions
Weakened Immune System | 12.1% 12.1% 0.00 12.4% 12.8% 0.01
Frailty Covariates
Home Oxygen Use 2.4% 2.4% 0.00 2.5% 2.5% 0.00
Wheelchair Use 0.1% 0.1% 0.00 0.1% 0.1% 0.01
Walker Use 1.1% 1.1% 0.01 1.1% 1.0% 0.01
Dementia 3.2% 3.4% 0.01 3.1% 3.2% 0.00
Urinary Catheter Use 0.1% 0.1% 0.00 0.1% 0.1% 0.00
Falls 3.1% 3.3% 0.01 3.1% 3.2% 0.01
Fractures 1.1% 1.1% 0.00 1.1% 1.1% 0.00
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Comparative effectiveness of cell-cultured vs egg-based
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Background. The low influenza vaccine effectiveness (VE) observed during the A(H3N2)-dominated 2017-2018 season may
be due to vaccine virus adaptation to growth in eggs. We compared the effectiveness of cell-cultured and egg-based vaccines among
Medicare beneficiaries.

Methods. Retrospective cohort study on Medicare beneficiaries aged 265 years who received an influenza vaccine (cell-cul-
tured, egg-based quadrivalent; egg-based high-dose, adjuvanted, or standard-dose trivalent) during the 2017-2018 season. We used
Poisson regression to evaluate relative VE (RVE) in preventing influenza-related hospital encounters.

Results.  Of >13 million beneficiaries, RVE for cell-cultured vaccines relative to egg-based quadrivalent vaccines was 10% (95%
confidence interval [CI], 7%-13%). In a midseason interim analysis, this estimate was 16.5% (95% CI, 10.3%-22.2%). In a 5-way
comparison, cell-cultured (RVE, 11%; 95% CI, 8%-14%) and egg-based high-dose (8%; 7%-10%) vaccines were more effective than
egg-based quadrivalent vaccines.

Conclusions. 'The modest VE difference between cell-cultured and egg-based vaccines only partially explains the low overall VE
reported by the Centers for Disease Control and Prevention, suggesting that egg adaptation was not the main contributor to the low
VE found among individuals aged >65 years. The midseason interim analysis we performed demonstrates that our methods can be

used to evaluate VE actively during the influenza season.

Keywords. influenza vaccine; vaccine effectiveness; relative vaccine effectiveness; cell-cultured vaccine.

In the United States, approximately 140 000-710 000 influen-
za-related hospitalizations and 12 000-56 000 influenza-associ-
ated deaths occur annually, with most of the burden occurring
among individuals aged >65 years [1-3]. Seasonal strain-spe-
cific vaccination is the main tool for influenza prevention [4].
A preliminary estimate of the effectiveness of influenza vac-
cines during the A(H3N2)-dominated 2017-2018 season by the
US Influenza Vaccine Effectiveness Network, using a test-neg-
ative design, found 20% vaccine effectiveness (VE) (95% con-
fidence interval [CI] —9% to 41%) against any influenza strain
and 17% VE (-22% to 44%) against influenza A(H3N2) viruses
among persons aged =65 years [5]. A prior interim analysis of
the US data, and studies of the 2017 season in Australia and
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the 2017-2018 season in Canada had also found low VE against
A(H3N2) strains [6-8].

Although there were differences in the dominant A(H3N2)
influenza virus clades that circulated in these countries [7],
the low VE found caused concern. One hypothesis for this low
VE is the adaptation of influenza virus to growth in eggs [7].
Two vaccines not manufactured in eggs are licensed and dis-
tributed in the United States: a recombinant protein vaccine
consisting of virus hemagglutinin (HA) produced in insect
cells, not included in our study owing to the limited number
of users, and a subunit vaccine prepared from influenza viruses
propagated in mammalian cells (ie, cell cultured) [9, 10]. The
A(H3N2) virus used for the manufacture of the cell-cultured
vaccine for the 2017-2018 season did not undergo egg adap-
tation before culture in cells, whereas the 3 other components,
the A(HIN1) virus and both influenza B vaccine seeds, origi-
nated from egg isolates [11]. All other influenza vaccines are
produced in eggs, although some differences are potentially
relevant to the evaluation of VE: one is high-dose (containing
60 ug of each HA antigen per dose) [12] and others are stan-
dard dose (15 ug per dose).

Among standard-dose vaccines, one is adjuvanted [13], some
are trivalent, containing antigens from subtype A(HIN1) and
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A(H3N2) strains and a single type B (B/Victoria) lineage strain,
and others are quadrivalent, containing antigens from both
A subtypes and from 2 type B lineage strains. The relative VE
(RVE) for the ensemble of these vaccines has never been evalu-
ated. We used real-world data from Medicare claims to conduct
both an interim evaluation, with data available as of 19 January
2018, and an end-of-season analysis, with updated data avail-
able as of 4 August 2018, of the RVE of cell-cultured versus egg-
based influenza vaccines administered to US beneficiaries aged
265 years during the 2017-2018 season.

METHODS

Data Sources

We used Medicare administrative files providing data on enroll-
ment, inpatient and outpatient care, physician office visits, and
prescription drugs as the primary data source. We used respi-
ratory sample data from the National Respiratory and Enteric
Virus Surveillance System to define periods of high influenza
circulation within seasons [14, 15], the National Plan and
Provider Enumeration System and the National Council for
Prescription Drug Programs databases to identify pharma-
cies, and the Minimum Data Set (www.cms.gov/Research-
Statistics-Data-and-Systems/Computer-Data-and-Systems/
Minimum-Data-Set-3-0-Public-Reports/index.html#; accessed
22 February 2018) to identify nursing facilities.

Observation Period

The study included the period from 6 August 2017 to 4 August
2018. The study period for the interim analysis extended
through 19 January 2018, using data available as of that date.
The study period for the end of season analysis extended
through 4 August 2018, using data available as of that date.

Study Population

We included Medicare beneficiaries aged =65 years who
received an egg-based or cell-cultured influenza vaccination
from 6 August 2017 through 31 January 2018, with data avail-
able as of 4 August 2018. For the interim analysis, we included
only beneficiaries vaccinated before 4 January 2018, with data
available as of 19 January 2018. We required continuous enroll-
ment in fee-for-service Medicare parts A and B in the 6 months
before vaccination to allow for identification of chronic medical
conditions. Because the case definition we used for the office
visits outcome required a prescription for an influenza-specific
antiviral (oseltamivir), we needed access to drug prescription
information. Thus, for this outcome, we also required that the
beneficiary was a participant in Medicare part D throughout
the high influenza season. We excluded beneficiaries enrolled
in Medicare part C and those residing in nursing homes on the
vaccination date because their medical encounters may not be
reliably captured. We also excluded beneficiaries who received
an earlier influenza vaccination during the same season
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and those whose region of residence was not defined in the
Department of Health and Human Services (DHHS) regions
(14, 15].

Influenza Vaccine Exposure

We classified eligible beneficiaries into 5 cohorts based on the
type of vaccine received. Vaccinations were identified using
Healthcare Common Procedure Coding System and Current
Procedural Terminology (CPT) codes for the cell-cultured
quadrivalent vaccine (CPT 90674 and 90756), as well as the 4
egg-based vaccine types: quadrivalent (CPT 90630 and 90685-
90688), high-dose trivalent (CPT 90662), adjuvanted trivalent
(CPT 90653), and standard-dose trivalent (CPT 90656-90658;
Healthcare Common Procedure Coding System Q2034-Q2038).
Other influenza vaccines were not used in sufficient numbers
for study inclusion. An unvaccinated cohort was not included
because we were unable to reliably identify unvaccinated ben-
eficiaries from Medicare claims alone, because they may have
been vaccinated outside the system.

Study Outcomes

The primary outcome was influenza-related hospital encoun-
ters, defined as inpatient hospitalizations/emergency depart-
ment visits listing an International Classification of Diseases,
Tenth Revision, Clinical Modification, code for influenza (codes
J09.xx, J10.xx, J11.xx, and J129). We also performed a post hoc
analysis using only inpatient stays as outcomes, and a prespeci-
fied secondary analysis of influenza-related office visits, defined
as community-based physician office visits or hospital outpa-
tient visits with a rapid influenza diagnostic test performed
(CPT 87804) followed by a therapeutic course of oseltamivir
(75 mg twice daily for 5 days) prescribed within 2 days after the
test [14, 15].

Person-Time Under Observation

Follow-up time began 14 days after vaccination (to allow for
development of vaccine-specific immunity) and continued until
one of the following occurred: outcome of interest, Medicare
disenrollment, end of study period, death, admission into a
nursing home, or administration of a subsequent influenza vac-
cine. To increase the positive predictive value of outcomes, we
focused the analyses only on person-time observed in regions
and weeks with high levels of influenza circulation [14-16].
Each week of the influenza season within each DHHS region
was classified as a high influenza circulation period if >215% of
respiratory samples tested positive for influenza [14-16].

Variables of Interest

For each beneficiary, we collected data on demographics,
Medicaid eligibility, reason for entry into Medicare, DHHS
region of residence, prior medical encounters, chronic medi-
cal conditions, and frailty indicators in the 6 months before
vaccination. We adjusted for all study covariates as potential
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confounders. We assessed the covariate balance between cohorts
using standardized mean differences (SMDs); SMDs <0.1 rep-
resented negligible imbalance [17].

Statistical Analyses

Our main analysis focused on the comparison between the
cell-cultured and egg-based standard-dose quadrivalent vac-
cines to ensure comparability. For the adjusted analysis, we
used inverse probability of treatment weighting (IPTW) to
adjust for imbalances between cohorts on all covariates [18].
Stabilized IPTW weights were derived from propensity scores,
representing each beneficiary’s probability of receiving the
cell-cultured rather than egg-based vaccines, conditional on
covariates [19]. We calculated propensity scores using a logistic
regression model with vaccine cohort as the dependent variable
and all covariates as independent variables. Weight values >5
were truncated to 5 to limit the bias that outlier beneficiaries
could have on results [20]. We ran a univariate Poisson regres-
sion model on the weighted population to estimate the adjusted
rate ratio between the 2 cohorts. The adjusted RVE was defined
as (1 — rate ratio) x 100%. As sensitivity analyses, we ran a
weighted univariate Poisson model for which weights were not
truncated and a doubly-robust model that implemented covari-
ate adjustment along with IPTW [21].

To provide further context, we conducted an analysis that
also included the egg-based high-dose, adjuvanted, and stan-
dard-dose trivalent vaccines, using IPTW to adjust for covariate
imbalances. We calculated 5 propensity scores for each partici-
pant using separate logistic regression models, with each score
representing the probability of receiving a particular vaccine
type relative to any other [22]. The outcome models and sensi-
tivity analyses conducted were similar to those we used for the
2-way vaccine comparison.

We conducted the analyses using R 3.4.3 (R Foundation for
Statistical Computing) and SAS 9.4 (SAS Institute). We per-
formed all analyses with deidentified data collected for admin-
istrative purposes by the Centers for Medicare & Medicaid
Services (CMS). This study was approved by the Food and
Drug Administration’s Research Involving Human Subjects
Committee. Medicare administrative data were used under a
data use agreement with CMS, which was approved by the CMS
privacy board.

RESULTS

More than 16 million fee-for-service Medicare beneficiaries
received a cell-cultured or egg-based influenza vaccination in
the 2017-2018 season through 31 January 2018. Approximately
13 million remained eligible after implementation of the study
restrictions. Among all eligible vaccinees, 5% received the
cell-cultured quadrivalent, 14% the egg-based quadrivalent,
and 63%, 11%, and 7% received high-dose, adjuvanted, and
standard-dose trivalent vaccines, respectively (Supplementary
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Figure 1). Before weighting, the cell-cultured and egg-based
quadrivalent cohorts were imbalanced as to pharmacy vaccina-
tion status, region, and prior outpatient non-emergency room
visits (Table 1). After weighting, the 2 cohorts were balanced,
with SMDs <0.01 for all covariates (Table 1 and Supplementary
Table 1). For the 5-way comparison analysis, all cohorts were
balanced after weighting, with SMDs <0.06 (Table 1 and
Supplementary Table 1). Total person-time, outcome rates, and
unadjusted RVEs for all vaccine cohorts are provided in Table 2.

The IPTW-adjusted results indicate that the cell-cultured
vaccine was significantly more effective than the egg-based
quadrivalent vaccine in preventing influenza-related hospital
encounters (RVE, 10.0%; 95% CI, 7.0% to 13.0%) (Figure 1).
These estimates were consistent for the secondary outcomes
and all sensitivity analyses (Supplementary Figure 2). The 19
January interim analyses results also showed that the cell-cul-
tured vaccine was significantly more effective in preventing
influenza-related hospital encounters than the egg-based
quadrivalent vaccine (RVE, 16.5%; 95% CI, 10.3% to 22.2%).
However, the interim analysis point estimates for all outcomes
were higher than those from the end-of-season analysis (Figure
1). Results from the IPTW-adjusted 5-way comparisons indi-
cate that the cell-cultured and high-dose vaccines were both
significantly more effective in preventing influenza-related hos-
pital encounters than the egg-based quadrivalent and trivalent
vaccines (Tables 3 and 4 and Figure 1). The adjuvanted vaccine
was also slightly more effective than the egg-based quadrivalent
and trivalent vaccines in preventing influenza-related hospital
encounters but was less effective than both the cell-cultured and
high-dose vaccines (Tables 3 and 4 and Figure 1). The RVE esti-
mates for the post hoc inpatient stays outcome were consistent
with those of the influenza-related hospital encounter outcome,
although the adjuvanted vaccine was no longer significantly
more effective than the egg-based quadrivalent vaccine (Tables
3 and 4 and Figure 1).

In the 2-way influenza-related office visits outcome compari-
son, the cell-cultured vaccine was again significantly more effec-
tive than the egg-based quadrivalent vaccine (RVE, 10.5%; 95%
CI, 6.8%-14.0%) (Figure 1). The 5-way analysis showed simi-
lar differences between the cell-cultured, high-dose, and adju-
vanted vaccines for all outcomes (Table 4 and Supplementary
Figure 3). However, office visit estimates for the comparisons
with the standard-dose trivalent and quadrivalent vaccines
were not consistent with findings from the hospital encounters
and inpatient stays analyses (Table 4).

DISCUSSION

This analysis of the A(H3N2)-dominated 2017-2018 influenza
season, which we conducted among approximately 13 million
influenza vaccinees aged 265 years, showed that the effective-
ness of the cell-cultured quadrivalent influenza vaccine was
approximately 10%-11% higher than that of the comparable
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Table 2. Unadjusted Outcome Rates and RVEs Using the Egg-Based Quadrivalent Cohort as Reference for 2017-2018 Season

Outcome by Cohort Outcomes, No.

Total Person-Time, x10 000 Person-Weeks

Outcome Rate RVE (95% Cl), %

Influenza-related office visits

Egg-based quadrivalent 9607
Cell-cultured quadrivalent 3299
Egg-based HD trivalent 45 941
Egg-based adjuvanted trivalent 8202
Egg-based SD trivalent 4868
Influenza-related hospital encounters
Egg-based quadrivalent 14 417
Cell-cultured quadrivalent 4370
Egg-based HD trivalent 56 763
Egg-based adjuvanted trivalent 9393
Egg-based SD trivalent 8239

1829 5.25 Reference

599 BI5] -4.8(-9.1to -.8)
8782 5.23 0.4(-1.81t02.6)
1439 5.70 -8.6 (-11.8 to -5.4)
982 4.96 5.6 (2.3-8.8)

2472 5.83 Reference

808 5.41 7.3 (4.1-10.4)
11 588 4.90 16.0 (14.5-175)
1896 4.96 15.0 (12.8-172)
1303 6.32 -8.4 (-11.4 to -5.5)

Abbreviation: Cl, confidence interval; HD, high-dose; RVE, relative vaccine effectiveness; SD, standard-dose. RVEs for the egg-based quadrivalent cohort were not presented because the

egg-based quadrivalent cohort was used as the reference for the RVE estimates calculation.

egg-based standard-dose quadrivalent products in prevent-
ing influenza-related hospital encounters, inpatient stays, and
office visits (Figure 1). Among all 5 vaccine types investigated,
RVE against influenza-related hospital encounters and inpatient
stays was highest for the cell-cultured and high-dose vaccines
(Tables 3 and 4). The higher effectiveness we observed for the
egg-based high-dose relative to the egg-based standard-dose
vaccine is consistent with findings from prior studies by our
team and others [14, 15, 23].

To our knowledge, there is no prior real-world evidence of
higher RVE for the cell-cultured vaccine versus the comparable
egg-based vaccines, although there is virological evidence sup-
porting this possibility [4, 6-8]. One hypothesis is that changes
in the viral HA of influenza A(H3N2) virus during isolation,
adaptation, and propagation in eggs of the influenza A(H3N2)
vaccine strain might affect VE [4, 7, 24, 25]. However, our
study does not rule out the possibility that other factors unre-
lated to the method of vaccine production could account for
the observed differences in VE. Moreover, we did not separately
analyze egg-based quadrivalent vaccines produced by different
manufacturers.

The differential effectiveness we observed between the
cell-cultured and egg-based quadrivalent vaccines only partially
explains the 20% VE interim estimate reported by the Centers
for Disease Control and Prevention (CDC) among individuals
aged >65 years during the 2017-2018 season, low by historical
standards [8]. Unlike in 2014-2015, when there was evidence
of antigenic drift of the circulating A(H3N2) viruses compared
with the vaccine reference viruses, there was no evidence of
such HA drift in 2017-2018 [4, 26]. Other possibilities, includ-
ing a neuraminidase drift, should be explored to help explain
the low VE reported among persons aged 265 years [8, 27].
We also provide hypothetical VE estimates for each vaccine
among beneficiaries aged >65 years, assuming a +10 point dif-
ference from the CDC VE estimate (Supplementary Table 2)
[8]. This method is described in the Supplementary Methods.

The numbers can be considered only a very rough approxima-
tion, because our study did not estimate absolute VEs, the CDC
study population could have differed from ours, the absolute
VE estimate from the CDC study had wide CIs (-9% to 41%),
and their estimates were preliminary.

Our interim 19 January 2018 analysis shows the potential
value of CMS data to provide early estimates of RVE to help
with strain selection for the following season. The 19 January
interim analysis was our first attempt to conduct an RVE study
during the high influenza circulation period, and the conclu-
sions from that interim analysis were consistent with those of
the end-of-season analysis. Our end-of-season RVE estimate
for the cell-cultured versus the comparable egg-based stan-
dard-dose quadrivalent vaccines (RVE, 10.0%; 95% CI, 7.0%-
13.0%) was somewhat lower than that of our 19 January interim
analysis (16.5%; 10.3%-22.2%) (Figure 1).

This finding might be explained by an increase in the pro-
portion of influenza B circulating viruses during the late part
of the season [28-30]. Unlike the A(H3N2) component of the
2017-2018 cell-cultured vaccine, which was isolated in cells, the
influenza B viruses in the cell-cultured vaccine were isolated in
eggs and, therefore, are antigenically similar to the comparator
influenza B viruses in egg-grown vaccines. This could explain
why the RVE was lower in the end-of-season analysis, which
included a late increase in the circulation of B/Yamagata-
lineage viruses [4, 25, 28-30]. It is also possible that differences
in the magnitude of waning effectiveness across vaccine types
may have contributed to the differences in results between
the interim and end-of-season analyses [31]. Nonetheless, we
found no major differences by month of vaccination among the
vaccines used in the study after weighting was implemented
(Supplementary Table 1).

One limitation of the use of Medicare data in real-world evidence
studies is the lack of access to virological case confirmation data.
However, because the 2017-2018 season was dominated by influenza
A(H3N2), we can infer that most influenza events were probably
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Figure 1. Inverse probability of treatment weighting—adjusted relative vaccine effectiveness (RVE) estimates for primary outcome analyses and 2-vaccine secondary
outcome analysis. The RVE point estimates and 95% confidence intervals for the cell-cultured versus egg-based quadrivalent vaccine comparison are presented for both
outcomes, as well as for the 5-way influenza-related hospital encounter comparison analysis for the 2017—2018 season. The egg-based quadrivalent vaccine cohort is used
as the reference group for each RVE estimate presented.

caused by influenza A(H3N2). Our definition of influenza-related  rapid influenza tests are lower than those from culture or polymerase
office visits included a rapid test followed by a prescription for a thera- chain reaction, rapid influenza tests can provide results to a healthcare
peutic course of oseltamivir. Although the sensitivity and specificityof ~ provider within 15 minutes after sample collection [32].
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Table 3. IPTW-Adjusted Pairwise RVE Estimates for Influenza-Related Hospital Encounters in the 2017-2018 Season

RVE by Reference Group (95% Cl), %

Cohort Egg-Based Quadrivalent Egg-Based SD Trivalent Egg-Based Adjuvanted Trivalent Egg-Based HD Trivalent
Cell-cultured quadrivalent 11.0 (79-14.0)° 10.8 (74-14.1) 75 (4.1-10.7)° 2.3 (-.8,t05.3)
Egg-based HD trivalent 9.0 (72-10.6)* 8.7 (6.5-10.9)* 5.3 (3.3-73)°

Egg-based adjuvanted trivalent 3.9 (1.4-6.3)° 3.6 (.7-6.4)%

Egg-based SD trivalent 0.3 (-2.61t03.1)

Abbreviations: Cl, confidence interval; HD, high-dose; IPTW, inverse probability of treatment weighting; RVE, relative vaccine effectiveness; SD, standard-dose.

“Pairwise comparison RVE estimates that are significant at the P <.05 level.

We expect that these results guided the decision to prescribe
influenza-specific antivirals [33, 34]. However, our influen-
za-related office visits 5-way comparison produced estimates
inconsistent with the hospital encounters and inpatient hos-
pitalizations outcomes, specifically in the comparisons with
the standard-dose quadrivalent and trivalent vaccines (Table
4 and Supplementary Figure 3). These inconsistencies might
be explained by potential vaccine cohort differences in health
seeking behavior and in testing and treatment preferences by
physicians, and they highlight the need for caution when con-
sidering results from observational studies that include out-
comes particularly sensitive to differences in health-seeking
and treatment preference behaviors not characterized in claims
databases [35]. To resolve these issues, we have initiated proj-
ects linking surveys of Medicare beneficiaries, which provide
information on frailty and on health-seeking and other behav-
iors, with Medicare claims databases [36]. Moreover, we a priori
considered hospital encounters as our primary analysis out-
come, and we included a post hoc inpatient stay—-only analysis,
which produced similar RVE estimates.

A strength of our study is that the population includes all eligible
beneficiaries identified through Medicare fee-for-service claims. Our
large sample size allowed us to perform analyses for serious outcomes
including inpatient stays, difficult to obtain in any randomized trial.

However, our study has limitations. Because the analysis is observa-
tional, residual confounding could be a concern. In particular, resid-
ual confounding associated with chronic conditions not sufficiently
characterized by the dichotomous indicators derived from Medicare
claims can be problematic [37, 38]. However, our use of IPTW
yielded well-balanced vaccine cohorts with respect to potential con-
founders available in the Medicare database, and our past estimates
using this database have been credible [14, 15, 36].

Our consistent finding that the cell-cultured and high-dose
vaccines were more effective than the comparator egg-based
vaccines among persons aged >65 years during the 2017-2018
season, along with our findings from prior studies [14, 15, 23,
39], show that the methods we developed for using real-world
data to analyze the relative effectiveness of vaccines in the
Medicare population could help optimize vaccine strategies for
this vulnerable population during epidemics and pandemics.
However, given the potential for residual confounding in all
observational studies, and the small magnitude of the differ-
ences we obtained, our findings would benefit from replication
in studies in other settings and healthcare systems. We plan to
conductarapid-response VE comparison analysis for each influ-
enza season going forward. The critical analysis of the ensemble
of real-world evidence studies performed each season should
provide valuable information for epidemic influenza control

Table 4. IPTW-Adjusted Pairwise RVE Estimates for Influenza-Related Office Visits and Inpatient Stays in the 2017-2018 Season

RVE by Reference Group (95% Cl), %

Outcome by Cohort Egg-Based Quadrivalent

Egg-Based SD Trivalent

Egg-Based Adjuvanted Trivalent Egg-Based HD Trivalent

Influenza-related office visits

Cell-cultured quadrivalent 5.7 (1.9-9.4)% 1.0 (-3.51t05.3) 11.5 (79-15.0)* 5.1 (1.6-8.4)
Egg-based HD trivalent 0.7 (-1.5t0 2.9) -4.3 (=74 to -1.3)* 6.8 (4.6-8.9)°
Egg-based adjuvanted trivalent -6.6 (-9.7 to -3.5)° -11.9 (-15.9 to -8.1)°
Egg-based SD trivalent 4.8 (1.5-8.0)°
Influenza-related inpatient stays
Cell-cultured quadrivalent 9.5 (5.3-13.4)% 11.4 (70-15.7)% 71 (2.7-11.3)° -0.7 (-4.810 3.4)
Egg-based HD trivalent 10.0 (78-12.3)° 12.0 (9.2-14.8)° 77 (5.1-10.2)°
Egg-based adjuvanted trivalent 25(-.8t05.8) 4.7 (.9-8.3)°
Egg-based SD trivalent -2.2 (-6.1t0 1.5)

Abbreviations: Cl, confidence interval; HD, high-dose; IPTW, inverse probability of treatment weighting; RVE, relative vaccine effectiveness; SD, standard-dose.

Pairwise comparison RVE estimates that are significant at the P <.05 level.
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and pandemic preparedness and may help guide the future use
of real-world evidence by the Food and Drug Administration
and others [40-42].

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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Supplementary Table 1. Distribution of Covariates across Vaccine Cohorts for the
2017-2018 Influenza Season after Implementing IPTW Weights

Covariates Egg- Cell- Egg- Egg- Egg- Max
Based Cultured Based Based Based SD SMD?
Quadrival  Quadrival HD Adjuvante  Trivalent
ent ent Trivalent d
Base Population 1,822,862 655,432 8,488,136 1,466,918 994,763
Vaccinated at Pharmacy
Yes 36.9% 38.6% 38.4% 38.6% 37.0% 0.03
Age Brackets
65-74 50.4% 51.0% 50.9% 50.7% 51.4% 0.02
75-84 33.9% 33.5% 34.3% 34.0% 33.4% 0.02
85+ 15.7% 15.5% 14.9% 15.3% 15.3% 0.02
Gender
Female 58.7% 58.7% 58.2% 58.2% 59.7% 0.03
Male 41.3% 41.3% 41.8% 41.8% 40.3% 0.03
Race
White 88.6% 88.1% 88.2% 88.6% 88.3% 0.02
Black 5.0% 5.2% 5.2% 5.0% 5.2% 0.01
Asian 0.9% 1.0% 1.0% 0.8% 0.9% 0.02
Hispanic 1.9% 1.9% 1.9% 1.8% 2.0% 0.01
Other 3.6% 3.9% 3.7% 3.7% 3.6% 0.02
Regions
Region 1: CT, ME, MA, 6.2% 5.9% 6.2% 6.3% 6.5% 0.02
NH, RI, VT
Region 2: NJ, NY, PR, VI 9.0% 8.7% 9.0% 9.0% 9.2% 0.02
Region 3: DE, DC, MD, 11.9% 11.9% 11.7% 11.7% 11.4% 0.02
PA, VA, WV
Region 4: AL, FL, GA, 21.0% 21.9% 21.4% 21.3% 21.0% 0.02
KY, MS, NC, SC, TN
Region 5: IL, IN, MI, MN, 17.2% 16.3% 17.0% 17.1% 17.6% 0.03
OH, WI
Region 6: AR, LA, NM, 10.6% 10.9% 10.7% 10.7% 10.8% 0.01
OK, TX
Region 7: 1A, KS, MO, 5.7% 5.6% 5.6% 5.6% 5.2% 0.02
NE
Region 8: CO, MT, ND, 3.4% 3.3% 3.4% 3.5% 3.5% 0.01
SD, UT, WY
Region 9: AZ, CA, HI, 10.7% 10.9% 10.8% 10.8% 10.8% 0.01
NV, AS, FS, GU, PU
Region 10: AK, ID, OR, 4.2% 4.4% 4.2% 4.1% 4.0% 0.02

WA
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Supplementary Table 1. Distribution of Covariates across Vaccine Cohorts for the
2017-2018 Influenza Season after Implementing IPTW Weights (continued)

Covariates Egg- Cell- Egg- Egg- Egg- Max SMD
Based Cultured Based Based Based SD
Quadrival  Quadrival HD Adjuvante  Trivalent
ent ent Trivalent d
Base Population 1,822,862 655,432 8,488,136 1,466,918 994,763
Reason for Entering
Medicare
Aging 90.8% 90.8% 91.1% 91.4% 90.8% 0.02
Disability 9.1% 9.0% 8.7% 8.5% 9.0% 0.02
ESRD 0.2% 0.2% 0.2% 0.1% 0.2% 0.02
Dual Eligible
Yes 9.2% 8.7% 8.5% 7.6% 8.7% 0.06
Month of Vaccination
August & September 30.0% 29.8% 31.0% 30.3% 29.4% 0.03
October 43.9% 44.1% 43.5% 43.7% 44.3% 0.02
November 16.5% 16.5% 16.1% 16.4% 16.6% 0.01
December & January 9.6% 9.6% 9.4% 9.7% 9.7% 0.01
All Hospitalizations
At least one 9.2% 9.6% 9.2% 9.0% 9.5% 0.02
Outpatient ER Visits
At least one 15.0% 15.4% 14.8% 14.6% 15.2% 0.02
Outpatient Non-ER Visits
0 36.8% 35.6% 37.0% 37.6% 36.6% 0.04
1,2 30.7% 30.5% 30.8% 31.0% 30.8% 0.01
3+ 32.5% 33.9% 32.3% 31.4% 32.6% 0.05
All Physician Visits
[0- 5] 34.2% 33.8% 33.9% 34.2% 34.2% 0.01
[6-10] 28.5% 28.5% 28.6% 28.6% 28.5% 0.00
[11 - 15] 15.7% 15.8% 15.8% 15.8% 15.7% 0.00
[16 - 25] 13.5% 13.7% 13.7% 13.5% 13.5% 0.01
26 + 8.0% 8.1% 8.0% 7.9% 8.1% 0.01
Respiratory  Failure and
Pneumonia
Hospitalizations 1.8% 1.9% 1.8% 1.7% 1.9% 0.01
ER Outpatient Visits 0.4% 0.4% 0.4% 0.4% 0.4% 0.01
Non-ER Outpatient Visits  0.9% 0.9% 0.9% 0.8% 0.9% 0.01

Physician Office Visits 3.9% 4.0% 3.9% 3.9% 4.0% 0.01
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Supplementary Table 1. Distribution of Covariates across Vaccine Cohorts for the
2017-2018 Influenza Season after Implementing IPTW Weights (continued)

Covariates Egg- Cell- Egg- Egg- Ego- Max SMD
Based Cultured Based Based Based SD
Quadrival  Quadrival HD Adjuvante  Trivalent
ent ent Trivalent d
Base Population 1,822,862 655,432 8,488,136 1,466,918 994,763
Allergies
Anaphylaxis 0.1% 0.1% 0.1% 0.1% 0.1% 0.00
Drug Allergy 0.3% 0.3% 0.3% 0.3% 0.3% 0.00
Food Allergy 0.4% 0.4% 0.4% 0.4% 0.4% 0.00
Concomitant Vaccine
Pneumococcal 7.8% 8.0% 8.4% 8.6% 7.5% 0.04
Health Conditions
Asthma 6.2% 6.2% 6.2% 6.1% 6.1% 0.01
Blood Disorders 20.9% 20.9% 20.8% 20.2% 20.4% 0.02
Chronic Lung Disease 18.2% 18.1% 18.2% 17.9% 17.8% 0.01
Diabetes 27.4% 27.1% 27.5% 26.9% 26.5% 0.02
Heart Disease 40.7% 40.7% 40.9% 40.5% 40.1% 0.01
Kidney Disorders 14.6% 14.6% 14.7% 14.1% 14.7% 0.02
Liver Disorders 3.2% 3.3% 3.3% 3.2% 3.2% 0.01
Neurological or 16.4% 16.3% 15.8% 16.0% 16.1% 0.02
Neurodevelopmental
conditions
Immunocompromising 5.0% 5.1% 5.1% 4.9% 5.1% 0.01
Conditions
Other Malignant 11.3% 11.5% 11.6% 11.4% 11.4% 0.01
Neoplasms (Non Included
Elsewhere)
Frailty Covariates
Home Oxygen Use 3.8% 3.8% 3.7% 3.6% 3.7% 0.01
Wheelchair Use 0.1% 0.1% 0.1% 0.1% 0.1% 0.00
Walker Use 1.3% 1.3% 1.2% 1.2% 1.3% 0.01
Dementia 0.7% 0.7% 0.7% 0.7% 0.7% 0.01
Urinary Catheter Use 5.4% 5.2% 4.8% 5.2% 5.3% 0.03
Falls 6.0% 6.1% 5.8% 5.9% 6.0% 0.01
Fractures 1.2% 1.2% 1.2% 1.2% 1.2% 0.00

Abbreviation: IPTW, inverse probability of treatment weighted; SMD, standardized mean difference; HD, high-dose, SD, standard-
dos

2SMD values of greater than or equal to 0.1 indicate that the two groups are imbalanced on the specified covariates



Supplementary Table 2. lllustration of VE by Cohort across All Outcomes for

Different Overall VE Values in the 2017-18 Season?

Outcome Vaccine Type Assumed Overall VE
VE = 10% VE = 20%° VE =30%
Influenza Hospital Egg-Based 3.6% 14.3% 25.0%
Encounters Quadrivalent
Cell-Cultured 14.3% 23.8% 33.3%
Quadrivalent
Egg-Based 12.3% 22.0% 31.8%
High-Dose
Egg-Based 7.3% 17.6% 27.9%
Adjuvanted
Egg-Based 3.9% 14.6% 25.3%
Standard-Dose
Trivalent
Influenza-Related Egg-Based 9.7% 19.7% 29.7%
Office Visits Quadrivalent
Cell-Cultured 14.8% 24.3% 33.8%
Quadrivalent
Egg-Based 10.3% 20.3% 30.2%
High-Dose
Egg-Based 3.8% 14.4% 25.1%
Adjuvanted
Egg-Based 14.0% 23.6% 33.1%
Standard-Dose
Trivalent
Influenza Hospital Egg-Based 3.3% 14.1% 24.8%
Encounters - Quadrivalent
Inpatient Only Cell-Cultured 12.5% 22.2% 31.9%
Quadrivalent
Egg-Based 13.1% 22.7% 32.4%
High-Dose
Egg-Based 5.8% 16.3% 26.7%
Adjuvanted
Egg-Based 1.2% 12.2% 23.1%
Standard-Dose
Trivalent

Abbreviations: VE, Vaccine Effectiveness

2The VE estimates displayed in this table are derived using the steps outlined in the Supplementary Methods below
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b CDC interim estimates of the overall VE across all vaccine types is approximately 20% (95% CI -9% to 41%), our estimates will be
revised once final season estimates from the CDC VE network are available.
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Supplementary Methods. Derivation of VVaccine Effectiveness Estimates for All VVaccine
Cohorts

In Supplementary Table 2, we provide hypothetical vaccine effectiveness estimates for each study vaccine in the
2017-18 season among beneficiaries ages >65. These estimates were approximated using the CDC interim VE
estimate for the season assuming a +10 point difference (we were unable to reliably identify unvaccinated
beneficiaries using Medicare claims).

The steps for calculating VE estimates for each vaccine type are described below. The calculation assumes that the
vaccine effectiveness and share of each vaccine type among our study population is comparable to that of the population
used by the CDC to produce interim VE estimates across all vaccine types for the 2017-18 season.

Notation:

e  Set of treatments defined as T = 14545,

o 1= _Cell-cultured Quadrivalent, 2 = Egg-based Adjuvanted, 3 = Egg-based HD Trivalent, 4 = Egg-
based SD Trivalent, 5 = Egg-based SD Quadrivalent (reference group)

e PP, =Proportion of beneficiaries that received vaccine type t among the total study population
e [lllx=Incidencerate ofcohortx

Definitions:

o [y = I/l
o IRy = (1 — ) * 100 %
o RRRRy = (1 — I pummmmmenmieeee: ) * 100 %
o RRRR4u = 20% based on CDC’s interim VE estimates for the 2017-18 season

VE Estimate Calculation:

1.  We know that the incidence rate in the vaccinated population is the weighted average of therate ratios
for each vaccine compared to the egg-based quadrivalent vaccine multiplied by the incidence rate
amongst the egg-based quadrivalent vaccinated cohort. This can be represented asfollows:

My = Z( PPy * ””tt,tt=5) * =5

tt
2. By definition, the rate ratio of the vaccinated population to the unvaccinated population is described as:
T gy pommmamneeee: = 1w / 1 gummmmanneee

3. Rearranging the equations from (1) and (2), we get an estimate of the rate ratio for the egg-based
quadrivalent cohort against the unvaccinatedpopulation:

ly=s= My / 3 ( PPy * Hlyy=5)
it

””tt=5 = (””AAM-‘.&,UUUUUUUUUUUUWUUUUN[CCC * ””UUUUUUUUWWMUU(/U[MCCC )/ Z ( PP[[ * ””tt,tt:S)

RRRRSS.UUUUUUUUUUUUMUUUUUUUUUU = RRRRAAAAM,UUUUUUUUUUUWL‘UUUUUUUUUU/ Z( PP w* RRRRL‘L‘,L‘U:SS)
w
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Note: The proportion of the total study population in each vaccine cohort is provided in Table 1 of the
article. The estimated rate ratio for each vaccine cohort, using the egg-based quadrivalent cohort as the
reference group, can be derived from the vaccine effectiveness estimates provided in Table 3 and Table 4
of the article.

i IAAQA&&,UUUUUUUUUUUUNUUUUNNCC =1-0.20=0.80

Z( PP[{ * ””n,n=5) =0.93

tt

4. Replacing values, we can derive the rate ratio of the egg-based quadrivalent vaccinated cohort to the
unvaccinated population as 0.86:

tt=S5, UUUI0UUUIeUUttcece 0.93

5. We derive the rate ratio for all other vaccine categories, using the rate ratios for the vaccine to the egg-
based quadrivalent vaccine (derived from the RVEs in Table 3 and Table 4 of the article), and the rate
ratio for the egg-based quadrivalent vaccine to the unvaccinatedpopulation:

1”Itt,UUUUUUL‘UL‘UUU[[UUUUHCCCC = ””tt,tt=5 *0.86

6. We derive VE for each vaccine group from the rate ratios (approximately 14.3% for the egg-based
quadrivalent vaccine):

RRRRtt = (1 - II”tt,UUUUUUUL‘UL‘W{LUUUU[MCCC) *100%

Abbreviations: HD, high-dose; SD, standard-dose
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Supplementary Figure 1. Selection Process for Defining Influenza Vaccine
Cohorts among Medicare Beneficiaries in the 2017-2018 Influenza Season

Base Population: Beneficiaries who received an influenza
vaccination within the specified time frame for the season

Cell-Cultured Quadrivalent: N= 986,125
Egg-Based Quadrivalent: N=
3,112,631

Egg-Based High-Dose Trivalent: N=9,114,164
Egg-Based Adjuvanted: N=
1.570.334

\ 4

Beneficiaries with continuous Medicare Part A/B enroliment for the 6
months prior to their vaccination date

Cell-Cultured Quadrivalent: N= 927,240 (6% excluded)
Egg-Based Quadrivalent: N= 2,906,534 (7% excluded)
Egg-Based High-Dose Trivalent: N= 8,603,130 (6%
excluded)
Egg-Based Adjuvanted: N= 1,486,042 (5% excluded)
Egg-Based Standard-Dose Trivalent: N=1 475 417 (6% excluded)

Beneficiaries at least 65 years of age

Cell-Cultured Quadrivalent: N= 678,083 (27% excluded)
Egg-Based Quadrivalent: N= 1,925,443 (34% excluded)
Egg-Based High-Dose Trivalent: N= 8,576,295 (0%
excluded)
Egg-Based Adjuvanted: N= 1,482,767 (0% excluded)

A 4

Beneficiaries who received only one influenza vaccine type on index
day, were not in a nursing home facility on vaccination day, and did not
receive any influenza vaccine prior to index date in the season

Cell-Cultured Quadrivalent: N= 659,351 (3% excluded)
Egg-Based Quadrivalent: N= 1,864,057 (3% excluded)
Egg-Based High-Dose Trivalent: N= 8,490,281 (1%
excluded)
Egg-Based Adjuvanted: N= 1,473,796 (1% excluded)

Beneficiaries residing in one of the ten HHS regions

Cell-Cultured Quadrivalent: N= 659,249 (0% excluded)
Egg-Based Quadrivalent: N= 1,863,654 (0%
excluded) Egg-Based High-Dose Trivalent: N= 8,489,159 (0%
excluded) Egg-Based Adjuvanted: N= 1,473,536 (0%
excluded)
Egg-Based Standard-Dose Trivalent: N=1.018.494 (0% excluded)
The number of Medicare beneficiaries remaining in the population after each step of the selection process is presented for each

vaccine cohort in the study period. The percentage excluded represents the percentage of the population excluded for the specified
step in the selection process.
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Supplementary Figure 2. IPTW Adjusted RVE Estimates for Two-Vaccine
Comparison Analyses using Egg-Based Quadrivalent Cohort as Reference

Primary Analysis Sensitivity Analysis: Non-truncated Weights Sensitivity Analysis: Doubly Robust
10.1
° ° —e
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Quadrivalent 16.5 16.5 19.1
—a—y —a— —a—
-4 0 4 8 12 16 20 24 28 -4 0 4 8 12 16 20 24 28 -4 0 4 8 12 16 20 24 28
Influenza-Related Office Visits
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Abbreviations: IPTW, inverse probability of treatment weighting; RVE, relative vaccine effectiveness

The RVE point estimates and 95% confidence intervals are presented for the two-vaccine comparisons for all outcomes, as well as
for all corresponding sensitivity analyses in the 2017-18 season. The egg-based quadrivalent vaccine cohort is used as the reference
group for each RVE estimate presented.
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Supplementary Figure 3. IPTW Adjusted RVE Estimates for Five-Vaccine
Comparison Analyses using Egg-Based Quadrivalent Cohort as Reference

Hospital
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Abbreviations: IPTW, inverse probability of treatment weighting; RVE, relative vaccine effectiveness

Version
®- End of Season Analysis

~A- Interim Analysis

The RVE point estimates and 95% confidence intervals are presented for the five-vaccine comparisons for all outcomes, as well as
for all corresponding sensitivity analyses in the 2017-18 season. The egg-based quadrivalent vaccine cohort is used as the reference
group for each RVE estimate presented. The inconsistencies we observe between the five-vaccine influenza-related office visit
analysis and influenza hospital encounters analysis might be explained by the potential residual differences in office visit utilization or
access to care by individuals receiving the standard-dose trivalent vaccines, which could be magnified by the relatively small number
of participants who received this vaccine in our study population.
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Statin use and risks of influenza-related outcomes among older
adults receiving standard-dose or high-dose influenza vaccines
through Medicare during 2010-2015
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Background.  Statins are used to reduce cardiovascular disease risk. Recent studies suggest that statin use may be associated with
an increased influenza risk among influenza vaccinees. We used Medicare data to evaluate associations between statins and risks of
influenza-related encounters among vaccinees.

Methods. In this retrospective cohort study, we identified Medicare beneficiaries aged > 65 years who received high-dose (HD)
or standard-dose (SD) influenza vaccines at pharmacies from 2010-2011 through 2014-2015. Statin users were matched to nonus-
ers by vaccine type, demographics, prior medical encounters, and comorbidities. We used multivariable Poisson models to estimate
associations between statin use around the time of vaccination and risk of influenza-related encounters. Study outcomes included
influenza-related office visits with a rapid test followed by dispensing of oseltamivir and influenza-related hospitalizations (including
emergency room visits) during high influenza circulation periods.

Results.  The study included 1403651 statin users matched to nonusers. Cohorts were well balanced, with standardized mean
differences <0.03 for all measured covariates. For statin users compared to nonusers, the adjusted relative risk was 1.086 (95% confi-
dence interval [CI], 1.025-1.150) for influenza-related visits and 1.096 (95% CI, 1.013-1.185) for influenza-related hospitalizations.
The risk difference ranged from -0.02 to 0.23 for influenza-related visits and from -0.04 to 0.13 for hospitalizations, depending on

season severity. Results were similar for HD and SD vaccinees and for nonsynthetic and synthetic statin users.

Conclusions. Among 2.8 million Medicare beneficiaries, these results suggest that statin use around the time of vaccination does
not substantially affect the risk of influenza-related medical encounters among older adults.

Keywords. statins; influenza hospitalization; outpatient; influenza vaccination.

Statins are frequently used in the elderly to reduce the risk of
cardiovascular disease [1-5]. Multiple studies have reported
that statins may have clinically relevant antiinflammatory effects
independent of their lipid-lowering effects [6-12]. It is possible
that these immunomodulatory effects could impair the immune
response to influenza vaccination [12-15]. Interestingly, studies
have also suggested that statins may decrease the risk of pneu-
monia and severe influenza outcomes, perhaps by reducing lev-
els of inflammatory cytokines [16-22].

Recent studies have raised concern that the immunogenicity and
effectiveness of inactivated influenza vaccines may be lower among
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statin users [13, 14]. In a post hoc analysis of data from a rand-
omized clinical trial, Black and collaborators evaluated the effect of
statins on the immune response to inactivated influenza vaccines
and found significantly lower hemagglutination inhibition (HI)
titers to vaccine antigens among patients who had received stat-
ins from 28 days before to 22 days after vaccination. Among statin
users, HI titers for the 3 vaccine antigens were 38% to 67% lower
than among nonusers [13]. A 9-season retrospective cohort study
found that influenza vaccine effectiveness (VE) during periods of
widespread influenza circulation was 18% lower for participants
who had >1 month of statin therapy prior to vaccination com-
pared to nonusers [14]. A test-negative design study of influenza
VE found an adjusted VE against influenza A(H3N2) infection of
-21% (95% CI, -85% to 20%) among statin users and 45% (95% CI,
27% to 59%) among nonusers. These investigators found signifi-
cant effects among users of nonsynthetic but not among synthetic
statin users; no dose-effect response was noted [15].

Given the limited published data, we conducted a retrospec-
tive cohort study to evaluate the effects of statins, including
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potential differences by statin type and dose, on the risk of
influenza-related outcomes among Medicare beneficiaries aged
>65 years who received influenza vaccination at community
pharmacies [23, 24].

METHODS

Data Sources

Medicare administrative files were the primary data source.
Medicare provides health insurance coverage to approximately
49 million US residents aged >65 years, as well as to approxi-
mately 9 million beneficiaries who are disabled or have end-stage
renal disease [14]. The files include data on enrollment, inpa-
tient and outpatient care, physician office visits, and prescription
drugs. Respiratory sample data were drawn from the National
Respiratory and Enteric Virus Surveillance System [25].

Participants

The study population consisted of Medicare beneficiaries aged
>65 years who received high-dose (HD) or standard-dose (SD)
influenza vaccines at community pharmacies from August
through January of each influenza season in the study period,
defined as 1 August 2010 through 1 August 2015. We restricted
enrollment to beneficiaries vaccinated at pharmacies because
previous studies demonstrated this restriction produced vac-
cinated cohorts balanced for factors associated with increased
risks for serious complications of influenza infection [23, 24].
Beneficiaries were included for each season in which they
received a vaccination [23, 24]. Vaccinations were identified
using Healthcare Common Procedure Coding System (HCPCS)
and Current Procedural Terminology (CPT) codes for high-
dose (CPT 90662); trivalent, standard-dose (CPT 90654,
90656-90661, 90673, and 90724; HCPCS Q2034-Q2039);
and quadrivalent, standard-dose influenza vaccinations (CPT
90630, 90686, and 90688). Beneficiaries who received more
than 1 vaccine type on the same date were excluded.

We required continuous enrollment in fee-for-service
Medicare Parts A (hospitalization), B (outpatient medical care),
and D (prescription drugs) for at least 1 year prior to vaccina-
tion to permit the identification of chronic medical conditions.
Participants whose Medicare eligibility depended on disability
or end-stage renal disease prior to age 65 were excluded [23, 24].
Beneficiaries enrolled in Medicare Part C (ie, Medicare advan-
tage plans) were excluded because their medical encounters
may not be reliably captured in claims data [23]. Additionally,
beneficiaries were excluded if they resided in a nursing home or
skilled nursing facility (SNF), received hospice care or chemo-
therapy, were diagnosed with human immunodeficiency virus
or cancer other than skin cancer, or underwent organ transplant
in the year prior to vaccination [26]. Medical condition exclu-
sion criteria were identified using HCPCS, CPT, or International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes.
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As statins are prescribed specifically to treat persons with
hyperlipidemia to prevent complications of atherosclerotic car-
diovascular disease, which may be associated with more seri-
ous complications of influenza, we excluded beneficiaries who
received a diagnosis of atherosclerotic cardiovascular disease in
the year prior to vaccination (Supplementary Table 1).

Study Outcomes

The primary outcome was a community-based physician office
visit or hospital outpatient visit that contained a claim for a
rapid influenza diagnostic test (CPT code 87804) followed by a
claim for a therapeutic course of oseltamivir (75 mg twice daily
for 5 days) prescribed within 2 days of the test claim, referred
to as “influenza-related office visits” [23]. The secondary out-
come was a hospitalization or emergency department visit with
an ICD-9-CM code for influenza (codes 487.xx and 488.xx),
referred to as “influenza hospitalizations”

We focused on high influenza circulation periods to increase
specificity of our outcome [23, 24]. Each week in an influenza
season was classified as a high-, medium-, or low-intensity
influenza circulation period within each geographic region of
the United States, as defined by the Department of Health and
Human Services (HHS). These periods were defined as weeks
in which the proportion of respiratory samples that tested pos-
itive for influenza within that season and region was above the
75th percentile, within the 55th and 75th percentile, or below
the 55th percentile, respectively [23].

Statin Exposure

Participants were classified as statin users or nonusers. Statin
users were defined as beneficiaries with a sufficient supply of
statins to cover the 15 days before through 15 days after vac-
cination, with a maximum allowable gap of 2 days, and who
received at least 2 prescriptions of statins in the period from
6 months before to 15 days after vaccination, with a medication
possession ratio of 20.8 [27]. Nonusers were defined as benefi-
ciaries with no evidence of receiving statins during the period
extending from 6 months before to 15 days after vaccination.
Beneficiaries who did not meet the criteria for either group
were excluded.

Person-Time Under Observation

Follow-up began 14 days after vaccination to permit develop-
ment of vaccine-specific immunity [28]. It ended when one of
the following was reached: a study outcome of interest; disen-
rollment from Medicare Parts A, B, or D; admission to a SNF or
nursing home; transfer to hospice care; end of influenza season;
or death.

Control for Confounding

Data on demographics, socioeconomic status, medical encoun-
ter history, medical conditions, and health status were collected
for each beneficiary during the year prior to vaccination [29,
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30]. We used a combination of exact matching and propensity
score matching to adjust for potential confounders [31, 32].
Propensity scores (the probability of statin use conditional on
the baseline characteristics described in Table 1) were calcu-
lated using a logistic regression model, with statin use as the
dependent variable. For each statin user, we first identified a
group of nonusers who were identical by vaccine type, sex,
age group (65-69, 70-74, 75-79, 80-84, and 85+ years), and
HHS region of residence and then selected the nonuser with
the nearest propensity score [31]. Balance in baseline covariates
between the cohorts was assessed using standardized mean dif-
ferences (SMDs). We considered SMDs of <0.1 to represent a
negligible imbalance [33].

Statistical Analyses

Rates for each study outcome in the low-, medium-, and
high-intensity influenza periods were calculated as the num-
ber of outcomes divided by person-time in weeks. We used 3
Poisson regression models to estimate rate ratios between sta-
tin users and nonusers (model specifications provided in the
Supplementary Methods). The first model adjusted for influ-
enza season to account for differences in influenza circulation
by season. The second model included all covariates used for
matching (Table 1) in addition to season. In the third model, an
interaction term between season and statin exposure was added
to model 2 to determine if associations between statin use and
outcome risks varied by season. The Akaike information criter-
ion was used to evaluate model fit [34]. Two-tailed P values <
.05 were considered statistically significant.

We conducted several additional analyses. To determine
if statin effects varied by receipt of HD or SD vaccine, we fit
a model including an interaction for vaccine type and statin
exposure. We also examined the effect of synthetic (atorvas-
tatin, fluvastatin, rosuvastatin) vs nonsynthetic (simvastatin,
pravastatin, lovastatin, and pitavastatin) statins and intensity
of statin treatment exposure on influenza-related outcomes
(Supplementary Table 2). For the statin-type analysis, the sta-
tin user cohort was split into synthetic and nonsynthetic sta-
tin cohorts [15]. In the statin-intensity analysis, the statin user
cohort was split into low-, moderate-, and high-intensity statin
cohorts based on active ingredient and prescribed dose [35].
To investigate the effect of the relationship between statin type
and intensity, we fit a model comparing users of different statin
type and intensity combinations (Supplementary Table 2). In a
post hoc analysis, the statin-intensity analysis was repeated with
cohorts weighted with stabilized inverse probability of treat-
ment weights (IPTWs) to address residual imbalances found in
the statin-intensity cohorts (Supplementary Table 3) [31].

To determine if our findings might reflect the effect of per-
sistent use of a common medication rather than statin-specific
effects, we performed “negative exposure” analyses [36]. These
analyses replicated the study methodology for the primary and
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secondary outcomes using alternate exposures in place of sta-
tin use to determine if observed differences were due to bias
from unmeasured confounders [36]. Null results would sug-
gest lack of confounding. Negative exposures considered were
hydrochlorothiazide medications (HCTZs) not combined with
another drug in a single pill and proton pump inhibitors (PPIs).

Analyses were conducted using R 3.2.0 (R Foundation for
Statistical Computing, Vienna, Austria) and SAS, v. 9.4 (SAS
Institute Inc., Cary, North Carolina). All analyses were per-
formed with deidentified data collected for administrative pur-
poses by the Centers for Medicare and Medicaid Services.

RESULTS

More than 72 million Medicare beneficiaries received influenza
vaccinations during the study period. After applying inclusion
criteria, 8% of vaccinees remained in the study. Of these, 28%
were classified as statin users, 55% as nonusers, and 17% as nei-
ther (Figure 1). Prior to matching, the statin user and nonuser
cohorts were imbalanced (SMD > 0.1) by frequency of outpa-
tient visits; all physician visits; diabetes severity; and prevalence
of hypercholesterolemia, hypertension, and chronic kidney fail-
ure. After matching, cohorts were well balanced on all defined
covariates (Table 1) and on the proportion of beneficiaries vac-
cinated in the prior season (Supplementary Table 4).

During 17110929 person-weeks of observation, 2419 influ-
enza-related office visits occurred among statin users (1.41
cases/10000 person-weeks); 2235 visits occurred among
nonusers during 17063761 person-weeks (1.31 cases/10000
person-weeks) in the matched cohorts (Table 2). The risk dif-
ference ranged from -0.02 to 0.23 per 10000 person-weeks
depending on season severity (Supplementary Table 5). We
identified 1316 influenza hospitalizations in statin users dur-
ing 17151832 person-weeks (0.77/10000 person-weeks) and
1197 influenza hospitalizations in nonusers during 17129468
person-weeks (0.70/10 000 person-weeks), for a risk difference
ranging from -0.04 to 0.13 (Supplementary Table 5). Results
from the 3 Poisson models are presented in Table 3. Statin use
was associated with small but statistically significant increased
relative risks (RRs) for influenza office visits (RR, 1.09; 95%
confidence interval [CI], 1.03 to 1.15) and influenza hospital-
izations (RR, 1.10; 95% CI, 1.02 to 1.19; Figure 2). We found
no evidence that statin associations varied by receipt of HD
compared to SD vaccine (interaction P values ranged from .11
to .4; Supplementary Table 6). We did not find significant dif-
ferences in risk of either influenza outcome when we compared
synthetic and nonsynthetic statin use (Figure 2). Use of high-in-
tensity statins was associated with a significantly elevated risk
of influenza-related visits compared to all other use intensity
categories (Table 4). Moderate-intensity use was associated with
an increased risk compared to nonuse. However, low-intensity
use was not associated with differential risk when compared
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Table 1. Distribution of Covariates in Influenza-Vaccinated Statin User and Nonuser Medicare Beneficiary Cohorts for the 2010-2015 Influenza Seasons

Prematching Post-Matching®
Covariate Statin User (%) Statin Nonuser (%) SMDP Statin User (%) Statin Nonuser (%)
Base population 1534590 3046907 1403687 1403687 SMD
Vaccine type
Standard dose 63.80 65.50 0.04 64.30 64.30 0.00
High dose 33.80 32.00 0.04 33.30 33.30 0.00
Quadrivalent 2.40 2.50 0.01 2.40 2.40 0.00
Age bracket, years
65-69 2720 29.20 0.04 2730 2730 0.00
70-74 31.80 30.00 0.04 31.50 31.50 0.00
75-79 20.70 18.80 0.05 20.50 20.50 0.00
80-84 12.20 12.00 0.01 12.30 12.30 0.00
85+ 8.00 10.00 0.07 8.30 8.30 0.00
Gender
Male 33.70 30.80 0.06 32.90 32.90 0.00
Female 66.30 69.20 0.06 67.10 67.10 0.00
Region
Region 1: CT, ME, MA, NH, RI, VT 5.90 5.20 0.03 5.60 5.60 0.00
Region 2: NJ, NY, PR, VI 5.90 5.90 0.00 6.00 6.00 0.00
Region 3: DE, DC, MD, PA, VA, WV 9.20 8.70 0.02 9.00 9.00 0.00
Region 4: AL, FL, GA, KY, MS, NC, SC, TN 22.00 22.00 0.00 22.50 22.50 0.00
Region 5: IL, IN, MI, MN, OH, WI 18.40 16.90 0.04 18.10 18.10 0.00
Region 6: AR, LA, NM, OK, TX 11.20 11.90 0.02 11.20 11.20 0.00
Region 7: 1A, KS, MO, NE 6.40 6.40 0.00 6.40 6.40 0.00
Region 8: CO, MT, ND, SD, UT, WY 3.40 4.10 0.04 3.50 3.50 0.00
Region 9: AZ, CA, HI, NV, AS, FS, GU, PU 12.10 13.00 0.03 12.30 12.30 0.00
Region 10: AK, ID, OR, WA 5.60 5.80 0.01 5.50 5.50 0.00
Other 0.00 0.00 0.00 0.00 0.00 0.00
Race
White 92.30 92.60 0.01 92.40 92.30 0.00
Black 2.30 2.30 0.00 2.40 2.40 0.00
Asian 2.40 1.90 0.03 2.20 2.30 0.01
Hispanic 0.80 0.90 0.01 0.80 0.80 0.00
Other 2.30 2.20 0.00 2.20 2.20 0.00
Low-income subsidy status
None 88.50 89.40 0.03 89.00 88.60 0.01
Zero copay 0.40 0.40 0.01 0.40 0.40 0.00
Low copay 5.50 4.70 0.04 5.10 5.30 0.01
High copay 4.90 4.80 0.00 4.70 4.80 0.01
15% copay 0.80 0.70 0.01 0.70 0.80 0.00
Month of vaccination
August 3.70 3.10 0.04 3.60 3.60 0.00
September 32.90 29.60 0.07 32.20 32.50 0.01
October 43.50 43.20 0.01 43.70 43.50 0.00
November 12.10 13.80 0.05 12.50 12.40 0.00
December 4.50 5.70 0.05 4.70 4.60 0.00
January 3.30 4.70 0.07 3.40 3.40 0.00
All hospitalizations and observational stays
0 95.50 95.00 0.02 95.50 95.40 0.00
1+ 4.50 5.00 0.02 4.50 4.60 0.00
Outpatient non-ER visits
0 30.10 36.40 0.13 30.40 30.60 0.00
1,2 32.20 32.00 0.00 32.80 32.30 0.01
3+ 3770 31.60 0.13 36.80 37.00 0.01
Outpatient ER visits
0 8740 86.80 0.02 8720 8730 0.00
1 10.30 10.60 0.01 10.40 10.30 0.00
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Table 1. Continued
Prematching Post-Matching®
Covariate Statin User (%) Statin Nonuser (%) SMDP Statin User (%) Statin Nonuser (%)
Base population 1534590 3046907 1403687 1403687 SMD
2+ 2.40 2.70 0.02 2.40 2.40 0.00
All physician visits
[1-5] 14.00 22.50 0.22 14.20 14.60 0.01
[6-10] 30.20 28.10 0.05 30.40 30.10 0.01
[11-15] 22.00 18.90 0.08 21.70 21.70 0.00
[16-25] 20.70 18.10 0.07 20.50 20.50 0.00
26+ 13.10 12.40 0.02 13.20 13.10 0.00
Respiratory failure and pneumonia hospitalizations
0 99.70 99.60 0.02 99.70 99.70 0.00
1+ 0.30 0.40 0.02 0.30 0.30 0.00
Respiratory failure and pneumonia outpatient non-ER visits
0 99.50 99.40 0.01 99.50 99.50 0.00
1+ 0.50 0.60 0.01 0.50 0.50 0.00
Respiratory failure and pneumonia outpatient ER visits
0 99.80 99.80 0.01 99.80 99.80 0.00
1+ 0.20 0.20 0.01 0.20 0.20 0.00
Respiratory failure and pneumonia physician visits
0 98.20 97.90 0.02 98.20 98.20 0.00
1+ 1.80 2.10 0.02 1.80 1.80 0.00
Diabetes severity: aDCSI score (365 days prior)®
0 70.00 78.10 0.19 72.00 71.10 0.02
1 9.60 7.80 0.07 9.30 9.50 0.01
2 14.20 10.60 0.11 13.50 13.80 0.01
3 3.40 2.10 0.09 3.00 3.20 0.01
4 1.90 1.10 0.07 1.60 1.70 0.01
5+ 0.90 0.40 0.06 0.70 0.70 0.01
COPD complexity (365 days prior)®
No COPD 93.10 92.60 0.02 92.90 92.90 0.00
Low complexity 4.30 4.30 0.00 4.40 4.30 0.00
Moderate complexity 1.80 2.30 0.03 1.90 1.90 0.00
High complexity 0.80 0.80 0.00 0.80 0.80 0.00
General medical conditions (365 days prior)
Asthma 5.70 6.10 0.02 5.90 5.80 0.00
Bronchitis 10.10 10.10 0.00 10.30 10.20 0.00
Liver disease 1.20 1.40 0.02 1.30 1.20 0.00
Hypercholesterolemia 45.30 20.80 0.56 38.80 40.30 0.03
Hypertension 76.50 54.10 0.47 75.10 74.30 0.02
Kidney failure, chronic 6.80 3.90 0.14 5.90 6.30 0.02
Kidney failure, acute 0.80 0.60 0.02 0.70 0.70 0.00
Frailty (365 days prior)
Dementia 2.30 2.50 0.01 2.30 2.40 0.00
Falls 3.80 4.10 0.01 3.80 3.90 0.00
Fractures 1.20 1.40 0.02 1.20 1.20 0.00
Home oxygen use 0.20 0.20 0.01 0.20 0.20 0.00
Urinary catheter use 0.00 0.10 0.00 0.00 0.00 0.00
Walker use 1.10 1.10 0.00 1.10 1.10 0.00
Wheelchair use 0.10 0.10 0.01 0.10 0.10 0.00
Anti-dementia medications 2.50 2.40 0.01 2.50 2.50 0.00
Anti-psychotics 1.60 1.60 0.01 1.60 1.60 0.00
Autoimmune conditions (365 days prior)
Rheumatoid arthritis 2.00 2.70 0.04 2.10 2.20 0.00
Other autoimmune conditions 6.00 6.60 0.02 6.30 6.20 0.01
Immunomodulatory conditions (365 days prior)
Immunomodulatory medications 0.30 0.30 0.02 0.30 0.30 0.00

382 « CID 2018:67 (1 August) o Izurieta et al

6102 UoIBINl 80 UO Josn A1eiqr va4 Ad 0£€9781/8/€/€/.910BNSTB-BI0IIE/PIO/WOD dNO"DILSPEIE//:SA]Y WO} PAPEOjUMOQ
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164

Prematching

Post-Matching®

Covariate Statin User (%) Statin Nonuser (%) SMDP Statin User (%) Statin Nonuser (%)

Base population 1534590 3046907 1403687 1403687 SMD
Neoplasms 0.10 0.20 0.02 0.20 0.20 0.00
Immune disorders 0.30 0.30 0.01 0.30 0.30 0.00
White blood cell disease 0.60 0.80 0.02 0.70 0.70 0.00
Other hematological diseases 0.40 0.50 0.01 0.50 0.40 0.00

Concurrent vaccinations
Pneumococcal vaccination 2.80 3.10 0.02 2.80 2.90 0.00

Abbreviation: COPD, chronic obstructive pulmonary disease; ER, emergency room; SMD, standardized mean difference. Following are US state and territory abbreviations: AK, Alaska; AL,
Alabama; AR, Arkansas; AS, American Samoa; AZ, Arizona; CA, California; CO, Colorado; CT, Connecticut; DC, Washington, D.C.; DE, Delaware; FL, Florida; FS, Micronesia; GA, Georgia; GU,
Guam; HI, Hawaii; IA, lowa; ID, Idaho; IL, lllinois; IN, Indiana; KS, Kansas; KY, Kentucky; LA, Louisiana; MA, Massachusetts; MD, Maryland; ME, Maine; MI, Michigan; MN, Minnesota; MO,
Missouri; MS, Mississippi; MT, Montana; NC, North Carolina; ND, North Dakota; NE, Nebraska; NH, New Hampshire; NJ, New Jersey; NM, New Mexico; NV, Nevada; NY, New York; OH,
Ohio; OK, Oklahoma; OR, Oregon; PA, Pennsylvania; PR, Puerto Rico; PU, Palau; Rl, Rhode Island; SC, South Carolina; SD, South Dakota; TN, Tennessee; TX, Texas; UT, Utah; VA, Virginia; VI,

Virgin Islands; VT, Vermont; WA, Washington; WI, Wisconsin; WV, West Virginia; WY, Wyoming.

“The statin user and nonuser cohorts are exact matched on vaccine type, sex, age group, and region of residence and are propensity score matched on all other covariates.

"SMD values >0.1 indicate that the 2 groups are imbalanced on the specified covariates.

“The aDCSI score assigns points for the presence of retinopathy, nephropathy, neuropathy, cerebrovascular diseases, peripheral vascular diseases, and metabolic diseases.

9COPD complexity is assigned based on the presence and severity of COPD-related diagnoses.

to nonuse (Figure 2). Similar results were found in an IPTW-
weighted analysis (Table 4).

Using receipt of hydrochlorothiazide medications as a nega-
tive exposure, we found no associations with either influen-
za-related outcome (Supplementary Table 7). However, use
of PPIs was significantly associated with influenza office visits
(RR, 1.21; 95% CI, 1.11 to 1.31) and influenza hospitalization
(RR, 1.19; 95% CI, 1.06 to 1.32; Supplementary Table 8).

DISCUSSION

In a 5-season study that enrolled more than 2.8 million
Medicare beneficiaries aged >65 years, we found that those
exposed to statins around the time of vaccination had small (RD
per 10000 person-weeks ranged from -0.02 to 0.23 for office
visits and from -0.04 to 0.13 for hospitalizations) but signifi-
cant increased risks for influenza-related outcomes compared
to nonusers (Supplementary Table 5). Over the study period,
approximately 178 additional influenza-related office visits and
117 additional influenza-related hospitalizations in the study
population may be attributed to statin use at the time of vac-
cination (Supplementary Table 5). High-intensity statin users
had significantly higher risks than nonusers for both outcomes
(Table 4), suggesting the possibility of a dose effect. However,
results for the comparison between moderate and low-intensity
users with nonusers were not consistent. We found no signifi-
cant differences in influenza risks between synthetic and non-
synthetic statin users. Risk for influenza outcomes was elevated
for all statin type and intensity combinations, although differ-
ences were not consistently significant (Figure 2). The majority
of synthetic and nonsynthetic statin use was of moderate inten-
sity. In a comparison of those 2 groups, we found no significant
differences in influenza risk, suggesting no effect by statin type.

Our results are consistent with the direction of the effects
identified by Black et al, who found 38%-62% lower HI titers,
depending on influenza strain, in statin users compared to
nonusers. Our findings of increased risks of approximately
10% among statin users are consistent with, albeit smaller in
magnitude than, the lower HI titers observed among statin
users by Black et al. While Black et al. found that patients who
received nonsynthetic statins had higher HI titers than those
who received synthetic statins [13], we found no significant dif-
ferences in influenza risk between synthetic and nonsynthetic
statin users. To account for the high correlation between type
and intensity of statins, we analyzed statin treatment by combi-
nations of type and intensity. Our results suggest significant dif-
ferences in risk by statin intensity but not statin type (Table 4).
Because Black et al. did not collect data on statin intensity, their
findings may be confounded by statin intensity.

Direct comparisons between our findings and those from
studies that included an unvaccinated group are not possible. In
Medicare data, lack of a claim for influenza vaccination cannot
be used to establish that a beneficiary did not receive a vaccina-
tion because it is possible that a claim was not submitted or that
avaccine claim was submitted to another payer. Thus, we cannot
present VE estimates. However, we can make several observa-
tions. Omer et al. found a substantial reduction in influenza VE
among statin users compared to nonusers [14]. While the Omer
et al. study did not directly compare vaccinated statin users to
nonusers, they did report unadjusted incidence rates for both
groups. Applying the ratio-of-ratios approach used by Omer,
we calculated that the ratio of the unadjusted risk of medically
attended acute respiratory illness (MAARI) among vaccinated
statin users and nonusers was 1.08 [14], which is consistent with
our findings of 9%-10% differences in risk, despite the different
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Base Population: Beneficiaries who received an influenza vaccination
within the specified time frame for the season

2010-2011: N = 14480519
2011-2012: N = 14022223
2012-2013: N = 14657 840
2013-2014: N =14 505419
2014-2015: N =14 504688

2

Beneficiaries with continuous Medicare Part A/B/D enrollment for 365
days or 730 days (depending on lookback period) prior to their vaccination
date

2010-2011: N = 6382 983 (56% excluded)
2011-2012: N = 6590528 (53% excluded)
2012-2013: N = 7229720 (51% excluded)
2013-2014: N = 7681791 (47% excluded)
2014-2015: N = 8799728 (39% excluded)

v

Beneficiaries who received their vaccination at a community pharmacy

2010-2011: N = 1754 448 (73% excluded)
2011-2012: N = 2017 036 (69% excluded)
2012-2013: N = 2483 890 (66% excluded)
2013-2014: N = 2992 807 (61% excluded)
2014-2015: N = 3644 222 (59% excluded)

¥

Beneficiaries at least aged 65 years who aged into Medicare, received only
1 type of vaccine on vaccination date, and were not in a nursing home,
hospice, or skilled nursing facility in the 365 days prior to vaccination.

2010-2011: N = 1291 393 (26% excluded)
2011-2012: N = 1464 852 (27% excluded)
2012-2013: N = 1829 195 (26% excluded)
2013-2014: N = 2219483 (26% excluded)
2014-2015: N = 2766 214 (24% excluded)

h

165

Beneficiaries without chemotherapy, HIV infection, metastatic cancer, nonmetastatic
cancer, organ transplant, multiple myeloma, leukemia, Hodgkins disease, non-Hodgkins
lymphoma, dialysis, or cardiovascular disease in the 365 days prior to vaccination

2010-2011: N=722232 (44% excluded)
2011-2012: N = 820893 (49% excluded)
2012-2013: N = 1046 674 (43% excluded)
2013-2014: N = 1277 345 (42% excluded)
2014-2015: N = 1597 737 (42% excluded)

1

y

Beneficiaries who are defined as statin users

2010-2011: N = 190 936 (26%)
2011-2012: N = 222445 (27%)
2012-2013: N = 282785 (27%)
2013-2014: N = 364 725 (29%)
2014-2015: N = 473699 (30%)

Y

Beneficiaries who are defined as statin nonusers

2010-2011: N = 412741 (57%)
2011-2012: N = 462019 (56%)
2012-2013: N = 591 256 (56%)
2013-2014: N = 708 365 (55%)
2014-2015: N = 872526 (55%)

Figure 1.  Selection process for defining the statin user and nonuser cohorts in the 2010-2015 influenza seasons. The number of Medicare beneficiaries remaining in the
population after each step of the selection process is presented for each influenza season in the study period. The percentage excluded represents the percentage of the
population excluded for the specified step in the selection process. Abbreviation: HIV, human immunodeficiency virus.

populations studied and the nonspecific outcome (MAARI)
used by Omer et al.

In a 10-season study that enrolled 3285 participants aged
>45 years, McLean et al. found that VE for real-time polymer-
ase chain reaction-confirmed influenza outpatient visits was

substantially and significantly lower in statin users for influ-
enza A(H3N2) virus infections. However, VE against influenza
A(HIN1)pdmO09 or B infections did not differ by statin use [15].
Since Medicare claims data do not provide this information, we
cannot compare statin effects by virus type or subtype. However,
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Table 2. Outcome Rates and Raw Rate Ratios With 95% Confidence Intervals across Influenza Circulation Periods in the 2010-2015 Influenza Seasons

Statin Users

Statin Nonusers Raw Rate Ratio®

Person-Time  Outcome Rate Person-Time  Outcome Rate 95%

Influenza Outcome (10000 (per 10000  Outcome (10000 (per 10000 Rate Confidence

Outcome Circulation Period® (Number) Person-Weeks) Person-Weeks) (Number) Person-Weeks) Person-Weeks) Ratio  Interval
Influenza-related office visits Low season 152 2369 0.06 140 2356 0.06 1.08 (0.86, 1.36)
Medium season 562 1363 0.41 620 1359 0.46 0.90 (0.81, 1.01)
High season 2419 171 1.41 2235 1706 1.31 1.08 (1.02, 1.14)
Influenza-related hospitalizations Low season 76 2378 0.03 102 2370 0.04 0.74 (0.55, 1.00)
Medium season 281 1367 0.21 262 1365 0.19 1.07 (0.90, 1.27)
High season 1316 1715 0.77 1197 1713 0.70 110 (1.02, 1.19)

Only cases that occurred during high influenza circulation periods, which are more likely to be associated with influenza infections, were included for all analyses.

“Each week of an influenza season for each region was classified as high, medium, or low influenza intensity when the proportion of respiratory samples that tested positive for influenza
was above the 75th percentile, within the 55th and 74th percentile, or below the 55th percentile, respectively.

PStatin nonusers were used as the reference group for raw rate ratio calculations.

our study included some seasons dominated by influenza
A(H3N2) and others dominated by A(HIN1), and a majority of
outcomes in the study occurred during the A(H3N2)-dominant
seasons of 2012-2013 and 2014-2015 (Supplementary Table 5).

We were unable to distinguish between the effect of stat-
ins on vaccine effectiveness vs the direct effect of statins on
risk of influenza [12-22]. Only 8.6% of all beneficiaries in
the study switched their statin-use status post-vaccination
(Supplementary Table 10), reflecting a lack of power to sepa-
rate these 2 effects. As a sensitivity analysis, we compared sta-
tin users and nonusers who did not switch their statin status
post-vaccination and found rate ratio estimates consistent with
those of the primary analysis (Supplementary Table 11).

Our study had limitations, some of which we noted in previ-
ous publications that used similar methods [23, 24]. In addition,
the statin user and nonuser populations may have differed by
unmeasured covariates, including body mass index, diet, smok-
ing status, and social contacts. In an effort to minimize bias
potentially associated with unmeasured confounders, including

being ambulatory, we restricted all analyses to beneficiaries vac-
cinated at community pharmacies [23, 24]. To further address
potential unmeasured confounders, such as those reflected by
chronic use of common medications, we performed negative
exposures analyses with HCTZs and PPIs. We found no asso-
ciation between HCTZs and influenza outcomes. A significant
association with PPIs was found, which might suggest the pos-
sibility of residual bias or unmeasured confounders. In retro-
spect, however, our choice of PPIs as a negative exposure may
not have been ideal. PPIs have multiple effects beyond those on
gastric pH, which may affect susceptibility to pneumonia and
thus the diagnosis of infection with specific respiratory path-
ogens [37-40]. Thus, further investigation might be needed to
determine whether this is a real effect or a result of unmeasured
confounding. The cohort restrictions we used to reduce con-
founding, including exclusion of beneficiaries with cardiovas-
cular conditions, may limit the generalizability of our findings;
whether the associations we observed are similar in less healthy
beneficiaries is unknown.

Table 3. Rate Ratio Estimates With 95% Confidence Intervals and Akaike Information Criterion Values for All Primary Analysis Poisson Models

Influenza Office Visit Outcome

Influenza Hospitalization Outcome

Model Rate Ratio PValue 95% ClI AIC Rate Ratio PValue 95% ClI AIC
Poisson model, season term? 1.08 .01 (1.02-1.14) 61c693.71 1.10 .019 (1.02-1.19) 39c372.77
Multivariate Poisson model™® 1.09 .01 (1.03-1.15) 59¢479.98 1.10 .022 (1.01-1.19) 38c016.18
Multivariate Poisson model, season interaction® 59¢486.83 38c014.36
2010-2011 1.18 .286 (0.87-1.58) 0.83 .35 (0.57-1.23)

2011-2012 0.87 .bb9 (0.55-1.39) 0.80 .37 (0.49-1.31)

2012-2013 1.09 .236 (0.95-1.26) 1.08 .39 (0.90-1.29)

2013-2014 1.09 S5 (0.91-1.30) 1.49 .00 (1.17-1.91)

2014-2015 1.08 .023 (1.01-1.16) 1.08 13 (0.98-1.19)

The multivariate Poisson models in this study adjusted for all the variables used in the matching process (see Table 1). The multivariate Poisson model without season interaction is the best

fitting model for the influenza office visit outcome based on its AIC value.

Abbreviations: AIC, Akaike information criterion; Cl, confidence interval.

#Only cases that occurred during high influenza circulation periods, which are more likely to be associated with influenza infections, were included for all analyses.

PStatin users served as the treatment group and statin nonusers served as the reference group.

“The season term Poisson model only adjusts for an influenza season variable.

9The multivariate Poisson model with season interaction is the best fitting model for the influenza hospitalization outcome based on its AIC value.
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Outcome Analysis Rate Ratio 95% CI
1. Influenza-Related Office Visits  Main 1.09 - [1.025, 1.150]
Statin Type
- Synthetic 1.084 +—— [1.002, 1.172]
- Nonsynthetic 1.086 —-— [1.018, 1.159]
Statin Intensity
- High-Intensity 1.228 —- 1.083, 1.393
- Moderate-Intensity 1.076 —_— 1.011, 1.145
- Low-Intensity 1.045 —a— 0.928, 1.177
Statin Type-Intensity
- Nonsynthetic, Low-Intensity 1.051 —e— 0.931, 1.187
- Nonsynthetic, Moderate—-Intensity 1.098 —— 1.024, 1.178
- Synthetic, Low-Intensity 0.926 —_— 0.557, 1.538
- Synthetic, Moderate—-Intensity 1.031 —— 0.941, 1.129
- Synthetic, High-Intensity 1.227 —— 1.082, 1.391
Vaccine Subgroup
- Trivalent Standard—Dose Vaccine 1.133 —— 1.047,1.227
- High Dose—Vaccine 1.05 —— 0.962, 1.146
- Quadrivalent Standard—Dose Vaccine 0.901 —_—— 0.658, 1.183
2. Influenza Hospitalizations Main 1.1 — [1.013, 1.185]
Statin Type
- Synthetic 1.09 —— [0.978, 1.214]
- Nonsynthetic 1.099 —-— [1.007, 1.200]
Statin Intensity
- High-Intensity 1.22 — 1.020, 1.459
— Moderate-Intensity 1.088 —a— 0.999, 1.184
- Low-Intensity 1.111 —— 0.952, 1.296
Statin Type-Intensity
- Nonsynthetic, Low-Intensity 1.108 0.946, 1.298
- Nonsynthetic, Moderate—Intensity 1.119 —a— 1.018, 1.231
- Synthetic, Low-Intensity 1.247 0.706, 2.202
- Synthetic, Moderate—-Intensity 1.041 —— 0.918, 1.180
- Synthetic, High-Intensity 1.227 —— 1.026, 1.467
Vaccine Subgroup
- Trivalent Standard —Dose Vaccine 1.075 - 0.968, 1.194
- High—-Dose Vaccine 1.153 —— 1.021, 1.303
- Quadrivalent Standard—-Dose Vaccine 0.781 -I—-I——I- | | | 0.498, 1.224

06 08 1

12 14

16 1.8

Figure 2. Multivariate Poisson regression rate ratios comparing statin users to nonusers for all outcomes among Medicare beneficiaries who received influenza vaccines
at community pharmacies from 2010 through 2015.Vaccinated nonusers were used as the reference group for each comparison. For the vaccine subgroup analysis, vaccinated
statin users were compared to vaccinated nonusers within each vaccine dose category, with the vaccine type and statin use interaction term P values ranging from .11 to
.39. The relatively small proportion of quadrivalent standard-dose vaccinated beneficiaries in the study population may explain the discrepancy in rate ratios between the
quadrivalent standard-dose group and the other vaccine groups. See Supplementary Table 2 for statin type and intensity classifications. Abbreviation: Cl, confidence interval.

In summary, we found small associations between statin use

and relative risks for influenza office visits and hospitalizations

among vaccinated Medicare beneficiaries, consistent with the

direction of results from an immunogenicity trial but of smaller

magnitude [13]. Our findings suggest that receipt of statins

around the time of influenza vaccination does not substantially

affect the risk of influenza-related medical encounters among

vaccinated Medicare beneficiaries. These findings should be

interpreted in the context of the well-established benefits of
statins for reducing the risk of cardiovascular outcomes.

Table 4. Rate Ratio Estimates of Influenza-related Office Visits With 95% Confidence Intervals for the Statin Intensity-Type Analysis from 2010 through 2015

Reference Group

Nonsynthetic Nonsynthetic Synthetic Synthetic
Low-Intensity Moderate-Intensity Low-Intensity Moderate-Intensity
Statin Nonuser Statin User Statin User Statin User Statin User
Rate Rate Rate Rate Rate

Statin User Group Ratio 95% ClI Ratio 95% ClI Ratio 95% CI Ratio 95% ClI Ratio 95% ClI

Nonsynthetic low-intensity statin user 1.05  (0.93, 1.19)

Nonsynthetic moderate-intensity statin user 1.10 (1.03, 1.18) 1.04  (0.92, 1.19)

Synthetic low-intensity statin user 0.94 (0.56,1.56) 0.89 (0.53,1.50) 0.85 (0.51, 1.42)

Synthetic moderate-intensity statin user 1.03  (0.94,1.13) 098 (0.85 1130 094 (0.85, 1.04) 1.10 (0.66, 1.85)

Synthetic high-intensity statin user 125  (1.09, 1.42) 118 (1.00, 1.40) 113 (0.99, 1.30) 133 (0.79, 2.26) 1.21 (1.04, 1.40)

Only cases occurring during high influenza circulation periods, which are more likely to be associated with influenza infections, were included for all analyses. Propensity scores were used
to derive inverse probability of treatment weights, which were used to weight the analysis cohorts.

Abbreviation: Cl, confidence interval.
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Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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eTable 1. Cardiovascular condition codes used as exclusion criteria in defining the study

population?
Cardiovascular Conditions Codes Position | Setting
ICD-9-CM DGN: 402.x1, 404.x1, 404.x3, 428.xx All IP/OP/OP-
. ICD-9-CM PRC: 37.66 ER/PB
Heart Failure HCPCS: 33973-33978, 33980, 92970-92971, G8027-
(8032, G8184
AMI ICD-9-CM DGN: 410.xx All IP/OP/PB
Cardiomyopathy ICD-9-CM DGN: 425.xx All IP/OP/PB
ICD-9-CM DGN: V45.81-V45.82, V45.88, All IP/OP/OP-
ICD-9-CM PRC: 00.66, 36.0x-36.3x ER/PB
Coronary revascularization HCPCS: 00566, 33510-33523, 33530-33536, 33572,
92973, 92975, 92977, 92980,-92982, 92984, 92995-
92996, G8518-G8167, G8170-G8172
ICD-9-CM DGN: 411.xx, 413.xx, 414.xx, 429.2, 429.5- All IP/OP/PB
Other ischemic heart disease 429.7x, 429.9
HCPCS: G8033-G8041
ICD-9-CM DGN: 249.7x, 250.7x, 440.2x-440.4, 443.1, All IP/OP/PB
443.81, 443.9
ICD-9-CM PRC: 38.13, 38.15-38.18, 39.22-39.26, 39.29,
Peripheral vascular disease 39.50, 39.90
HCPCS: 34001-34203, 35301-35381, 35450-35512,
35512-35551, 35556-35571, 35583-35587, 35612-35641,
35646-35671, 35700, 35721, 35741, 35879, 35881
Stroke ICD-9-CM DGN: 430, 431.xx, 434.x1, 436 All IP/OP/PB
Transient ischemic attack ICD-9-CM DGN: 435.x All IP/OP/PB
ICD-9-CM DGN: 437.8-437.9, 438.xx, V12.54 All IP/OP/PB

Other cerebrovascular disease

ICD-9-CM PRC: 00.61-00.65, 38.01-38.02, 38.11-38.12,
39.74

HCPCS: 35301, 35390, 35501-35509, 35601-35606,
35642, 35701, 61711

Abbreviations: ICD-9-CM, Ninth Revision of the International Classification of Diseases, Clinical Modification; DGN,
diagnosis code; PRC, procedural code; HCPCS, Healthcare Common Procedure Coding System; IP, inpatient; OP,
outpatient; OP-ER, outpatient emergency room; PB, non-institutional physician office visit

aBeneficiaries with any of these cardiovascular conditions in the 6 months prior to their vaccination date were excluded

from the study
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eTable 2. Classifications of statin intensity and type by active ingredient and dosage?

High-Intensity Statin

Moderate-Intensity Statin

Low-Intensity Statin

Statin Therapy Therapy Therapy
Type (lowers cholesterol by 2 o (lowers cholesterol by <
50%) (lowers cholesterol by 30 - 50%) 30%)
Atorvastatin > 40 mg/day Atorvastatin [10 - 40) mg/day Atorvastatin <10 mg/day
Synthetic Rosuvastatin > 20 mg/day Fluvastatin > 80 mg/day Fluvastatin < 80 mg/day
Rosuvastatin [5, 20) mg/day Rosuvastatin < 5 mg/day
Simvastatin > 20 mg/day Simvastatin < 20 mg/day
\ Pravastatin > 40 mg/day Pravastatin < 40 mg/day
on-
Synthetic

Lovastatin > 40 mg/day

Pitavastatin > 2 mg/day

Lovastatin < 40 mg/day

Pitavastatin < 2 mg/day

aSource: Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA Guideline on the Treatment of Blood
Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults. A Report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines. 2014;129(25 suppl 2):S1-S45.
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Medicare beneficiaries for the 2010-2015 influenza seasons
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Low- Moderate- | High- SMD SMD
Covariate Intensity | Intensity Intensit Statin (Low SMD SMD SMD (Low SMD
Statin Statin y Statin | Non-User | yg (Mod r(]H'g (Low | o (Mod
User User User Vs VS | VS i Vs
Non) 1 Nony | Non) | Mod) | 9" | High)
Base Population 181,977 | 1,053,289 | 123,093 | 1,403,469
Age Brackets
65-69 25.30% | 27.40% 31.50% | 27.30% 0.05 | 0.00 | 0.09 |0.05 | 0.14 [0.09
70-74 30.20% | 31.60% 33.40% | 31.50% 0.03 | 0.00 | 0.04 | 0.03 | 0.07 [0.04
75-79 20.60% | 20.50% 19.40% | 20.50% 0.00 | 0.00 | 0.03 | 0.00 | 0.03 [0.03
80-84 13.60% | 12.30% 10.20% | 12.30% 0.04 | 0.00 | 0.07 | 0.04 | 0.11 .07
85+ 10.30% | 8.20% 5.40% 8.30% 0.07 | 0.00 | 0.11 | 0.07 | 0.18 [0.11
Gender
Male 28.60% | 33.00% 38.80% | 32.90% 0.09 |0.00 | 0.12 |0.10 | 0.22 |0.12
Female 71.40% | 67.00% 61.20% | 67.10% 0.09 | 0.00 | 0.12 |0.10 | 0.22 [0.12
Race
White 91.80% | 92.40% 92.50% | 92.40% 0.02 | 0.00 | 0.01 | 0.03 | 0.03 [0.00
Black 2.30% 2.30% 2.60% 2.40% 0.00 | 0.00 | 0.02 |0.00 | 0.02 [0.02
Asian 2.70% 2.20% 1.70% 2.20% 0.03 | 0.00 | 0.03 | 0.03 | 0.07 [0.04
Hispanic 0.80% 0.80% 0.80% 0.80% 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [0.00
Other 2.40% 2.20% 2.30% 2.30% 0.01 |0.00 | 0.01 |0.01 |0.00 .01
Regions
Region 1: CT, ME,
MA, NH, RI, VT 6.20% 5.50% 5.60% 5.60% 0.03 | 0.00 | 0.00 | 0.03 | 0.03 [0.01
Region 2: NJ, NY, PR,
VI 5.70% 6.10% 6.00% 6.00% 0.01 |0.01 | 0.00 |0.02 |0.010 (.00
Region 3: DE, DC,
MD, PA, VA, WV 8.90% 9.10% 9.30% 9.00% 0.01 |0.00 | 0.01 |0.01 |0.00 p.0O1
Region 4: AL, FL, GA,
KY, MS, NC, SC, TN 21.70% | 22.70% 23.30% | 22.50% 0.02 | 0.00 | 0.02 |0.02 | 0.04 [0.02
Region 5: IL, IN, M,
MN, OH, WI 18.80% | 18.10% 16.60% | 18.10% 0.02 | 0.00 | 0.04 |0.02 |0.06 [0.04
Region 6: AR, LA,
NM, OK, TX 10.40% | 11.30% 11.90% | 11.20% 0.03 | 0.00 | 0.02 |0.03 | 0.05 [0.02
Region 7: IA, KS, MO,
NE 6.40% 6.50% 5.70% 6.40% 0.00 | 0.00 | 0.03 | 0.00 | 0.03 [0.03
Region 8: CO, MT,
ND, SD, UT, WY 3.50% 3.50% 3.40% 3.40% 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [0.00
Region 9: AZ, CA, HI,
NV, AS, FS, GU, PU 12.20% | 12.10% 12.80% | 12.30% 0.00 | 0.01 | 0.02 |0.00 |0.02 |0.02
Region 10: AK, ID,
OR, WA 6.30% 5.20% 5.40% 5.50% 0.03 | 0.01 | 0.01 |0.04 |0.04 .01
Other 0.00% 0.00% 0.00% 0.00% 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [0.00
Dual Status
Yes 9.00% 8.90% 9.10% 8.70% 0.01 |0.01 | 0.01 |0.00 |0.00 [0.01
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Low- Moderate- | High-
Covariate Intensity Intensity Intensity Statin SMD | SMD SMD SMD | SMD | SMD
Statin Statin Statin Non-User | (Low | (Mod | (High | (Low | (Low | (Mod
User User User Vs Vs Vs Vs Vs Vs
Non) | Non) | Non) | Mod) | High) | High)
Base Population 181,977 | 1,053,289 123,093 1,403,469
Low-Income Subsidy
Status
None 88.80% | 88.80% 88.30% 89.00% 0.01 | 0.01 | 0.02 [0.00 0.01 | 0.01
Zero Copay 0.80% 0.80% 0.70% | 0.70% 0.00 | 0.00 | 0.01 (0.00 0.01 |0.01
Low Copay 4.60% 4.80% 5.30% | 4.70% 0.01 | 0.00 | 0.03 [0.01 0.03 | 0.03
High Copay 5.40% 5.30% 5.30% |5.10% 0.01 | 0.01 | 0.01 [0.00 0.00 | 0.00
15% Copay 0.50% 0.40% 0.40% | 0.40% 0.01 | 0.00 | 0.00 [0.01 0.01 | 0.00
Month of Vaccination
August 3.50% 3.70% 3.60% | 3.60% 0.00 | 0.01 | 0.00 .01 0.01 | 0.00
September 32.30% | 32.50% 31.60% 32.20% 0.00 | 0.01 | 0.01 [0.00 0.02 | 0.02
October 44.30% | 43.40% 43.00% 43.70% 0.01 | 0.01 | 0.02 [0.02 0.03 | 0.01
November 12.20% | 12.40% 12.90% 12.50% 0.01 | 0.00 | 0.01 (0.00 0.02 | 0.02
December 4.50% 4.70% 5.00% | 4.70% 0.01 | 0.00 | 0.02 (.01 0.03 | 0.02
January 3.20% 3.40% 3.90% | 3.40% 0.01 | 0.00 | 0.03 (.01 0.04 | 0.02
All Hospitalizations and
Observational Stays
0 95.50% | 95.40% 95.60% 95.50% 0.00 | 0.01 | 0.00 [0.00 0.01 | 0.01
1+ 4.50% 4.60% 4.40% | 4.50% 0.00 | 0.01 | 0.00 [0.00 0.01 | 0.01
Outpatient Non-ER Visits
0 28.10% | 31.00% 31.70% 30.40% 0.05 | 0.01 | 0.03 [0.06 0.08 | 0.02
1,2 31.80% | 32.60% 31.60% 32.80% 0.02 | 0.00 | 0.03 [0.02 0.00 | 0.02
3+ 40.10% | 36.50% 36.70% 36.80% 0.07 | 0.01 | 0.00 [0.07 0.07 | 0.00
Outpatient ER Visits
0 86.80% | 87.30% 87.40% 87.30% 0.01 | 0.00 | 0.00 [0.02 0.02 | 0.00
1 10.60% | 10.30% 10.10% 10.40% 0.01 | 0.00 | 0.01 (.01 0.02 | 0.01
2+ 2.60% 2.40% 2.50% | 2.40% 0.01 | 0.00 | 0.01 p.01 0.01 |0.01
All Physician Visits
[1-5] 13.20% | 14.90% 14.30% 14.20% 0.03 | 0.02 | 0.00 [0.05 0.03 | 0.02
[6-10] 29.50% | 30.20% 29.40% 30.40% 0.02 | 0.00 | 0.02 [0.02 0.00 | 0.02
[11 - 15] 22.10% | 21.70% 21.60% 21.70% 0.01 | 0.00 | 0.00 [0.01 0.01 | 0.00
[16 - 25] 21.30% | 20.30% 20.80% 20.50% 0.02 | 0.00 | 0.01 (.02 0.01 |0.01
26 + 13.80% | 12.90% 13.90% 13.20% 0.02 | 0.01 | 0.02 [0.03 0.00 | 0.03
Respiratory Failure and
Pneumonia
Hospitalizations
0 99.60% | 99.70% 99.70% 99.70% 0.01 | 0.00 | 0.00 [0.00 0.01 | 0.00
1+ 0.40% 0.30% 0.30% | 0.30% 0.01 | 0.00 | 0.00 [0.00 0.01 | 0.00
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eTable 3. Distribution of covariates across statin intensity Medicare beneficiary user groups
for the 2010-2015 influenza seasons (continued)

Low- Moderate- | High- SMD
Covariate Intensity | Intensity | Intensity Statin SMD | SMD | SMD | SMD (Low SMD
Statin Statin Statin Non-User | (Low | (Mod | (Hig | (Low | &' (Mod
User User User Vs Vs h vs | vs High | V3
Non) | Non) | Non) | Mod) High)
Base Population 181,977 | 1,053,289 | 123,093 | 1,403,469
Respiratory Failure and
Pneumonia Outpatient
Non-ER Visits
0 99.50% | 99.50% 99.50% | 99.50% 0.01 | 0.00 |0.00 |0.01 |0.00 [0.00
1+ 0.50% 0.50% 0.50% 0.50% 0.01 | 0.00 |0.00 |0.01 |0.00 [0.00
Respiratory Failure and
Pneumonia Outpatient
ER Visits
0 99.80% | 99.80% 99.80% | 99.80% 0.00 | 0.00 |0.00 |0.00 |0.010 |0.00
1+ 0.20% 0.20% 0.20% 0.20% 0.00 | 0.00 |0.00 | 0.00 |[0.010 |0.00
Respiratory Failure and
Pneumonia Physician
Visits
0 98.10% | 98.20% 98.30% | 98.20% 001 | 000 |0.01 |0.01 |0.00 [0.01
1+ 1.90% 1.80% 1.70% 1.80% 0.01 | 000 |0.01 |0.01 |0.00 .01
Diabetes Severity:
aDCSI Score (365 days
prior)b
0 71.10% | 71.60% 67.30% | 72.00% 0.02 |0.01 |0.10 |0.01 | 0.08 |0.09
1 9.30% 9.40% 9.90% 9.30% 0.00 | 0.00 | 0.02 |0.00 |0.02 [0.02
2 14.00% | 13.60% 15.50% | 13.50% 0.01 |0.00 |0.06 | 0.01 |0.04 |0.05
3 3.10% 3.10% 3.90% 3.00% 0.01 |0.01 |0.05 | 0.00 |0.05 |0.05
4 1.80% 1.70% 2.40% 1.60% 0.01 | 000 |0.05 |0.01 |0.04 [0.05
5+ 0.70% 0.70% 1.10% 0.70% 0.01 | 0.00 |0.04 |0.00 |0.04 [0.04
COPD Complexity (365
days prior)¢
No COPD 93.00% | 93.00% 93.00% | 92.90% 0.00 | 0.00 | 0.00 |0.00 | 0.00 [0.00
Low Complexity 4.20% 4.30% 4.40% 4.40% 0.01 |0.00 |0.00 |0.01 |0.010 [0.00
Moderate Complexity 2.00% 1.90% 1.80% 1.90% 001 | 000 |0.01 |[0.01 |0.01 j0.02
High Complexity 0.90% 0.80% 0.80% 0.80% 0.00 | 0.00 | 0.00 |0.00 | 0.00 [0.00
General Medical
Conditions (365 days
prior)
Asthma 5.90% 5.80% 5.90% 5.90% 000 | 001 |0.00 |0.01 |0.00 0.01
Bronchitis 9.90% 10.30% 10.30% | 10.30% 0.01 |0.00 |0.00 |0.01 |0.00 [0.00
Liver Disease 1.40% 1.20% 1.30% 1.30% 0.01 | 000 |0.01 |0.01 |0.00 .01
Hypercholesterolemia 39.20% | 40.40% 41.50% | 38.80% 0.01 | 0.03 |0.05 |0.03 |0.05 0.02
Hypertension 73.40% | 74.20% 76.30% | 75.10% 0.04 | 0.02 |0.03 |0.02 |0.07 [0.05
Kidney Failure -
Chronic 6.40% 6.10% 7.70% 5.90% 0.02 | 0.01 |0.07 |0.01 |0.05 [0.06
Kidney Failure - Acute 0.70% 0.70% 0.80% 0.70% 0.00 | 0.00 |0.02 |0.00 |0.02 |0.01
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eTable 3. Distribution of covariates across statin intensity Medicare beneficiary user groups
for the 2010-2015 influenza seasons (continued)

Low- Moderate | High- SMD
Covariate Intensity | -Intensity Intensit Statin SMD | SMD | SMD | SMD (Low SMD
Statin Statin y Statin | Non-User | (Low | (Mod | (Hig | (Low | °C (Mod
User User User Vs Vs h vs | vs High | V3
Non) | Non) | Non) | Mod) High)
Base Population 181,977 | 1,053,289 | 123,093 | 1,403,469
Frailty (365 days prior)
Dementia 2.50% | 2.30% 2.10% 2.40% 0.01 (0.00 |0.01 |0.01 |0.02 .01
Falls 4.10% | 3.80% 3.70% 3.90% 0.01 |0.00 |0.01 |0.01 |0.02 .01
Fractures 1.20% | 1.20% 1.10% 1.20% 0.00 | 0.00 |[0.01 |0.00 |0.01 .01
Home oxygen use 0.20% | 0.20% 0.20% 0.20% 0.00 | 0.00 |0.00 | 0.00 |0.010 .00
Urinary Catheter use 0.00% | 0.00% 0.00% 0.00% 0.00 |0.00 |[0.00 |0.00 |0.00 [0.00
Walker use 1.20% | 1.10% 1.00% 1.10% 0.01 (0.00 |0.01 |0.01 |0.02 p.01
Wheelchair use 0.10% | 0.10% 0.10% 0.10% 0.00 | 0.00 |0.00 |0.00 |0.00 [0.00
Anti-Dementia
Medications 2.50% | 2.60% 2.40% 2.50% 0.00 | 0.00 [0.01 |0.00 |0.01 p.0O1
Anti-Psychotics 1.60% | 1.60% 1.80% 1.60% 0.00 | 0.00 |0.01 |0.00 |0.01 [0.01
Autoimmune  Conditions
(365 days prior)
Rheumatoid Arthritis 250% | 2.10% 2.00% 2.20% 0.02 |0.00 |0.01 |0.02 |0.03 .01
Other Autoimmune
Conditions 6.50% | 6.10% 6.20% 6.30% 0.01 |(0.01 |0.00 |[0.01 |0.00 .00
Immunomodulatory
Conditions (365 days
prior)
Immunomodulatory
Medications 0.30% | 0.30% 0.30% 0.30% 0.00 |(0.00 |0.00 |0.01 |0.00 .01
Neoplasms 0.20% | 0.20% 0.10% 0.20% 0.01 |(0.00 |0.01 |0.01 |0.02 .01
Immune Disorders 0.30% | 0.30% 0.30% 0.30% 0.01 |0.00 [0.01 |0.01 |0.00 .01
White Blood Cell
Disease 0.80% | 0.60% 0.60% 0.70% 0.01 |0.00 [0.01 |0.01 |0.02 [0.00
Other Hematological
Diseases 0.50% | 0.40% 0.40% 0.50% 0.00 | 0.00 |0.01 |0.01 |0.01 [0.00
Concurrent Vaccinations
Pneumococcal
Vaccination 2.70% | 2.90% 3.10% 2.90% 0.01 (0.00 |0.01 |0.01 |0.02 .01

Abbreviations: SMD, standardized mean difference, AK, Alaska; AL, Alabama; AR, Arkansas; AS, ; AZ, Arizona; CA,
California; CO, Colorado; CT, Connecticut; DC, Washington, D.C.; DE, Delaware; FL, Florida; FS, ; GA, Georgia; GU, ; Hl,
Hawaii; IA, lowa; ID, Idaho; IL, lllinois; IN, Indiana; KS, Kansas; KY, Kentucky; LA, Louisiana; MA, Massachusetts; MD,
Maryland; ME, Maine; MI, Michigan; MN, Minnesota; MO, Missouri; MS, Mississippi; MT, Montana; NC, North Carolina;
ND, North Dakota; NE, Nebraska; NH, New Hampshire; NJ, New Jersey; NM, New Mexico; NV, Nevada; NY, New York;
OH, Ohio; OK, Oklahoma; OR, Oregon; PA, Pennsylvania; PR, Puerto Rico; PU, ; RI, Rhode Island; SC, South Carolina;
SD, South Dakota; TN, Tennessee; TX, Texas; UT, Utah; VA, Virginia; VI, ; VT, Vermont; WA, Washington; W1, Wisconsin;
WV, West Virginia; WY,Wyoming.

aSMD values of greater than or equal to 0.1 indicate that the two groups are imbalanced on the specified covariates
®The aDCSI score assigns points for the presence of retinopathy, nephropathy, neuropathy, cerebrovascular diseases,

peripheral vascular diseases, and metabolic diseases

¢COPD complexity is assigned based on the presence and severity of COPD-related diagnoses
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Medicare

Prior Season Vaccine Status Statin User Statin Non-User SMD
Total 1,403,651 1,403,651

At least one vaccine claim in the prior
season® 86.91% 85.41% 0.04

No vaccine claims in the prior season with
continuous Medicare enrolimentd 12.65% 14.11% 0.04

No vaccine claims in the prior season and no
continuous Medicare enroliment® 0.44% 0.48% 0.01

Abbreviation: SMD, standardized mean difference

aThe prior season is defined as the influenza season prior to the season of the beneficiaries’ index date

bThe beneficiaries presented in this table are restricted those in the matched study cohorts

¢ Beneficiaries in this category are not restricted to those continuously enrolled in Medicare Part A, B, or D in the prior

season

d Beneficiaries in this category are continuously enrolled in Medicare Part A, B, and D for the entirety of the prior season
¢ Beneficiaries in this category are not continuously enrolled in Medicare Part A, B, and D in the prior season
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eTable 5. Risk differences between the matched statin user and non-user Medicare beneficiary

cohorts for the 2010-2015 influenza seasons

Statin Users Statin Non-users Risk Differences?
Season and Outcome Outcorpe 95% CI Outcome 95% C] _Risk 95% ClI
Rate Rate Difference

Influenza-related office visits

2010-2011 0.42 (0.35-0.52) 0.36 (0.29 - 0.45) 0.06 (-0.06 - 0.18)
2011-2012 0.13 (0.09 - 0.18) 0.15 (0.11 - 0.20) -0.02 (-0.08 - 0.04)
2012-2013 1.28 (1.16 - 1.42) 1.18 (1.07 - 1.31) 0.10 (-0.08 - 0.28)
2013-2014 0.64 (0.57 - 0.73) 0.59 (0.52 - 0.67) 0.05 (-0.06 - 0.16)
2014-2015 3.15 (3.00 - 3.30) 2.92 (2.77 - 3.07) 0.23 (0.02 - 0.44)
Hospitalized Influenza

2010-2011 0.21 (0.16 - 0.28) 0.25 (0.19-0.32) -0.04 (-0.13 - 0.05)
2011-2012 0.11 (0.08 - 0.16) 0.14 (0.10-0.19) -0.03 (-0.09 - 0.03)
2012-2013 0.82 (0.73 - 0.93) 0.76 (0.67 - 0.86) 0.06 (-0.08 - 0.21)
2013-2014 0.39 (0.34 - 0.46) 0.26 (0.22 - 0.32) 0.13 (0.05-0.21)
2014-2015 1.59 (1.48 - 1.70) 1.47 (1.37 - 1.58) 0.12 (-0.03 - 0.27)

Abbreviation: ClI, confidence interval

a Statin non-users were used as the reference group for rate difference calculations
b Only cases occurring during high influenza circulation periods, which are more likely to be associated with influenza
infections, were included for all analyses
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eTable 6. Rate ratio estimates with 95% confidence intervals and AIC values for all vaccine
subgroup analysis Poisson models?

Outcome Model Rate P- 95% ClI AlIC
Ratio Value
Influenza- | Multivariate Poisson - No Vaccine Type 1.086 0.005 (1.025 - 1.150) 59479.98
related Interactionbe
Office Multivariate Poisson- Vaccine Type Interaction?
Visits Standard Dose 1.133 | 0.002 | (1.047 - 1.227) 5048051
High Dose 1.050 0.270 | (0.962 - 1.146) '
Quadrivalente 0.901 0.452 | (0.685-1.183)
Influenza Multivariate Poisson - No Vaccine Type Interaction® | 1.096 0.022 | (1.013-1.185) | 38016.18
Hosp|tal|zat Multivariate Poisson - Vaccine Type Interaction
ons
! Standard Dose 1.075 0.178 | (0.968 - 1.194)
. 38017.18
High Dose 1.153 0.022 (1.021, 1.303)
Quadrivalent 0.781 0.281 | (0.498, 1.224)

a Only cases occurring during high influenza circulation periods, which are more likely to be associated with influenza

infections, were included for all analyses
bThe multivariate Poisson models in this study adjusted for all the variables used in the matching process (see Table 1)

¢ The multivariate models without vaccine type interaction are the best fitting models for both outcomes based on their AIC

values

dThe p-values for the vaccine type and statin use interaction term ranged from 0.11 to 0.20 for the influenza-related office
visit outcome and ranged from 0.18 to 0.39 for the influenza hospitalization outcome
¢ The number of quadrivalent influenza vaccinations in the study were included for completeness, but represented a small
share of all vaccinated beneficiaries
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eTable 7. Outcome rates and Poisson model rate ratio estimates for the HCTZ negative

exposure analysis in the 2010-2015 influenza seasons?

Poisson Model
HCTZ Users HCTZ Non-Users Raw Rate RatioP® Estimated Rate
Ratio
Outcom Outcom
Outcome Person- | " Rate Person- | " Rate
Outco Time (per Outco Time (per
(20,000 (20,000 Ratio | 95 % CI Ratio | 95% CI
me (#) Person égg%% me (#) Person égg%?}
Weeks) Weeks) Weeks) Weeks)
Influenza-
Related 495 433 1.14 524 432 1.21 0.94 | (0.83,1.07) [ 0.94 | (0.83-1.07)
Office Visits
Influenza
Hospitalizati | 349 434 0.80 359 434 0.83 0.97 |(0.84,1.13) [ 0.97 | (0.83-1.12)
ons

Abbreviation: HCTZ, hydrochlorothiazide

a0nly cases occurring during high influenza circulation periods, which are more likely to be associated with influenza infections,
were included for all analyses
bHCTZ non-users served as the reference group for all rate ratio calculations
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eTable 8. Outcome rates and Poisson model rate ratio estimates for the PPI negative exposure
analysis in the 2010-2015 influenza seasons?

Poisson Model
PPI Users PPI Non-Users Raw Rate RatioP® Estimated Rate
Ratio
Outcom Outcom
Outcome Person- | & Rate Person- | . Rate
Outco (Tll{)ngoo (per Outco (Tllg]ce)oo (per Ratio | 95% Cl  |[Ratio | 95% Cl
MO pason | 10000 | me )| prson | 19900
Weeks) Weeks) Weeks) Weeks)
Influenza-
Related 1,173 | 658 1.78 971 657 1.48 1.21 | (1.11,1.31) |1.206 | (1.11-1.31)
Office Visits
Influenza
Hospitalizati 718 659 1.09 602 659 0.91 1.19 | (1.07,1.33) [1.185 | (1.06-1.32)
ons

Abbreviation: PPI, proton pump inhibitor

a0nly cases occurring during high influenza circulation periods, which are more likely to be associated with influenza infections,
were included for all analyses
bPPI non-users served as the reference group for all rate ratio calculations
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eTable 9. Number of Medicare beneficiaries in the study population by outcome type and
number of outcomes across the 2010-2015 influenza seasons?

H
Beneficiaries

i

Beneficiaries

H
Beneficiaries

#

Beneficiaries

Outcome with no | with with with
Outcome in Outcome(s) Outcomes in | Outcomes in
any Season® in 1 Season 2 Seasons 3 Seasons
In High Circulation Flu Season
Influenza-Related Office Visits or Hospitalized 1,882,259 6,738 5 1
Influenza
Influenza-Related Office Visits 1,884,352 4,648 3 -
Hospitalized Influenza 1,886,492 2,509 2 -
In High/Medium/Low Circulation Flu Season
Influenza-Related Office Visits or Hospitalized 1,880,124 8.857 21 1
Influenza
Influenza-Related Office Visits 1,882,847 6,144 12 -
Hospitalized Influenza 1,885,754 3,246 3 -

a Only cases occurring during high influenza circulation periods, which are more likely to be associated with influenza

infections, were included for all analyses

b Column categories in the table are mutually exclusive
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eMethods. Functional forms of the Poisson regression models used in the primary analysis

comparing the influenza outcome rate among statin users to statin non-users in the 2010-2015
influenza seasons?

The log-linear functional forms of the Poisson regression models we ran for the primary study analysis and negative
exposure analysis are listed below. The same models were used for the negative exposure analysis, with PPl use or
HCTZ use as the treatment in place of statin use.

1) log(RR(1Y|xx)) = BBo + Pf1TTax + ffz ssccllissssll

2)  log(R(Y|x)) = o + BBaTTer 4 BB2 ssccllissssll 4+ Y3 ppete

3)  log(R(1V|x)) = o + PPaTTux + BBz ssccllssssUl + BB (TTux = ssccllssssll) + e ppete

Notation:

YY =outcome (e.g. influenza hospitalization)
xx = complete set ofstudycovariates
TTxx=treatmentvariable (e.g. statin user)

e Y. = study covariates and their coefficients

a Only cases occurring during high influenza circulation periods, which are more likely to be associated with influenza
infections, were included for all analyses
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Effectiveness and duration of effectiveness of the Zostavax
vaccine among Medicare beneficiaries ages 65 years and older
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Background. Tens of millions of seniors are at risk of herpes zoster (HZ) and its complications. Live attenuated herpes zoster
vaccine (HZV) reduces that risk, although questions regarding effectiveness and durability of protection in routine clinical practice
remain. We used Medicare data to investigate HZV effectiveness (VE) and its durability.

Methods. This retrospective cohort study included beneficiaries ages 265 years during January 2007 through July 2014. Multiple
adjustments to account for potential bias were made. HZV-vaccinated beneficiaries were matched to unvaccinated beneficiaries
(primary analysis) and to HZV-unvaccinated beneficiaries who had received pneumococcal vaccination (secondary analysis). HZ
outcomes in community and hospital settings were analyzed, including ophthalmic zoster (OZ) and postherpetic neuralgia (PHN).

Results. Among eligible beneficiaries (average age 77 years), the primary analysis found VE for community HZ of 33% (95%
CI: 32%-35%) and 19% (95% CI: 17%-22%), for the first 3, and subsequent 4+ years postvaccination, respectively. In the secondary
analysis, VE was, respectively, 37% (95% CI: 36%-39%) and 22% (95% CI: 20%-25%). In the primary analysis, VE for PHN was 57%
(95% CI: 52%-61%) and 45% (95% CI: 36%-53%) in the first 3 and subsequent 4+ years, respectively; VE for hospitalized HZ was,
respectively, 74% (95% CI: 67%-79%) and 55% (95% CI: 39%-67%). Differences in VE by age group were not significant.

Conclusions. In both the primary and secondary analyses, HZV provided protection against HZ across all ages, but effectiveness
declined over time. VE was higher and better preserved over time for PHN and HZ-associated hospitalizations than for community HZ.

Keywords. Herpes Zoster vaccine; vaccine effectiveness; post-herpetic neuralgia; opthalmic zoster; elderly.

Herpes zoster (HZ) is a painful condition resulting from the
reactivation of the varicella—zoster virus (VZV) from a latent
state in sensory nerve ganglia. The disease manifests as a vesic-
ular rash, characteristically unilateral, and restricted to a single
dermatome, accompanied by pain along the dermatome. Older
populations are particularly affected as the incidence and sever-
ity increases with age. There is a marked increase in the inci-
dence of HZ after age 50, which correlates with aging-related
decline in cell-mediated immunity [1]. Studies in Canada, Israel,
Japan, Taiwan, and the United States reported age-adjusted HZ
incidence rates of 8 to 11 per 1000 person-years in populations
ages =65 years, whereas incidence in the general population
was lower, ranging from 3.4 to 5.0 per 1000 person-years [2, 3].
Complications of HZ include ophthalmic zoster (OZ), bacterial
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superinfections of skin lesions and disseminated infections, par-
ticularly among immunocompromised patients [4]. The most
common serious complication of HZ is postherpetic neuralgia
(PHN) [5]. Adults older than 70 years have a 4-fold increased
risk of PHN compared with those younger than 60 years [6, 7].

The live-attenuated herpes zoster vaccine, ZOSTAVAX®
(Zoster Vaccine Live; Merck & Co., Inc., Whitehouse Station,
NJ) was initially licensed in the United States in 2006 to prevent
HZ, following a clinical trial in over 38 000 participants ages
>60 years with no history of HZ, immunosuppression, or other
conditions that could interfere with study participation [8]. In
this randomized study, the vaccine (HZV) reduced HZ inci-
dence by 51% (95% CI: 44%, 58%) [1]. Post-marketing studies
have generally not been powered to fully explore the roles and
interactions of factors such as time since vaccination, age, and
disease outcome (e.g., PHN, OZ, and hospitalized HZ) on HZV
effectiveness [1, 9-15].

Our objective in this study was to use Medicare databases to
robustly evaluate the effectiveness and duration of protection
provided by the live-attenuated HZV among beneficiaries ages
>65 years by age and risk group.
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METHODS

Study Population

Medicare beneficiaries ages =65 years enrolled in fee-for-
service Medicare Parts A (inpatient services), B (outpatient
services), and D (prescription drugs) were analyzed retrospec-
tively, comparing those who received a claim for HZV to those
who were unvaccinated. Exposure to the HZV was identified
using National Drug Codes (NDCs) for ZOSTAVAX, with the
vaccination date used as the index date. Vaccinations between
January 1, 2007, and July 31, 2014 were eligible for use as index
dates. For the unvaccinated cohort, index dates were assigned to
match the distribution of vaccination dates, subject to eligibility
requirements.

Beneficiaries were included in the analyses if they had 12
months of continuous enrollment in Medicare A/B/D, ensur-
ing that data exist to define baseline characteristics (Figure 1).
Additionally, to ensure that unvaccinated beneficiaries were
truly unvaccinated, beneficiaries were included in analyses
only if they were enrolled in Medicare Part D since at least
May 2006, when HZV was first licensed. Beneficiaries were
excluded if they had an overlapping nursing home, skilled
nursing facility, or hospice stay because claims from these set-
tings are less complete, or if they received an HZ diagnosis
or claim for an immunocompromising medical condition in
the 12 months prior, or immunosuppressive treatment in the
6 months prior to their index date (Appendix I-II), because
these conditions and drugs are known to reduce the effective-
ness of the vaccine.

Cohort Follow-up

Start of follow-up began 30 days after cohort entry [1].
Beneficiaries were followed continuously until: a subse-
quent HZV claim, death, disenrollment from fee-for-service
Medicare, end of study (July 31, 2014), admission to a nursing
home, skilled nursing facility, or hospice, occurrence of the out-
come of interest, or an immunosuppressive drug claim in the
first 2 months after index date.

Outcomes

Incident HZ cases were defined using International Classification
of Diseases, Ninth Revision (ICD-9-CM) codes (053.XX for HZ
and 053.2X for OZ). Cases were captured in institutional and
noninstitutional care settings and categorized into 5 separate
outcomes: community HZ, hospitalized HZ, community OZ,
hospitalized OZ, and PHN. We do not present our hospitalized
OZ results because of low sample size and overall similarity to
findings on hospitalized HZ. To identify hospitalized HZ, we
used inpatient claims with a primary diagnosis of HZ, which
has been shown to have a positive predictive value (PPV) of
86% [15]. For community cases, outcomes in any diagnosis
position were used with reported PPVs ranging from 85.2% to
98% [7, 16].

185

PHN is an important consequence of HZ, especially in
older adults. However, detection of PHN may be biased when
ascertainment is restricted to medically attended care and is
particularly challenging when using administrative data [10,
16]. PHN was defined using a modified version of the algo-
rithm in Klompas et al. [16]. Cases of PHN were identified
based on the presence of ICD-9 053.xx in the 90-180 days
after an incident HZ diagnosis in combination with at least
one of the following events: (1) a new prescription of a PHN
treatment (Appendix III) in the 0-60 days from incident HZ
diagnosis, (2) the presence of HZ with nervous system com-
plications (ICD-9 053.1x) in the 90-180 days from incident
HZ diagnosis, or (3) the presence of a new diagnosis for neu-
ralgia (ICD-9 729.2x) in the 0-180 days from incident HZ
diagnosis.

Covariates

This study accounted for well-studied risk factors of HZ in add-
ition to other potential risk factors believed to be associated
with risk of HZ or propensity to seek care once HZ is contracted
(Appendix IV) [11, 14, 17, 18]. To achieve balance between
cohorts, 1:1 propensity score matching was used, with propen-
sity scores estimated from a logistic regression using all covari-
ates. Beneficiaries were matched using this propensity score and
the minimum Mahalanobis distance for key covariates: age, sex,
race, and low-income subsidy status [19].

Falsification Outcomes

HZV recipients might differ from nonrecipients in their abil-
ity or desire to access care for HZ or on other unmeasured
confounders, introducing ascertainment or selection bias. We
adopted the approach in Tseng et al. [11, 17, 20-23] to check
for such bias: hazard ratios were calculated for 13 acute sympto-
matic conditions (Appendix V) in the vaccinated and matched
unvaccinated cohorts. Because these conditions were unrelated
to HZ, as a group, the hazard ratios were expected to cluster
around 1.0; any deviations from 1.0 would alert us to potential
biases.

Statistical Analysis

Incident outcome rates were calculated by dividing the number
of cases by the total person-years of observation. Doubly robust
Cox regression models were used to estimate the hazard ratios
for incident HZ and PHN in the vaccinated compared with the
unvaccinated population, in which time intervals were interacted
with vaccine status. Doubly robust models adjust for all baseline
characteristics (Appendix IV) to account for any residual con-
founding in post-matching analyses [24, 25]. Additionally, for
those beneficiaries in the cohorts who were started on immuno-
suppressive therapies after the index date, drug use was included
in the model as a time-varying covariate (Appendix II). Vaccine
effectiveness (VE) was calculated as (1-HR) x 100%, where HR
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is the estimated hazard ratio between the 2 cohorts for a particu- pneumococcal vaccine (PV; Pneumovax®23, Merck & Co Inc.,
lar time interval, unless noted otherwise. Whitehouse Station, New Jersey) but did not receive HZV. PV
The secondary analysis used analogous methods but  beneficiaries were followed from vaccination as their index
compared HZ vaccinees to beneficiaries who received a  date. Additional analyses were performed on both primary and

Table 1. Demographic and Health-related Characteristics at Baseline in Propensity Score and Mahalanobis Matched Medicare Beneficiaries in the
Primary Analysis Comparing Vaccinated and Unvaccinated Cohorts From January 2007 to July 2014

Demographic Variables Vaccinated Unvaccinated® Austin Std. Diff°
Base population 945992 945992
Age (continuous) ¢
Mean 77 77 0.00
SD 6.15 6.15
Age (categories) © . .
65-69 106167 1% 106077 1M % 0.00
70-74 292343 31% 292606 31% 0.00
75-79 262853 28% 262935 28% 0.00
80-84 172306 18% 172203 18% 0.00
85-89 84236 9% 84174 9% 0.00
90+ 28087 3% 27997 3% 0.00
Sex . .
Male 316743 33% 316545 33% 0.00
Female 629249 67% 629447 67% 0.00
Race . .
White 850032 90% 850118 90% 0.00
Black 22086 2% 22068 2% 0.00
Asian 44621 5% 44581 5% 0.00
Hispanic 10905 1% 10895 1% 0.00
Other 18348 2% 18330 2% 0.00
Metropolitan statistical area . .
Urban 672857 71% 672710 71% 0.00
Rural 271872 29% 272045 29% 0.00
Low-income subsidy status . o
No LIS 740582 78% 740643 78% 0.00
Hospital visits . .
1 96593 10% 97966 10% 0.00
2+ 34458 4% 34559 4% 0.00
ER visits . .
0 765417 81% 764715 81% 0.00
1 131875 14% 132528 14% 0.00
2+ 48700 5% 48749 5% 0.00
Physician office visits . .
0-4 153886 16% 152646 16% 0.00
5-10 285905 30% 287462 30% 0.00
11-20 291555 31% 291723 31% 0.00
21-30 120457 13% 120359 13% 0.00
31+ 94189 10% 93802 10% 0.00
Medical conditions . .
Diabetes 274517 29% 280717 30% 0.01
Kidney disease 86690 9% 88333 9% 0.01
Heart disease 263650 28% 266710 28% 0.01
Lung disease 195309 21% 197762 21% 0.01
Liver disease 14889 2% 14828 2% 0.00

Abbreviation: ER, emergency room.

 Data were measured 1 year prior to index date. For the vaccinated, the index date was the date of first vaccination. For the unvaccinated, the index date was assigned to match the
distribution of vaccination dates. The balance of covariates between the matched cohorts was assessed using the standardized mean difference [20]. A standardized mean difference of
0.1 or less indicated a negligible difference in means or proportions between cohorts. “The age distribution corresponds to the eligibility restriction that required beneficiaries be enrolled in
Medicare since vaccine licensure. Frailty characteristics consisted of dementia, home oxygen use, urinary catheter use, walker use, and wheelchair use. These characteristics were identified
in 1%-4% of the base population, where each was balanced between vaccinated and unvaccinated cohorts.

The full list of covariates that were included in the propensity score model are provided in Appendix IV.
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Table 2. Community Herpes Zoster (HZ) Incidence by Vaccination Status in the Primary Matched Population

187

No. Community

Total

No. Community

Total

Rate/1000 person-years

% Community HZ Cases that

HZ Cases Person-years HZ Cases Person-years (95% CI)
Characteristic Vaccinated Unvaccinated Vaccinated Unvaccinated Vaccinated Unvaccinated
Overall 27556 2576815 29383 1952710 10.7 (10.6, 10.8) 15.0 (14.9, 15.2) 2.9% 4.0%
Year of follow-up
1 7539 815355 11166 744417 9.2(9.0,9.5) 15.0(14.7 15.3) 2.5% 41%
2 6397 611365 7556 496000 10.5(10.2, 10.7) 15.2 (14.9, 15.6) 2.8% 3.6%
3 4655 420733 4417 299158  11.1(10.8, 11.4) 14.8 (14.3, 15.2) 3.4% 41%
4 3666 311440 2935 197024  11.8(11.4,12.2) 14.9(14.4, 15.4) 3.1% 4.4%
5 2880 229428 1976 130598 12.6 (12.1,13.0) 15.1 (14.5, 15.8) 3.3% 4.6%
6 1716 132459 990 63737 13.0(12.4,13.6) 15.5(14.6, 16.5) 2.7% 5.3%
7+ 703 56036 343 21776 12.5(11.7,13.5) 15.8 (14.2, 17.5) 1.0% 1.5%
Age
65-69 3940 405346 3944 280504 9.7 (9.4,10.0) 14.1(13.6, 14.5) 2.5% 3.8%
70-74 8869 871173 9782 667538 10.2 (10.0, 10.4) 14.7 (14.4, 14.9) 2.6% 3.6%
75-79 7465 675940 7860 517660 11.0(10.8, 11.3) 15.2 (14.9, 15.5) 2.7% 42%
80-84 4696 406809 4959 317050 11.5(11.2, 11.9) 15.6 (15.2, 16.1) 3.6% 5.0%
85-89 2019 170667 2179 133734 11.8(11.3, 12.4) 16.3 (15.6, 17.0) 3.5% 3.9%
90+ 567 46880 659 36224 12.1(11.1,13.1) 18.2 (16.9, 19.6) 2.8% 3.8%
Sex
Male 7892 864607 8493 649840 9.1(8.9,9.3) 13.1(12.8,13.4) 3.0% 4.1%
Female 19664 1712209 20890 1302871 11.5(11.3,11.6) 16.0 (15.8, 16.3) 2.8% 4.0%
Race
White 24559 2339618 26914 1767930 10.5(10.4, 10.6) 15.2 (15.0, 15.4) 2.8% 4.0%
Black 266 39948 355 37352 6.7 (5.9, 7.5) 9.5 (8.6, 10.5) 1.9% 4.5%
Other® 2731 197249 2114 147428 13.8(13.3, 14.4) 14.3 (13.7 15.0) 3.2% 4.1%

Abbreviations: Cl, confidence interval; HZ, herpes zoster; PHN, postherpetic neuralgia.

2The proportion of beneficiaries that were coded for postherpetic neuralgia in the 90-180 days after an incident community herpes zoster event among beneficiaries that received a

diagnosis for community herpes zoster.

bAsian, Hispanic, Native American, Other, and Unknown Race are included in the Race—Other category.

secondary populations to investigate whether there was effect
modification due to age, sex, and race.

This study was performed as part of the SafeRx Project, a joint
initiative of the Centers for Medicare and Medicaid Services
(CMS) and the US Food and Drug Administration (FDA). It
was approved by the Research in Human Subjects Committee of
FDA’s Center for Biologics Evaluation and Research. Analyses
were performed using R 3.0.2 (R Foundation for Statistical
Computing, Vienna, Austria) and SAS 9.4 (SAS Institute Inc.,
Cary, North Carolina).

RESULTS

Primary Analysis

Prior to matching, vaccinated and unvaccinated beneficiaries
differed considerably. After matching, a total of 945 992 vacci-
nated and 945 992 unvaccinated beneficiaries were obtained,
resulting in well-balanced cohorts (Table 1). The population
was 67% female, 90% white, and 77 years old on average at
index date. Beneficiaries were followed for up to 7.5 years with
the average length of follow-up being 2.5 years. Approximately
4% of beneficiaries were censored due to death and 17% due
to admittance to a nursing home, skilled nursing facility, or

hospice. During follow-up, 0.7% of eligible beneficiaries began
immunosuppressive treatment.

A total of 56 964 incident zoster outcomes were detected
in our matched study population. Among the 29 401 cases
in the unvaccinated cohort, 29 383 (>99%) received commu-
nity care, 429 (1%) were hospitalized, 2,699 (9%) experienced
OZ, and 1,229 (4%) experienced PHN. In the unvaccinated,
the incidence of HZ was 15.0 per 1000 person-years for com-
munity events and 0.21 per 1000 person-years for hospital-
ized events. About 4% of community and 9% of hospitalized
cases were also coded as PHN (Table 2, eTable 1). HZ rates
remained steady by calendar year in the unvaccinated cohort
(eFigure 2).

Before conducting the main analysis, we assessed whether
there were underlying differences between study cohorts. We
compared vaccinated to unvaccinated beneficiaries using 13
falsification outcomes, which were expected to have no associ-
ation with HZ. The adjusted hazard ratio (AHR) of the 13 fal-
sification outcomes in the vaccinated and unvaccinated cohorts
ranged from 0.72 (95%CI: 0.70-0.73) for hip fracture outcomes
to 1.17 (95%CI: 1.15-1.20) for lipoma (Figure 2). After running
the main analysis, none of the 13 outcomes had an AHR as far
from the null (1.0) as that of the zoster outcomes.
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Table 3a. Primary Analysis: Adjusted Vaccine Effectiveness and 95% Cl Comparing Herpes Zoster Vaccinated to Unvaccinated for Community Herpes
Zoster, Hospitalized Herpes Zoster, Community Ophthalmic Zoster and Postherpetic Neuralgia Outcomes by Years of Follow-up®

Outpatient Herpes Zoster ~ Hospitalized Herpes Zoster® (No. Outpatient Opthalmic Zoster (No. Postherpetic Neuralgia (No.
(No. Outcomes = 56 939) Outcomes = 614) Outcomes = 5,282) Outcomes = 2,033)
Year of Follow-up VE (95% CI) VE (95% CI) VE (95% ClI) VE (95% CI)
Primary model
First 3 years 33%** (32%, 35%) TA%** (67 %, 79%) 31%** (27%, 36%) 57%** (562%, 61 %)
4 or more 19%** (17%, 22%) 55%** (39%, 67 %) 21%** (12%, 29%) 45%** (36%, 53%)
years
Yearly model
1 38%** (37%, 40%) 77%** (68%, 84%) 38%** (32%, 44%) 70%** (63%, 76%)
2 32%** (29%, 34%) 68%** (65%, 78%) 28%** (20%, 36%) 49%** (39%, 57%)
3 25%** (22%, 28%) 75%** (60%, 84%) 22%** (11%, 32%) 50%** (39%, 59%)
4 21%** (17%, 25%) 45%* (1%, 66%) 19%** (6%, 31%) 44%** (28%, 56%)
5 17%** (12%, 22%) 52%* (15%, 73%) 21%* (4%, 34%) 40%** (21%, 54%)
6 17%** (10%, 23%) 66%** (30%, 83%) 19% (-3%, 37%) 52%** (31%, 66%)
7+ 21%** (11%, 31%) 70%* (25%), 88%) 33% (-1%, 55%) 60%** (28%, 78%)

Abbreviations: Cl, confidence interval; HR, hazard ratio; HZ, herpes zoster; VE, vaccine effectiveness.

“Significance: ** P< .01, * P < .05.

°Approximately 90% of hospitalized HZ cases were identified in hospital stays lasting > 2 nights. VE Formula for All: 1—[(HR in Cohort) * (HR interaction of Cohort x Years of follow-up) * 100%
VE Formula for Subgroups: 1—[(HR in Cohort) * (HR interaction of Cohort x Years of follow-up) * (HR interaction of Cohort x Age/Sex/Race)] * 100% Demographic factors, socioeconomic condi-
tions, healthcare utilization characteristics, frailty characteristics, functional immunocompromising chronic conditions, and time-varying immunocompromising drugs were adjusted in the model.

Table 3b. Primary Subgroup Analysis: Adjusted Vaccine Effectiveness and 95% Cl Comparing Herpes Zoster Vaccinated to Unvaccinated for Community
Herpes Zoster, Hospitalized Herpes Zoster, Community Ophthalmic Zoster, and Postherpetic Neuralgia Outcomes by Years of Follow-up®

Community Herpes Zoster Hospitalized Herpes Zoster® Community Ophthalmic Zoster Postherpetic Neuralgia
(No. Outcomes = 56939) (No. Outcomes = 614) (No. Outcomes = 5282) (No. Outcomes = 2033)
First 3 Years 4 or More Years First 3Years 4 or More Years First 3 Years 4 or More Years First 3 Years 4 or More Years
Subgroups®  VE (95% ClI) VE (95% CI) VE (95% CI) VE (95% Cl) VE (95% Cl) VE (95% CI) VE (95% ClI) VE (95% CI)
Age
65-69 36%** (33%, 22%** (18%, 68%** (41%, 47%* (1%, 72%) 35%** (24%, 24%** (10%, 61%** (49%, 50%** (34%,
39%) 26%) 83%) 44%) 36%) 70%) 62%)
70-74 35%** (33%, 21%** (17 %, 70%** (57%, 51%** (26%,  29%** (22%, 18%** (7%, 28%) 55%** (46%, 42%** (29%,
37%) 24%) 79%) 67%) 36%) 62%) 53%)
75-79 32%** (30%, 17%** (13%, 73%** (61%, 56%** (32%, 33%** (256%, 22%** (10%, 61%** (64%, 50%** (38%,
34%) 21%) 81%) 71%) 40%) 32%) 68%) 60%)
80-84 31%** (28%, 16%** (11 %, T4%** (61%, 57%** (31%, 32%** (22%, 21%** (7%, 55%** (456%, 42%** (26%,
34%) 20%) 82%) 73%) 40%) 32%) 63%) 54%)
85-89 32%** (27%, 17%** (1%, 75%** (60%, 59%** (29%, 30%** (16%, 19% (0%, 35%) 47%** (27%, 32%* (4%, 52%)
36%) 22%) 85%) 77%) 42%) 61%)
90+ 37%** (29%, 23%** (13%, 88%** (67%, 79%** (44%, 32%* (3%, 52%) 21% (-14%, 58%** (22%, 46% (-2%, 72%)
43%) 31%) 95%) 93%) 45%) 78%)
Sex
Male 35%** (32%, 21%** (17%, TA%** (63%, 55%** (32%,  40%** (33%, 30%** (21%, 56%** (47 %, 44%** (31%,
37%) 24%) 81%) 70%) 46%) 39%) 63%) 54%)
Female 33%** (31%, 19%** (16%, 74%** (66%, 55%** (37%, 27%** (22%, 16%** (6%, 25%) 57%** (62%, 46%** (36%,
34%) 21%) 79%) 68%) 33%) 62%) 54%)
Race
White 35%** (34%, 21%** (18%, 74%** (67%, 55%** (39%, 31%** (27%, 21%** (12%, 58%** (63%, 47%** (38%,
36%) 24%) 79%) 68%) 36%) 29%) 63%) 55%)
Black 32%** (21%,  18%* (4%, 30%) 90%* (21%, 83% (-36%, 44%* (2%,68%) 35% (-14%, 73%* (25%, 90%) 65%* (5%, 87%)
42%) 99%) 98%) 63%)
Asian 12%** (6%, 18%) —6% (-15%, 1%) 70%** (51%, 49%* (13%, 29%** (12%, 18% (-3%, 35%) 39%** (17%, 22% (-7%, 44%)
Other  18%** (9%, 25%) 0% (~11%, 10%) 82%) 71%) 43%) 55%)

Abbreviations: Cl, confidence interval; HR, hazard ratio; HZ, herpes zoster; VE, vaccine effectiveness.

“Significance: ** P < .01, * P< .05.

PApproximately 90% of hospitalized HZ cases were identified in hospital stays lasting > 2 nights.

°VE Formula for All: 1—[(HR in Cohort) * (HR interaction of Cohort x Years of follow-up) * 100%. VE Formula for Subgroups: 1—[(HR in Cohort) * (HR interaction of Cohort x Years of
follow-up) * (HR interaction of Cohort x Age/Gender/Race)] * 100% Demographic factors, socio-economic conditions, healthcare utilization characteristics, frailty characteristics, functional
immunocompromising chronic conditions, and time-varying immunocompromising drugs were adjusted in the model.
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Table 3c.
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Secondary Analysis: Adjusted Vaccine Effectiveness and 95% Cl Comparing Herpes Zoster Vaccinated to Pneumococcal Vaccinated for

Community Herpes Zoster, Hospitalized Herpes Zoster, Community Ophthalmic Zoster and Postherpetic Neuralgia Outcomes by Years of Follow-up®

Community Herpes Zoster
(No. Outcomes = 45477)

Hospitalized Herpes Zoster”
(No. Outcomes = 452)

Community Ophthalmic Zoster
(No. Outcomes = 4311)

Postherpetic Neuralgia
(No. Outcomes = 1519)

First 3 Years

4 or More Years

First 3 Years

4 or More Years

First 3 Years

4 or More Years

First 3 Years

4 or More Years

Subgroups®  VE (95% Cl) VE (95% CI) VE (95% CI) VE (95% ClI) VE (95% ClI) VE (95% ClI) VE (95% ClI) VE (95% ClI)
All 37%** (36%, 22%** (20%, 26%) 67%** (68%, 34%* (8%, 53%) 39% ** (35%, 43%) 19%** (10%, 28%) 63%** (67%, 47%** (36%,
39%) 74%) 67 %) 55%)
Age
65-69 40%** (37%, 25%** (21%, 29%) 69%** (38%, 41% (-22%, 71%) 43%** (32%, 52%) 24%** (9%, 36%) 63%** (49%, 47%** (26%,
43%) 85%) 74%) 62%)
70-74 38%** (36%, 23%** (19%, 26%) 51%** (26%, 5% (-52%, 40%) 39%** (31%, 46%) 18%** (6%, 29%) 67%** (69%, 52%** (40%,
40%) 68%) 73%) 62%)
75-79 37%** (36%, 21%** (17%, 25%) 67%** (49%, 35% (-5%, 60%) 40%** (33%, 47%) 20%** (7%, 31%) 62%** (63%, 46%** (30%,
39%) 78%) 70%) 58%)
80-84 36%** (33%, 20%** (16%, 24%) 76%** (63%, 54%** (24%, 39%** (29%, 47%) 18%* (3%, 31%) 57%** (46%, 38%** (19%,
39%) 85%) 72%) 66%) 53%)
85-89 36%** (32%, 20%** (14%, 26%) 66%** (43%, 34% (-20%, 63%) 35%** (20%, 48%) 14% (-9%, 32%) 61%** (46%, 44%* (19%,
41%) 80%) 73%) 62%)
90+ 32%** (23%, 15%* (3%, 26%) 81%** (42%, 62% (-19%, 88%) 29% (-7%, 53%) 5% (-456%, 37%) 60%* (13%, 42% (-28%,
40%) 94%) 81%) 73%)
Gender
Male 39%** (36%, 24%** (20%, 27%) 63%** (46%, 26% (-16%, 53%) 48% ** (42%, 54%)32%** (21%, 41%) 63%** (65%, 48%** (34%,
41%) 75%) 70%) 59%)
Female 37%** (356%, 22%** (19%, 24%) 69%** (69%, 37%* (10%, 56%)34%** (29%, 40%) 13%* (3%, 23%) 62%** (66%, 46%** (35%,
38%) 76%) 68%) 55%)
Race
White 39%** (37%, 24%** (21%, 26%) 69%** (60%, 38%** (12%, 39%** (34%, 43%) 19%** (10%, 28%) 63%** (58%, 47%** (37%,
40%) 76%) 56%) 68%) 56%)
Black 36%** (22%, 20%* (3%, 34%) 86% (-19%, 71% (-142%, 26% (-52%, 64%) 2% (-103%, 59%) 90%** (59%, 86%** (41%,
47%) 98%) 97%) 98%) 97%)
Asian 23%** (17%, 4% (4%, 12%) 48%* (7%,  -3% (-:92%, 45%) 44%** (29%, 56%) 26%* (4%, 43%) 49%** (256%, 28% (-8%, 52%)
29%) 71%) 66%)
Other 24%** (15%, 6% (-6%, 17%)
33%)

Abbreviations: Cl, confidence interval; HR, hazard ratio; HZ, herpes zoster; VE, vaccine effectiveness.

“Significance: ** P< .01, * P < .05.
°Approximately 90% of hospitalized HZ cases were identified in hospital stays lasting > 2 nights.
°VE Formula for All: 1—[(HR in Cohort) * (HR interaction of Cohort x Years of follow-up) * 100%. VE Formula for Subgroups: 1—[(HR in Cohort) * (HR interaction of Cohort x Years of

follow-up) * (HR interaction of Cohort x Age/Gender/Race)] * 100% Demographic factors, socio-economic conditions, healthcare utilization characteristics, frailty characteristics, functional

immunocompromising chronic conditions, and time-varying immunocompromising drugs were adjusted in the model.

In the fully adjusted analysis, vaccination was associated with
areduced risk of HZ (Table 3a). Compared to unvaccinated ben-
eficiaries, in the first 3 years of follow-up, the adjusted vaccine
effectiveness (AVE) was 33% (95% CI 32%-35%) for commu-
nity HZ; AVE declined slightly by age (P = .029), where it was
highest in ages 65-69 (36% [95% CI 33%-39%]) and lowest in
ages 80-84 (31% [95% CI 28%-34%]). For hospitalized HZ and
PHN, the AVE for the first 3 years of follow-up was higher: 74%
(95% Cl: 67%-79%) and 57% (95% CI: 52%-61%), respectively.
For all outcomes, there was no evidence of effect modification by
gender. Key predictors of HZ by setting are displayed in eTable 2.

For community HZ, AVE declined significantly over time
(Table 3a). VE was not only higher but also better retained over
time for PHN and hospitalized HZ than for community HZ.
Trends on the duration of protection for the vaccine are also
summarized in Figure 2. The unadjusted hazard rate for unvac-
cinated beneficiaries was flat in outcomes over time, whereas the

vaccinated started off with a low HZ hazard that increased over
time.

Secondary Analysis

In the secondary analyses, we matched 608 982 HZV recipi-
ents to 608 982 recipients of pneumococcal vaccine (Table 3c;
Supplemental Material). The AVE in the first 3 years of fol-
low-up for community HZ (37%, 95% CI 36%-39%) was 4%
higher than for the primary analysis (Table 3c). Results for all
other outcomes, including HZ hospitalizations and PHN, were
similar to those in the primary analysis.

DISCUSSION

We used matched cohort data from approximately 2 million
Medicare beneficiaries to investigate HZ vaccine effectiveness
and duration of protection, using multiple analytical approaches
to identify and address potential bias. This study assesses the
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Base Population: Beneficiaries who
received the vaccine between January 1,
2007 and July 31, 2014
N= 5,427,488

A\ 4

Beneficiaries must be:
1. 265 years of age
2. Continuously enrolled in Medicare Part
A/B/D 365 days prior to vaccination
3. Continuously enrolled in Part D since
vaccine approval (May 2006)
N= 1,153,163 (79% excluded)

\ 4

Beneficiaries must not be in a nursing
home, skilled nursing facility (SNF), or
hospice on vaccination date
N= 1,138,832 (1% excluded)

v

Beneficiaries must not be:

1. diagnosed with herpes zoster or
immunocompromising conditions in
the 1 year prior to vaccination

2. using immunocompromising drugs
during the 6 months prior to
vaccination

N= 946,077 (17% excluded)

Figure 1. Vaccinated cohort flowchart.

effectiveness and durability of the live-attenuated HZV with
sufficient power to examine less common outcomes such as
PHN and HZ-associated hospitalizations, while controlling for
a wide range of HZ risk factors and potential confounders [1,
9, 12, 26, 27]. Furthermore, our Medicare fee-for-service data
are sourced from the general US population ages 65 years and
older, capturing the entire range of routine clinical practice.
Among eligible study participants averaging 77 years of age,
the primary and secondary analyses, respectively, found that
HZV was 33% and 37% effective for the prevention of com-
munity HZ during the first 3 years postvaccination. For PHN
and HZ-associated hospitalization, we found higher HZV
effectiveness, 57% and 74%, respectively, for the first 3 years
postvaccination in the primary analysis. The differences in
these estimates, and their consistency in both the primary and
secondary analyses, suggest real differences in VE for each of
these endpoints. The higher VE for PHN (57%) than for com-
munity HZ (33%) suggests some incremental benefit of the
vaccine in prevention of PHN beyond prevention of HZ per

190
se; this is also suggested by the higher proportion of HZ cases
who had PHN, a complication of HZ, among unvaccinated
relative to vaccinated cohorts (4.0% vs 2.9%, respectively).

These results were consistent for the primary and second-
ary analyses; nonetheless, the different estimates could also, in
part, reflect the influence of differences in ascertainment, or
other potential biases that could have differentially influenced
detection of each endpoint in vaccinated versus unvaccinated
beneficiaries.

Although the Shingles Prevention Study reported declines in
VE with age, our study found only limited evidence of age-re-
lated declines in VE, which is a pattern previously reported
[1, 11]. The difference with the SPS may relate to case finding:
HZ severity increases with age [1]. HZ severity would be less
likely to affect case finding in the SPS clinical trial with its active
phone-based surveillance, but it would in medical sector-based
studies such as ours. Although our results showed a small
decline in VE for community HZ between age groups, there
was no evidence of decline in other outcomes, which indicates
that VE does not change substantially with increasing age. HZV
also appears to protect Medicare beneficiaries despite their high
burden of chronic illness. Overall, our VE results are consist-
ent with those of other studies, although point estimates vary
across studies due to differences in source population charac-
teristics, case definitions and ascertainment, and other aspects
of study methodology [11, 12]. In our study, as in other obser-
vational studies, the overall vaccine effectiveness estimates may
be less accurate than relative VE estimates based on internally
controlled comparisons (such as age-specific and time-specific
changes in vaccine effectiveness).

In both the primary and secondary analyses, VE for com-
munity HZ declined significantly for years 4+ postvaccination
to 19% and 22%, respectively, showing that HZV protection
declines over time. Similar results have been published based
on long-term follow-up of the original study cohort from the
SPS, but the long-term follow-up study was uncontrolled and
unblinded [12]. A recent prospective cohort study also showed
waning of protection, though that study, conducted at a large
health maintenance organization [27], had less analytic power
and generalizability than our study. For PHN and HZ-associated
hospitalization, protection was better preserved than for com-
munity HZ with AVEs of 45% and 55%, respectively, for years
4+ in the primary analysis. The differences found in duration of
protection would need to be investigated further in other studies.

This study has several limitations. Because Medicare is an
administrative database, outcomes and risk factors were not
verified by medical record review. However, previous record
validation studies have consistently shown relatively high
positive predictive value for HZ as an outcome [11, 28-30].
Additionally, published population-based studies have indi-
cated that over 90% of adults self-reporting HZ sought medical
attention for the condition [31-34]. If measurement error were
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Community Herpes Zoster (No. Outcomes = 56 939)

191

Hospitalized Herpes Zoster (No. Outcomes = 614)
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Postherpetic Neuralgia (No. Outcomes = 2033)

25+

204

Hazard Rate Per 1000 Person-Year

0.0 4

Hazard Rate Per 1000 Person-Year

Years of Follow-up

Plots are cubic spline models using 1 knot (Royston and Parmar).

Years of Follow-up

Models were ran on matched cohorts without adjusting for covariates.

Figure 2.

Primary analysis: fitted hazard rates and 95% confidence interval (Cl) using a cubic spline model for vaccinated and unvaccinated cohorts.

a problem, we would expect VE for nonspecific outcomes like
community HZ to be understated. However, when we analyzed
OZ, which is a particularly distressing form of HZ that would
almost certainly require medical attention, we found that HZV
was similarly effective at preventing community OZ as it was for
preventing community HZ. In general, analyzing more specific
outcomes in observational studies may sometimes introduce
biases by focusing on particular segments of the population. For
example, HZ-attributable hospitalization is an imperfect surro-
gate for HZ disease severity, as even primary-HZ coded hospi-
talizations are not always attributable to HZ [15]. The rates of
HZ-associated hospitalization may be influenced by other risk
factors for hospitalization not directly due to HZ. In an effort
to address this limitation we explored a more specific outcome
with an analysis that restricted community HZ to cases receiv-
ing antiviral treatment, and found that estimated VE was only
modestly increased (eTable 6).

We believe that this study is unlikely to have much error in
measuring vaccination status. Our cohorts are restricted to ben-
eficiaries enrolled in Medicare from the time HZV was licensed
so that any HZV would very likely be recorded in Medicare
claims. It is also unlikely that many Medicare beneficiaries would
choose to pay for this vaccine out-of-pocket, so Medicare claims
are likely to be nearly complete for this population. However,
because we used a conservative continuous-enrollment criteria,

the average age of our cohorts was older than that for Medicare
as a whole; thus, VE estimates in our study populations might
have been lower than for the general Medicare population.

Vaccinees may differ from nonvaccinees with respect to both
disease risk and healthcare- seeking behavior. Community HZ,
in particular, can be missed among beneficiaries who tend to
forgo medical care for nonserious conditions. To ensure com-
parability between cohorts, we matched by multiple potential
confounders and conducted a vaccinee-vaccinee analysis as
a secondary analysis. Falsification outcomes provide a novel
supplementary approach for identifying bias. Our falsification
outcomes clustered around the null (1.0), suggesting that there
was no systemic bias influencing relative outcomes in vaccinees
versus controls. Our aggregate use of this large number of falsi-
fication outcomes was intended to provide a more robust com-
parison group, under the expectation that it is unlikely that all
these independently-selected conditions would share causal
pathways with HZ. Nonetheless, examination of the results of
the individual conditions and their variance can provide clues
with which to detect and better understand residual differences
between vaccine and control groups.

In the secondary analysis, VE for community HZ in the
first 3 years postvaccination was only slightly higher than
in the primary analysis (37% vs 33%) and was similar to the
primary analysis for all other outcomes. This suggests that
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any potential bias related to healthcare-seeking behavior is
minimal. Indeed, although falsification outcomes did cluster
more tightly around the null in the secondary analysis com-
pared with the primary, the difference was slight. The 67%
VE estimate for HZ-associated hospitalizations for the first
3 years postvaccination in the secondary analysis was only
7% lower than in the primary analysis, and differences in
VE for HZ-associated hospitalizations were not statistically
significant (Table 3b). Further research would be needed to
confirm this.

In summary, we observed that the duration of protection
against community HZ wanes over time, yet the vaccine pro-
tects against HZ regardless of age and chronic illness. We
calculated that the number needed to vaccinate to avert an
episode of community HZ during our study period was just
30.6 (eTable 8). Our findings provide additional evidence
that the live HZV is effective at reducing the incidence of HZ
and its complications when used in clinical practice among
Medicare beneficiaries. Although effectiveness against com-
munity HZ was not high, the protection provided by this
vaccine was higher and more durable for HZ-hospitalizations
and PHN.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases
online. Consisting of data provided by the author to benefit the reader,
the posted materials are not copyedited and are the sole responsibil-
ity of the author, so questions or comments should be addressed to the
corresponding author.
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Supplemental Analyses on Primary Matched Population

eTable 1. Hospitalized Herpes Zoster (HZ) Incidence by Vaccination Status in the Primary Matched Population

’\.lo'. Total '\.‘0'. Total Rate/1000 person-years (95% % Hospitalized HZ Cases
o Hospitalized Person- Hospitalized Person-
Characteristic ql) that led to PHN?
HZ Cases years HZ Cases years
Vaccinated Unvaccinated Vaccinated Unvaccinated | Vaccinated | Unvaccinated
Overall 0.07 (0.06, 0.21(0.19,
185 2,633,481 429 2,006,051 0.08) 0.23) 8.6% 9.3%
Year of
follow-up
1 0.05 (0.04, 0.21(0.18,
40 818,909 155 749,423 0.07) 0.24) 15.0% 10.3%
) 0.07 (0.05, 0.22 (0.19,
45 619,895 113 506,696 0.10) 0.27) 8.9% 7.1%
3 0.06 (0.04, 0.23 (0.18,
26 431,114 72 310,139 0.09) 0.29) 3.8% 15.3%
4 0.10(0.07, 0.17 (0.13,
32 322,604 36 207,350 0.14) 0.24) 6.3% 2.8%
5 0.09 (0.06, 0.18 (0.12,
21 240,367 25 139,447 0.13) 0.27) 4.8% 4.0%
6 0.09 (0.05, 0.26 (0.16,
13 140,466 18 69,056 0.16) 0.41) 15.4% 11.1%
74 0.13 (0.07, 0.42(0.22,
8 60,128 10 23,940 0.27) 0.78) 0.0% 10.0%
Age
65-69 0.04 (0.03, 0.10 (0.07,
17 415,222 30 289,662 0.07) 0.15) 17.6% 10.0%
70-74 0.06 (0.05, 0.16 (0.14,
54 889,775 112 686,041 0.08) 0.20) 13.0% 6.3%
7579 0.07 (0.05, 0.21(0.17,
48 690,994 110 531,663 0.09) 0.25) 4.2% 13.6%
80-84 0.09 (0.06, 0.27 (0.22,
37 415,759 89 324,997 0.12) 0.34) 8.1% 9.0%
35-89 0.14 (0.09, 0.45(0.35,
24 174,063 62 136,738 0.21) 0.58) 4.2% 9.7%
90+ 0.10 (0.04, 0.70(0.48,
5 47,668 26 36,949 0.25) 1.03) 0.0% 3.8%
Gender
Male 0.06 (0.05, 0.18 (0.16,
54 880,919 123 664,982 0.08) 0.22) 9.3% 12.2%
Female 0.07 (0.06, 0.23(0.20,
131 1,752,562 306 1,341,068 0.09) 0.26) 8.4% 8.2%
Race
White 0.07 (0.06, 0.21(0.19,
158 2,389,621 373 1,817,094 0.08) 0.23) 9.5% 9.7%
Black 0.02 (0.00, 0.21(0.11,
1 40,347 8 37,863 0.18) 0.42) 0.0% 0.0%
Other® 0.13 (0.09, 0.32(0.24,
26 203,513 48 151,093 0.19) 0.42) 3.8% 8.3%

@ The proportion of beneficiaries that were coded for postherpetic neuralgia in the 90-180 days after an incident community herpes zoster event
among beneficiaries that received a diagnosis for community herpes zoster.

bAsian, Hispanic, Native American, Other, and Unknown Race are included in the Race - Other category.

As a note, approximately 90% of hospitalized HZ cases in both vaccinated and unvaccinated cohorts were identified in hospital stays lasting > 2
nights.



194

eTable 2. Summary of Key Demographic Factors and Their Association with Herpes Zoster Outcomes in the Primary

Matched Population

Community Herpes

Hospitalized Herpes

Community Ophthalmic

Postherpetic

Characteristic Zoster Zoster Zoster Neuralgia
Adj. Hazard Ratio Adj. Hazard Ratio Adj. Hazard Ratio Adj. Hazard Ratio
(95% ClI) (95% ClI) (95% Cl) (95% Cl)
Age
65-69 Reference Reference Reference Reference
70-74 1.07 (1.04, 1.10) 1.97 (1.41, 2.75) 1.07 (0.98,1.17) 1.11(0.95, 1.29)
75-79 1.11(1.08, 1.14) 2.41 (1.72, 3.38) 1.20(1.10, 1.32) 1.31(1.12,1.53)
80-84 1.14(1.10,1.17) 3.17 (2.23, 4.51) 1.25(1.13,1.39) 1.71(1.45, 2.02)
85-89 1.17(1.13,1.22) 5.22 (3.59, 7.59) 1.39(1.23,1.58) 1.59 (1.30, 1.96)
90+ 1.28 (1.20, 1.36) 7.05 (4.40, 11.31) 1.60(1.32,1.93) 1.63(1.17,2.28)
Gender
Female Reference Reference Reference Reference
Male 0.81(0.79, 0.82) 0.85(0.71, 1.02) 0.92 (0.87, 0.98) 0.86 (0.78, 0.95)
Race
White Reference Reference Reference Reference
Black 0.64 (0.59, 0.69) 0.62(0.32,1.21) 0.68 (0.51, 0.89) 0.63 (0.41, 0.98)
Other? 1.14 (1.10, 1.18) 1.25 (0.93, 1.67) 0.99 (0.87, 1.12) 1.15 (0.95, 1.38)

Chronic conditions

Liver Disease

1.14 (1.07, 1.21)

1.54 (0.92, 2.59)

1.15(0.92,1.42

Diabetes 0.95 (0.93, 0.97) 1.15 (0.97, 1.38) 0.96 (0.90, 1.02) 0.91 (0.82, 1.01)

Kidney Disease 1.03 (1.00, 1.07) 1.15 (0.88, 1.51) 1.10 (0.99, 1.22) 1.07 (0.91, 1.27)

Heart Disease 1.04 (1.02, 1.06) 1.13(0.94, 1.35) 1.00 (0.93, 1.06) 1.02 (0.92, 1.14)

Lung Disease 1.11 (1.08, 1.13) 1.31(1.08, 1.59) 1.08 (1.00, 1.16) 1.23 (1.10, 1.38)
)

0.72 (0.47,1.11)

aAsian, Hispanic, Native American, Other, and Unknown Race are included in the Race - Other category
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Supplemental Analyses on Secondary Matched Population

eTable 3. Community Herpes Zoster (HZ) Incidence Comparing Herpes Zoster Vaccinated (HZV) to Pneumococcal

Vaccinated (PV) in the Secondary Matched Population (No. HZV= 608,982, No. PV= 608,982)

No. . Total Person- No. . Total Person- | Rate/1000 person-years (95% % Community HZ Cases that
Characteristic Community ears Community ears (o)) led to PHN?
€ HZ Cases y HZ Cases v edto
HZV PV HzZV PV HZV PV
10.8 (10.7, 16.1(15.9, . .
Overall 19,509 1,799,787 25,968 1,671,445 11.0) 16.3) 2.8% 3.6%
Year of follow-
up®
1 4,880 525,212 8,664 564,981 | 9.3(9.0,9.6) 15?5(175)'0’ 2.5% 3.8%
10.6 (10.3, 15.6 (15.2, . .
2 4,348 411,496 6,347 406,366 10.9) 16.0) 2.8% 3.4%
11.1(10.7, | 15.5(15.1, . .
3 3,357 302,005 4,304 277,257 11.5) 16.0) 3.2% 3.9%
11.9 (11.4, 15.6 (15.1, . .
4 2,754 232,214 3,043 194,462 12.3) 16.2) 2.9% 3.3%
125(12.0, | 15.9(15.2, . .
5 2,197 175,724 2,099 131,956 13.0) 16.6) 3.0% 4.4%
12.9 (12.2, 15.8 (14.8, . .
6 1,369 106,169 1,092 69,308 13.6) 16.7) 2.5% 2.7%
12.9(11.9, | 15.5(14.0, . .
7+ 604 46,967 419 27,116 13.9) 17.0) 1.2% 1.2%
Age
9.7 (9.4, 142 (13.7, . .
65-69 2,705 277,983 3,772 266,137 10.1) 14.6) 2.2% 2.6%
10.4 (10.1, 14.8 (14.5, . .
70-74 6,155 594,082 8,234 554,853 10.6) 15.2) 2.5% 3.6%
113(11.0, | 15.9(156, . .
75-79 5,404 480,195 7,019 440,254 11.6) 16.3) 2.6% 3.4%
11.6 (11.2, 16.8 (16.3, . .
80-84 3,389 292,529 4,498 268,033 12.0) 17.3) 3.6% 4.3%
11.9(11.3, | 17.3(165, . .
85-89 1,450 122,088 1,938 112,266 12.5) 18.0) 3.5% 4.6%
12.3 (11.2, 17.0 (15.5, . .
90+ 206 32,904 507 29,902 13.6) 18.5) 2.5% 3.4%
Gender
Male 5,506 596,089 7,479 552,387 9.2(9.0,9.5) 13.?;18?;.2 ! 3.0% 3.9%
Female 14,003 1,203,693 18,489 1,119,058 11.6(114, 165 (163, 2.7% 3.5%
11.8) 16.8)
Race
. 107 (105, | 15.6(154, . .
White 17,491 1,641,380 23,714 1,517,278 10.8) 15.8) 2.8% 3.6%
9.8(8.7, . .
Black 168 24,936 269 27,461 6.7 (5.8,7.8) 11.0) 1.2% 6.7%
13.9(13.2 15.7 (15.0
b ’ ’ 0, 0,
Other 1,850 133,466 1,985 126,706 14.5) 16.4) 2.6% 2.8%

? The proportion of beneficiaries that were coded for postherpetic neuralgia in the 90-180 days after an incident community herpes zoster event
among beneficiaries that received a diagnosis for community herpes zoster.

bAsian, Hispanic, Native American, Other, and Unknown Race are included in the Race - Other category.

Beneficiaries were categorized into one cohort at baseline; however, if a pneumococcal vaccinated (PV) beneficiary received the herpes zoster
vaccine (HZV) after 30 days of administration, follow-up time was re-categorized into the HZV group. Thus, the HZV group was comprised of single
and dual vaccinated beneficiaries, while the PV group was comprised of beneficiaries that were only vaccinated with PV.



eTable 4. Adjusted Vaccine Effectiveness and 95% Cl by Years of Follow-up for Community Herpes Zoster Requiring a

Prescription for Antivirals within 7-days as a Sensitivity Analysis

Population

No. Community HZ
with Antivirals

First 3 Years

4 or more Years

VE (95% Cl)

VE (95% Cl)

Primary Analysis

40,876

40%** (39%, 42%)

21%** (18%, 24%)

Secondary Analysis

32,734

46%** (44%, 47%)

23%** (19%, 25%)

Significance: ** p<.01, * p<.05

VE Formula: 1 - [(HR in Cohort) * (HR interaction of Cohort x Years of follow-up) * 100%

Demographic factors, socio-economic conditions, healthcare utilization characteristics, frailty characteristics, functional immunocompromising

chronic conditions, and time-varying immunocompromising drugs were adjusted in the model

Primary Analysis: This is a comparison between herpes zoster vaccinated and unvaccinated beneficiaries
Secondary Analysis: This is a comparison between herpes zoster vaccines and pneumococcal vaccines.
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eTable 5. Primary Analysis: Adjusted Vaccine Effectiveness and 95% Cl by Each Year of Follow-up by Outcome?®

Year of Follow-

up

Community Herpes
Zoster (No. Outcomes
=56,939)

Hospitalized Herpes
Zoster (No. Outcomes
=614)

Community
Ophthalmic Zoster
(No. Outcomes =
5,282)

Postherpetic Neuralgia
(No. Outcomes =
2,033)

VE (95% Cl)

VE (95% Cl)

VE (95% Cl)

VE (95% Cl)

38%** (37%, 40%)

77%** (68%, 84%)

38%** (32%, 44%)

70%** (63%, 76%

32%** (29%, 34%)

68%** (55%, 78%)

28%** (20%, 36%)

49%** (39%, 57%

25%** (22%, 28%)

75%** (60%, 84%)

22%** (11%, 32%)

50%** (39%, 59%

21%** (17%, 25%)

45%* (11%, 66%)

19%** (6%, 31%)

17%** (12%, 22%)

52%* (15%, 73%)

21%* (4%, 34%)

40%** (21%, 54%

AN W[IN |~

17%** (10%, 23%)

66%** (30%, 83%)

19% (-3%, 37%)

52%** (31%, 66%

21%** (11%, 31%)

70%* (25%, 88%)

33% (-1%, 55%)

)
)
)
44%** (28%, 56%)
)
)
)

60%** (28%, 78%

197



198

eTable 6. Secondary Analysis: Adjusted Vaccine Effectiveness and 95% Cl by Each Year of Follow-up by Outcome?

Year of Follow-
up

Community Herpes
Zoster (No. Outcomes
=45,477)

Hospitalized Herpes
Zoster (No. Outcomes
= 452)

Community
Ophthalmic Zoster
(No. Outcomes =
4,311)

Postherpetic Neuralgia
(No. Outcomes =
1,519)

VE (95% Cl)

VE (95% Cl)

VE (95% Cl)

VE (95% Cl)

A4%** (42%, 45%)

72%** (58%, 81%)

49%** (43%, 54%)

71%** (63%, 78%

34%** (32%, 37%)

63%** (43%, 75%)

32%** (23%, 40%)

58%** (49%, 66%

30%** (27%, 33%)

65%** (44%, 79%)

31%** (20%, 40%)

25%** (21%, 29%)

33% (-15%, 60%)

22%** (8%, 34%)

46%** (30%, 59%

21%** (16%, 26%)

48%* (8%, 70%)

17% (-2%, 32%)

)
)
58%** (48%, 67%)
)
)

52%** (35%, 64%

AN W[IN |~

18%** (11%, 24%)

9% (-89%, 56%)

17% (-7%, 35%)

35% (0%, 58%)

19%** (9%, 29%)

21% (-21%, 48%)

42% (-16%, 72%)

3Significance: ** p<.01, * p<.05
VE Formula: 1 - [(HR in Cohort) * (HR interaction of Cohort x Years of follow-up) * 100%

Demographic factors, socio-economic conditions, healthcare utilization characteristics, frailty characteristics, functional immunocompromising

chronic conditions, and time-varying immunocompromising drugs were adjusted in the model


Izurieta
Highlight

Izurieta
Highlight

Izurieta
Highlight


199
eTable 7. Primary and Secondary Analysis: Adjusted Vaccine Effectiveness and 95% Cl by Each Year of Follow-up for

Hospitalized Ophthalmic Zoster®

Primary Analysis Secondary Analysis
Year of Follow- | Hospitalized Ophthalmic Zoster | (Hospitalized Ophthalmic Zoster
up (No. Outcomes = 99) (No. Outcomes = 86)
VE (95% ClI) VE (95% ClI)
Primary Model
First 3 Years 68%** (46%, 81%) 76%** (57%, 86%)
4 or More Years 64%** (25%, 82%) 9% (-117%, 62%)
Yearly Model
1 69%** (22%, 88%) 82%** (52%, 93%)
2 70%* (15%, 89%) 86%** (51%, 96%)
3 65%** (23%, 85%) 44% (-47%, 79%)
4 80% (0%, 96%) 81% (-72%, 98%)
5 44% (-92%, 84%) -15% (-381%, 73%)
6 55% (-81%, 89%) -91% (-846%, 62%)
7+ 76% (-44%, 96%) -

3Significance: ** p<.01, * p<.05

VE Formula: 1 - [(HR in Cohort) * (HR interaction of Cohort x Years of follow-up) * 100%

Demographic factors, socio-economic conditions, healthcare utilization characteristics, frailty characteristics, functional immunocompromising
chronic conditions, and time-varying immunocompromising drugs were adjusted in the model
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eTable 8. Number Needed to Vaccinate (NNV) during the Study Period, by Outcome

NNV to avert 1
Outcome Rate Difference case over.the
(per 1000 person | study period (7.5
year) years)
Community Herpes Zoster
4.35 30.6
(No. Outcomes = 56,939)
Hospitalized Herpes Zoster
14 28.
(No. Outcomes = 614) 0 928.5
Community Ophthalmic
Zoster (No. Outcomes = 0.37 364.7
5,282)
Postherpetic Neuralgia (No.
Outcomes = 2,033) 0.31 4235
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eFigure 1. Fitted Hazard Rates and 95% CI Using a Cubic Spline Model for Herpes Zoster Vaccinated (HZV) and Pneumococcal
Vaccinated (PV) Cohorts
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Plots are cubic spline models using 1 knot (Royston and Parmar).
Models were ran on matched cohorts without adjusting for covariates.
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eFigure 2. Trend for Community Herpes Zoster in the Pre-Matched Unvaccinated Cohort (N=6,715,986)

Community HZ Incidence per 1000 Person-Years
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eFigure 3. Comparison of Adjusted Hazard Ratios of 13 Falsification Outcomes in the Matched Primary and Secondary Populations

Outcome Primary Secondary
Community Herpes Zoster® 0.67 0.63 R 3
—l— Primary Analysis
Hip fracture 0.72 0.80 E
Secondary Analysis

Thrombosis 0.80 0.84 .
Cholelithiasis and cholecystitis 0.91 0.90 =-
Renal stone 0.92 0.90 =
Wrist fracture 092 0.93 -=
Gout 0.95 0.92  J
Epistaxis 1.04 1.04 N
Wound of hand or finger 1.09 1.08 E =
Ingrown nail 1.09 1.04 L
Hemorrhoids 1.12 1.02 : =
Cataract 117 1.05 [ ]
Eyelid disorder 117 114 . 5
Lipomas 117 1.09 : ——

T T T T T T T T

06 0.7 0.8 09 1.0 11 12 1.3

Adjusted Hazard Ratio (95% CI)

Primary Analysis: This is the comparison between herpes zoster vaccinated and unvaccinated beneficiaries. Unvaccinated beneficiaries are the reference group.
Secondary Analysis: This is the comparison between herpes zoster vaccinees and pneumococcal vaccinees. Pneumococcal vaccinees are the reference group.
Similar to the primary and secondary analyses, the same set of demographic factors, socio-economic conditions, healthcare utilization characteristics, frailty
characteristics, and functional immunocompromising chronic conditions were adjusted in each of the Falsification Qutcome models.

Each Falsification Outcome model was run separately.

? The hazard ratio in the first 3 years of follow-up.
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Appendices: Definitions of Medical Conditions and Prescription Drug Use in the Study

Appendix I. Frankly immunocompromising conditions used as an exclusion criterion

Frankly Immunocompromising
Conditions

ICD-9 Diagnosis Codes

HIV Infection

042,079.53,795.71

Hodgkin's Disease

201

Non-Hodgkin's Lymphoma

200, 202.0, 202.1, 202.2, 202.3, 202.5, 202.6, 202.7,
202.8, 202.9

Leukemia

202.4, 203.1, 204, 205, 206, 207, 208

Multiple Myeloma

203.0

Neoplasm

203.8, 238.6, 238.72, 238.73, 238.74, 238.75, 238.76,
238.77, 238.79

Immune System Disorder

273.3, 277.89, 279.0, 279.2, 279.3, 279.4, 279.5, 279.8,
279.9

White Blood Cell Disease

279.10, 279.11, 279.12, 279.13, 279.19, 284.09, 284.89,
288.01, 288.02, 288.1, 288.2, 288.4, 288.50, 288.64,
288.8, 289.53

Other Hematological Disease

289.50, 289.59, 289.8, 289.9

Conditions were defined using all diagnosis positions in inpatient, outpatient, and non-institutional settings.
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Appendix Il. Immunocompromising drugs used in the study

IC Drug Categories Drug Names

Antineoplastics Altretamine, Bendamustine, Busulfan, Carboplatin, Cisplatin, Oxaliplatin, Thiotepa, Chlorambucil,
Cyclophosphamide, Ifosfamide, Mechlorethamine, Melphalan, Carmustine, Lomustine, Streptozocin,
Temozolomide, Bleomycin, Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin, Idarubicin,
Mitomycin, Mitoxantrone, Plicamycin, Pegaspargase, Azacitidine, Capecitabine, Cladribine,
Clofarabine, Cytarabine, Decitabine, Floxuridine, Fludarabine, Fluorouracil, Gemcitabine, Nelarabine,
Pemetrexed, Pralatrexate, Thioguanine, Alemtuzumab, Obinutuzumab, Ofatumumab, Rituximab,
Brentuximab, Gemtuzumab, Ibritumomab, Tositumomab, Pomalidomide, Cabazitaxel, Docetaxel,
Eribulin, Etoposide, Ixabepilone, Paclitaxel, Teniposide, Vincristine, Vinblastine, Vinorelbine,
Romidepsin, Everolimus, Dasatinib, Erlotinib, Gefitinib, lbrutinib, Imatinib, Lapatinib, Nilotinib,
Ponatinib, Bortezomib, Irinotecan, lodine, Radium, Samarium, Strontium, Sipuleucel-T, Dacarbazine,
Denileukin, Hydroxyurea, Omacetaxine, Pentostatin, Procarbazine, Ifosfamide & Mesna

Mercaptopurines Mercaptopurine

Methotrexates Methotrexate

Immunomodulators Anakinra, Adalimumab, Golimumab, Leflunomide, Etanercept, Abatacept, Rilonacept, Canakinumab,
Tocilizumab, Tofacitinib, Penicillamine

Immunosuppressants Certolizumab, Infliximab, Thalidomide, Lenalidomide, Cyclosporine, Lymphocyte, Anti-thymocyte,
Mycophenolate, Everolimus, Sirolimus, Tacrolimus, Basiliximab, Daclizumab, Muromonab, Belatacept

Azathioprines Azathioprine

Central Nervous System Agents Teriflunomide, Natalizumab, Fingolimod

Corticosteroids Betamethasone, Budesonide, Cortisone, Dexamethasone, Hydrocortisone, Methylprednisolone,

Prednisolone, Prednisone

Note: This list of drugs was used in three ways: (1) as a baseline exclusion criterion, (2) censoring reason in the 2 months after cohort entry, and (3)
a time-varying covariate during follow-up. For the latter, a beneficiary was considered immunocompromised during the time from prescription fill
date up until the end of days’ supply plus an additional 30 day grace period. If a subsequent prescription was filled within the 30 day grace period
of the first prescription, use was aggregated together and the 30 day grace period was applied at the end of the ‘episode’. Because
immunocompromising drug use within 2 months of cohort entry was a censoring criterion, only use in the period afterwards was considered.
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Appendix lll. Anti-PHN drug categories used to define postherpetic neuralgia outcomes

Postherpetic Neuralgia Drug Categories

Drug Names

Analgesics/Opioids

Fentanyl, Methadone, Morphine, Oxycodone, Tramadol, Buprenorphine, Butorphanol,
Codeine, Hydrocodone, Hydromorphone, Ketamine, Levorphanol, Meperidine,
Oxymorphone, Propoxyphene, Tapentadol

Anticonvulsants

Gabapentin, Pregabalin




Appendix IV. Full list of covariates used in the propensity score matching model

Covariate

Condition

1CD-9 Diagnosis/Procedure and HCPCS Codes

Demographic factors

Age

Gender

Race

Year of Cohort Entry

Reason for Entrance into Medicare

Socio-economic
conditions

Metropolitan Statistical Area (urban/rural
status)

Low Income Subsidy (LIS) Status

Household Income by ZIP Code of Residence

Healthcare utilization
characteristics

Hospital Visits

ER Visits

Physician Office Visits

Flu Vaccine Indicator

HCPCS: 90470, 90655, 90656, 90657, 90658, 90659, 90660, 90661,
90662, 90663, 90724, GO008, G9141, G9142

Pneumococcal Vaccine Indicator

HCPCS: 90669, 90732, GO009

Frailty characteristics

Dementia

ICD-9: 094.1, 290.0, 290.1, 290.10, 290.11, 290.12, 290.13, 290.2,
290.20, 290.21, 290.3, 290.4, 290.40, 290.41, 290.42, 290.43,
291.1,291.2, 292.82, 294, 294.0, 294.1, 294.10, 294.11, 331.0,
331.1,331.11, 331.19, 331.82

Home Oxygen

ICD-9: V46.2, 93.96; HCPCS: 99503, 99504, E0424, E0425, E0430,
E0431, EO433, E0434, E0435, E0439, E0440, E0441, E0442, E0443,
E0444, E0445, E0550, E0560, E1390, E1391, E1392, E1405, E1406,
K0671

Urinary Catheter

ICD-9: 996.64, V53.6, 57.94, 57.95, 96.48, 97.64; HCPCS: 51702,
51703, A4311, A4312, A4313, A4314, A4315, A4316, A4338,
A4340, A4344, A4346, A4355

Walker Use

HCPCS: E0130, EO135, E0140, E0141, E0143, E0144, E0147, E0148,
E0149, E0154, E0155, E0156, E0157, E0158, E0159, L1520

Wheelchair Use

ICD-9: E88.43, V46.3, V53.8; HCPCS: 97542, E0192, E0950, E0951,
E0952, E0953, E0954, E0955, E0956, E0957, E0958, E0959, E0960,
E0961, E0962, E0963, E0964, E0965, E0966, E0967, E0968, E0969,
E0971, E0972, E0973, E0974, E0977, E0978, E0981, E0982, E0983,
E0984, E0985, E0986, E0990, E0992, E0995, E1002, E1003, £1004,
E1005, 1006, E1007, E1008, E1009, E1010, E1011, E1012, E1013,
1014, E1015, E1016, E1017, E1018, £1019, E1020, E1021, E1025,
E1026, E1027, E1028, E1029, E1030, E1050, E1060, E1070, E1083,
1084, £1085, E1086, E1087, E1088, E1089, E1090, E1093, 1100,
E1130, E1140, E1150, E1160, E1161, E1170, E1171, E1172, E1180,
E1190, E1195, E1200, E1210, E1211, 1212, 1213, 1220, £1221,
E1222, E1223, E1224, E1225, E1226, E1227, E1228

Functional
immunocompromising
chronic conditions

Diabetes

ICD-9: 250; HCPCS: G0108, G0109, G0245, G0246, G0247, G8015,
G8016, G8017, G8018, G8019, G8020, G8021, G8022, G8023,
G8024, G8025, G8026, G8332, G8333, G8334, G8335, G8336,
G8385, G8386, G8390

Kidney Disease

ICD-9: 585, 586, 587

Heart Disease

ICD-9: 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13,
404.91, 404.93, 414, 428, 37.66; HCPCS: 0050T, 33973, 33974,
33975, 33977, 33978, 33980, 92970, 92971, G8027, G8028,
G8029, G8030, G8031, G8032, G8184

Lung Disease

ICD-9: 491, 492, 493, 494, 495, 496, 500, 501, 502, 503, 504, 505,
506, 507, 508.1, 508.8, 508.9, 514, 515, 518.0, 518.1, 518.2, 518.3,
518.83; HCPCS: 32141, 32491, G8093, G8094

Liver Disease

ICD-9: 571
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Conditions were defined using all diagnosis positions in inpatient, outpatient, durable medical equipment, and non-institutional settings.



Appendix V. Falsification Outcomes List

Falsification Outcomes

ICD-9 Diagnosis Codes

Lipomas

214.1,214.8,214.9

Gout

274.0, 274.9

Eyelid Disorders

373.00, 373.2,373.11

Thrombosis

451.9, 453.8, 453.9

Hemorrhoids

455.0, 455.2, 455.3, 455.6

Renal Stones

592.0, 592.9, 788.0

Ingrown Nail

703.0

Epistaxis

784.7

Wound of Hand or Finger

882.0, 883.0, 883.1, 883.2

Cataracts

366.10, 366.14, 366.16, 366.17, 366.19

Cholelithiasis and Cholecystitis

574.00, 574.10, 575.10

Wrist Fracture

813.05, 813.23, 813.41, 813.42, 813.44, 813.81

Hip Fracture

820.00, 820.01, 820.02, 820.03, 820.8, 820.9, 820.09,
820.10, 820.11, 820.12, 820.13, 820.19

Conditions were defined using all diagnosis positions in inpatient, outpatient, and non-institutional settings.
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DISCUSSION
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Overview

The vaccine effectiveness studies in Medicare discussed in this thesis were all published
in leading international medical journals: Lancet Infectious Diseases, Journal of Infectious
Diseases and Clinical Infectious Diseases.'*® Moreover, four of them were accompanied by very

positive journal editorials, and the fifth was consider an “Editor’s Choice” upon publication.1>0-153

These studies were successful in a number of ways: (a) in selecting cohorts with a low
probability of including frail individuals (pharmacy-vaccinated cohorts), which, while sacrificing
generalizability, decreases the risk of imbalances that could seriously undermine cohort
comparability; (b) in defining claims algorithms, including, for outpatient claims, disease
treatment, which permitted sufficient outcome specificity for studying effectiveness; (c) in
defining high disease circulation periods, thus allowing us to further increase outcome specificity
for seasonal diseases such as influenza; (d) in obtaining effectiveness estimates for severe
outcomes that were very comparable to those obtained during clinical trials, and in obtaining
estimates for very rare outcomes, including death; (e) in determining effect modification from a
drug used concomitantly or prior to administration of a vaccine, (f) in obtaining valid estimates
when comparing vaccinated vs unvaccinated individuals, particularly for severe outcomes; and
(g), in estimating comparable effectiveness and duration of effectiveness for all study outcomes.
These successful experiences, besides providing us with information potentially useful for
regulatory decision-making, have already allowed us to provide more pointed feedback during

the planning phase of studies that could make part of
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post-licensure commitments and requirements. In our initial studies we were less successful in
other ways, including: (a) assuring study generalizability (we often used restriction to increase
the validity of results, thus sacrificing both generalizability and sample size), (b) in verifying that
we have in fact obtained highly reliable estimates for less severe outcomes, more susceptible to
health seeking behavior bias. Nonetheless, our successful use of larger cohorts (not restricted to
pharmacy vaccinees) in our more recent comparison of the effectiveness of cell-cultured vs. egg-
based vaccines shows that studies performed using CMS claims do not need to sacrifice
generalizability. Moreover, our recently initiated exploration of the use of Medicare surveys to
both validate cohort balance and augment the study datasets with covariates unavailable in the
claims will improve our work in a number of ways. It is because of this need to resolve potential
limitations detected in our initial research that we decided to further our methods development
work, particularly by using data external to the Medicare claims environment that, once linked
to individuals found in the claims environment, will allow us to obtain further information on
health, education and behaviors that could influence the likelihood of becoming ill (frailty) or
seeking care (health care seeking behavior). These efforts, that have already produced initial
success, will allow us to both verify the potential for bias and, by using imputations, correct

existing bias.

The achievements so far do not suffice, however, to fully address all potential issues
involved in the use of real world evidence for regulatory and public health decision-making. Thus,
we are continuing our comparative effectiveness studies of cell-cultured vs. egg-based vaccines,
initiated the investigation of other effect modifications, including by age and sex, in the

comparative effectiveness of vaccines, have initiated other vaccine-drug interaction studies,
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and are progressing even further in the development of methods to better account for both
measured and unmeasured confounders in the CMS data. All these developments should open
a new area of vaccine effectiveness research and, thus, allow us to open discussions regarding

the systematic analysis of effectiveness interaction by drugs with immune modifying effects.

Proof-of-concept study: Comparative effectiveness of
High dose (HD) vs. Standard dose (SD) influenza
vaccines against medical office visits and
hospitalizations among Medicare beneficiaries ages 65
years and older during the 2012-13 season

The study in context

This proof-of-concept study, which led the way for the studies included in the Results
section, was the first one to provide real-world evidence comparing the effectiveness of the High
dose vs Standard dose influenza vaccines. At the time of our publication, there was only one study
relevant for comparison with ours, the manufacturer’s double blind, randomized, active-
controlled comparative effectiveness trial that included over 31,000 participants. That study
reported that the high-dose vaccine was 24% (95% Cl 19-37%) more effective in preventing RT-
PCR-confirmed influenza infections in adults 65 years of age and older than the standard-dose
vaccine.®® Ours found that the high-dose vaccine was about 22% more effective than the
standard-dose vaccine to prevent influenza illness treated in both outpatient and inpatient

settings.
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Our frequency matching by pharmacy resulted in a strong balance in observable potential
confounders among the two groups. We had over 2.5 million study participants after applying
cohort restrictions, allowing us to perform analyses by age on influenza hospitalizations, of
particular interest to beneficiaries, providers, regulators and public health officials. Therefore,
our finding of a significantly high comparative effectiveness for influenza- associated illnesses,
confirmed for all age groups analyzed, adds important new information. Moreover, our
successful use of novel methodologies both for matching and for defining outcomes, in a system
that provides coverage for virtually all older U.S. adults, opens the door for conducting studies to
estimate effectiveness against serious outcomes among specific risk groups in near real time, for

pandemic and other new vaccines.

As indicated, we used not only medical office visits outcomes but also hospitalizations
during the 2012-13 influenza season. In both setting sour results were comparable. Regarding
medical office visits, we found that the high-dose influenza vaccine was 22% more effective in
preventing influenza-associated illness treated in the community setting than standard-dose
vaccine among U.S. Medicare beneficiaries 65 years of age and older vaccinated in pharmacies.
We found a similar effect for influenza-associated hospitalizations and emergency department
visits in this cohort. The relative efficacy estimates reported in a two-season randomized-
controlled study of high- versus standard-dose Fluzone conducted by the manufacturer among
>30,000 older adults showed that the high-dose vaccine was 24% (95% Cl 19%-37%) more
effective in preventing reverse transcription polymerase chain reaction (RT-PCR)-confirmed
influenza infections in adults 65 years of age and older than standard-dose vaccine.®

Interestingly, among Medicare beneficiaries 85 years of age or older enrolled in our study, we
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found high-dose relative effectiveness for prevention of influenza-related outpatient illness was
higher than in younger age groups, but this difference was not statistically significant. Given that
the randomized trial did not have sufficient power to analyze effect modification by vaccinees
ages 85 years or older, we decided to further investigate this hypothesis in a follow- up study (see

Next Steps chapter).

Study findings

During the 2012-13 influenza season, we found that the high-dose influenza vaccine was
22% more effective in preventing influenza-associated illness treated in the community setting
than standard-dose vaccine in a subset of U.S. Medicare beneficiaries 65 years of age and older.
A similar effect was found for influenza-associated hospitalizations and emergency department
visits in this cohort. Our results are comparable to the relative efficacy estimates reported in a
recently completed two-season randomized-controlled study of high- versus standard-dose
Fluzone conducted by the manufacturer among >30,000 older adults. In that study, the high- dose
vaccine was 24% (95% Cl 19%-37%) more effective in preventing reverse transcription polymerase
chain reaction (RT-PCR)-confirmed influenza infections in adults 65 years of age and older than
standard-dose vaccine. Among Medicare beneficiaries 85 years of age or older enrolled in our
study, we found high-dose relative effectiveness for prevention of influenza- related outpatient
iliness was higher than in younger age groups, but this difference was not statistically significant.

A strength of our study is its population base includes patients identified through
Medicare claims data, or about 98% of the U.S. population 65 years of age or older. Medicare

provides inpatient and outpatient fee-for-service care for 37 million beneficiaries and
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prescription coverage for 23 million of these beneficiaries as of January 2014. Given the
completeness of these data, we believe that Centers for Medicare and Medicaid Services (CMS)
data sources have great potential for use in observational studies among the elderly. Another
strength of this study is the unusual comparability of subjects in the high-dose and standard- dose
vaccine groups, which highlights the potential usefulness of studying Medicare subjects who are
vaccinated in a pharmacy setting.

One potential limitation of the use of Medicare data is that the reliability of the ICD-9- CM
codes used for the diagnosis of influenza in the community setting is unknown. Therefore, we
developed an alternative definition for an influenza-related event that required an influenza test
followed by the prescription of oseltamivir (an antiviral used exclusively for influenza). It is
possible that our results are not generalizable to the whole U.S elderly population because we
restricted the analysis to a subset of patients who received influenza vaccination in an outpatient
pharmacy setting. Another potential limitation in the use of our definition is that providers may
find specific influenza test results most helpful at the beginning and end of influenza seasons and
rely on symptoms and history to identify persons with influenza infections during the peak of
each season. Thus, we may have missed subjects with influenza, although we do not believe that
the likelihood of influenza testing varied by vaccination status. Of course, influenza-related
hospitalizations may also be associated with secondary bacterial infections, and respiratory
syncytial virus (RSV), other respiratory viruses, and non-viral pathogens cause lower
respiratory tract infections that are difficult to distinguish clinically from influenza infections.
However, the near-perfect correlation (0.97) between influenza hospitalization claims and
community claims for a RIT followed by the dispensing of oseltamivir suggests that our

hospitalization outcome during periods of high influenza circulation was highly specific for
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influenza-related events.

Another limitation of this study is that we did not have access to laboratory results and
therefore could not use laboratory-confirmed outcomes. Instead, we created a novel outcome
that combines a physician’s order for a RIT followed by the prescription of an influenza-specific
antiviral drug within a 2-day period following the medical encounter. Because RITs can provide a
health care provider with a result within 15 minutes after sample collection, we expect that this
information guided the decision to prescribe influenza-specific antivirals. Therefore, the
combination of the RIT and antivirals likely provides greater specificity than a physician diagnosis
of influenza or a prescription of antiviralsalone.

Of concern in all observational vaccine studies is vaccination was not randomly assigned
and unmeasured confounders may bias our estimates of the relative effectiveness of high-dose
vaccine. However, restricting the analysis to individuals who were vaccinated at a pharmacy
which offered both vaccines within a 2-week period appears to have yielded well-balanced
vaccine cohorts, at least by comparing characteristics available and commonly used in
pharmacoepidemiology studies, nonetheless there may be residual unmeasured confounders.
This balance also may be influenced by the fact that Medicare beneficiaries do not pay for receipt
of any influenza vaccine at a pharmacy. Our approach shows a strong balance in observable
potential confounders (e.g., the 189 medical condition categories considered).

Nonetheless, the large number of participants in this study meant that small differences
between the vaccine groups might be statistically but not meaningfully different. Because
frequency matching by pharmacy yielded well-balanced cohorts, we did not attempt to further
balance the cohorts with propensity-score techniques. Although the cohort restrictions applied

decreased the study sample size, we still had large numbers of vaccinees in both cohorts
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(approximately 930,000 high-dose and 1.6 million standard-dose recipients), and were able to
perform analyses by age group and also for a serious outcome, influenza hospitalizations.

We plan to conduct similar analyses for each upcoming influenza season and to perform
medical record review to validate the outcomes for a subset of participants. Our ability to detect
and statistically confirm differences in effectiveness would be expected to vary with the severity
of each influenza season, and with the match between the vaccine and circulating strains.
Relative effectiveness also may vary by virus type and subtype, including for pandemic viruses.
However, because Medicare provides coverage for virtually all older U.S. adults, we can estimate
vaccine effectiveness for serious rare outcomes among specific risk groups. Such assessments
typically are not possible in randomized studies of comparative treatment or prevention
modalities, even when tens of thousands of participants are randomized. In the future, we expect
to perform these studies using prospective active surveillance to provide results in near-real time,
as done for other FDA-CMS studies, and to investigate the effectiveness of other vaccines used

among the U.S. Medicare recipients.

Comparative effectiveness of High-dose versus
Standard-dose influenza vaccines among US
Medicare beneficiaries in preventing post-influenza
deaths: a retrospective cohort study, 2012-13 and
2013-14

This was the first study ever to compare the effectiveness of High dose vs. Standard

dose influenza vaccination against influenza-associated mortality!®. It was conceived as a
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follow-up to our proof-of-concept study on effectiveness against medical office visits and
hospitalizations.'® We found a significant ~35% reduction in post-influenza deaths associated
with receipt of high-dose versus standard-dose vaccines in 2012-13, but not in 2013-14. The
2012-13 reduction was accompanied by significant decreases of ~20% in influenza-related visits

and hospital-based influenza diagnoses. The latter two findings are consistent with the results

from our previous study (which used slightly different eligibility criteria and only 2012-13 data),
16 and those from analyses of a manufacturer-sponsored trial.*3°1, The internal and external
consistency of our findings suggests that the use of high-dose vaccine in Medicare beneficiaries
during 2012-13 prevented additional influenza-related deaths. Despite 31 million person-weeks
of follow-up time during 2012-13, the magnitude of this reduction in mortality was not
precisely estimated (95% Cl 9%-56%). As the outcomes of greatest interest when considering
alternative vaccination strategies are often rare (e.g., influenza-related mortality or serious
vaccine adverse events), large post-licensure observational studies are vital in understanding
the comparative effects of new vaccine formulations — randomized trials are unable to answer
all relevant policy questions. Multiple seasons of observational data analyzed with appropriate
longitudinal methods will be critical to providing valid information to those considering
alternative influenza vaccine recommendations.

Person aged 65 years and older experience the highest rates of many serious
complications of influenza -- including prolonged hospitalization, the need for intensive care,
and death — during most inter-pandemic influenza seasons. 2*%>* During seasonal epidemics in
which influenza A(H3N2) viruses predominate, rates of serious complications are higher, often
by a factor of 2 to 3.#%> Influenza A(H3N2) virus circulation was common during the 2012-13

influenza season,’®® leading to higher rates of influenza-associated outcomes; thus, we had
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improved power during the first season to detect a difference in our rarest outcome, post-
influenza mortality. During the 2013-14 influenza season, receipt of high-dose vaccine was
associated with a significant reduction only in the rate of hospitalized influenza. This reduction
was smaller in magnitude than that found in the 2012-13 season. There are several plausible
reasons that the comparative effectiveness of high-dose vaccine was reduced during 2013-14,
including differences in the individuals who received high-dose vaccine by season, differences
in the circulation patterns of specific influenza viruses by season, and differences in the

antigenic relatedness of vaccine and wild-type viruses by season.

Although more high-dose vaccine was used in 2013-14, both in terms of total vaccinations
administered and in the proportion of participants who received it, we found no evidence that
the characteristics of high-dose recipients differed by season. On the other hand, A(H3N2) viruses
predominated in 2012-13,%°¢ and 90% of influenza A detections in 2013-14 were A(HIN1pdmQ9)
viruses.’’ Data from the randomized trial suggested that relative efficacy of high-dose vaccine
might be greater for A(H3N2) than for A(HIN1) viruses, but this difference was not statistically
significant (23.3%, 95% Cl 6.0-37.5% and 11.1%, 95% Cl -160 to 70.2%, respectively).*® Therefore,
it is uncertain if our findings might reflect a difference in comparative effectiveness by
A subtype. Influenza B viruses circulated in both seasons, representing 20-30% of influenza
detections,'*®1>7 so differences in B virus activity are unlikely to explain our findings. There was
no evidence of antigenic drift in A(HIN1pdmO09) viruses during the two study seasons: 99% of
A(HIN1pdmO09) viruses characterized were antigenically similar to A/CA/7/2009-like
viruses.’>®%7 The great majority of A(H3N2) viruses characterized in 2012-13 were antigenically
similar to cell culture-propagated A/Victoria/361/2011viruses.’®® A change in the A(H3N2)

vaccine strain from A/Victoria/361 in 2012-13 to A/Texas/50 in 2013-14 was recommended
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because ferret antisera made with egg-propagated A/Victoria/361 did not recognize more recent
cell culture-propagated A(H3N2) viruses well. Ferret antisera made with egg-propagated
A/Texas/50/2012 (which was genetically closed related to A/Victoria/361) better recognized the
viruses that were tested.!>® Low effectiveness of the 2012-13 vaccine against RT-PCR-confirmed
A(H3N2) virus infections was noted.'™ It was based not on mutations associated with antigenic
drift, but mainly on those associated with adaptation to growth in eggs.*® Without samples of
post-vaccination sera and of the infecting influenza viruses from participants, we cannot conclude
that 2012-13 high-dose vaccine led to a broader or improved immune response than did
standard-dose vaccine, although we can expect that its administration did lead to higher HAI
titers to that season’s wild-type H3N2 viruses on a population level, based on published

immunogenicity data.48°0.66

During 2012-13, estimates of influenza VE were 39% (95% Cl 29%-47%) for medically
attended A(H3N2) infections among US subjects of all ages; they were lower and non-significant
among those aged >65 years (11%; 95% Cl, -41% to 43%).1¢° Given the greater relative severity
of A(H3N2) seasonsin older adults, this low effectiveness estimate (which should be
interpreted in light of its broad Cl) highlights the need to improve VE for recent A(H3N2) strains,
especially among those aged >65. We lacked data on infecting viruses, and cannot make
subtype-specific VE estimates. However, how comparative VE varies during seasons dominated
by different influenza types/subtypes deserves further investigation as new vaccines are

introduced.

This study had limitations. The lack of [aboratory results in Medicare data means that none
of our outcomes represented laboratory-confirmed influenza infections. As our comparative

effectiveness results for influenza-related visits (defined by a claim for a rapid influenza test
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followed by receipt of oseltamivir) were concordant with those from a randomized trial that used
laboratory-confirmed influenza illness as a primary outcome “® we may have identified a valid
proxy for a medically attended influenza infection in the Medicare population. Our two more
serious outcomes were defined only by influenza diagnoses made in a hospital setting. Some data
suggest that use of influenza diagnostic tests by clinicians has increased since the 2009 pandemic;
thus, the diagnosis of serious influenza infections may have improved recently,'6%162 put the
limitation remains. As in all observational research, it is possible that our data were biased with
residual confounding. In vaccine studies focusing on older adults, residual confounding associated
with chronic conditions which are not well characterized by a simple dichotomous indicator -- for
example, a clinical history of chronic heart failure -- can be especially problematic.!631% The
consistency of our findings with those of the randomized trial of high-dose vaccine suggests that
we have successfully addressed this issue through restriction of the study population to those
vaccinated in community pharmacies. It is possible that knowledge by a care provider of the
influenza vaccine type a participant received affected decisions to test for or to diagnose
influenza. However, the lack of published clinical results for high-dose vaccine during the study
period and the lack of recommendations to favor high-dose over standard-dose influenza
vaccines make such a bias unlikely. A final limitation is that restricting participation to those
Medicare beneficiaries vaccinated in pharmacies limits the generalizability of our findings. On the
other hand, it is essential that comparative effectiveness studies address the possibility of
confounding by indication, and the use of restriction to minimize this bias in large observational
studies has been advocated.'®>1% Another concern is residual confounding because of differences
in cohort balance with regard to both measured and unmeasured demographic, health utilization,

chronic conditions and other confounders. The issue of confounders unmeasured in the database
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such as level of education will be discussed in the chapter on next steps. Regarding potential
confounders measured in the database, Tables xi and xii show that, both among study
participants in the influenza-related visit outcome analysis, and among those included in the post-
influenza mortality and influenza hospitalization outcomes, the balance of the cohorts of High
dose and standard dose recipients for each of the two seasons evaluated in the study was

excellent, which reassures us with respect to thisconcern.
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Table xi: Characteristics of study participants for influenza-related visit outcome, by influenza

vaccine type and season

Demographic

2012-2013 Season

2013-2014 Season

Variables
Standard | High Std. Mean Standard High Std. Mean
Dose Dose Difference Dose Dose Difference
Base Population| 950,318 580,648 1,270,144 | 1,003,067
Age (years)
65-74 54.4% 52.1% 0.05 52.9% 51.1% 0.04
75-84 33.3% 35.0% 0.04 34.0% 35.8% 0.04
85+ 12.4% 12.9% 0.02 13.1% 13.2% 0.00
Gender
Male 37.8% 39.1% 0.03 38.3% 39.6% 0.03
Female 62.2% 60.9% 0.03 61.7% 60.4% 0.03
Race
White 93.0% 92.3% 0.03 92.3% 92.1% 0.01
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OH, WI

Black 2.4% 2.8% 0.02 2.8% 3.0% 0.01
Asian 1.8% 1.9% 0.01 1.7% 1.8% 0.01
Hispanic 0.9% 1.0% 0.01 1.0% 1.0% 0.00
Other, Non-North 0.1% 0.1% 0.01 0.1% 0.1% 0.00
American Native

North American Native 1.3% 1.4% 0.01 1.3% 1.4% 0.01
Unknown 0.5% 0.4% 0.01 0.7% 0.7% 0.01
HHS Region”

Region 1: CT, ME, MA, 6.2% 4.1% 0.10 6.4% 4.5% 0.08
NH, RI, VT

Region 2: NJ, NY, PR, VI 7.8% 6.0% 0.07 9.0% 7.3% 0.06
Region 3: DE, DC, MD, 8.2% 9.4% 0.04 8.5% 9.9% 0.05
PA, VA, WV

Region 4: AL, FL, GA, KY, | 22.9% 26.4% 0.08 21.6% 26.4% 0.11
MS, NC, SC, TN

Region 5: IL, IN, MI, MN, | 19.1% 12.9% 0.17 19.4% 14.0% 0.15
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Region 6: AR, LA, NM, 10.7% 10.5% 0.01 11.8% 10.5% 0.04
OK, TX

Region 7: 1A, KS, MO, NE | 5.6% 3.8% 0.08 5.4% 3.5% 0.09
Region 8: CO, MT, ND, 2.9% 4.4% 0.08 2.4% 3.8% 0.08
SD, UT, WY

Region 9: AZ, CA, HI, NV, | 12.6% 15.9% 0.10 12.0% 14.7% 0.08
AS, FS, GU, PU

Region 10: AK, ID, OR, 4.0% 6.6% 0.11 3.5% 5.4% 0.09
WA

Other 0.0% 0.0% 0.00 0.0% 0.0% 0.00
Low-Income Subsidy Status

Number of Part D |100.0% 100.0% 100.0% 100.0%

Enrolled Beneficiaries

With 15% Copay 0.8% 0.8% 0.00 0.7% 0.6% 0.00
With High Copay 4.7% 4.8% 0.01 4.3% 4.2% 0.00
With Low Copay 4.8% 5.2% 0.02 4.5% 4.5% 0.00




227

With Zero Copay 1.1% 1.0% 0.00 1.0% 0.9% 0.01
Health Conditions

At Least one high-risk 63.3% 64.4% | 0.02 64.5% 66.1% 0.03

disorder

Asthma 4.0% 4.1% 0.00 4.3% 4.6% 0.02

Blood Disorders 15.5% 16.0% 0.01 16.0% 16.8% 0.02

Chronic Lung Disease 14.4% 15.1% 0.02 14.4% 15.2% 0.02

Diabetes 20.8% 21.1% 0.01 22.0% 22.4% 0.01

Heart Disease 33.6% 34.7% 0.02 34.3% 35.8% 0.03

Kidney Disorders 7.0% 7.3% 0.01 7.9% 8.3% 0.02

Liver Disorders 2.4% 2.4% 0.00 2.4% 2.6% 0.01

Neurological or | 11.3% 11.6% 0.01 11.6% 11.9% 0.01

Neurodevelopmental

conditions

Weakened Immune | 12.3% 12.5% 0.01 12.3% 12.9% 0.02

System

Frailty Covariates
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Home Oxygen Use 2.6% 2.7% 0.01 2.5% 2.6% 0.00
Wheelchair Use 0.2% 0.2% 0.00 0.1% 0.1% 0.00
Walker Use 1.2% 1.1% 0.01 1.1% 1.0% 0.01
Dementia 3.3% 3.2% 0.00 3.5% 3.2% 0.01
Urinary Catheter Use 0.1% 0.1% 0.00 0.1% 0.1% 0.00
Falls 3.2% 3.2% 0.00 3.3% 3.3% 0.00
Fractures 1.1% 1.1% 0.00 1.1% 1.1% 0.00

*HHS = Department of Health and Human Services




Table xii: Characteristics of study participants for post-influenza mortality and influenza

hospitalization outcomes, by influenza vaccine type: comparisons by season
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Demographic Variables Standard Dose High Dose
2012- 2013- Std. Mean | 2012- 2013- Std. Mean
2013 2014 Difference | 2013 2014 Difference
Season Season Season Season

Base Population 1,683,264 | 1,877,327 1,039,645 | 1,508,176

Age (years)

65-74 52.1% 51.2% 0.02 49.8% 49.4% 0.01

75-84 34.7% 34.9% 0.00 36.6% 36.7% 0.00

85+ 13.1% 13.9% 0.02 13.7% 14.0% 0.01

Gender

Male 40.7% 40.3% 0.01 42.1% 41.7% 0.01

Female 59.3% 59.7% 0.01 57.9% 58.3% 0.01

Race

White 93.6% 92.9% 0.03 93.1% 92.7% 0.01

Black 2.6% 2.8% 0.01 2.9% 3.0% 0.00
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Asian 1.3% 1.4% 0.01 1.4% 1.5% 0.00
Hispanic 0.6% 0.8% 0.02 0.7% 0.8% 0.01
Other, Non-North | 1.3% 1.3% 0.00 1.4% 1.4% 0.00
American Native

North American Native 0.1% 0.1% 0.00 0.2% 0.1% 0.01
Unknown 0.4% 0.7% 0.03 0.4% 0.6% 0.04
Regions

Region 1: CT, ME, MA, 6.2% 6.7% 0.02 4.0% 4.6% 0.03
NH, RI, VT

Region 2: NJ, NY, PR, VI 7.8% 8.3% 0.02 5.6% 6.6% 0.04
Region 3: DE, DC, MD, PA, | 8.1% 8.4% 0.01 10.0% 10.4% 0.01
VA, WV

Region 4: AL, FL, GA, KY, 23.4% 21.8% 0.04 27.2% 26.8% 0.01
MS, NC, SC, TN

Region 5: IL, IN, MI, MN, 19.6% 19.6% 0.00 12.9% 13.7% 0.02
OH, WI

Region 6: AR, LA, NM, OK, | 11.2% 12.2% 0.03 10.9% 10.7% 0.01

X
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Region 7: 1A, KS, MO, NE 4.9% 5.0% 0.01 3.3% 3.2% 0.00
Region 8: CO, MT, ND, SD, | 2.9% 2.6% 0.02 4.7% 4.3% 0.02
uT, Wy

Region 9: AZ, CA, HI, NV, | 11.9% 11.5% 0.01 14.9% 13.8% 0.03
AS, FS, GU, PU

Region 10: AK, ID, OR, WA | 3.9% 3.7% 0.01 6.6% 5.9% 0.03
Other 0.0% 0.0% 0.00 0.0% 0.0% 0.00
Low-Income Subsidy

Status

Number of Part D |56.5% 67.7% 0.23 55.9% 66.5% 0.22
Enrolled Beneficiaries

With 15% Copay 0.8% 0.7% 0.02 0.8% 0.6% 0.02
With High Copay 4.8% 4.4% 0.02 4.9% 4.3% 0.03
With Low Copay 4.9% 4.5% 0.02 5.2% 4.5% 0.03
With Zero Copay 1.1% 1.0% 0.01 1.1% 1.0% 0.01
Health Conditions

At Least one high-risk | 61.9% 63.0% 0.02 62.9% 64.6% 0.03

disorder
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Asthma 3.8% 4.0% 0.01 3.9% 4.3% 0.02
Blood Disorders 15.1% 15.5% 0.01 15.6% 16.3% 0.02
Chronic Lung Disease 13.8% 13.9% 0.00 14.4% 14.7% 0.01
Diabetes 20.1% 21.1% 0.03 20.3% 21.4% 0.03
Heart Disease 33.1% 33.7% 0.01 34.1% 35.1% 0.02
Kidney Disorders 6.9% 7.7% 0.03 7.3% 8.2% 0.03
Liver Disorders 2.2% 2.3% 0.01 2.3% 2.4% 0.01
Neurological or | 11.1% 11.3% 0.01 11.3% 11.6% 0.01
Neurodevelopmental

conditions

Weakened Immune | 12.1% 12.1% 0.00 12.4% 12.8% 0.01
System

Frailty Covariates

Home Oxygen Use 2.4% 2.4% 0.00 2.5% 2.5% 0.00
Wheelchair Use 0.1% 0.1% 0.00 0.1% 0.1% 0.01
Walker Use 1.1% 1.1% 0.01 1.1% 1.0% 0.01
Dementia 3.2% 3.4% 0.01 3.1% 3.2% 0.00
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Urinary Catheter Use 0.1% 0.1% 0.00 0.1% 0.1% 0.00
Falls 3.1% 3.3% 0.01 3.1% 3.2% 0.01
Fractures 1.1% 1.1% 0.00 1.1% 1.1% 0.00

Our findings suggest that high-dose influenza vaccines and perhaps other vaccines
designed to elicit higher HAl immune responses among older adults may yield the most
benefits during seasons when influenza A(H3N2) viruses are widespread, such as the 2012-
13 season. A recent meta-analysis estimated that the effectiveness of standard-dose
inactivated vaccines among adults aged >60 years for laboratory-confirmed A(H3N2)
infection was only 24%.%%7 The authors concluded that influenza vaccines offering better
protection against A(H3N2) infection are critically needed. The availability of A(H3N2)
vaccines offering substantially better protection for older adults and their widespread use
in this population could lead to meaningful reductions in influenza-associated morbidity

and mortality.

Resolving issues associated to the use of medical office
visits outcomes in influenza comparative effectiveness

studies

When comparing the effectiveness of the HD and SD influenza vaccines, as
indicated in the methods section, we had to decrease the likelihood of including non-

ambulatory (frail) individuals, adjust for temporal and geographic factors influencing




socioeconomic characteristics, closeness to care, influenza circulation, and access to HD
vaccine, we restricted the study population to beneficiaries who received a SD or HD
vaccine at a pharmacy that vaccinated at least one Medicare beneficiary with the
alternative influenza vaccine within +-14 days. To further decrease the likelihood of
participation by frail individuals, we also excluded persons who entered Medicare
because of disability and those who lived in assisted living facilities. We confirmed that
the cohorts were similar with regard to covariates measured in Medicare by evaluating
differences in baseline covariates using standardized mean differences.'?® Because
routine medical practice in the U.S. does not include the systematic verification of
influenza diagnoses by PCR or culture, we decided to: (a) restrict all influenza outcomes,
including office visits, hospitalizations and post-influenza deaths to those occurring
during periods of high influenza circulation (using CDC’s virologic surveillance data to
select, for each region and season, the weeks during which the % of virological
specimens positive for influenza were within the top 25%)'%'8; (b) restrict influenza
medical office visit to cases for which a rapid influenza test was performed, followed by
dispensing of oseltamivir (an influenza- specific antiviral); (c) define influenza deaths as
those occurring within 30 days following an influenza hospitalization. The restrictions
and diagnosis algorithms used in these comparative effectiveness studies allowed us to
obtain comparative effectiveness estimates very similar to those from
randomized studies that had been performed during the same seasons.*®49°0 The
experience, as reported also by editorials about our publications, >3 was
successful, although the restrictions applied to our cohorts made generalization
difficult. Moreover, we could not determine if our cohorts were comparable not

only for the covariates on demographics, health consultations, and chronic conditions

234
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available in the Medicare databases, but also for unmeasured variables that might
have influenced the likelihood of vaccination and/or the outcome risk, which will be

considered among the next steps in our research.

Transition from the study of the comparative
effectiveness of High dose vs. Standard dose influenza
vaccines to the comparative effectiveness of the
quadrivalent cell- cultured vs. multiple egg-based
vaccines

As discussed, the High dose influenza vaccine was licensed in 2009 under accelerated
approval regulations (21 CFR 601.41), using hemagglutination inhibition (HI) antibody as the
surrogate marker reasonably likely to predict clinical benefit. As per regulations, Sanofi was
then obligated to conduct a randomized clinical endpoint study post licensure to confirm

efficacy.

We started discussing the possibility of performing the High-Dose vs. Standard-Dose
vaccine effectiveness study in Medicare once we learned of the failed attempt to establish
superiority of the High-Dose vaccine, in a post-licensure randomized study during the 2009-10
season® (Diaz-Granados et al, Vaccine 2013). Sanofi did not repeat the study in 2010-11, due to

insufficient cases of influenza because that season was too mild.

In early 2015, once we had our preliminary observational study results, we found out
that the sponsor had just finalized, successfully, its two-season (2011-12 and 2012-13)

randomized clinical trial.*® Our March, 2015 publication of results of the 2012-13 observational
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study in Medicare not only showed effectiveness results strikingly similar to Sanofi’s efficacy
trial results, but also contributed additional information useful for public health by providing
results of RVE for the prevention of hospitalizations, which would be too expensive and too large
(and/or long) for randomized trials to perform without unacceptably large confidence
intervals. Later on, a follow-up post hoc reanalysis of the clinical trial data, although

underpowered, the researchers did find hospitalization results similar to ours.>?

Interestingly, the sponsor’s randomized clinical trial did not find corresponding superior
HI antibody responses for the HIN1 antigen among frail adults during the 2012-13 season.”? In
our own follow-up observational study in Medicare, which included seasons 2012-13 (A(H3N2)-
dominated) and 2013-14 (A(H1N1)-dominated, we used post-influenza hospitalization mortality
as the main outcome (which had not previously been studied by anybody else). This, our second
comparative effectiveness observational study,'® revealed greater effectiveness of the High-
Dose vaccine during 2012-13 against mortality, but found only marginal superiority for the High-
Dose vaccine during the 2013-14 A(H1N1)-dominated season A subsequent cluster- randomized
nursing home study sponsored by Sanofi found results for hospitalized outcomes similar to
ours;* however, unlike ours, the study by Gravenstein was not powered to investigate mortality

outcomes.1849

Thus, these two studies of the comparative effectiveness of the HD vs SD influenza
vaccines'®'® were implemented in response to a concern, results were very similar to those from
randomized studies, and we also studied important outcomes too rare to be investigated in
randomized studies.!>> Moreover, our observational High-Dose vs. Standard-Dose studies
identified a very relevant difference in comparative vaccine effectiveness between the A(H3N2)

dominated 2012-13 season and the subsequent A(H1IN1)-dominated 2013-14 season.'®8We are
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currently implementing a multi-season follow-up analysis to better understand the effect of
season and age in the comparative effectiveness of High-Dose vs. Standard-Dose influenza
vaccines (see chapter on Next Steps below), which was also born from a concern regarding

comparative vaccine effectiveness by season, age and sex.

In summary, FDA used accelerated approval regulations to approve HD Fluzone, using the
best possible surrogate (Hemagglutinin inhibition (HI) response). Nonetheless, HI does not
correlate perfectly with clinical outcomes. At the time of (accelerated) licensure it wasn’t clear
whether Sanofi would be able to conduct a confirmatory trial within a reasonable time frame, if
at all, having failed in previous years to complete the study satisfactorily.*® Such as situation could
have left FDA in the awkward position of leaving a product on the market for an unknown period
of time without the relative benefit of having been verified post-licensure. Our observational real-
world evidence studies then might have been useful as a fall back option. Besides, the fact that
our real-world evidence studies have been cited multiple times at ACIP meetings and discussed
in multiple reviews of the subject highlight their importance as contributors to the ensemble of
the evidence regarding the comparative effectiveness of the High-Dose vs. Standard-Dose
vaccine in different seasons and populations, thus highlighting the benefits of real-

world evidence studies for both regulators and public health decision-makers.152153

These studies, which include the investigation of serious and rare influenza-related
outcomes such as hospitalizations and deaths, have provided results comparable to those from
randomized trials performed during the same seasons.*8-°965152153 The success of these efforts is
particularly meaningful because, as was indicated earlier, the investigation of such rare and

serious outcomes in a randomized study would be not only very challenging to implement, but
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also extremely expensive and time consuming. The success of this collaboration in the use of real
world evidence for the investigation of comparative vaccine effectiveness encouraged us to
extend the initiative to focus on a pressing priority for the U.S. Department of Health and Human
services (HHS), the timely evaluation of the comparative effectiveness of the multiple influenza
vaccines used among the U.S. elderly, a key element of U.S. (and global) influenza pandemic
preparedness.*® Specifically, because of concerns expressed by influenza virologists, HHS’s
concern was to determine if influenza vaccines cultured in canine kidney cells (cell- cultured)
were more effective than the multiple influenza vaccines produced using more traditional

methods, culturing them in chicken eggs.

Relative effectiveness of cell-cultured and egg-based
Influenza vaccines among the U.S. elderly, 2017-18

In this analysis of the comparative effectiveness of the cell-cultured quadrivalent vaccine
with four other egg-based vaccines, during the A(H3N2)-dominated 2017-18 influenza season,
conducted among approximately 13 million influenza vaccinees ages > 65 years, we showed that
the effectiveness of the cell-cultured quadrivalent influenza vaccine was approximately 10-11%
higher than that of the comparable egg-based quadrivalent standard- dose products in
preventing influenza-related hospital encounters, inpatient stays and office visits. Among all five
vaccine types investigated, the RVE against influenza-related hospital encounters and inpatient
stays was the highest for the cell-cultured and high-dose vaccines (see Figure ii). The higher RVE

we observed in this 2017-18 season study for the egg-based high-dose vaccine relative to the
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egg-based standard-dose vaccines is consistent with findings from prior studies by our

team and others.16,18,168



Figure ii: IPTW adjusted RVE for two-vaccine comparison analyses using egg-based

qguadrivalent cohort as reference
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To our knowledge, there is no prior real-world evidence of higher RVE for the cell- cultured

vaccine vs. the comparable egg-based vaccines, although there is virological evidence supporting

this possibility.®”°*191 One hypothesis is that changes in the viral hemagglutinin (HA) of influenza

A(H3N2) virus during isolation, adaptation and propagation in eggs of the influenza

A(H3N2) vaccine strain might affect VE®7100169,170 However, our study does not rule out the

possibility that other factors unrelated to the method of vaccine production could account for
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the observed differences in vaccine effectiveness. Also, we did not separately analyze egg- based
qguadrivalent vaccines produced by different manufacturers. The differential effectiveness we
observed between the cell-cultured and egg-based quadrivalent vaccines only partially explains
the 20% VE interim estimate reported by CDC among individuals ages >65
years during the 2017-18 season, low by historical standards.’®* Unlike 2014-15, when there
was evidence of antigenic drift of the circulating A(H3N2) viruses compared to the vaccine
reference viruses, there was no evidence of such hemagglutinin drift in 2017-18.97:1’1 Other
possibilities, including a neuraminidase drift, should be explored to help explain the low VE
reported among persons ages =65 years.'°%1’2 We also provide hypothetical VE estimates for
each vaccine among beneficiaries ages 265, assuming a £10 point difference from the CDC VE
estimate.'!, The results are shown in the table below. The methodology is described in the
methods section.'* The numbers can only be considered a very rough approximation since our
study did not estimate absolute VEs, the CDC study population could have differed from ours,
the absolute VE estimate from the CDC study had wide confidence intervals (-9% to 41%), and

their estimates were preliminary.
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Table xiii: lllustration of VE by Cohort across All Outcomes for Different Overall VE Values in the 2017-
18 Season

Outcome Vaccine Type Assumed Overall Vaccine
Effectiveness (VE)
VE=10% | VE=20% VE = 30%

Influenza Egg-Based Quadrivalent 3.6% 14.3% 25.0%
Hospital

Encounters Cell-Cultured Quadrivalent 14.3% 23.8% 33.3%

Egg-Based High-Dose Trivalent 7.3% 22.0% 31.8%

Egg-Based Adjuvanted 12.3% 17.6% 27.9%

Egg-Based Standard-Dose Trivalent 3.9% 14.6% 25.3%

Influenza- Egg-Based Quadrivalent 9.7% 19.7% 29.7%

Related Office

Visits Cell-Cultured quadrivalent 14.8% 24.3% 33.8%

Egg-Based High-Dose Trivalent 10.3% 20.3% 30.2%

Egg-Based Adjuvanted 3.8% 14.4% 25.1%

Egg-Based Standard-Dose Trivalent 14.0% 23.6% 33.1%

Egg-Based High-Dose Trivalent 10.3% 20.3% 30.2%

Influenza Egg-Based Quadrivalent 3.3% 14.1% 24.8%
hospital

encounters Cell-Cultured quadrivalent 12.5% 22.2% 31.9%

(Inpatient only)
Egg-Based High-Dose Trivalent 13.1% 22.7% 32.4%
Egg-Based Standard-Dose Trivalent 1.2% 12.2% 23.1%
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As can be seen in the figure below, our end-of-season RVE estimate for the cell-cultured
vs. the comparable egg-based quadrivalent standard-dose vaccines (RVE: 10.0%; 95% Cl: 7.0% to
13.0%) was somewhat lower than that of our January 19 interim analysis (RVE: 16.5%; 95% Cl:
10.3% to 22.2%) .This could potentially be explained by an increase in the proportion of influenza
B circulating viruses (that also undergo egg-adaptation known to change antigenicity) during the
late part of the season.'”3-17> Unlike the A(H3N2) component of the 2017-18 cell- cultured vaccine,
which was isolated in cells, the influenza B viruses in the cell-cultured vaccine were isolated in eggs
and, therefore, are antigenically-similar to the comparator influenza B viruses in egg-grown
vaccines. This could potentially explain why the RVE was lower in the end- of-season analysis,

which included a late increase in the circulation of B/Yamagata-lineage yjryses. 97.170,173-175

In Figure iii, which represents the IPTW-adjusted RVE for the primary analysis (end of
season) and for the secondary analyses, which represent the interim season analyses performed
in January, when the H3N2 viruses had a clear domination. The RVE point estimates and 95%
confidence intervals for the cell-cultured vs. egg-based quadrivalent vaccine comparison are
presented for both outcomes, as well as for the five-way influenza hospital encounter comparison
analysis for the 2017-18 season. The egg-based quadrivalent vaccine cohort is used as the

reference group for each RVE estimate.
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Figure iii: IPTW interim and end-of-season analyses results comparison
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One particular issue in this study was the need to compare multiple vaccines,
considering that the characteristics of the populations vaccinated with each of them could be
different. A simple answer to this problem could have been to perform one-on- one matching,
but that solution would have meant that the sample size would have become too small to
perform some of the main analyses. Our choice was, then, to perform inverse probability of
treatment weighting instead. The success of this approach is illustrated in Table xiv, which
shows very well-balanced cohorts after weighting. Of course, this does not mean we achieved
balance with respect to unmeasured covariates, which is something we will discuss in the

chapter on next steps.
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Table xiv: Distribution of covariates across vaccine cohorts for the 2017-2018 influenza

season after implementing IPTW weights

Covariates Egg-Based Cell-Cultured Egg-Based Egg-Based Egg-Based SD Max

SMDAa
Quadrivalent Quadrivalent HD Trivalent Adjuvanted Trivalent
Base 1,822,862 655,432 8,488,136 1,466,918 994,763
Population
Vaccinated at Pharmacy
Yes 36.9% 38.6% 38.4% 38.6% 37.0% 0.03
Age groups
65-74 50.4% 51.0% 50.9% 50.7% 51.4% 0.02
75-84 33.9% 33.5% 34.3% 34.0% 33.4% 0.02
85+ 15.7% 15.5% 14.9% 15.3% 15.3% 0.02
Gender
Female 58.7% 58.7% 58.2% 58.2% 59.7% 0.03
Male 41.3% 41.3% 41.8% 41.8% 40.3% 0.03
Race
White 88.6% 88.1% 88.2% 88.6% 88.3% 0.02
Black 5.0% 5.2% 5.2% 5.0% 5.2% 0.01
Asian 0.9% 1.0% 1.0% 0.8% 0.9% 0.02
Hispanic 1.9% 1.9% 1.9% 1.8% 2.0% 0.01
Other 3.6% 3.9% 3.7% 3.7% 3.6% 0.02
Regions
Region 1: CT, 6.2% 5.9% 6.2% 6.3% 6.5% 0.02
ME, MA, NH, RI,
VT
Region 2: NJ,  9.0% 8.7% 9.0% 9.0% 9.2% 0.02
NY, PR, VI
Region 3: DE, 11.9% 11.9% 11.7% 11.7% 11.4% 0.02
DC, MD, PA, VA,

wv



Region 4: AL, FL, 0
GA, KY, MS, NC, 21.0%
SC, TN

Region 5: 1L, IN, 9
MI, MN, OH, WI 17.2%

Region 6: AR, 9
LA, NM, OK, TX 10.6%

Region 7: 1A, KS, 5 70
MO, NE >-7%

Region 8: CO, 0
MT, ND, SD, 3.4%
UT, WY

Region 9: AZ, 9
CA, HI, NV, AS, 10.7%
FS, GU, PU

Region 10: AK, 0
ID, OR, WA 4.2%

Reason for entering Medicare

Aging 90.8%
Disability 9.1%
ESRD 0.2%
Dual eligible

Yes 9.2%

Month of Vaccination

August & 30.0%
September

October 43.9%
November 16.5%

December & 9.6%
January

All hospitalizations
At least one 9.2%

Outpatient ER Visits
At least one 15.0%

Outpatient Non-ER Visits

0 36.8%

1,2 30.7%

21.9%

16.3%

10.9%

5.6%

3.3%

10.9%

4.4%

90.8%

9.0%

0.2%

8.7%

29.8%

44.1%

16.5%

9.6%

9.6%

15.4%

35.6%

30.5%

21.4%

17.0%

10.7%

5.6%

3.4%

10.8%

4.2%

91.1%

8.7%

0.2%

8.5%

31.0%

43.5%

16.1%

9.4%

9.2%

14.8%

37.0%

30.8%

21.3%

17.1%

10.7%

5.6%

3.5%

10.8%

4.1%

91.4%

8.5%

0.1%

7.6%

30.3%

43.7%

16.4%

9.7%

9.0%

14.6%

37.6%

31.0%

21.0%

17.6%

10.8%

5.2%

3.5%

10.8%

4.0%

90.8%

9.0%

0.2%

8.7%

29.4%

44.3%

16.6%

9.7%

9.5%

15.2%

36.6%

30.8%
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0.02

0.03

0.01

0.02

0.01

0.01

0.02

0.02

0.02

0.02

0.06

0.03

0.02

0.01

0.01

0.02

0.02

0.04

0.01



3+ 32.5%

All Physician visits

[0- 5] 34.2%
[6 - 10] 28.5%
[11-15] 15.7%
[16 - 25] 13.5%
26 + 8.0%

33.9%

33.8%

28.5%

15.8%

13.7%

8.1%

Respiratory failure and pneumonia

Hospitalizations 1.8%
ER Outpatient 0.4%
Visits

Non-ER 0.9%
Outpatient

Visits

Physician Office 3.9%
Visits

Allergies
Anaphylaxis 0.1%
Drug Allergy 0.3%

Food Allergy 0.4%

Concomitant Vaccine
Pneumococcal 7.8%

Health Conditions
Asthma 6.2%

Blood Disorders 20.9%
Chronic Lung  18.2%
Disease

Diabetes 27.4%

Heart Disease 40.7%

Kidne 14.6%
Disorders

1.9%

0.4%

0.9%

4.0%

0.1%

0.3%

0.4%

8.0%

6.2%

20.9%

18.1%

27.1%

40.7%

14.6%

32.3%

33.9%

28.6%

15.8%

13.7%

8.0%

1.8%

0.4%

0.9%

3.9%

0.1%

0.3%

0.4%

8.4%

6.2%

20.8%

18.2%

27.5%

40.9%

14.7%

31.4%

34.2%

28.6%

15.8%

13.5%

7.9%

1.7%

0.4%

0.8%

3.9%

0.1%

0.3%

0.4%

8.6%

6.1%

20.2%

17.9%

26.9%

40.5%

14.1%

32.6%

34.2%

28.5%

15.7%

13.5%

8.1%

1.9%

0.4%

0.9%

4.0%

0.1%

0.3%

0.4%

7.5%

6.1%

20.4%

17.8%

26.5%

40.1%

14.7%

0.05

0.01

0.00

0.00

0.01

0.01

0.01

0.01

0.01

0.01

0.00

0.00

0.00

0.04

0.01

0.02

0.01

0.02

0.01

0.02
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Liver Disorders 3.2% 3.3% 3.3% 3.2% 3.2% 0.01

Neurological ~ 16.4% 16.3% 15.8% 16.0% 16.1% 0.02

mg?#gnocompro 5.0% 5.1% 5.1% 4.9% 5.1% 0.01

Conditions

Other Malignant11.3% 11.5% 11.6% 11.4% 11.4% 0.01

Neoplasms (Non

Included

Elsewhere)

Frailty Covariates

Uome Oxygen 3.8% 3.8% 3.7% 3.6% 3.7% 0.01
se

Wheelchair Use 0.1% 0.1% 0.1% 0.1% 0.1% 0.00

Walker Use 1.3% 1.3% 1.2% 1.2% 1.3% 0.01

Dementia 0.7% 0.7% 0.7% 0.7% 0.7% 0.01

Urinary 5.4% 5.2% 4.8% 5.2% 5.3% 0.03

Catheter Use

Falls 6.0% 6.1% 5.8% 5.9% 6.0% 0.01

Fractures 1.2% 1.2% 1.2% 1.2% 1.2% 0.00

Abbreviations: IPTW, inverse probability of treatment weighted; SMD, standardized mean difference; HD, high-dose,
SD, standard-dose
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Another important limitation of the use of Medicare data in real-world evidence studies
is the lack of access to virological case confirmation data. However, since the 2017-18 season was
dominated by influenza A(H3N2), we can infer that most influenza events were likely caused by
influenza A(H3N2). Our definition of influenza office visits included a rapid test followed by a
prescription for a therapeutic course of oseltamivir. Although the sensitivity and specificity of
RITs are lower than those from culture or polymerase chain reaction, RITs can provide a health
care provider results within 15 minutes after sample collection.’® We expect that these results
guided the decision to prescribe influenza-specific antivirals. 17"’ However, our influenza office
visits five-way comparison produced estimates inconsistent with the hospital encounters and
inpatient hospitalizations outcomes, specifically in the comparisons with the standard-dose
guadrivalent and trivalent vaccines. These inconsistencies might be explained by potential cohort
differences in health seeking behavior and in testing and treatment preferences by physicians,
and highlight the need for caution when considering results from observational studies that
include outcomes particularly sensitive to differences in health seeking and treatment preference
behaviors not characterized in claims databases.'* To resolve these issues, we have initiated
projects linking surveys of Medicare beneficiaries, which provide information on frailty, health
seeking and other behaviors, with Medicare claims databases. Also, we a priori considered
hospital encounters as our primary analysis outcome, and also included a post-hoc inpatient stay

only analysis which produced almost identical RVE estimates.?

A strength of our study is that the population includes all eligible beneficiaries identified
through Medicare fee-for-service claims. Our large sample size allowed us to perform analyses
for serious outcomes including inpatient stays, difficult to obtain in any randomized trial.

However, our study has limitations. Because the analysis is observational, residual confounding
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could be a concern. In particular, residual confounding associated with chronic conditions not
sufficiently characterized by the dichotomous indicators derived from Medicare claims can be
problematic.1631%*However, our use of IPTWs yielded well-balanced vaccine cohorts with respect
to potential confounders available in the Medicare database, and our past estimates using this

database have been credible.16-18

Our consistent finding in this rapid response study that the cell-cultured and high-dose
vaccines showed better effectiveness than the comparator egg-based vaccines among persons
ages >65 years during the 2017-18 season, along with our findings from prior studies,6184°,168
show that the methods we developed for the use of real-world data to analyze the relative
effectiveness of vaccines used by the Medicare population could help optimize vaccine strategies
for this vulnerable population during epidemics and pandemics.>® However, given the potential
for residual confounding in all observational studies, and the small magnitude of the differences
we obtained, our findings would benefit from replication in studies in other settings and health
care systems. The critical analysis of the ensemble of these real-world evidence studies should
provide valuable information for epidemic influenza control and pandemic preparedness, and

may help guide the future use of real-world evidence by FDA and gthers.11-13,150

Statin use and risks of influenza-related outcomes among
older adults receiving standard-dose or high-dose
Influenza vaccines through Medicare during 2010-2015

In a 5-season study enrolling >2.8 million Medicare beneficiaries aged >65 years who
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received influenza vaccines in pharmacies, we found that those exposed to statins around the
day of vaccination had small (RD per 10,000 person-weeks ranged from -0.02 to 0.23 for office
visits and -0.04 to 0.13 for hospitalizations) but significant increased risks for influenza-related
outcomes compared with non-users. We also found that high-intensity statin users had
significantly higher risks than non-users for both outcomes. However, results for the comparison
between moderate and low-intensity users with non-users were not consistent. We found no
significant differences in influenza risks between synthetic and non-synthetic statin users. Risk
for influenza outcomes was elevated for all statin type and intensity combinations, although
differences were not consistently significant. The majority of synthetic and non- synthetic statin
use was of moderate intensity, and a comparison of those two groups found no significant

differences in influenza risk, suggesting no effect by type of statin used.

Our results are consistent with the direction of the effects identified by Black et al., who
compared HI titers among vaccinated statin users to vaccinated non-users.”® They found 38% to
62% lower HlI titers, depending on influenza strain, in statin users compared to non-users. We
had no information regarding the specific influenza strains that may have caused infections in
our subjects. However, our findings of increased risks of ¥10% among statin users are consistent
with, albeit smaller in magnitude than, the lower Hl titers observed among statin users by Black
et al. While Black et al. found that patients receiving non-synthetic statins had higher Hl titers
than those receiving synthetic statins,”® we found no significant differences in risk for clinical
influenza between synthetic and non-synthetic statin users. Type of statin received and intensity
of use were correlated (i.e., high-intensity use is only possible when receiving synthetic statins).
Therefore, we analyzed statin treatment by combinations defined by type and intensity to see if

statin-type results might be affected by differences in statin treatment intensity. Our results
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suggest significant differences in risk by statin intensity but not statin type. Because the study by
Black et al. did not collect data on statin intensity, their findings may have been confounded by

statinintensity.

Direct comparisons between our findings and those from other observational studies that
included an unvaccinated group are not possible. In Medicare claims data, lack of a claim for
influenza vaccination cannot be used to establish that a beneficiary did not receive a vaccination,
because it is possible that a claim was not submitted, or that a vaccine claim was submitted to
another payer. Thus, we cannot present VE estimates. However, we can make several
observations. Omer et al. found a substantial reduction in influenza VE among statin users
compared to non-users.8? While the Omer et al. study did not directly compare vaccinated statin
users to non-users, they reported unadjusted incidence rates for both groups. Applying the ratio-
of-ratios approach used by Omer, we calculated that the ratio of the unadjusted risk of medically
attended acute respiratory illness (MAARI) among vaccinated statin users and non-users was
1.08.8% These results are consistent with our findings of 9-10% differences in risk, despite the
different populations studied and the non-specific outcome (MAARI) used by Omer et al. McLean
et al. found in a 10-season study enrolling 3,285 participants aged >45 years that VE for RT-PCR-
confirmed influenza outpatient visits was substantially and significantly lower in statin users for
influenza A(H3N2) virus infection.8! However, VE against influenza A(HIN1)pdmO09 or B virus
infections did not differ by statin use.®! Medicare claims data do not provide information on the
type/subtype of influenza virus associated with the influenza- related outcomes we used. Thus,
we cannot compare statin effects by virus type/subtype of infection. Our study period included
some seasons dominated by influenza A(H3N2) viruses and other seasons in which A(H1IN1)

viruses predominated. We did not see larger differences in risk of influenza-related outcomes



254

during influenza A(H3N2)-predominantseasons.

Our study had limitations, some of which we noted in previous publications that used
similar methods.1®18 In addition to these, the statins user and non-user populations may have
differed by unmeasured covariates, including body mass index and diet. In an effort to minimize
bias potentially associated with unmeasured confounders, including being ambulatory, we
restricted all analyses to beneficiaries vaccinated in community pharmacies.'®*® To further
address potential unmeasured confounders, such as those reflected by chronic use of common
medications, we performed negative exposures analyses with HCTZs and PPIs. We found no
association between HCTZs and influenza outcomes. A small but significant association with PPIs
was found, which might suggest the possibility of residual bias or unmeasured confounders. In
retrospect, however, our choice of PPls as a negative exposure was not ideal. PPIs have multiple
effects beyond their effect on gastric pH, which may affect susceptibility to pneumonia and thus
the diagnosis of infection with specific respiratory pathogens.’?182 |n addition, the cohort
restrictions we used to further reduce potential confounding, including also the exclusion of
beneficiaries with cardiovascular conditions, may limit the generalizability of our findings.
Whether the associations we observed between statin use and influenza risk are similar in less

healthy beneficiaries is unknown.

In summary, we found small associations between statin use and relative risks for
influenza office visits and hospitalizations among vaccinated Medicare beneficiaries, consistent
with the direction of results from an immunogenicity trial.” The small magnitude of our findings
suggests that receipt of statins around the time of influenza vaccination does not substantially
affect the risk of influenza-related medical encounters among vaccinated Medicare

beneficiaries. These findings should be interpreted in the context of the well- established benefits
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of statins for reducing the risk of cardiovascular outcomes.

Effectiveness and duration of protection provided by the
live-attenuated Herpes Zoster vaccine in the Medicare
population ages 65 years and older

Success of the matching strategies used in the study

The Zostavax effectiveness is study was published in the Clinical Infectious Disease Journal
(CID),Y” accompanied by a very positive editorial.1>* When we compared our results with those
from clinical trials and prior observational studies we learned that our main concern, health
seeking behavior bias, appeared to be less of a problem for severe outcomes, as opposed to
medical office visits. This allowed us to obtain useful estimates for duration of effectiveness
for post-herpetic neuralgia (PHN) and HZ hospitalization which have contributed to improve our
understanding of Zostavax effectiveness. The similarity of our CID published findings on these
outcomes with preliminary findings from a manufacturer sponsored observational study has
provided reproducibility, which improves the credibility of observational studies. Because of the
use of internal comparisons and the very large (in the millions) observational databases we used,
we were also successful in evaluating duration of Zostavax effectiveness, including for very old
individuals (>85 years of age). Nonetheless, our results for HZ (and ophthalmic zoster) medical
visits showed VE estimates in the lower end of those shown in prior clinical studies, which could
be explained by residual health seeking behavior bias, by differences in the populations studied

(we used Medicare beneficiaries, and our study’s mean age was 77 years), or by both.
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A particularly important point to stress is the excellent balance achieved by our use of
propensity score matching in the Zostavax effectiveness study. Despite significant differences in
most pre-matching covariates, all post-matching covariates were well balanced (with SMDs

<0.1).

For this study, we used matched cohort data from approximately 2 million Medicare
beneficiaries to investigate HZ vaccine effectiveness and duration of protection, using multiple
analytical approaches to identify and address potential bias. To our knowledge, this is the first
study assessing the effectiveness and durability of the live-attenuated HZV 112119122,183,184 that
directly compares vaccinated and unvaccinated cohorts with sufficient power to examine less
common outcomes such as PHN and HZ-associated hospitalizations, while controlling for a wide
range of HZ risk factors and potential confounders. Furthermore, our Medicare fee-for-service
data are sourced from the general U.S. population ages 65 years and older, capturing the entire
range of routine clinical practice.

Among eligible study participants averaging 77 years of age the primary and secondary
analyses, respectively, found that HZV was 33% and 37% effective for the prevention of
outpatient HZ during the first 3 years post-vaccination. In both analyses, VE for outpatient HZ
declined significantly for years 4+ post-vaccination to 19% and 22%, respectively. Similar results
have been published based on long-term follow-up of the original study cohort from the original
HZV clinical trial, but the long-term follow-up study was uncontrolled and unblinded 4. A recent
prospective cohort study also showed waning of protection, though that study, conducted at a

large health maintenance organization in California 1?2

, had less analytic power and
generalizability than our study.

For serious outcomes, including PHN and HZ-associated hospitalization, we found higher
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HZV effectiveness, 57% and 74%, respectively, for the first 3 years post-vaccination than for years
4+. For both, protection was better preserved than for outpatient HZ with AVEs of 45% and 55%,
respectively, for years 4+. The 57% reduction in PHN in our study among HZV recipients suggests
incremental benefit beyond prevention of HZ per se: this is also suggested by the higher
proportion of HZ cases progressing to PHN among unvaccinated relative to vaccinated cohorts
(4.0% versus 2.9%, respectively). While Zostavax does not have an indication for prevention of
PHN, our data suggest that it may prevent PHN, both through prevention of HZ and by reducing
the likelihood that HZ that occurs among vaccinees will progress to PHN.

While vaccine effectiveness declines with increasing age, 11>'%4 it does appear to protect
individuals with a range of chronic illnesses who are particularly vulnerable to the effects of HZ
and for whom immunogenicity could theoretically be blunted.

Our results confirm those of other studies, although point estimates of vaccine
effectiveness vary across studies due to differences in source population characteristics, case
definitions and ascertainment, and other aspects of study methodology.'**18 Notably, in our
study, HZV was 57% effective at prevention of PHN, suggesting incremental benefit beyond
prevention of HZ per se: of vaccinated and unvaccinated persons developing HZ, 2.9% versus
4.0% developed PHN, respectively. While Zostavax does not have an indication for prevention of
PHN, our data suggest that it does indeed prevent PHN, both through prevention of HZ and by
reducing the likelihood that HZ occurring among vaccinees will progress to PHN. We also found
that among older individuals, vaccine effectiveness was better retained for prevention of PHN
than for prevention of HZ. Furthermore, during the 3 years following vaccination, HZ- associated
hospitalization was reduced by 74%.

This study has several limitations. Because Medicare is an administrative database,
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outcomes and predictors were not verified by medical record review and may include errors. In
general, non-specific outcomes tend to understate vaccine effectiveness, while specific
outcomes may introduce biases. We explored this issue with an analysis that restricted
outpatient HZ to cases receiving antiviral treatment, and found that vaccine effectiveness was
modestly increased.!'® However, since HZ tends to be milder among vaccine recipients, this
finding may reflect bias due to differential prescribing by vaccination status. Previous record
validation studies have consistently shown relatively high positive predictive value for HZ as an
outcome, 114120144185 14 addition, some beneficiaries may have claims for the vaccine with non-
Medicare insurance, leading to errors in vaccination status. However, we attempted to address
this by restricting our cohorts to beneficiaries enrolled in Medicare since HZV was licensed so
that they could not have been vaccinated beforehand. It is also unlikely that many recipients paid
for this expensive vaccine out of pocket. Additionally, vaccinees may differ from non- vaccinees
with respect to both disease risk and healthcare seeking behavior. Outpatient HZ, in particular,
is likely to be missed among beneficiaries who forgo medical care for the condition. To improve
comparability between cohorts, we matched by multiple potential confounders, and also
conducted an analysis comparing HZ vaccinees with beneficiaries who, instead, had received
pneumococcal vaccine, which is also recommended for the elderly. We also assessed the
incidence of 13 falsification endpoints (acute medical conditions unrelated to HZ) by vaccination
status and found that the relative risks clustered around 1.0 in both populations. 14 We were
also assured by published population-based studies indicating that over 90% of adults self-
reporting HZ sought medical attention for the condition.1>186-188 Since ophthalmic zoster (0Z)
represents a particularly distressing form of HZ that would almost certainly lead to differences in

cohorts, our finding that HZV was equally effective at preventing outpatient OZ and other
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outpatient HZ was itselfreassuring.

PHN and HZ-associated hospitalizations outcomes are more prone to artifact than
outpatient HZ. Our case-definition for PHN was derived from a single validation conducted in a
health system very different than Medicare'?’. The definition is based on a series of healthcare
encounters lasting 90 days. Given that treatment for PHN is often frustrating or even futile, it is
likely that many factors influence the prolonged pursuit of medical care among persons with
chronic HZ pain.1?18191 ysing similar methods, Tseng et al. found evidence of bias in their
analysis of vaccine effectiveness for prevention of PHN, with notable bias by gender and an
interaction by vaccination status. In our analysis, we found no such effects. Regarding
Additionally, HZ-attributable hospitalization is an imperfect surrogate for HZ disease severity, as
even primary-HZ coded hospitalizations are often not attributable to HZ.''® The risk of HZ-
associated hospitalization is likely to be influenced by risk of hospitalization as well as by the
underlying risk of hospitalization as factors affecting HZ risk (including HZV). This likely explains
the strong association between hospitalizations during the 12 months preceding the index date
and HZ-associated hospitalization, and the reduction in protection against HZ-associated
hospitalization when the comparator is restricted to pneumococcal vaccine recipients who are
more similar to HZV recipients. Even though it is impossible to exclude residual bias from any
observational study, regardless of methodological rigor or study outcome, this paper made
significant efforts to account for multiple sources of bias, recognized by the accompanying
editorial.’>!

HZ is a frequently-disabling disease among the elderly, yet it is preventable. While the
duration of protection wanes over time,'84 the vaccine does protect against HZ regardless of age

and chronic illness, particularly against hospitalization and PHN. Indeed, the number needed to
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vaccinate (NNV) to avert an episode of outpatient HZ over our average follow-up of 2.5 years
(the average follow-up time during our observation period, January 2007 to July 2014) was just
92. Yet vaccine uptake remains low at 28%.192 We cannot generalize our findings to the full US
population for which HZV is recommended since our study population was older and the
population prevalence of contraindications is unknown, but clearly many hundreds of
thousands of cases of HZ could have been averted since the vaccine become available had the
entire population been vaccinated. It is important that health providers and health policy

advocates consider the study results and take necessary action in order to increase vaccinations.

Next steps

Near-real time comparison of the effectiveness of all
marketed vaccines

The largest and more deadly influenza pandemic in recorded history started in April, 1918,
among soldiers at Fort Riley, Kansas, in the U.S. This pandemic, wrongly called the “Spanish
Flu”, killed some 20-40 million people around the world, including over 500,000 in the U.S.1%3
According to one estimate, if a comparable pandemic were to occur today, it would result in close

to two million U.S. deaths.1%3

Concerns regarding the repeat of an influenza pandemic
accelerated the development of influenza vaccines during the 1930’s and 40’s, but these efforts

soon put in evidence the risk of antigenic drifts associated both with the natural spread of the

virus and with the passage of the vaccine antigens through different cell types. Currently,
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because of changes in circulation of influenza subtypes and antigenic drifts associated with
annual epidemics, a new vaccine composition is decided every year by the World Health
organization (WHO), following deliberations with representatives from every region, using
virologic data from the main reference laboratories. These decisions are made in September for
the southern hemisphere and in February for the northern hemisphere.’” In the U.S., where,
during seasonal influenza epidemics, some 12,000-56,000 influenza-related deaths occur every
year, ¢ over 150 million doses of influenza vaccines are administered, most of them among the
elderly, who are disproportionately affected by influenza-related complications and deaths. &9
Although most influenza vaccines used in the U.S. are produced in eggs, there are important
differences between them: some (SD) have a standard amount of antigen (15 mcgs per antigen),
and are either trivalent (containing antigens from subtype A(HIN1) and A(H3N2) strains plus a
single type B lineage strain), or quadrivalent (containing also antigens from a second type B
lineage strain); one is adjuvanted,'> and another (HD) is trivalent and contains 60 mcgs of each
antigen per dose.3? In addition, two recently-licensed vaccines, a sub-unit vaccine prepared from
influenza viruses propagated in mammalian cells,%?and a recombinant protein vaccine consisting
of influenza virus hemagglutinin (HA) produced in insect cells,' are not egg-based. Differences
in vaccine composition, manufacturing processes, egg and cell adaptation, and antigenic drifts
(and shifts) may, sometimes dramatically, affect the effectiveness of influenza
vaccines.?”153193.19 Although public health institutions in the U.S. and abroad already perform
rapid evaluations of vaccine effectiveness each season,’”%%1% these estimates are generally
insufficiently powered to evaluate effectiveness against serious outcomes such as influenza
hospitalizations, provide accurate effectiveness estimates for the elderly, or produce estimates

of the comparative effectiveness of the many licensed vaccines. During the 2017-18 season,
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driven by concerns regarding early findings by CDC and others of low absolute effectiveness of
influenza vaccines against the dominant A(H3N2) viruses, particularly among the elderly,19%101
and by the need to rapidly determine whether mutations arising from egg adaptation of the
vaccine strain might affect VE differently comparatively to vaccines produced in egg and cell
lines,”100.170 Ysing the experience gained by our studies of the comparative effectiveness of the
High dose vs. standard dose influenza vaccines, in collaboration with CMS and Acumen, we
decided to perform a rapid analysis of the comparative effectiveness of egg-based vs. cell-
cultured vaccines during the 2017-18 season, with assistance from Acumen LLC. The preliminary
analysis which, thanks to the experience obtained from prior studies of the comparative
effectiveness of HD and SD influenza vaccines and other effectiveness studies'®1815-153tgok only
four weeks from study initiation to manuscript preparation found that, although cell-cultured
and HD vaccines showed better effectiveness than the comparator egg-based vaccines among
persons ages >65 years, the magnitude of the differences was not sufficient to explain the overall
low effectiveness against influenza A(H3N2) viruses during the 2017-18 season among the
elderly. Although, given the potential for residual confounding in all RWE studies, and the small
magnitude of the differences obtained, such findings would benefit from replication by studies
in different settings and health systems, this study has already provided insights to improve our
understanding of the potential effects of manufacturing cell lines in vaccine effectiveness and,
more important, has also helped stress the need for increased efforts towards the development

of universal influenza vaccines for epidemic and pandemic preparedness.®”-1°0,:153,195

The appropriate use of RWE!3 to timely provide post-marketing data on the comparative
and absolute effectiveness of regulated products has a strong potential to help regulators and

public health officials make timely decisions relevant for epidemic and pandemic control, thus
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helping decrease avoidable medical visits, hospitalizations and deaths.?>%151153 Tg facilitate this
development, we continue our efforts to provide analyses that could inform
specific guidance regarding implementation and interpretation of RWE studies for

regulatory decision-making, within the context of the XXI Century Cures Act.!!

Investigation of the age and sex interaction in the
evaluation of the comparative effectiveness of High dose vs.
Standard dose vaccine effectiveness

A number of randomized and observational studies have suggested that the HD vaccine
has higher efficacy, effectiveness, and superior immune responses compared to the SD vaccines
in some, but not all, seasons.1®184850-52 Eor the 2011-12 and 2012-13 influenza seasons, a
manufacturer-sponsored randomized trial with 31,989 participants demonstrated that,
compared with Sanofi’s SD vaccine, the HD vaccine was associated with improved protection
against laboratory-confirmed influenza illness (relative efficacy 24.2%, 95% confidence interval
(CI) 9.7-36.5%), overall influenza related serious adverse events (relative effectiveness 17.7%,
95% Cl 6.6—27.4%), and superior immune responses for adults >65 years.*®>! A retrospective
cohort study with more than 2.5 million Medicare beneficiaries 265 years found that, for the
2012-13 season, HD vaccine recipients were less likely to have influenza office visits (RVE (RVE)
22%, 95% Cl 15-29%) and influenza hospitalizations (RVE 22%, 95% Cl 16—27%) than SD
vaccinees.'® Shay et al. found that the HD vaccine showed better protection against post-
influenza mortality than SD vaccines in the 2012—-13 (RVE 36.4%, 95% Cl 9-56%) but not in the

2013-14 season (RVE 2.5%, 95% Cl -47-35%) among Medicare beneficiaries 265 years.'® We
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compared RVE of cell-cultured and egg-based influenza vaccines among Medicare beneficiaries

>65 years in the 2017—18 season and showed that HD was more effective than SD in preventing

influenza hospital encounters (RVE 8.7%, 95% Cl 6.5—10.9%)!%. The same study found that the
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cell-cultured SD vaccine had higher RVE than traditional trivalent and quadrivalent SD

vaccines.14

Several studies have investigated HD relative efficacy, effectiveness, or immunogenicity
by age and suggested potential age effect modification. DiazGranados et al. analyzed clinical trial
data by age group and showed that the point estimate of the relative vaccine efficacy for
laboratory-confirmed influenza caused by any influenza strain (regardless of similarity to the
vaccine) was higher for participants ages 275 years (32.4%, 95% Cl 8.1-50.6%) than for those ages
65—74 years (19.7%, 95% Cl 0.4—35.4%), although the difference was not statistically significant>°.
However, the study did not have a separate group for people 285 years. An unadjusted FDA sub-
analysis of the HD relative vaccine efficacy trial found a slightly increasing trend with age for
vaccine efficacy of HD relative to SD, even though results were not statistically significant,
possibly due to the small number of subjects in the subgroups.>® In a retrospective cohort
observational study among elderly U.S. veterans, Richardson and collaborators showed that,
during 2010-11, the risk of hospitalization for influenza or pneumonia was significantly lower
among patients receiving HD versus SD vaccine only for patients >85 years.>* Although there are
potential limitations in the Richardson study,>>>®the findings raise questions regarding potential

effect modification of HD RVE by age, at least for some seasons.

Due to sex difference in human biological aging and other characteristics, men and
women can have different exposures, health status, and morbidity and mortality risks as they
age.””%0Sex-related differences in influenza vaccine effectiveness and immunogenicity have been
observed in studies for both younger (18-64 years) and older (>65 years) adults.®1* The
unadjusted FDA sub-analysis of the HD relative vaccine efficacy trial®found potential differences

in efficacy by sex for culture-confirmed influenza associated with protocol defined influenza-like
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illness caused by viral types/subtypes antigenically similar to those contained in the vaccine.
However, no significant difference in relative vaccine efficacy by sex was found for the primary
endpoint (laboratory-confirmed influenza associated with protocol defined influenza-like illness

caused by any viral types/subtypes).

The above-mentioned research suggests that the RVE of HD versus SD influenza vaccines
could potentially be modified by age, sex, and factors related to the influenza season, such as
severity of influenza circulation and differences between the vaccine and circulating influenza
strains. This study aims mainly to investigate potential effect modification by age on the RVE of
HD versus SD influenza vaccines for people 265 years. We hypothesized that the RVE of HD versus
SD influenza vaccines may be higher among older vaccine recipients. We also investigated

potential effect modification of age and sex on HD RVE.

The design of the study will be a retrospective cohort, including data from August 2012 to
August 2018. The observation period includes six influenza seasons, with the start date of each
influenza season defined as the first Sunday of August of that year.

The primary data source for this analysis will consist of Medicare administrative files, including
specifically claims and enrollment records from the Centers for Medicare and Medicaid Services
(CMS). Also, for this study, pharmacy data will be obtained mainly from the National Plan and
Provider Enumeration System, the National Council for Prescription Drug Programs databases,
and the Medicare Provider Enrollment, Chain, and Ownership System. Data on national
respiratory specimen testing will be obtained from the National Respiratory and Enteric Virus
Surveillance System (NREVSS). Data from the Minimum Data Set was used to identify nursing

facilities.

The exposure for this study is inactivated influenza vaccine administered (HD or SD).
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Influenza vaccinations are identified using Healthcare Common Procedure Coding System and
Current Procedural Terminology codes for HD, trivalent SD, and quadrivalent SD influenza
vaccinations. However, cell-cultured, recombinant, and adjuvanted SD influenza vaccines will be

excluded from the SD vaccine cohort.

The primary outcome will be influenza hospital encounters, defined by inpatient
hospitalizations or emergency department visits listing an ICD-9-CM influenza code (487.xx and
488.xx) from the 2012—-13 to 2014-15 influenza seasons, or an ICD-10-CM influenza code (J09.xx,
J10.xx, J11.xx, and J12.9) starting from the 2015—-16 season. The secondary outcome, influenza

inpatient hospitalization, will include only inpatient stays.

The study will include Medicare beneficiaries 265 years who received an inactivated
influenza vaccine in a community pharmacy setting prior to January 31t of an influenza season.
Beneficiaries were included for each season in which they received an influenza vaccination.
We will exclude beneficiaries with more than one influenza vaccination type in a season.

For this study, we require continuous enrollment in fee-for-service Medicare Parts A
(hospital insurance) and B (medical insurance) and no enrollment in Part C (private health
insurance) for at least 183 days prior to vaccination to permit the identification of chronic medical
conditions. Beneficiaries who entered Medicare due to disability or because of end stage renal
disease prior to age 65 years, had a non-verifiable provider zip code on their index vaccination
claim, had been in a nursing home facility at any time during the 183 days prior to index date, or
received their vaccination at a pharmacy that did not administer the alternate dose within

114 days of their vaccination date were excluded.

Each calendar week during the study period in each Department of Health and Human
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Services (DHHS) region will be classified into high, medium, or low influenza activity periods as
described in Shay et al., 2017 using NREVSS data.!® Data from high influenza activity periods is

being used to perform analyses.

Follow-up begins on the 15™ day after vaccination to permit the development of vaccine-
specific immunity, and continued until one of the following occurred: the occurrence of a study
endpoint as described above, disenrollment from Medicare Parts A or B, enrollment into a
nursing home facility, the end of the influenza season, or death.

Data on demographics and potentially confounding medical conditions will be collected
for each beneficiary during the 183 days prior to vaccination and included as covariates in the
analyses. The standardized mean difference (SMD) was used to assess balance in baseline
characteristics between the HD and SD cohorts, with a SMD of less than 0.10 denoting a negligible
imbalance.

We will use a series of nested Poisson regression models to evaluate the effect of age on
the RVE of HD versus SD influenza vaccines, and we are also using another series of nested
Poisson models to investigate whether RVE varies by age and sex.

In our previous studies, we defined three age categories: 65—74, 75—84, and >85 years.
However, defining age as a categorical variable assumes that vaccine effectiveness is constant
within each age category and is different at category cut-off points. In reality, relative vaccine
effectiveness could change smoothly by age. Therefore, in this study, age will be treated as a
continuous variable with alternative functional specifications to explore possible non-linear
relationships and make the most efficient use of our data'®®. Three different options for defining
the continuous age variable are being used: 1) linear age, 2) cubic spline of age with three degrees

of freedom, and 3) cubic spline of age with four degrees of freedom that places an internal knot
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at the median.

We hypothesize that age modified the RVE of HD versus SD influenza vaccines among
recipients ages 265 years. Data from seasons 2012—13 through 2017—-18 are being used to
conduct the primary analysis. We will start with a basic model with main effects of treatment (HD
versus SD), age, sex, season, study covariates, and a season-treatment interaction term. We then
build more complex models by sequentially adding the following interaction terms to the initial
model: age-treatment, age-season, and age-season-treatment. RVE will be calculated from the
rate ratio (RR) estimates comparing the HD and SD cohorts using the following formula:
(1@RR)EI100%. We are using measures of overall model fit, Akaike information criterion (AIC), the
log-likelihood ratio (LLR) statistic, and graphs of predicted RVEs and incidence rates (IRs) to assess
whether additional complexity yielded sufficient improvements in overall fit to justify the degrees

of freedom used.

The secondary analysis will focus on investigating a possible age-sex effect on RVE. This new
analysis will be performed separately for each season from 2012-13 to 2017-18. Similar to the
primary analysis, we will start with a basic model with main effects of treatment (HD versus SD),
age, sex, and study covariates, then build more complex models by sequentially adding age-

treatment, age-sex, sex-treatment, and age-sex-treatment interaction terms.

The analyses will be conducted using R 3.4.3 (R Foundation for Statistical Computing,
Vienna, Austria) and SAS v. 9.4 (SAS Institute Inc., Cary, NC) with de-identified data collected for

administrative purposes by the CMS.
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Linking beneficiary surveys with Medicare claims
using multiple imputation to evaluate and correct study
cohort imbalances using data from our published real-
world evidence analysis of the effectiveness of
Zostavax vaccination among the U.S. elderly

As it has been indicated, the 215t Century Cures Act!! directs the US regulators to
“develop a regulatory framework to evaluate how real world evidence (RWE) '3 can
potentially be used to support approval of new indications for approved drugs or to support
or satisfy post-approval study requirements”?°. This is not without difficulties. In clinical trials,
the comparison groups (e.g. vaccine and placebo recipients) are usually randomized,
guaranteeing that subjects assigned to the test vaccine are not systematically different
from controls regarding measured and unmeasured variables. Thus, investigators can directly
obtain estimates of treatment effects. In RWE studies, the decision to vaccinate is not made at
random; it is instead made by parties such as the medical provider, patient, or insurance
company, for reasons that may be influenced by bias. Thus, the vaccinated and unvaccinated
groups are often not balanced with respect to potential confounders that could affect the
associations being studied. These imbalances, if not well controlled, generate bias which may
affect the direction and magnitude of the association being investigated. Using matching and
other techniques, investigators can control for potential measured confounders , but not for
unmeasured variables. As the magnitude and direction of the potential bias due to unmeasured
confounders cannot be estimated, it limits the use of RWE for regulatory decision-making.

Medicare claims and enrollment databases are a powerful source of RWE, Medicare provides
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insurance to some 58.5 million beneficiaries in the United States, of whom 49.8 million are 65
years or older.?22 While Medicare databases include information on a vast array of demographics,
health conditions, and services delivered, they do not contain comprehensive information on
behavioral and impaired mobility measures. Estimates based on Medicare claims data may
therefore be biased. One possible solution is to incorporate information from external sources to

evaluate covariate balance and adjust for confounders unavailable in the database.

The Medicare Current Beneficiary Survey (MCBS) 1?#is a continuing, multipurpose survey
of a nationally representative sample of the Medicare population conducted by the Centers for
Medicare and Medicaid Services (CMS) since 1991, with approximately 16,000 respondents
yearly. Survey participants are selected each year from a stratified sample of the Medicare
population based on age and disability status.?4#12> MCBS data can, therefore, be linked back to
the Medicare claims database to provide additional beneficiary behavioral and impaired

mobility information.!?6

In this study, we will pilot an approach to: (a) use MCBS data to assess the balance of
covariates not available in the claims-based databases used among cohorts in our vaccine
effectiveness (VE) studies and, (b) use multiple imputation techniques to evaluate the potential
bias in our previous results by adjusting for a select set of MCBS covariates. Specifically, we will
reanalyze our study of the effectiveness of the Herpes Zoster (HZ) live vaccine — Zostavax,’
linking the study population to MCBS to obtain additional information regarding impaired
mobility, education, and health seeking behavior. Since the MCBS population comprises
only a small portion (0.1%-0.2%) of the Medicare population, we will treat beneficiaries
who had not participated in the survey as observations with missing information (missing at
random) and use a multiple imputation by chained equations (MICE) approach to

impute variables identified as potential confounders.



CONCLUSIONS



In this thesis, we have discussed five vaccine effectiveness studies that have already
significantly contributed to determine the extent to which real-world evidence studies can
contribute to regulatory science.’®%1>3 These highly cited manuscripts were published in Lancet,
CID and JID,***® four of them were accompanied by journal editorials that highlighted our

innovative use of claims data and analyses, and the fifth one was selected as the editor’s choice

for that issue 150-153

Here are the main conclusions from these studies:

(1) These studies have provided researchers with guidance for selecting cohorts with a low
probability of including frail individuals, thus decreasing the risk of imbalances that could

seriously undermine cohort comparability.

(2) They have contributed by defining claims algorithms for medical office visits that use creative
claims combinations, and have demonstrated their validity by repeatedly obtaining results
strikingly similar to those from randomized studies performed in similar populations during
the same seasons,*°1> thus showing that claims- based studies can reach sufficient

outcome specificity for the study of effectiveness for regulatory purposes.

(3) These studies have also helped define high influenza circulation periods. Moreover, we were
the first to use the national distribution of influenza antivirals in Medicare to define influenza
circulation periods with a quality similar (or even better) to that from current surveillance,
with the advantage of being available much faster and being cheaper than any existing

system, creating a surveillance tool that is already been explored by us and others.1%7:1%8

(4) By obtaining effectiveness estimates for severe outcomes that were also very comparable to

those obtained during clinical trials, and by obtaining estimates for very rare outcomes,
274



including death, these studies have also demonstrated the capacity of real-world evidence to

provide data unavailable to most randomized studies. >7°

(5) Our studies have also shown the capacity of real-world evidence to identify significant
effectiveness differences and interactions between drugs and vaccines even when the

magnitude of the effect is small in magnitude. >7°

In summary, the successful studies presented here allow us to enter discussions with
public health authorities regarding the value of using of real-world data for the systematic
investigation of effectiveness against rare and severe outcomes, and for the evaluation
of effectiveness of vaccines among special population and risk groups. The need to resolve
potential limitations detected in our initial research motivated us to further develop our
methods, particularly by using data external to the Medicare claims environment such as surveys
that, once linked to individuals found in the claims environment, will allow us to obtain further
information on frailty, education and behaviors that could influence the likelihood of becoming
ill (frailty) or seeking care (education and other characteristics influencing health care seeking
behavior). These efforts, that have already produced initial success, will allow us to both verify
the potential for bias and, by using imputations, correct existing bias. Thus, we continue the study
of age and sex interaction and vaccine-drug interactions; we are also continuing to creatively use
surveys to both determine the cohort match and augment the CMS datasets to include covariates
unmeasured in the claims such as level of education and frailty. We are also exploring multiple
other approaches to identify and account for the effect of bias in claims studies. These studies,

including those in development, are opening new areas in the exploration of the use of real-
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world data and may soon become standard practice during the evaluation of new vaccines.
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Proof-of-concept study: Comparative effectiveness of
High dose (HD) vs. Standard dose (SD) influenza
vaccines against medical office visits and
hospitalizations among Medicare beneficiaries ages
65 years and older during the 2012-13 season



278
Articles

Comparative effectiveness of high-dose versus standard-
dose influenza vaccines in US residents aged 65 years and
older from 2012 to 2013 using Medicare data: a retrospective
cohort analysis

Hector S Izurieta*, Nicole Thadani*, David K Shay, Yun Lu, Aaron Maurer, lvo M Foppa, Riley Franks, Douglas Pratt, Richard A Forshee,
Thomas MaCurdy, Chris Worrall, Andrew E Howery, Jeffrey Kelman

Summary

Background A high-dose trivalent inactivated influenza vaccine was licensed in 2009 by the US Food and Drug
Administration (FDA) on the basis of serological criteria. We sought to establish whether high-dose inactivated
influenza vaccine was more effective for prevention of influenza-related visits and hospital admissions in US Medicare
beneficiaries than was standard-dose inactivated influenza vaccine.

Methods In this retrospective cohort study, we identified Medicare beneficiaries aged 65 years and older who
received high-dose or standard-dose inactivated influenza vaccines from community pharmacies that offered both
vaccines during the 2012-13 influenza season. Outcomes were defined with billing codes on Medicare claims. The
primary outcome was probable influenza infection, defined by receipt of a rapid influenza test followed by
dispensing of the neuraminidase inhibitor oseltamivir. The secondary outcome was a hospital or emergency
department visit, listing a Medicare billing code for influenza. We estimated relative vaccine effectiveness by
comparing outcome rates in Medicare beneficiaries during periods of high influenza circulation. Univariate and
multivariate Poisson regression models were used for analyses.

Findings Between Aug 1, 2012 and Jan 31, 2013, we studied 929730 recipients of high-dose vaccine and 1615545
recipients of standard-dose vaccine. Participants enrolled in each cohort were well balanced with respect to age and
presence of underlying medical disorders. The high-dose vaccine (1-01 outcomes per 10 000 person-weeks) was 22%
(95% CI 15-29) more effective than the standard-dose vaccine (1-30 outcomes per 10 000 person-weeks) for prevention
of probable influenza infections (rapid influenza test followed by oseltamivir treatment) and 22% (95% CI 16-27%)
more effective for prevention of influenza hospital admissions (0-86 outcomes per 10000 person-weeks in the high-
dose cohort vs 110 outcomes per 10 000 person-weeks in the standard-dose cohort).

Interpretation Our retrospective cohort study in US Medicare beneficiaries shows that, in people 65 years of age and
older, high-dose inactivated influenza vaccine was significantly more effective than standard-dose vaccine in
prevention of influenza-related medical encounters. Additionally, the large population in our study enabled us to
show, for the first time, a significant reduction in influenza-related hospital admissions in high-dose compared to
standard-dose vaccine recipients, an outcome not shown in randomised studies. These results provide important
new information to be considered by policy makers recommending influenza vaccinations for elderly people.

Funding FDA and the office of the Assistant Secretary of Planning and Evaluation.

Introduction

Elderly people are at an increased risk of severe influenza-
related complications compared with young people.*?
People aged 65 years and older account for more than 90%
of all influenza deaths.’ Despite this serious public health
burden, only one large randomised placebo-controlled
trial of the efficacy of an inactivated influenza vaccine in
elderly people has been done.** That study® showed an
efficacy of 58% (95% CI 26-77) for the prevention of
symptomatic clinical illness associated with laboratory-
confirmed influenza illness in participants aged 60 years
and older; in those aged 60-69 years, vaccine efficacy was
59% (20 to 79), whereas in participants aged 70 years and
older, it was 57% (-36 to 87). Thus, most information

www.thelancet.com/infection Vol 15 March 2015

about the effects of the influenza vaccine in people aged
65 years and older is based on observational studies. In
these studies,” estimates of effectiveness of standard-
dose inactivated influenza vaccines in the prevention of
serious influenza-associated outcomes in people aged
65 years and older have varied widely, suggesting moderate
to no effectiveness. Identification of ways to improve the
clinical effects of influenza vaccination to reduce in-
fluenza disease and its complications in people aged
65 years and older is a public health priority. Researchers
have been exploring new vaccines that might increase
effectiveness in elderly people.”

In December, 2009, the US Food and Drug Admini-
stration (FDA) licensed an injectable inactivated
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trivalent influenza vaccine (Fluzone High-Dose, Sanofi
Pasteur, PA, USA), hereafter referred to as the high-
dose vaccine. High-dose vaccines contain about four
times more influenza haemagglutinin antigen than
standard-dose influenza vaccines (60 pg vs 15 pg per
strain)." The high-dose vaccine was approved by the

High-dose cohort Standard-dose cohort  Standardised
(n=929730) (n=1615545) mean
difference
Sex
Female participants 538380 (57-91%) 959072 (59:37%) 0-03
Male participants 391350 (42-:09%) 656473 (40-63%) 0-03
Race
White 867552 (9331%) 1512633 (93-63%) 0-01
Black 25463 (2:74%) 41714 (2:58%) 0-01
Other race/unknown 16235 (1.75%) 27571 (1.71%) <0-01
Asian 12973 (1-40%) 21178 (1:31%) 0-01
Hispanic 6112 (0-66%) 10328 (0-64%) <0-01
Native North American 1395 (0-15%) 2121 (0-13%) 0-01
Dual enrolled 45186 (4-86%) 79750 (4-94%) <0-01
Age (years) 7574 (7:19) 7535 (7:27) 0-05
65-74 461260 (49-61%) 841789 (52:11%) 0-05
75-85 340728 (36:65%) 561385 (34-75%) 0-04
85 and older 127742 (13-74%) 212371 (13-15%) 0-02
Region
Region 1: CT, ME, MA, NH, RI, VT 38557 (4-15%) 101886 (6-31%) 0-09
Region 2: NJ, NY, PR, VI 53732 (578%) 128825 (7:97%) 0-09
Region 3: DE, DC, MD, PA, VA, WV 90367 (9:72%) 132085 (8-18%) 005
Region 4: AL, FL, GA, KY, MS,NC, SC, TN 250165 (26-91%) 381632 (23-62%) 0-08
Region 5: IL, IN, MI, MN, OH, W 117795 (12-67%) 297026 (18:39%) 0-16*
Region 6: AR, LA, NM, OK, TX 103532 (11-14%) 184301 (11-41%) 0-01
Region 7: 1A, KS, MO, NE 31048 (3-34%) 80014 (4-95%) 0-08
Region 8: CO, MT, ND, SD, UT, WY 44257 (476%) 48346 (2:99%) 0-09
Region 9: AZ, CA, HI, NV, AS, FS,GU, PU 137678 (14-81%) 196023 (12-13%) 0-08
Region 10: AK, ID, OR, WA 62347 (6:71%) 65056 (4:03%) 0-12*
Other 252 (0-03%) 351 (0-02%) <0-01
At least one high-risk disorder 560929 (60-33%) 958 625 (59-34%) 0.02
Asthma 35276 (3-79%) 59557 (3-69%) 0-01
Blood disorders 96553 (10-39%) 162313 (10-05%) 0-01
Chronic lung disease 128606 (13-83%) 214689 (13-29%) 0-02
Diabetest 186269 (20-03%) 322258 (19-95%) <0-01
Heart disease 302605 (32:55) 508 973 (31-50%) 0-02
Kidney disorders 60564 (6:51%) 100047 (6:19%) 001
Liver disorders 16 418 (1-77%) 27932 (1-73%) <0-01
Neurological or neurodevelopmental 99777 (10-73%) 169533 (10-49%) 0-01
conditions
Weakened immune system# 106 803 (11-49%) 181003 (11-20%) 0-01
Data are n (%) or mean (SD), unless otherwise specified. *Common characteristics between the high-dose and
standard-dose cohorts with a standard mean difference of more than or equal to 0-10, suggesting a substantial
difference in proportions between groups. tDiabetes was defined using the International Classification of Diseases,
ninth revision, Clinical Modification and Healthcare Common Procedure codes.” $Weakened immune system was
defined using the following Medicare condition categories: HIV/AIDS; metastatic cancer and acute leukaemia; lung or
upper digestive or other severe cancer; lymphatic, head, neck, brain, or major cancer; breast, prostate, colorectal, or
other cancer; and disorders of immunity
Table 1: Baseline characteristics of high-dose and standard-dose cohorts from 24 501 matched pharmacies
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FDA for use in individuals aged 65 years and older,
according to accelerated approval regulations.” These
regulations are applicable to products for treatment or
prevention of serious illnesses that provide meaningful
therapeutic benefit compared with existing treatments.
The data supporting effectiveness needed for licensure
of high-dose vaccines came from immunogenicity
studies showing that the high-dose vaccines elicited
higher haemagglutination inhibition titres than
standard-dose Fluzone in adults aged 65 years and
older against influenza virus A strains HIN1 and
H3N2, and non-inferior antibody titres for the B
strain, included in the vaccine, compared with
standard-dose Fluzone.” Results from a Sanofi-
sponsored post-licensure randomised controlled trial*
of high-dose versus standard-dose vaccine in about
30000 participants aged 65 years and older showed
superior efficacy of the high-dose vaccine for
prevention of laboratory-confirmed influenza infec-
tions. However, despite the large number of parti-
cipants enrolled, this study was not powered to
characterise efficacy against serious influenza-related
outcomes, including hospital admissions.

Additional data for the effectiveness of the high-dose
vaccine are needed to obtain data for hospital admissions
and other influenza-related outcomes of interest. To
quantify the effectiveness of high-dose versus standard-
dose vaccines against illness in the community setting and
severe outcomes in adults aged 65 years and older, we did a
retrospective cohort study in US adults aged 65 years and
older using Medicare fee-for-service databases. Thus,
unlike the published clinical randomised control trial,* we
were able to estimate relative vaccine effectiveness by age
subgroups for serious influenza illnesses resulting in
hospital admission. We hypothesised, on the basis of
immunogenicity data available at the time of vaccine
licensure,” that the high-dose vaccine would be more
effective than the standard-dose vaccine at preventing in-
fluenza-associated outcomes in US Medicare beneficiaries.

Methods

Study design and participants

In this retrospective cohort analysis, we used influenza
vaccination and infection rates from administrative files
for the population on the US Medicare programme. See
appendix for the full study protocol.

Our study’s base population was drawn from fee-for-
service Medicare beneficiaries aged 65 years and older
who had a Healthcare Common Procedure Coding
System (HCPCS) or a Current Procedural Terminology
(CPT) code for a high-dose influenza vaccination (CPT of
90662) or standard-dose vaccination (CPT of 90655-90661
or 90724; HCPCS of G0008 or Q2035-Q2038) between
Aug 1, 2012, and Jan 31, 2013. Each beneficiary was
enrolled in Medicare parts A and B for at least 6 months
before vaccination to detect comorbidities, and each
remained in the study population while still enrolled and

www.thelancet.com/infection Vol 15 March 2015
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alive. Each beneficiary was also enrolled in Medicare
part D from Aug 1, 2012, throughout the high influenza
season. Beneficiaries diagnosed with influenza before
vaccination or recorded as having received both a high-
dose and standard-dose influenza vaccination between
Aug 1, 2012, and May 31, 2013, were excluded from the
study. Beneficiaries who received standard-dose or high-
dose vaccine at a community pharmacy that vaccinated at
least one other beneficiary with the alternative influenza
vaccine in the 2 weeks preceding or following the index
vaccination were eligible for inclusion in the study. This
restriction was designed to ensure that each participant
had equal access to both vaccinations and was sufficiently
healthy to enter a community pharmacy and request
influenza vaccination. We believe that the request for
vaccination at a community pharmacy implied a mini-
mum amount of self-care ability in cohort members,
which would decrease the bias associated with differences
in frailty between recipients of each vaccine.® Additionally,
this community pharmacy-based matching attempted to
account for temporal and geographic factors possibly
associated both with access to the high-dose vaccine and
influenza disease exposure.

Procedures

For each beneficiary in the study, we linked Medicare
enrolment and demographic data to claims from
inpatient and community settings to track influenza vac-
cination trends, define outcomes, and establish popu-
lation characteristics. We used the proportion of samples
testing positive for influenza infection in samples
submitted to laboratories collaborating with the National
Respiratory and Enteric Virus Surveillance System
(NREVSS).® This Centers for Disease Control and
Prevention (CDC)-sponsored nationwide laboratory-
based surveillance system monitors temporal and geo-
graphic patterns associated with the detection of
influenza and other respiratory and enteric viruses. We
used NREVSS data to define high, medium, and low
influenza periods on the basis of previously published
criteria.'*”

Outcomes

Our primary outcome was a probable episode of
influenza-related illness defined by a community medical
encounter with the provision of a rapid influenza
diagnostic test coded with CPT 87804, followed by a
therapeutic dispensing of oseltamivir within a 2-day
period (oseltamivir, 75 mg twice daily for 5 days)."” Several
outcomes attributed to one participant were included in
the analysis because contraction of influenza more than
once is possible during an influenza season. We did not
include other influenza test types in our definition
because delays in availability of test results would affect
the prescription of influenza-specific antivirals by health-
care providers.” The rapid influenza diagnostic test and
oseltamivir treatment definition included only medical
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encounters that occurred in a community setting because
Medicare does not code prescriptions dispensed in
hospital inpatient or emergency department outpatient
claims, and thus, such data were not available to the
investigators. In the Centers for Medicare and Medicaid
Services (CMS), community setting refers to outcomes
observed in a non-institutional setting or outpatient non-
emergency department setting.

Our secondary outcome was a hospital inpatient
admission or emergency department visit diagnosis of
influenza, defined by International Classification of Dis-
eases, ninth revision, Clinical Modification (ICD-9-CM)
codes 487xx or 488.xx. Diagnosis codes specific to
influenza suggest a health-care provider’s assessment
that the Medicare beneficiary has an influenza-associated
illness, which might not be confirmed by influenza
testing. We used the influenza-associated outcome to
capture emergency department visits or hospital
admissions with influenza-like illness because of the
unavailability of antiviral prescription or laboratory
testing data that can be used to define influenza infection
in the community setting.

Statistical analysis

To assess the comparability of the high-dose and
standard-dose vaccine cohorts, we examined differences
between baseline characteristics across cohorts using
standardised mean differences, calculated as the
difference in means or proportions of a variable divided
by the pooled SD of the variable. A standardised mean
difference of 0-1 or greater would suggest a substantial
difference in means or proportions between groups.”?
The large numbers of enrolled participants means that
small, clinically insignificant differences might have
been statistically significant using standard p value cut-
off points, such as p=0-05.

A RIT and oseltamivir treatment

3:0 —— Standard dose -

— High dose
2.5 .
2:0- -

1.5 -

1.0+ -

Rate (per 10000 person-weeks)

05 .

B Influenza inpatient hospital admission or
emergency department visit

0 T T T T T T T

T T T T
Dec8 March 2

Week

Sept 15 May 25

T T
March 2
Week

T
Sept 15 Dec 8

May 25

Figure 1: Influenza outcome rates by vaccine type during the 2012-13 influenza season
Each plot displays the rate of influenza per 10 000 person-weeks. Data was smoothed using a weighted average,
placing a weight of 0-5 on the current week and a weight of 0-25 on the previous and following weeks. (A) Rapid
influenza test followed by treatment with oseltamivir. (B) Inpatient hospital admissions or emergency department
visits with an influenza International Classification of Diseases, ninth revision, Clinical Modification code. RIT=rapid
influenza diagnostic test.
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A RIT and oseltamivir treatment
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Figure 2: Influenza outcome rates in the 2012-13 influenza season

Each plot displays the rate of influenza per 10 000 person-weeks. (A) Community setting medical encounters
including a rapid influenza test followed by treatment with oseltamivir. (B) Inpatient hospital admissions or
emergency department visits with an influenza International Classification of Diseases, ninth revision, Clinical
Modification code. Both graphs show the rates for the entire cohort (=65 years) and for the cohort stratified into
three age groups (65-74 years, 75-84 years, and =85 years). The rates are shown for three periods during the

season—high, medium, and low circulation. RIT=rapid influenza diagnostic test.
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Figure 3: Relative vaccine effectiveness for different outcomes during the 2012-13 high influenza season
Shown are relative effectiveness and 95% Cls for two influenza outcomes. The top outcome is the measure of
community medical encounters including a rapid influenza test followed by treatment with oseltamivir, and the
bottom outcome is the measure of inpatient hospital admissions or emergency department visits with an
International Classification of Diseases, ninth revision, Clinical Modification influenza code. For each outcome,
we reported relative effectiveness for the entire cohort and for the cohort stratified into three age groups

(65-74 years, 75-84 years, and =85 years). RIT=rapid influenza diagnostic test.
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Outcome rates were calculated as the number of
outcomes per person-time for both high-dose and
standard-dose cohorts during the high-influenza period.
Periods of influenza activity were classified as low,
medium, or high based on CDC influenza virus
surveillance data in the four US census regions. High
periods of influenza activity included weeks when the
proportion of respiratory samples that tested positive for
influenza was at the 75th or greater percentile and low
periods of influenza activity included the 55th percentile
or lower from August, 2012, to August, 2013. We
calculated the person-time denominator by summing the
number of weeks that beneficiaries were enrolled for
each region and period. We calculated the number of
outcomes by week and region to establish the numerator.

Relative vaccine effectiveness (RVE) was estimated by
the following equation: RVE=(1-rate high-dose reci-
pients/rate standard-dose recipients) x 100.

We accounted for potential confounders of the vaccine
and outcome association by using multivariate Poisson
regression models. The RVE estimates from the multi-
variate model were adjusted using the list of charac-
teristics in table 1. All analyses were done using STATA
version 13.

Role of the funding source

The US Food and Drug Administration made
contributions to the design of the study, analysis of the
data, interpretation of the results, and writing of the
manuscript. The Assistant Secretary of Planning and
Evaluation had no role in the design and conduct of the
study, in the collection, analysis, and interpretation of the
data, or in the preparation, review, or approval of the
manuscript. NT had full access to all of the data in the
study and takes responsibility for the integrity of the data
and the accuracy of the data analysis. The corresponding
author was responsible for the final decision to submit
for publication.

Results

Between Aug 1, 2012 and Jan 31, 2013, 12509108 Medicare
beneficiaries aged 65 years and older received influenza
vaccinations. Of these beneficiaries, 2437077 (19%)
received high-dose inactivated influenza vaccine, whereas
10072031 (81%) received standard-dose influenza vaccine.
From these groups, we identified a cohort of 2545275
individuals who were vaccinated at 24501 pharmacies
that offered both vaccines during the 2 week periods.
Overall, 929730 (7-4%) beneficiaries received the high-
dose vaccine and 1615 545 (13%) received a standard-dose
vaccine. The two groups were similar in age and
underlying medical disorders, although we identified
some differences in regional composition of the cohorts
(table 1). We compared the high-dose and standard-dose
groups by the presence of each of the 189 medical disorder
categories designated for Medicare risk adjustment.* No
standardised mean difference in the proportions of
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beneficiaries with any of these disorders was greater than
0-2. Table 1 shows results for disorder categories grouped
into classifications associated with increased risk of
serious complications of influenza infection, as defined
by CDC’s Advisory Committee on Immunization
Practices.”” Health disorders remained well balanced
when high-dose versus standard-dose vaccine recipients
were stratified into three age groups (65-74 years,
75-84 years, 85 years and older), although differences by
region persisted (data not shown). The correlation
coefficient between influenza hospital admission claims
and community claims for rapid influenza diagnostic
tests followed by the dispensing of oseltamivir was 0-97

During the high influenza season, the rapid influenza
diagnostic test followed by oseltamivir treatment outcome
occurred more frequently in the standard-dose recipients
(1-30 outcomes per 10000 person-weeks) than in the high-
dose recipients (1-01 outcomes per 10000 person-weeks),
corresponding to a risk difference of 0-29 (95% CI
0-19-0-38; figure 1). We observed differences in outcomes
between treatment groups in each age group (figure 2).
Community outcomes were rare during periods of low
influenza circulation, whereas we identified small
differences in outcome during medium periods, and
differences were most apparent during periods of high
influenza circulation. Repeat outcomes were rare; we
noted seven repeat community-based outcomes and no
repeat influenza hospital admissions.

Receipt of the high-dose vaccine was correlated with a
reduction in influenza inpatient hospital admissions and
emergency department visits (0-86 outcomes per
10000 person-weeks) relative to receipt of the standard
dose vaccine (1-10 outcomes per 10000 person-weeks;
figure 2), corresponding to a risk difference of 0-24
(95% CI 0-17-0-30). The hospital admissions and
emergency department outcome occurred more
frequently in those aged 85 years and older than in
younger age groups (figure 2).

In univariate analyses, the high-dose vaccine was more
effective than the standard-dose vaccine in Medicare
beneficiaries aged 65-74 years, 75-84 years, and 85 years
and older (figure 3). For our primary outcome of the
rapid influenza diagnostic tests followed by oseltamivir
in the community setting, we identified a 22% (95% CI
15-29) reduction in rapid influenza diagnostic test
followed by oseltamivir in the community setting high-
dose vaccine group (1-01 outcomes per 10000 person-
weeks) compared with the standard-dose vaccine group
(1-30 outcomes per 10000 person-weeks) in all
beneficiaries, and a 36% (95% CI 13-54) reduction in
those aged 85 years and older (0-62 outcomes per 10000
person-weeks in the high-dose cohort compared with
0-98 outcomes per 10000 person-weeks in the standard-
dose cohort). The difference in relative vaccine effective-
ness between the overall and the 85 years and older
groups was not statistically significant (p=0-11 for a two-
sided test). In terms of the prevention of hospital
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RIT and oseltamivir treatment

Influenza inpatient hospital
admissions or emergency
department visit

RIT=rapid influenza diagnostic test. RVE=relative vaccine effectiveness.

Rateratio  RVE (95% Cl) Rateratio  RVE (95% Cl)
Calculated rate ratio 0781 21.9% (15-0-28-7) 0784 21-6% (16-1-26-7)
Univariate Poisson model 0782 21-8% (14-8-28-2) 0783 21.7% (16-2-26-8)
Multivariate Poisson model 0-774 22:6% (15:7-29-0) 0794 20-6% (14-9-24-8)

unadjusted Poisson models for the 2012-13 high influenza season

Table 2: Comparison of relative vaccine effectiveness between calculated rate ratio and adjusted and

admission and emergency department visits, relative
vaccine effectiveness in all beneficiaries was 22%
(0-86 outcomes per 10000 person-weeks in the high-dose
cohort compared with 1-10 outcomes per 10,000 person
weeks in the standard-dose cohort; 95% CI 16-27). The
high-dose vaccine was more effective than the standard-
dose vaccine for prevention of influenza-related out-
comes in both hospital and emergency department and
community settings for all age groups (figure 3). All
effect estimates were consistent, whether derived from
univariate or multivariate Poisson model regressions

(table 2).

Discussion

During the 2012-13 influenza season, we identified that
the high-dose influenza vaccine was 22% (95% CI 15-29)
more effective at preventing influenza-associated illness
treated in the community setting than standard-dose
vaccine in a subset of US Medicare beneficiaries aged
65 years and older (panel). We identified a similar effect
for influenza-associated hospital admissions and
emergency department visits in this group. Our results
are similar to the relative efficacy estimates reported in a
completed, two-season, randomised controlled study of
high-dose versus standard-dose Fluzone done by the
manufacturer in more than 30000 older adults.* In that
study, the high-dose vaccine was 24% (95% CI 19-37)
more effective at preventing reverse transcription PCR-
confirmed influenza infections in adults aged 65 years
and older than standard-dose vaccine.” In the community
setting, the estimated relative effectiveness of the high-
dose vaccine was higher in Medicare beneficiaries aged
85 years and older than in younger age groups, but this
difference was not statistically significant.

A strength of our study is that its population base
includes patients identified through Medicare claims
data, or about 98% of the US population aged 65 years
and older” Medicare provides inpatient, emergency
department, and community fee-for-service care for
37 million beneficiaries and prescription coverage for
23 million of these beneficiaries as of January, 2014.* In
view of the representativeness of these data, we believe
that CMS data sources have great potential for use in
observational studies in elderly people. Another strength
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Panel: Research in context

Systematic review

Only a few studies of the efficacy, and none of the effectiveness, of the high-dose
influenza vaccine have been published.** We did a systematic title-match PubMed review
using the search terms “influenza vaccine effectiveness high dose” and “influenza vaccine
efficacy high dose.” Only one of the three studies* identified was relevant for comparison
with the current study: Sanofi Pasteur’s double-blind, randomised, active-controlled
comparative effectiveness trial that included more than 31000 participants.* That study
reported that the high-dose vaccine was 24% (95% Cl 19-37) more effective at preventing
reverse transcription PCR-confirmed influenza infections in adults aged 65 years and older
than the standard-dose vaccine.

Interpretation

Our study identified that the high-dose vaccine was more effective than the standard-
dose vaccine to prevent influenza illness treated in both community and inpatient
settings. Our frequency matching by community pharmacy resulted in a strong balance in
observable potential confounders between the two groups. We had more than 2-5 million
study participants after applying cohort restrictions, allowing us to undertake analyses by
age into influenza hospital admissions, of particular interest to beneficiaries, providers,
regulators, and public health officials. Therefore, our finding of a significantly higher
relative effectiveness with the high-dose vaccine against influenza-associated illnesses,
confirmed for all age groups analysed, adds important new information. In future studies,
these methods might also be used to estimate the possible mortality benefits of newer
influenza vaccines. Moreover, our successful use of new methods both for matching and
for defining outcomes, in a system that provides coverage for almost all older US adults,
opens the door for studies to estimate effectiveness against serious outcomes in specific
risk groups in near-real time, for pandemic and other new vaccines.

of this study is the unusual comparability of beneficiaries
in the high-dose and standard-dose vaccine groups,
which underline the potential usefulness of studying
Medicare beneficiaries who are vaccinated in a
community pharmacy setting.

This study has several limitations. One potential
limitation of the use of Medicare data is the unknown
reliability of the ICD-9-CM codes used for the diagnosis
of influenza in the community setting. Therefore, we
developed an alternative definition for an influenza-
related event, consisting of an influenza test followed by
the prescription of oseltamivir (an antiviral used
exclusively for influenza). Our use of only rapid
influenza diagnostic test might have marginally
decreased study power during the study period because
only 75% of all influenza tests ordered were rapid
influenza diagnostic tests. Our results are probably not
generalisable to the whole US elderly population
because we restricted the analysis to a subset of patients
who received influenza vaccination in a community
pharmacy setting. Another potential limitation in the
use of our definition is that providers might find specific
influenza test results most helpful at the beginning and
end of influenza seasons and rely on symptoms and
history to identify people with influenza infections
during the peak of each season. Thus, we might have
missed people with influenza, although we do not
believe that the likelihood of influenza testing depended
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on whether a person received the high-dose or standard-
dose vaccine.

Influenza-related hospital admissions might also be
associated with secondary bacterial infections and with
respiratory syncytial virus or other respiratory viral co-
infections. Lower respiratory tract infections associated with
these respiratory pathogens are difficult to distinguish and
assigning a primary pathogen in patients with several
infections is also difficult.”® However, the near-perfect
correlation between influenza hospital admission claims
and community claims for rapid influenza diagnostic test
followed by the dispensing of oseltamivir suggests that our
hospital admission outcome during periods of high in-
fluenza circulation was specific for influenza-related events.

Another limitation of this study is that we did not have
access to laboratory results and, therefore, could not
define laboratory-confirmed outcomes. Instead, we
developed what we believe is a specific outcome that
combined a physician’s order for a rapid influenza
diagnostic test followed by the dispensing of an
influenza-specific antiviral within the 2 days after the
medical encounter. Because rapid influenza diagnostic
test can provide a health-care provider with a result
within 15 min after sample collection,” the test results
can reasonably be expected to guide the decision to
prescribe oseltamivir. Therefore, the combination of the
rapid influenza diagnostic test and antivirals probably
provides greater specificity than a physician diagnosis of
influenza or a prescription of antivirals alone.**

As with all observational vaccine studies, vaccination was
not randomly assigned and unmeasured confounders
might bias our estimates of the relative effectiveness of
high-dose vaccine.” However, restriction of the analysis to
individuals who were vaccinated at a community pharmacy
that offered both vaccines within a 2 week period seems to
have yielded well balanced vaccine groups—at least in
terms of a comparison of characteristics available and
frequently used in pharmacoepidemiology studies (eg, the
189 medical disorder categories considered).* The balance
we achieved was probably improved by the fact that
Medicare beneficiaries do not pay for influenza vaccination
in community pharmacy settings, and thus, people were
not dissuaded from receiving the more expensive high-
dose vaccine. Although the restrictions we used decreased
the study sample size, we still had large numbers of
participants in both cohorts (about 930000 high-dose and
1-6 million standard-dose recipients), and were able to do
analyses by age group and also for a serious outcome:
influenza hospital admissions.

We plan to do similar analyses in upcoming influenza
seasons and to do medical record reviews in an attempt
to further validate the influenza-related outcomes for a
subset of beneficiaries. Our ability to detect and
statistically confirm differences in relative effectiveness
would be expected to vary with the severity of influenza
seasons and with the match between the vaccine
and circulating influenza strains. Relative vaccine
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effectiveness also might vary by influenza virus type and
subtype, including new pandemic viruses. Because
Medicare provides medical insurance coverage for almost
all US adults aged 65 years and older, estimation of
vaccine effectiveness for serious rare outcomes in specific
risk groups is possible. Such assessments are usually not
possible in randomised studies of comparative treatment
or prevention modalities, even when tens of thousands
of participants are randomly assigned in large, expensive
studies. We plan to investigate the effectiveness of other
vaccines administered to Medicare beneficiaries, and to
do these assessments in nearreal time® (eg, within
3 months of an event), as done for other FDA-CMS
studies.”**
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Comparative Influenza Vaccine Effectiveness Study Protocol

Background:

Understanding influenza vaccine effectiveness in the elderly is crucial to minimizing hospitalizations and
death due to influenza. The elderly face a higher risk for severe influenza-related complications than other
age groups, because immune systems often weaken with age.12 The elderly also respond to vaccination
with lower antibody titers to influenza hemagglutinin when compared with youngeradults.® Researchers
are investigating alternate formulations and higher doses ofthe influenza vaccine for improved vaccine
effectiveness in the elderly.

The effectiveness of the standard-dose inactivated influenza vaccine among people ages 65 years and older
is subjectto controversy. Current study conclusions vary widely between very high estimates of
effectiveness that suggest that the influenza vaccine reduces the risk of death from all causes by 50% and
very low estimates that conclude the vaccine has no effectiveness.*® Only one small (<2000 subjects) post-
licensure clinical trial has been published, and its estimates of effectiveness depended upon serological
diagnosis of influenza.b Recent research suggeststhat use ofa serologic endpoint for influenza diagnosis
tends to overestimate the effect of inactivated vaccines, because once antibody titers increase in response to
the vaccine, they reach an “antibody ceiling” and cannotrise further in response to infection.”

On December 23, 2009 the Food and Drug Administration (FDA) licensed an injectable inactivated
trivalent influenza vaccine (Fluzone High-Dose, Sanofi-Pasteur) that contains approximately four times the
amount of influenza virus hemagglutinin antigen as compared to other inactivated influenza vaccines.®
Fluzone High-Dose is licensed for usein the elderly and it has been available since the 2010-2011
influenza season, although its availability was initially limited. For licensure, efficacy of the vaccine was
characterized by immunogenicity. Data from three studies among the elderly indicated that Fluzone High-
Dose elicited higher hemagglutination inhibition titers againstall three influenza virus strains included in
the vaccine as compared to standard-dose Fluzone.?10.11 A recent two-season study conducted by Sanofi-
Pasteur on the Fluzone High-Dose vaccine using a cohort of 30,000 older adults found that the High-Dose
vaccine is 24-2 percent more effective in preventing influenza in older adults than the standard vaccine. 12
This study can be expanded upon by characterizing vaccine effectiveness in different age groups and in
patients with different risk factors to understand the usefulness ofthe high-dose vaccine in the Medicare
population.

Investigating influenza vaccine effectiveness is challenging. Vaccine effectiveness varies based on the
adequacy of the antigenic match between the vaccine and the circulating influenza strain, the specific
population vaccinated, the interval between vaccination and disease exposure, the age of vaccine
administration, and the vaccinee’s immune system,among other factors. Since influenza diagnostic tests
are used infrequently, secondary infections such as bacterial pneumonia often cause influenza patient
hospitalization. In addition, respiratory syncytial virus, other respiratory viruses, and other non-viral
pathogens often cause lower respiratory tract infections in winter.1® Therefore, identifying outcomes that
can be used as surrogates for influenza-related complications is difficult. In addition, characteristics of the
vaccinated population provide other complications in assessing the effectiveness ofthe influenza vaccine.
Vaccine effectiveness is hard to assess forthe very frail, since they are less likely to receive vaccines. In
addition, vaccines are administered in a wide variety of settings, including nursing homes, hospitals,
outpatient settings, and pharmacies. The patients that receive vaccination in these locations differ greatly in
demographic and health characteristics.

In the United States, CMS is the primary medical insurance provider for a large majority of the elderly
population through Medicare. CMS holds claims records for the medical care received by a large
percentage of the 65 years and older population. These records have strong potential for use in a study of
the high-dose influenza vaccine among the elderly. Since these records include a wide range of
demographic and healthcare information, they can be used to determine high-dose vaccination field
effectiveness in different age and risk groups. However, claims data has some limitations. Diagnoses on
claims for respiratory illnesses are often imprecise since many conditions have similar symptoms. In
addition, the vaccination status of individuals without vaccination claims in CMS is unknown, since they
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may have been vaccinated outside of CMS or their claims may not have been submitted. Even with these
limitations, CMS claims information is a viable tool for analyzing vaccine effectiveness in the elderly since
the information is comprehensive, collected continuously, and covers a large percent of the population of
interest.

This study uses CMS data to designate cohorts of study that focus on relatively homogenous populations in
terms of health, socioeconomic status, and geographic region, with access to both the high-dose and
seasonal-dose vaccine. Then, claims data is used to identify adverse outcomes related to influenza in
vaccinated populations. These adverse outcomes are analyzed with consideration to the amount of

influenza circulating at the time of event. With this information, this study can compare the effectiveness of
the seasonaland high-dose vaccines in different phases ofinfluenza circulation.

Methods:
Study Periods:

Protocols for this analysis were designed and refined using data from the 2010-2011 and 2011-2012
influenza seasons. Forthe 2012-2013 season these protocols will be implemented.

Data Sources:

Influenza vaccination and infection rates for this study were drawn from administrative files for the US
Medicare population. For each beneficiary in the study, we linked Medicare enrollment and demographic
data to claims from inpatient and community settings to track influenza vaccination trends, define
outcomes, and determine population characteristics. The proportion of samples testing positive for
influenza infection submitted to laboratories collaborating with the National Respiratory and Enteric Virus
Surveillance System (NREVSS)1* were used to define the high, medium, and low influenza seasons using
previously published criteria.15:16

Study Population:

Our study’s base population is drawn from Medicare beneficiaries aged 65 years and older who have a
Healthcare Common Procedure Coding System (HCPCS) or Current Procedural Terminology (CPT) code
for a high-dose influenza vaccination (CPT of 90662) or standard-dose vaccination (CPT of 90655-90661
or 90724; HCPCS of G0008, Q2035-Q2038) between August 1st, 2012 and January 31st, 2013. Each
beneficiary must be enrolled in Medicare part A and B for a period of at least 6 months prior to vaccination
through Medicare, and only remains in a study population while still enrolled and alive. Additionally, since
our primary study outcome (defined under “Outcomes of Interest”) includes receipt of an oseltamivir
prescription, each beneficiary must also be enrolled in Medicare Part D from August 15,2012 throughout
the high influenza season. No beneficiary who originally enrolled in Medicare dueto disability is included,
because these beneficiaries tend to be a sicker population than those who age into Medicare. Further, no
beneficiary who is diagnosed with influenza prior to vaccination, or is recorded as having received both a
high and seasonaldose influenza vaccination between August 15t,2012 and May 31st, 2013 will be
included.

The pharmacy-matched cohortis drawn from members of the base population who were vaccinated at a
pharmacy. Vaccination at a pharmacy indicates that the beneficiary was able to enter the pharmacy to
receive the shot,implying a basic level of mobility. In addition, each beneficiary in this cohort received
their vaccination at a pharmacy which vaccinated another cohort member with the otherdose within +/-
two weeks. This restriction controls for temporal and geographic factors that may possibly affect high-dose
vaccination rates and influenza disease exposure. We identify pharmacy locations by mapping national
provider identifier (NPI) codes billed with each vaccine to pharmacy identifiers (NCPDPs).



289

Outcomes of Interest:

Our primary outcome of interest is a likely episode of influenza related illness defined by an outpatient
medical encounterwith the provision of a rapid influenza diagnostic test (RIT) coded with CPT 87804, 17
followed by a therapeutic dispensing of oseltamivir within a 2-day period (oseltamivir, 75 mg twice daily
for 5 days, see Table 1 for list of NDCs).18 This dosage did not include other influenza test types that take
longer processing time and require more complex laboratory methods in our outcome measure because of
the delay in availability of results to healthcare providers. This became necessary because we did not have
access to results from the diagnostic test and, therefore, needed a test with immediately available results to
support ourassumption that the choice of an influenza-specific treatment following the testimplied a
positive laboratory result.1® Multiple outcomes attributed to one participant are included in the analysis
becauseit is possible to contract influenza more than once during an influenza season. The RIT and
oseltamivir treatment definition includes only medical encounters thatoccurin a community setting
because Medicare does not code prescriptions dispensed in hospitalinpatient or emergency department
outpatient claims, and thus such datais notavailable. In CMS, community setting refers to outcomes
observed in a non-institutional setting or outpatient non-emergency department setting. We did notinclude
any oseltamivir prescriptions dispensed to beneficiaries who received care in a nursing home facility, due
to the possibility that these prescriptions were for prophylactic use.8

Our secondary outcome is a hospital inpatient admission or emergency department visit diagnosis of
influenza, defined by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes 487-0, 487-1, 487-8, 488-0. Diagnosis codes specific to influenza indicate a health care
provider’s assessment that the beneficiary suffers from an influenza-associated iliness and may not be
confirmed by influenza testing. We use the influenza-associated outcome to capture emergency department
visits or hospitalizations with influenza-like illness because of the lack of availability of antiviral
prescription or laboratory testing dataas used to define influenza infection in the community setting.

Influenza Circulation:

To capture beneficiaries’ exposure to influenza, the model requires a measure of influenza spread through
the United States over the course of the influenza season. Influenza antiviral prescription rates in the
Medicare part D 65 years and older population are used as an indicator of influenza spread in the model. To
select this indicator, rates of antiviral claims over the influenza season by region were compared with CDC
virologic surveillance of influenza. CDC surveillance tracks the number of viral tests administered weekly
at collaborating laboratories, as well as the percentage that return a positive result. Trends in antiviral
prescriptions correlate well with the number of positive influenza tests observed by CDC surveillance. In
addition, since antiviral prescriptions are observed in an older population, they are more likely to represent
the magnitude of influenza risk posed to the elderly. In the 2012-2013 season, when the 65 years and older
population represented a higher proportion of influenza hospitalizations than any season for which the CDC
has conducted such assessments, antiviral prescriptions indicated a higher magnitude of influenza circulation
as compared to other seasons that was not apparent in CDC virologic surveillance.2® We also used the rate
of weekly virologic tests that return a positive result to define high (including and greater than 18% of tests,
corresponding to the 75t percentile, return a positive result), low (including and less than

6-5% of tests, corresponding to the 55t percentile, return a positive result), and medium (remaining tests)
influenza seasons.

Statistical Models:

We used univariate and multivariate Poisson regressions to model the weekly outcome rate of influenza
infections in the high season. The covariates for the multivariate Poisson model (listed in Table 2) adjust
for any factors that may influence influenza susceptibility between the two cohorts. Additionally, the model
contains age covariates, so the impact of reduced immunity in the very elderly onvaccine effectiveness can
be observed.
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Further Analysis:

To account for the impact of age on vaccine effectiveness, the initial analysis will stratify the pharmacy -
matched cohortinto 65-74, 75-84, and 85+ age groupings. Later, we will incorporate age as a continuous
variable in a model using splines to precisely characterize differential vaccine effectiveness by age group.

In subsequent analyses, this study will evaluate the significance of pharmacy effects on the model. Future
studies will examine the full base population, as well as cohorts selected to examine vaccine effectiveness
in frailer beneficiaries, such as those enrolled in home health or in skilled nursing facilities.



Table 1. List of NDCs used to define oseltamivir

NDC Label Description
00004080085 Oseltamivir 75 mg gelcap
12280020310 Oseltamivir 75 mg gelcap
16590021310 Oseltamivir 75 mg gelcap
16590021320 Oseltamivir 75 mg gelcap
16590021330 Oseltamivir 75 mg gelcap
23490801600 Oseltamivir 75 mg gelcap
42254000110 Oseltamivir 75 mg gelcap
47463055710 Oseltamivir 75 mg gelcap
49999029810 Oseltamivir 75 mg gelcap
52959080110 Oseltamivir 75 mg gelcap
53002138701 Oseltamivir 75 mg gelcap
54569488800 Oseltamivir 75 mg gelcap
54868447600 Oseltamivir 75 mg gelcap
55045275901 Oseltamivir 75 mg gelcap
55048055710 Oseltamivir 75 mg gelcap
55887075510 Oseltamivir 75 mg gelcap
55887085110 Oseltamivir 75 mg gelcap
57866800201 Oseltamivir 75 mg gelcap
58016478901 Oseltamivir 75 mg gelcap
63874009810 Oseltamivir 75 mg gelcap
68030800201 Oseltamivir 75 mg gelcap

Table 2. List of covariates used in adjusted Poisson model.

Covariates
Age Low Income Subsidy (LIS)
6510 74 Not LIS
751084 No Copay
85+ Low Copay
Gender High Copay
Female 15% Copay
Male
Race Medical Conditions
White Diabetic
Black At least one Inpatient Hospitalization
Hispanic At Least One High Risk condition
Asian Asthma Diagnosis
Native Blood Disorder Diagnosis
Unknown Chronic Lung Disease Diagnosis
Regions Heart Disease Diagnosis
1: CT, ME, MA, NH, RI, VT Kidney Disorder Diagnosis
2: NJ,NY,PR, VI Liver Disorder Diagnosis
3: DE, DC, MD, PA, VA, W Neurological Disorder Diagnosis
4: AL, FL, GA, KY, MS,NC, SC, TN Weakened Immune System Diagnosis
5:IL, IN, MI, MN, OH, WI
6: AR, LA, NM, OK, TX
7: 1A, KS, MO, NE
8: CO, MT, ND, SD, UT, W
9: AZ,CA, HI, NV, AS, FS, GU, PU
10: AK, ID, OR, WA

291



292

References:

1 Thompson WW, Shay DK, Weintraub E, et al. Influenza-associated hospitalizations in the United
States. JAMA. 2004; 292(11): 1333-1340.

2. Thompson WW, Shay DK, Weintraub E, et al. Mortality associated with influenza and respiratory
syncytialvirus in the united states. JAMA. 2003; 289(2): 179-186.

3. Goodwin K, Viboud C, Simonsen L. Antibody response to influenza vaccination in the elderly: a
quantitative review. Vaccine. 2006; 24:1159-1169.

4, Nichol KL, Nordin JD, Nelson DB, et al. Effectiveness of Influenza Vaccine in the Community-
Dwelling Elderly. N. Engl. J. Med. 2007; 357(14): 1373-1381.

5. Jackson LA, Nelson JC, Benson P, et al. Functional status is a confounder of the association of
influenza vaccine and risk of all cause mortality in seniors. Int. J. Epidemiol. 2006; 35(2): 345-352.

6. Govaert TE, Thijs CN, Masurel NN, et al. The efficacy of influenza vaccination in elderly
individuals: A randomized double-blind placebo-controlled trial. JAMA. 1994; 272(21): 1661-1665.

7. Petrie JG, Ohmit SE, Johnson E, Cross RT, Monto AS. Efficacy Studies of Influenza Vaccines:
Effect of End Points Used and Characteristics of Vaccine Failures. J Infect Dis. 2011; 203(9):1309-1315.
8. Centers for Disease Control and Prevention. Licensure of a High-Dose Inactivated Influenza

Vaccine for Persons Aged >65 Years (Fluzone High-Dose) and Guidance for Use. MMWR. 2010; 59(16):
485-486.

9. Couch RB, Winokur P, Brady W, et al. Safety and immunogenicity of a high dosage trivalent
influenza vaccine among elderly subjects. Vaccine. 2007; 35(44): 7656—7663.
10. Falsey AR, Treanor JJ, Tornieporth N, Cappelan J, Gorse GJ. Randomized, double-blind

controlled phase 3 trial comparing the immunogenicity of high-dose and standard-dose influenza vaccine in
adults 65 years of age and older. J Infect Dis. 2009; 200(2):172-180.

11. Keitel WA, Atmar RL, Cate TR, et al. Safety of high doses ofinfluenza vaccine and effect on
antibody responses in elderly persons. Arch Intern Med. 2006; 166(10):1121-1127.

12. Diaz Granados CA, Dunning AJ, Kimmel M, et al. Efficacy of High-Dose versus Standard-Dose
Influenza Vaccine in Older Adults, N. Engl. J. Med. 2014; 371(7): 635-645.

13. lzurieta HS, Thompson WW, Kramarz P, et al. Influenza and the Rates of Hospitalization for
Respiratory Disease among Infants and Young Children. N. Engl.J. Med. 2000; 342(4): 232-239.

14. Centers for Disease Control and Prevention. Overview of Influenza Surveillance in the United
States. October 5, 2012. Retrieved from http://www.cdc.gov/flu/weekly/overview.htm on April 24th, 2014.
15. Thompson WW, Comanor L, Shay DK. Epidemiology of seasonalinfluenza: use of surveillance
data and statistical models to estimate the burden of disease. J Infect Dis. 2006; 1(194):Suppl 2:582-91.
16. Brammer L, Budd A, Cox N. Seasonal and pandemic influenza surveillance considerations for
constructing multicomponent systems. Influenza Other Respir Viruses. 2009; 3(2):51-58.

17. Centers for Disease Control and Prevention. Rapid diagnostic testing for influenza: information

for clinical laboratory directors. July 6th, 2013. Retrieved from
http://www.cdc.gov/flu/professionals/diagnosis/rapidlab.htm on March 28th, 2014.

18. Centers for Disease Control and Prevention. Influenza Antiviral Medications: Summary for
Clinicians. March 21st, 2014. Retrieved from http://www.cdc.gov/flu/professionals/antivirals/summary -
clinicians.htm on March 28th, 2014.

19. Centers for Disease Control and Prevention. Guidance for clinicians on the use of RT-PCR and
other molecular assays for diagnosis of influenza virus infection. July 9th, 2013. Retrieved from
http://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htmon March 28th, 2014.

20. Centers for Disease Control and Prevention. 2012-2013 Flu Season Drawing to a Close. March
29t 2013. Retrieved from http://www.cdc.gov/flu/spotlights/2012-2013-flu-season-wrapup.htm on
September 4th, 2013.


http://www.cdc.gov/flu/weekly/overview.htm
http://www.cdc.gov/flu/professionals/diagnosis/rapidlab.htm
http://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm
http://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm
http://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htm

293

THE LANCET Infectious Diseases

Supplementary webappendix

This webappendix formed part of the original submission and has been peer reviewed.
We post it as supplied by the authors.

Supplement to: Izurieta HS, Thadani N, Shay DK, et al. Comparative effectiveness
of high-dose versus standard-dose influenza vaccines in US residents aged 65 years
and older from 2012 to 2013 using Medicare data: a retrospective cohort analysis.
Lancet Infect Dis 2015; 15: 293-300.



294

Comparative Influenza Vaccine Effectiveness Study Protocol

Background:

Understanding influenza vaccine effectiveness in the elderly is crucial to minimizing hospitalizations and
death due to influenza. The elderly face a higher risk for severe influenza-related complications than other
age groups, because immune systems often weaken with age.12 The elderly also respond to vaccination
with lower antibody titers to influenza hemagglutinin when compared with youngeradults.® Researchers
are investigating alternate formulations and higher doses ofthe influenza vaccine for improved vaccine
effectiveness in the elderly.

The effectiveness of the standard-dose inactivated influenza vaccine among people ages 65 years and older
is subjectto controversy. Current study conclusions vary widely between very high estimates of
effectiveness that suggest that the influenza vaccine reduces the risk of death from all causes by 50% and
very low estimates that conclude the vaccine has no effectiveness.*® Only one small (<2000 subjects) post-
licensure clinical trial has been published, and its estimates of effectiveness depended upon serological
diagnosis of influenza.b Recent research suggeststhat use ofa serologic endpoint for influenza diagnosis
tends to overestimate the effect of inactivated vaccines, because once antibody titers increase in response to
the vaccine, they reach an “antibody ceiling” and cannotrise further in response to infection.”

On December 23, 2009 the Food and Drug Administration (FDA) licensed an injectable inactivated
trivalent influenza vaccine (Fluzone High-Dose, Sanofi-Pasteur) that contains approximately four times the
amount of influenza virus hemagglutinin antigen as compared to other inactivated influenza vaccines.®
Fluzone High-Dose is licensed for usein the elderly and it has been available since the 2010-2011
influenza season, although its availability was initially limited. For licensure, efficacy of the vaccine was
characterized by immunogenicity. Data from three studies among the elderly indicated that Fluzone High-
Dose elicited higher hemagglutination inhibition titers againstall three influenza virus strains included in
the vaccine as compared to standard-dose Fluzone.?10.11 A recent two-season study conducted by Sanofi-
Pasteur on the Fluzone High-Dose vaccine using a cohort of 30,000 older adults found that the High-Dose
vaccine is 24-2 percent more effective in preventing influenza in older adults than the standard vaccine. 12
This study can be expanded upon by characterizing vaccine effectiveness in different age groups and in
patients with different risk factors to understand the usefulness ofthe high-dose vaccine in the Medicare
population.

Investigating influenza vaccine effectiveness is challenging. Vaccine effectiveness varies based on the
adequacy of the antigenic match between the vaccine and the circulating influenza strain, the specific
population vaccinated, the interval between vaccination and disease exposure, the age of vaccine
administration, and the vaccinee’s immune system,among other factors. Since influenza diagnostic tests
are used infrequently, secondary infections such as bacterial pneumonia often cause influenza patient
hospitalization. In addition, respiratory syncytial virus, other respiratory viruses, and other non-viral
pathogens often cause lower respiratory tract infections in winter.1® Therefore, identifying outcomes that
can be used as surrogates for influenza-related complications is difficult. In addition, characteristics of the
vaccinated population provide other complications in assessing the effectiveness ofthe influenza vaccine.
Vaccine effectiveness is hard to assess forthe very frail, since they are less likely to receive vaccines. In
addition, vaccines are administered in a wide variety of settings, including nursing homes, hospitals,
outpatient settings, and pharmacies. The patients that receive vaccination in these locations differ greatly in
demographic and health characteristics.

In the United States, CMS is the primary medical insurance provider for a large majority of the elderly
population through Medicare. CMS holds claims records for the medical care received by a large
percentage of the 65 years and older population. These records have strong potential for use in a study of
the high-dose influenza vaccine among the elderly. Since these records include a wide range of
demographic and healthcare information, they can be used to determine high-dose vaccination field
effectiveness in different age and risk groups. However, claims data has some limitations. Diagnoses on
claims for respiratory illnesses are often imprecise since many conditions have similar symptoms. In
addition, the vaccination status of individuals without vaccination claims in CMS is unknown, since they
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may have been vaccinated outside of CMS or their claims may not have been submitted. Even with these
limitations, CMS claims information is a viable tool for analyzing vaccine effectiveness in the elderly since
the information is comprehensive, collected continuously, and covers a large percent of the population of
interest.

This study uses CMS data to designate cohorts of study that focus on relatively homogenous populations in
terms of health, socioeconomic status, and geographic region, with access to both the high-dose and
seasonal-dose vaccine. Then, claims data is used to identify adverse outcomes related to influenza in
vaccinated populations. These adverse outcomes are analyzed with consideration to the amount of

influenza circulating at the time of event. With this information, this study can compare the effectiveness of
the seasonaland high-dose vaccines in different phases ofinfluenza circulation.

Methods:
Study Periods:

Protocols for this analysis were designed and refined using data from the 2010-2011 and 2011-2012
influenza seasons. Forthe 2012-2013 season these protocols will be implemented.

Data Sources:

Influenza vaccination and infection rates for this study were drawn from administrative files for the US
Medicare population. For each beneficiary in the study, we linked Medicare enrollment and demographic
data to claims from inpatient and community settings to track influenza vaccination trends, define
outcomes, and determine population characteristics. The proportion of samples testing positive for
influenza infection submitted to laboratories collaborating with the National Respiratory and Enteric Virus
Surveillance System (NREVSS)1* were used to define the high, medium, and low influenza seasons using
previously published criteria.15:16

Study Population:

Our study’s base population is drawn from Medicare beneficiaries aged 65 years and older who have a
Healthcare Common Procedure Coding System (HCPCS) or Current Procedural Terminology (CPT) code
for a high-dose influenza vaccination (CPT of 90662) or standard-dose vaccination (CPT of 90655-90661
or 90724; HCPCS of G0008, Q2035-Q2038) between August 1st, 2012 and January 31st, 2013. Each
beneficiary must be enrolled in Medicare part A and B for a period of at least 6 months prior to vaccination
through Medicare, and only remains in a study population while still enrolled and alive. Additionally, since
our primary study outcome (defined under “Outcomes of Interest”) includes receipt of an oseltamivir
prescription, each beneficiary must also be enrolled in Medicare Part D from August 15,2012 throughout
the high influenza season. No beneficiary who originally enrolled in Medicare dueto disability is included,
because these beneficiaries tend to be a sicker population than those who age into Medicare. Further, no
beneficiary who is diagnosed with influenza prior to vaccination, or is recorded as having received both a
high and seasonaldose influenza vaccination between August 15t,2012 and May 31st, 2013 will be
included.

The pharmacy-matched cohortis drawn from members of the base population who were vaccinated at a
pharmacy. Vaccination at a pharmacy indicates that the beneficiary was able to enter the pharmacy to
receive the shot,implying a basic level of mobility. In addition, each beneficiary in this cohort received
their vaccination at a pharmacy which vaccinated another cohort member with the otherdose within +/-
two weeks. This restriction controls for temporal and geographic factors that may possibly affect high-dose
vaccination rates and influenza disease exposure. We identify pharmacy locations by mapping national
provider identifier (NPI) codes billed with each vaccine to pharmacy identifiers (NCPDPs).
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Outcomes of Interest:

Our primary outcome of interest is a likely episode of influenza related illness defined by an outpatient
medical encounterwith the provision of a rapid influenza diagnostic test (RIT) coded with CPT 87804, 17
followed by a therapeutic dispensing of oseltamivir within a 2-day period (oseltamivir, 75 mg twice daily
for 5 days, see Table 1 for list of NDCs).1® This dosage did not include other influenza test types that take
longer processing time and require more complex laboratory methods in our outcome measure because of
the delay in availability of results to healthcare providers. This became necessary because we did not have
access to results from the diagnostic test and, therefore, needed a test with immediately available results to
supportourassumption that the choice of an influenza-specific treatment following the testimplied a
positive laboratory result.1® Multiple outcomes attributed to one participant are included in the analysis
becauseit is possible to contract influenza more than once during an influenza season. The RIT and
oseltamivir treatment definition includes only medical encounters thatoccurin a community setting
because Medicare does not code prescriptions dispensed in hospitalinpatient or emergency department
outpatient claims, and thus such datais notavailable. In CMS, community setting refers to outcomes
observed in a non-institutional setting or outpatient non-emergency department setting. We did notinclude
any oseltamivir prescriptions dispensed to beneficiaries who received care in a nursing home facility, due
to the possibility that these prescriptions were for prophylactic use.8

Our secondary outcome is a hospital inpatient admission or emergency department visit diagnosis of
influenza, defined by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes 487-0, 487-1, 487-8, 488-0. Diagnosis codes specific to influenza indicate a health care
provider’s assessment that the beneficiary suffers from an influenza-associated illness and may not be
confirmed by influenza testing. We use the influenza-associated outcome to capture emergency department
visits or hospitalizations with influenza-like illness because of the lack of availability of antiviral
prescription or laboratory testing dataas used to define influenza infection in the community setting.

Influenza Circulation:

To capture beneficiaries’ exposure to influenza, the model requires a measure of influenza spread through
the United States over the course of the influenza season. Influenza antiviral prescription rates in the
Medicare part D 65 years and older population are used as an indicator of influenza spread in the model. To
select this indicator, rates of antiviral claims over the influenza season by region were compared with CDC
virologic surveillance of influenza. CDC surveillance tracks the number of viral tests administered weekly
at collaborating laboratories, as well as the percentage that return a positive result. Trends in antiviral
prescriptions correlate well with the number of positive influenza tests observed by CDC surveillance. In
addition, since antiviral prescriptions are observed in an older population, they are more likely to represent
the magnitude of influenza risk posed to the elderly. In the 2012-2013 season, when the 65 years and older
population represented a higher proportion of influenza hospitalizations than any season for which the CDC
has conducted such assessments, antiviral prescriptions indicated a higher magnitude of influenza
circulation as compared to other seasons that was not apparentin CDC virologic surveillance.2? We also
used the rate of weekly virologic tests that return a positive result to define high (including and greater than
18% of tests, corresponding to the 75t percentile, return a positive result), low (including and less than
6-5% of tests, corresponding to the 55t percentile, return a positive result), and medium (remaining tests)
influenza seasons.

Statistical Models:

We used univariate and multivariate Poisson regressions to model the weekly outcome rate of influenza
infections in the high season. The covariates for the multivariate Poisson model (listed in Table 2) adjust
for any factors that may influence influenza susceptibility between the two cohorts. Additionally, the model
contains age covariates, so the impact of reduced immunity in the very elderly onvaccine effectiveness can
be observed.
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Further Analysis:

To account for the impact of age on vaccine effectiveness, the initial analysis will stratify the pharmacy -
matched cohortinto 65-74, 75-84, and 85+ age groupings. Later, we will incorporate age as a continuous
variable in a model using splines to precisely characterize differential vaccine effectiveness by age group.

In subsequent analyses, this study will evaluate the significance of pharmacy effects on the model. Future
studies will examine the full base population, as well as cohorts selected to examine vaccine effectiveness
in frailer beneficiaries, such as those enrolled in home health or in skilled nursing facilities.



Table 1. List of NDCs used to define oseltamivir

NDC Label Description
00004080085 Oseltamivir 75 mg gelcap
12280020310 Oseltamivir 75 mg gelcap
16590021310 Oseltamivir 75 mg gelcap
16590021320 Oseltamivir 75 mg gelcap
16590021330 Oseltamivir 75 mg gelcap
23490801600 Oseltamivir 75 mg gelcap
42254000110 Oseltamivir 75 mg gelcap
47463055710 Oseltamivir 75 mg gelcap
49999029810 Oseltamivir 75 mg gelcap
52959080110 Oseltamivir 75 mg gelcap
53002138701 Oseltamivir 75 mg gelcap
54569488800 Oseltamivir 75 mg gelcap
54868447600 Oseltamivir 75 mg gelcap
55045275901 Oseltamivir 75 mg gelcap
55048055710 Oseltamivir 75 mg gelcap
55887075510 Oseltamivir 75 mg gelcap
55887085110 Oseltamivir 75 mg gelcap
57866800201 Oseltamivir 75 mg gelcap
58016478901 Oseltamivir 75 mg gelcap
63874009810 Oseltamivir 75 mg gelcap
68030800201 Oseltamivir 75 mg gelcap

Table 2. List of covariates used in adjusted Poisson model.

Covariates
Age Low Income Subsidy (LIS)
6510 74 Not LIS
751084 No Copay
85+ Low Copay
Gender High Copay
Female 15% Copay
Male
Race Medical Conditions
White Diabetic
Black At least one Inpatient Hospitalization
Hispanic At Least One High Risk condition
Asian Asthma Diagnosis
Native Blood Disorder Diagnosis
Unknown Chronic Lung Disease Diagnosis
Regions Heart Disease Diagnosis
1: CT, ME, MA, NH, RI, VT Kidney Disorder Diagnosis
2: NJ,NY,PR, VI Liver Disorder Diagnosis
3: DE, DC, MD, PA, VA, W Neurological Disorder Diagnosis
4: AL, FL, GA, KY, MS,NC, SC, TN Weakened Immune System Diagnosis
5:IL, IN, MI, MN, OH, WI
6: AR, LA, NM, OK, TX
7: 1A, KS, MO, NE
8: CO, MT, ND, SD, UT, W
9: AZ,CA, HI, NV, AS, FS, GU, PU
10: AK, ID, OR, WA
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Novel observational study designs with new influenza

vaccines

In The Lancet Infectious Diseases, Hector lzurieta and
colleagues' presented results of a cohort study in
929730 older people (65 years and older) who received
a high-dose influenza vaccine (high-dose Fluzone, Sanofi
Pasteur, PA, USA, 60 pg per strain) and compared rates
of influenza-related visits and hospital admissions with
1615545 older people who received a standard dose of
the same vaccine (15 pg per strain). The high-dose vaccine
seemed to be 22% more effective than the standard-dose
vaccine. But how important is this study and finding, and
what are its implications?

Most influenza-related deaths occur in older people
and those with chronic comorbidities, such as pre-
existing respiratory, cardiovascular, cerebrovascular, or
renal disease, diabetes, cancer, and those with immuno-
deficiencies.>* Seasonal influenza vaccination has there-
fore been recommended to be the mainstay of prevention
in these vulnerable groups of people in most developed
countries. However, vaccine uptake rates in older people
have been disappointingly low in many countries despite
strong recommendations.*> One of the main reasons for
this public health failure is that evidence for the clinical
effects of vaccination in practice remains a matter of
debate.*® Much of the discussion pertains to the potential
for selection of people for vaccination in non-randomised
observational studies, which might have positively biased
effect estimates from the lower true value in previous
studies.

Randomisation is important to study causal vaccine
effects because when properly done it removes bias. In
older people, however, a single randomised placebo-
controlled trial of influenza vaccination was done,
which showed an effectiveness of 58% in reduction of

www.thelancet.com/infection Vol 15 March 2015

symptoms of laboratory-confirmed influenza in the
Netherlands.® Randomised placebo-controlled influenza
vaccine trials in older people and other high-risk groups
are usually thought to be unethical because many studies
supporting the vaccine’s benefit have already been done
and immunisation is recommended worldwide.

Non-randomised (variations of) case-control or
cohort vaccine effectiveness studies are suitable alter-
natives to randomised controlled trials. Such designs
have the advantages of timeliness, which is important
in view of the annual changes in virology, reduction of
costs, and increased feasibility, and most importantly,
wider applicability to the target population. However, in
non-randomised observational studies, the selection of
vaccine recipients is affected by their risk profile, which
might lead to confounding bias.*® Advances have been
made in developing alternative observational study
designs to effectively control or quantify this bias. An
elegant, novel approach is the test-negative case-control
design.” A meta-analysis" presented in The Lancet
Infectious Diseases showed vaccine effectiveness ranging
from 46% to 58% in older people if the vaccine matched
the viral strains; similar estimates were reported in the
landmark randomised controlled trial. Alternatively,
study designs with reference study periods during which
influenza vaccination cannot have an effect, such as
the pre-influenza or post-influenza season periods have
been applied to quantify confounding by unmeasured
variables.>” Most of these studies reported reductions in
mortality due to vaccination in older people.

lzurieta and colleagues are to be commended for their
innovative approach in which comparison groups were
selected from the same pharmacies and time periods.
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The method is claimed to prevent bias by differential
frailty status and temporal and geographical differences,
which cannot be directly measured in most big healthcare
databases. Importantly, a balance was achieved in the
distribution of important potential measured con-
founders. Before this new design is accepted as unbiased,
some comments need to be made. First, the accuracy of
data for measured confounders with regards to either
presence or severity of risk diseases remains unknown.
When users of old treatments are compared with those of
new treatments, potential channelling bias as a result of
differential severity of disease might have occurred, which
arises from concerns about vaccine safety or influenza
risk. Second, univariate comparisons of distributions
of each confounder across groups might have masked
any potential differences in clusters of confounders,
and third, unmeasured confounders such as smoking,
functional status, alcohol drinking, or previous vaccine
history could have been differentially distributed. Subject-
matter scientific knowledge about determinants of
choice for either treatment in the pharmacy is essential.
Although probably unlikely in the study by Izurieta and
colleagues, evidence for the absence of these biases
might further support the validity of this novel design.
Nonetheless, though their novel design is potentially valid
for the comparison of new with old vaccines, its validity is
questionable when vaccine recipients are compared with
non-recipients who do not visit the pharmacy.

In view of the suboptimal effectiveness of around 50-
60% of influenza vaccines,®" the estimated 22% relative
increase in vaccine effectiveness of the high-dose vaccine
is certainly important, especially because this pertains
to serious illness outcomes. Studies are warranted to
examine potential safety issues and to model the cost-
effectiveness to further support immunisation guideline
developers.
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PCV13 in the USA: early successes and potential challenges

The clinical and economic burden of invasive pneu-
mococcal disease (IPD) is substantial, with nearly
1 million deaths each year among children younger than
5 years.! The epidemiology of IPD is complicated by the
existence of more than 90 distinct serotypes and the
formidable ability of pneumococci to rapidly transform
and evolve in response to changes in their environment.?

In the USA, within 3 years of the licensure of a seven-
valent pneumococcal conjugate vaccine (PCV7) in 2000,
the incidence of PCV7-serotype IPD was reduced by 94%
and overall IPD by 75% among children targeted for
immunisation.> Widespread use of PCV7 also conferred
indirect protection to older adults, with one study
suggesting that two cases of IPD among older adults
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Moving Toward Improved Influenza Vaccines

Arnold S. Monto

Department of Epidemiology, University of Michigan School of Public Health, Ann Arbor

In 1943, a placebo-controlled trial of
inactivated influenza vaccine (IIV) pro-
duced in fertile eggs was carried out
among members of the Army Specialized
Training Program at the University of
Michigan [1]. The vaccine was approxi-
mately 70% efficacious in preventing lab-
oratory-confirmed clinical influenza and
the study also demonstrated that protec-
tion against infection was correlated with
titers of hemagglutination-inhibiting
(HAI) antibody. For the next 25 years, the
US Military continued regularly to eval-
uate influenza vaccines, mainly in young
adults. The trial designs varied, but the
reported vaccine efficacy (VE) ranged
from 70% to 90% [2]. Unlike the 1943
trial, many of the subsequent military
studies relied exclusively on a serologic
endpoint, comparing 4-fold rise in HAI
antibody titers in the vaccinated with
unvaccinated rather than identifying the
infecting virus, at that time a laborious
procedure. We now know that using this
endpoint overestimates vaccine efficacy
of IV, as those with high HALI titers pro-
duced by vaccination are less likely to
have a rise in titer when infected [3].

In contrast with the situation in the
military, until relatively recently, vac-
cine use in the US general population
was mainly confined to older adults
and those with underlying conditions
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[4]. This was based on the recognition
that complications, including hospital-
ization and death, were more common
in this population who actually had
lower infection rates. Over a number of
years, a variety of studies suggested that
VE was much lower than 70%-90% in
these older adults, and sometimes could
not be demonstrated at all [5]. Many of
the reports were anecdotal, and some
involved nursing homes, so actual VE in
those living independently was difficult
to quantify. A study reviewing articles
on HAI antibody vaccination response
in older compared to younger adults as
a way of predicting protection found that
many factors made it hard to document
actual differences [6]. A meta-analysis of
studies with various clinical endpoints in
older individuals concluded that, while
heterogeneity did exist, in a subset, the
VE was 56% in preventing respiratory
illnesses [7]. However, that conclusion
was challenged based on the nonspecific
illness endpoints used.

The development and general use of the
polymerase chain reaction (PCR) tech-
nique to identify actual influenza infec-
tion has now established a level playing
field for various VE studies across ages.
VE is rarely higher than 60%-70%, and
sometimes lower. These findings came
initially from placebo-controlled trials,
mainly in younger adults where ran-
domization is ethically possible [8-10].
Similar results have come recently from
observational studies, using mainly the
so-called test-negative design, comparing
vaccination status in those with respi-
ratory illnesses in the influenza season
who test positive for influenza by PCR
with those who test negative [11-13].
Because the studies are observational,

they can ethically involve individuals of
all ages. There has not been a consistent
drop-off in VE at age 60 or 65 years; often
there are also variations by age in other
groups. Factors such as the virus type or
subtype involved and prior year vaccina-
tion may have a significant effect of VE.
In particular, VE has been relatively high
for A(HIN1) and type B, in the range of
60%, but much lower for A(H3N2) at all
ages, even in years without major anti-
genic drift [14]. An issue in interpreting
the results is that older individuals, espe-
cially the oldest of the old, are relatively
underrepresented in these studies.

Various approaches over the years have
attempted to improve vaccine perfor-
mance overall. In the days when the mil-
itary dominated research on influenza,
adjuvanted vaccines were extensively
evaluated, and clearly demonstrated
higher antibody titers which were more
broadly reactive. Adjuvants studied were
water-in-oil including Freund’s, and use
was abandoned because of reactogenicity
[15-17]. Later, the approach involving
increasing the quantity of hemagglutinin
(HA) in the vaccine began to be exam-
ined. A limitation was that the increased
antibody response to increased HA con-
tent was far from linear, requiring much
more than the 15 pg contained in the
standard vaccine. The first studies were
carried out in young adults and the HA
content of each strain went up to 135 pg
[18]. Significant increases were seen not
only in serum antibody responses, but
also in secretory antibody, known to
correlate better with protection. Similar
results were demonstrated in older
adults, with antibody responses increas-
ing 2-fold for a 9-fold increase in HA
content [19].
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Once the logistics of producing high-
dose (HD) vaccine and other issues
related to safety were overcome, the ran-
domized controlled trial on the effect of
the HA increase on antibody response
in older individuals took place. The con-
tent of each of the 3 HD components
was limited to 60 pg. In comparison with
standard vaccine, the US Food and Drug
Administration predefined superiority
could be claimed for the A(H3N2) and
A(HINI1) components but not for type
B [20]. There was uncertainty on how
much added protection against actual
illness would result in older individuals
with demonstrated increases in HA con-
tent until a trial with clinical outcomes
could be conduted. Such a controlled
trial is a major undertaking in terms of
size especially when, as was ethically nec-
essary, the comparator is not placebo but
standard vaccine. It was carried out in
2 years, 2011-2012 and 2012-2013 and
involved 31989 participants. Relative
efficacy against laboratory-confirmed
clinical influenza of all types was 24.2%
higher in recipients of the HD formu-
lation than in those who received reg-
ular dose; absolute VE was impossible
to determine since placebo could not
be used [21]. Although point estimates
suggested improved VE against all types
and subtypes, statistical significance was
achieved only for A(H3N2). In addition,
secondary analyses suggested that the
HD vaccine was more effective in pre-
venting serious events possibly related to
influenza, including hospitalization, but
these events were relatively infrequent
[22-23].

The only way to study infrequent out-
comes is to use a much larger sample size.
However, that can only be done using
observational studies, in which there will
be self-selection for vaccination. Then
there is the question of the specificity
of outcomes. Even with spreading use
of PCR to identify influenza infections,
the test is not regularly used enough, so
unbiased identification of cases through
this means alone is not possible. Rapid
tests are more commonly used, but while

specific, most tests are not sensitive, mak-
ing results difficult to interpret.

Shay et al, in this issue of The Journal
of Infectious Diseases, used the Medicare
database to access the required very large
number of cases necessary to examine
influenza-related mortality [24]. In addi-
tion to examining deaths following an
International Classification of Diseases
diagnosis of influenza, they also exam-
ined as secondary analyses all cases
with such a diagnosis, as well as cases
in which a rapid test for influenza with
was ordered and oseltamivir treatment
was dispensed. The latter methods were
used, in part, to reproduce earlier find-
ings from this group, which confirmed
that this approach could replicate results
from the randomized trial [25]. Because
the study was observational, they con-
trolled in the analysis for various factors
such as frailty and socioeconomic status
likely to confound the results. Well over
a million recipients of the standard and
of HD vaccine were studied in each of
2 years. In 2012-2013, the HD was 36.4%
more effective in preventing death, but
in 2013-2014 it was only 2.5% more
effective, which was not statistically sig-
nificant. This variation is not surprising
and is actually in line with expectations.
In 2013-2014 A(HIN1) predominated,
but in 2012-2013 A(H3N2), known to
cause higher mortality in the elderly, was
most common, with some cases of type
B. There is also the issue of basic differ-
ences in VE by subtype, using studies
involving ambulatory visits as the bench-
mark. Overall, VE of standard vaccine in
2013-2014 in all age groups was approxi-
mately 54%, but in 2012-2013 it was only
39% for A(H3N2), leaving much room
for improvement [26].

The demonstration that the HD vac-
cine has an enhanced effectiveness
against influenza-associated mortal-
ity fits nicely with previous data that
using this vaccine results in improved
VE against uncomplicated illness and
likely hospitalizations. This indicates
that improvement in our 70-year-old
influenza vaccines is possible, and to get
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there more quickly we should not ignore
older technologies while working on
more dramatic advances. We know adju-
vants result in better vaccine responses
and we now have safer formulations
than those used years ago in the military
experiments Such an adjuvanted vaccine
for older individuals is now available in
the United States [27]. It has been shown
in observational studies to reduce pneu-
monia and influenza hospitalizations by
25% compared to standard vaccine [28].
The biggest payoff of better vaccines in
terms of reduced mortality will be in the
elderly, but much of the vaccine in the
United States is used at younger ages and
improvement, especially of A(H3N2)
vaccines, is needed for all age groups.
The HD and adjuvanted approaches
are welcome additions to our ability to
counter effects of influenza and they
should be further investigated and used.
They should be viewed as not the end,
but the beginning, of programs leading
to vaccines of higher effectiveness, lon-
ger duration, and broader protection.
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Comparing Influenza Vaccine Types: The Path Toward
Improved Influenza Vaccine Strategies

Brendan Flannery and Alicia M. Fry
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The 2017-2018 influenza season was a
reminder that seasonal influenza can be
associated with a large burden of severe
disease and that adults aged >65 years
are disproportionately affected; 660 000
hospitalizations and 68 000 deaths were
estimated to be associated with influ-
enza virus infection in this age group
[1]. Older adults are a priority group
for annual influenza vaccination. The
2017-2018 season, notable for the pre-
dominance of A(H3N2) viruses, also
was a reminder that the H3N2 vaccine
component is not as effective as other
vaccine components. Vaccines reduced
the risk of laboratory-confirmed influ-
enza A and B-associated outpatient visits
by 40%, but vaccine effectiveness (VE)
estimates against A(H3N2) viruses were
24% [2]. Since 2004-2005, VE point
estimates against A(H3N2) viruses have
been lower than against 2009 pandemic
influenza A(HIN1) virus (A[HIN1]
pdm09) or influenza B viruses, and VE
estimates against A(H3N2) viruses are
usually lowest among older adults [2-4].
Thus, understanding why influenza vac-
cines are less effective against A(H3N2)
viruses and identifying new strategies to
improve VE are critical, especially during
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A(H3N2)-predominant seasons, such as
2017-2018.

In this issue of the Journal of Infectious
Diseases, Izurieta et al used data from
Medicare beneficiaries aged >65 years
to compare International Classification
of Diseases, 10th Revision (ICD-10)-
coded influenza-associated hospital visits
among recipients of different influenza
vaccines during the 2017-2018 influ-
enza season [5]. The large population of
Medicare recipients allowed the authors
to compare not just 2 vaccine types, as
reported previously [6, 7], but to compare
multiple vaccine types during 1 influenza
season. Comparisons among multiple
vaccines aid understanding of current
issues related to influenza vaccines and
also offer insight into potential strategies
to improve vaccine effectiveness.

For the 2018-2019 influenza season,
there are 9 licensed vaccines recom-
mended for people aged =65 years in the
United States. The Advisory Committee
on Immunization Practices indicates
no preference for one type of influenza
vaccine [8]. Most influenza vaccines
contain vaccine viruses that are initially
isolated and propagated in chicken eggs
(ie, egg-based vaccines). Inactivated egg-
based influenza vaccines are available
in trivalent and quadrivalent formula-
tions. Two vaccines designed to result
in an enhanced immune responses are
available for older adults [8]. High-dose
vaccine is a trivalent inactivated egg-
based vaccine with 4 times the antigen
dose, compared with standard vaccines.
A randomized clinical trial [9] during
2011-2012 and 2012-2013 and several
observational studies [6, 7] reported a

higher relative effectiveness of high-dose
as compared to standard-dose egg-based
vaccines, although results from observa-
tional studies vary. An MF59-adjuvanted
egg-based vaccine is also licensed for use
in older adults [8]. One observational
study reported a higher relative effec-
tiveness of adjuvanted as compared to
nonadjuvanted vaccines in this age group
[10]. The effectiveness of high-dose and
adjuvanted vaccines has not been com-
pared previously. Finally, 2 licensed vac-
cines for older adults are not egg based:
the cell-culture vaccine and a vaccine
based on a recombinant influenza virus
hemagglutinin (HA) protein that is pro-
duced in insect cells. In addition to sev-
eral potential production advantages
of non-egg based vaccines, the recent
issues with A(H3N2) viruses have further
increased interest in these vaccines.
Human influenza viruses grown in
eggs may acquire mutations that facilitate
propagation in eggs but inadvertently
change antigenic properties of vaccine
viruses; this is especially true for recent
A(H3N2) viruses [11]. While these
changes from egg propagation could
result in less effective vaccines, the contri-
bution of these changes toward lower VE
estimates has not been quantified. Few
studies are available to shed light on this
issue. A randomized trial among adults
aged >50 years during 2014-2015, an
A(H3N2)-predominant season, reported
a higher relative effectiveness of recom-
binant vaccine as compared to standard
egg-based vaccines [12]. Unfortunately,
there was too little use of the recombi-
nant vaccine among Medicare beneficia-
ries to include this vaccine in the analysis
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by Izurieta et al [5]. Until 2017-2018, the
cell-culture vaccine used viruses initially
isolated in eggs followed by propagation
in a mammalian cell line. For the first
time, in 2017-2018, the A(H3N2) vac-
cine virus in the cell-culture vaccine was
completely cell derived from initial iso-
lation through vaccine production [13].
The remaining 3 vaccine components of
the 2017-2018 cell-culture vaccine were
produced from egg-adapted A(HINI)
pdm09 and B viruses but, in future years,
will also be completely cell derived. Since
A(H3N2) viruses predominated during
the 2017-2018 season, this was the first
season that a completely cell-derived
vaccine virus could be evaluated. Despite
limited commercial uptake, the large
Medicare population allowed evaluation
of recipients of this vaccine by Izurieta
etal [5].

For their primary outcome of ICD-
10-coded influenza-associated hospital
visits, Izurieta et al reported an 11% and
9% relative effectiveness among recipi-
ents of the cell-culture vaccine and high-
dose egg-based vaccines as compared to
standard egg-based trivalent or quadri-
valent vaccines, respectively. In addition,
they demonstrated no statistically sig-
nificant relative effectiveness of cell-cul-
ture vaccine as compared to high-dose
vaccine among beneficiaries during the
2017-2018 influenza season. The supe-
rior relative effectiveness of the cell-cul-
ture vaccine, with the same amount of
HA antigen as the standard-dose egg-
based comparator and one fourth as
much H3N2 antigen as the high-dose
vaccine, was likely due to the cell-derived
A(H3N2) component. However, the small
relative increase suggests that egg-adap-
tation changes do not entirely explain the
lower VE reported for A(H3N2) viruses
as compared to the other vaccine com-
ponents, A(HIN1)pdm09 and B viruses.
In addition, despite changes in the HA
during egg propagation, high-dose vac-
cine offered superior effectiveness (sim-
ilar to that of cell-culture vaccine) as
compared to standard-dose egg-based
vaccines. One wonders how a vaccine

with a higher dose and an absence of
egg-adaptation changes would have com-
pared in this study. Finally, cell-culture
vaccine and high-dose egg-based vaccine
had a 5%-7% higher relative effectiveness
as compared to adjuvanted egg-based
vaccine, which was 4% more effective
than standard (ie, nonadjuvanted) egg-
based vaccines. This suggests that adju-
vant worked less well than an increased
antigen dose at improving effectiveness
against A(H3N2) viruses. In the future,
we need to understand whether adju-
vanted vaccines offer benefits against
antigenically drifted viruses, as well as
A(HIN1)pdmo09 and B viruses, and, po-
tentially, what role an adjuvanted cell-cul-
ture vaccine may have.

The measure used to compare vac-
cine types in the study by Izurieta el al
is relative VE. In their cohort analysis, it
represents the decrease in rates of ICD-
10-coded influenza-associated hospital-
ization visits among beneficiaries who
received a selected vaccine type as com-
pared to those who received a compar-
ator vaccine. It is analogous to the relative
efficacy measured as the difference in
attack rates in a clinical trial. An advan-
tage of this approach is that it does not re-
quire an unvaccinated cohort. Medicare
records may not capture all influenza vac-
cinations, leading to misclassification of
some vaccinated individuals as unvacci-
nated. In addition, unvaccinated cohorts
may introduce additional biases related
to who gets vaccinated [6]. A disadvan-
tage of this approach is that it does not
permit estimation of the absolute VE for
any vaccine; that is, the decrease in rates
of outcomes in each vaccinated cohort as
compared to an unvaccinated cohort. To
put the relative effectiveness estimate in
context, the authors derive estimates of
absolute VE for each vaccine, based on
several possible values for the 2017-2018
comparator vaccine. It is clear from this
example that the relative effectiveness
of cell-culture and high-dose vaccine
resulted in modest improvements in
protection against influenza-associated
hospitalizations.
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Since most postlicensure evaluations
of different vaccine types will be obser-
vational studies, it is important to mon-
itor and account for changes in the use
of different vaccine types over time. In
2012-2013, 19% of vaccinated Medicare
beneficiaries received high-dose vaccine,
and 81% received trivalent standard-dose
vaccine [6]. In 2017-2018, 63% received
high-dose vaccine, and only 7% received
trivalent standard-dose vaccine [5]. This
may have played a role in the differences
between the findings for hospital out-
comes versus outpatient visit outcomes,
as reported by Izurieta et al [5]. It is plau-
sible that the small group of beneficiaries
who received trivalent standard-dose
vaccine in 2017-2018 may have dif-
fered from the majority of vaccinees in
care-seeking behavior or likelihood of in-
fluenza testing in ways that affected influ-
enza-related office visits differently than
influenza-associated hospitalizations. In
addition, commercial uptake will influ-
ence the ability to evaluate new vaccines
and understand their role in vaccination
strategies.

A limitation of using Medicare data
is the absence of laboratory-confirmed
influenza outcomes. Because A(H3N2)
viruses predominated, we can only
assume the cell-culture vaccine effects
were related to the A(H3N2) vaccine
virus. Therefore, replication of these find-
ings with studies using laboratory-con-
firmed influenza virus infection outcomes
will be needed to determine absolute and
relative effectiveness of different influenza
vaccines, by specific influenza virus types
and subtypes. Several networks report
annual absolute VE estimates against all
vaccine viruses and by vaccine type in
the United States [2]. Thus, evidence to
inform future policy decisions will be
dependent on multiple studies with dif-
ferent but complementary methods that
can report annual results over several
seasons, as well as statistical models to
evaluate potential impact of changes in
vaccine uptake. The lessons we learn from
these studies will help improve influenza
vaccines and vaccine strategies so that we
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optimize the protection provided by sea-
sonal influenza vaccines.
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Keywords.

The incidence of herpes zoster rises dra-
matically after 50 years of age, and reac-
tivation of latent virus is associated with
a vesicular rash and at times debilitating
herpetic neuralgia [1]. This increased
incidence is associated with a decrease
in cellular immunity to herpes zoster
virus in this age group. In 2006, a live
attenuated vaccine (Zostavax, Merck)
was licensed and approved for use in the
United States to prevent herpes zoster in
individuals aged >65 years after efficacy
of 51% (95% confidence interval [CI],
44%-58%) was demonstrated in a large
phase 3 clinical trial [2]. Since licensure,
the vaccine has been used widely, but
data on duration of protection, impact
of age on effectiveness, and field effec-
tiveness against various outcomes have
not been widely studied. In this issue of
Clinical Infectious Diseases, Izurieta and
coauthors have conducted a pioneer-
ing study in 2 million individuals in the
Medicare utilization database to exten-
sively evaluate the effectiveness and du-
rability of effectiveness induced by vac-
cination. This study is important because
it provides useful information regarding
the vaccine impact in seniors that can be
used by physicians to set expectations for
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patients receiving the vaccine, because
of the information it provides to public
health policy makers to facilitate deci-
sions regarding this and other vaccines
or vaccine regimens for herpes zoster
and also because this study demonstrates
the utility of the Medicare utilization
databases for the evaluation of vaccine
effectiveness when seniors are the target
population.

Before discussing the results and their
implications, it is important to note that
there are important differences between
the phase 3 prelicensure study and the
results reported here. In the phase 3 trial,
more than half of vaccine recipients were
<70 years of age, whereas in the Izurieta
study this number was only 11%. While
this has potential implications for inter-
preting the results, it is important to note
that the level of impact of this age dif-
ference is likely small given that Izurieta
found only a limited impact of age at vac-
cination upon observed efficacy. More
relevant to viewing the results is the fact
that the Medicare population includes
people who might have been excluded
from a phase 3 trial because of underly-
ing conditions or a history of conditions
such as cancer that could impact vaccine
effectiveness. While one can argue as
to which assessment represents a more
accurate assessment of effectiveness, it
is likely that the Medicare observations
most accurately reflect the impact of
the vaccine in the Medicare population
and, as almost all individuals >65 years
of age in the United States are enrolled
in Medicare, that it reflects the true

effectiveness in seniors in the United
States overall.

The primary analysis in this study a
demonstrated a 33% (95% CI, 32%-35%)
effectiveness against community zoster
during the first 3 years following vacci-
nation. This efficacy fell to 22% (95% CI,
20%-25%) after 4 or more years. This
level of efficacy is significantly lower than
the 51% efficacy observed in the phase 3
trial. Effectiveness for ophthalmic zos-
ter was 31%, initially falling to 21% after
>4 years. For postherpetic neuralgia,
these values were 57% and 44%, respec-
tively. Effectiveness against hospitalized
zoster was higher at 74% within the first
3 years and 55% in the years following.
While the higher impact and duration of
protection against hospitalized zoster is
important, this outcome is uncommon,
with only 614 events observed in the
Medicare study compared with 56939
community zoster cases, 5282 ophthal-
mic zoster cases, and 2033 postherpetic
neuralgia cases.

Given these results and the number of
patients impacted, one can conservatively
state that, especially for community zos-
ter where the number of cases is high and
for ophthalmic zoster where morbidity is
high and incidence relatively high, that
the protection provided by the current
live attenuated zoster vaccine is subopti-
mal. While it is possible that additional
“booster” doses of vaccine might provide
higher or more durable protection, this
has not been studied, so the potential
impact is unknown. Likewise, the poten-
tial impact of the unlicensed herpes
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zoster recombinant subunit vaccine on
effectiveness and duration of protection
on zoster, postherpetic neuralgia, and
other complications awaits further study.
Until other vaccine regimens and newer
vaccines are evaluated, it makes sense to
continue with the current vaccination
regimen to prevent a less than optimal
but significant number of cases of the
more serious complications.

Finally, this study demonstrates the
utility of large lined databases in the
evaluation of vaccine effectiveness in the
target population for a vaccine. While
such studies are relatively common in

the United Kingdom [3, 4] they have not
been routinely performed in the United
States. In the future, such studies should
be considered for all newly introduced
vaccines to assure that the assessments
of vaccine impact from prelicensure tri-
als and assumptions regarding duration
of protection accurately predict the true
vaccine effect.
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