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Increasing evidence suggests a complex relationship between obesity, diabetes and cancer. Here we review the evidence for the
association between obesity and diabetes and a wide range of cancer types. In many cases the evidence for a positive association
is strong, but for other cancer types a more complex picture emerges with some site-specific cancers associated with obesity but
not to diabetes, and some associated with type | but not type Il diabetes. The evidence therefore suggests the existence of
cumulative common and differential mechanisms influencing the relationship between these diseases. Importantly, we highlight
the influence of antidiabetics on cancer and antineoplastic agents on diabetes and in particular that antineoplastic targeting of
insulin/IGF-1 signalling induces hyperglycaemia that often evolves to overt diabetes. Overall, a coincidence of diabetes and
cancer worsens outcome and increases mortality. Future epidemiology should consider dose and time of exposure to both
disease and treatment, and should classify cancers by their molecular signatures. Well-controlled studies on the development of
diabetes upon cancer treatment are necessary and should identify the underlying mechanisms responsible for these reciprocal
interactions. Given the global epidemic of diabetes, preventing both cancer occurrence in diabetics and the onset of diabetes in

cancer patients will translate into a substantial socioeconomic benefit.

Diabetes is a chronic disease affecting 9% of the adult population
worldwide, with a prevalence predicted to double in 2030 by
the World Health Organisation (WHO). Diabetes is strongly
associated with death from cardiovascular disease and cancer and
represents an enormous social and economic health burden.
Type I diabetes (TID) arises from immune destruction of
pancreatic f-cells leading to insufficient insulin production,
whereas 90% of type II diabetes (TIID) develops following
peripheral insulin resistance associated to obesity in ageing
people. Both TID and TIID are characterised by altered
metabolic, hormonal and immune balances represented by
abnormalities in carbohydrate and lipid metabolism, in incretins,
pancreatic hormones and adipokine action, and increased
circulating pro-inflammatory cytokines such as TNFo. Obesity
and diabetes are epidemiologically linked to cancer and both
common and independent risk factors may contribute to cancer
development (Garcia-Jimenez ef al, 2014).

Cancers share with diabetes hormonal imbalances, such as
increased insulin and IGF-1 or leptin/adiponectin secretion,
immune abnormalities including elevated circulating pro-inflam-
matory cytokines and metabolic alterations. Cancer cells maximise
the capture/use of glucose to sustain a high proliferation/apoptosis
ratio and bypass senescence (Coller, 2014). Increased nutrient
demand and altered metabolic by-products of cancer cells alter
their environment, inducing metabolic and secretory adaptations
in neighbouring noncancer cells such as fibroblasts, adipocytes
and macrophages (Coller, 2014), affecting the whole organism.
Ultimately, these changes compromise the function of adipose,
liver and muscle tissues, leading to cachexia, a metabolic syndrome
featuring typical diabetic features and responsible for 20% of
cancer deaths (Argiles ef al, 2014).

Substantial epidemiological evidence supports an association
between diabetes and increased site-specific cancer risk (Shikata
et al, 2013; Tsilidis et al, 2015). However, the burden of
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confounding factors that potentially bias interpretation blurs the
strength of such associations. Metabolic, hormonal and immune
links between diabetes and cancers represent potential cause-
consequence relationships whose importance needs to be clarified
separately with well-controlled in vitro and in vivo studies. Here we
review the current epidemiological links with an emphasis on the
influence of antidiabetic and antineoplastic therapies. We identify
exposure time and dose and treatments among the most important
factors to be considered in future studies.

EPIDEMIOLOGICAL LINKS: HIERARCHY OF SITE-SPECIFIC
CANCERS ASSOCIATED TO DIABETES AND OBESITY

A meta-analysis (Supplementary Figure S1) was undertaken to
examine the association between diabetes, obesity and cancer.
The results indicate that the interplay between hyperglycaemia,
increase in adipose mass and inflammation that appears with
obesity is critical in both diabetes and cancer, suggesting that
obesity may link diabetes and cancer. Epidemiological data
positively associate obesity with many site-specific cancers (more
strongly for endometrium and kidney and weaker for bladder,
prostate and stomach cancers; Supplementary Table S1). Impor-
tantly, lung cancers that are highly prevalent are inversely
associated with obesity.

Type II diabetes associates with most cancers linked to obesity
(Supplementary Table S1) (Habib and Rojna, 2013; Shikata et al,
2013; Tsilidis et al, 2015). Note that TIID represents >90% of
diagnosed diabetes, and consistently studies that do not distinguish
TID from TIID (T1/IID) follow a pattern similar to TIID. Figure 1
summarises the epidemiological associations between obesity, TID,
TIID or TI/IID and site-specific cancers using the rationale of
a heat map. Importantly, most site-specific cancers positively
associated to obesity present an even stronger association with
TIID, suggesting that for those cancers TIID brings additional
contributing factors. Interestingly, prostate cancer associates
positively with obesity and inversely to TIID, whereas lung cancers
inversely associate with obesity but not with TIID. Thus, it seems

likely that factors associated with obesity and diabetes contribute
differentially to site-specific cancers. Although body mass index
(BMI) adjustments have been introduced in recent studies, in
individual studies BMI correction does not alter the epidemiolo-
gical association of diabetes with gastrointestinal cancer. However,
BMI adjustment does decrease the association of diabetes with
breast cancer (Shikata et al, 2013).

Type I diabetes is also associated to site-specific cancers. Its
association to endometrial and stomach cancer is stronger than
TIID association (Supplementary Table S1). The association with
TID or TIID was of a similar magnitude for cancers of the
pancreas, thyroid, leukaemia and NHL. For most cancer sites, data
for TID is scarce and populations smaller, resulting in big
confidence intervals that make the significance dubious. Bearing
this in mind we can still compare their tendencies by looking at the
relative risks. In doing so, two subsets with opposite association to
TID appear: gastrointestinal, some blood cancers, thyroid and
bladder cancers appear positively associated, whereas melanoma,
kidney, prostate and ovarian cancers are inversely associated
(Figure 1). In addition, breast cancers do not associate with TID.
Strikingly, there are more site-specific cancers inversely associated
with TID than to TIID or obesity, highlighting the importance
of protective factors associated with TID. What is different about
melanomas, ovarian and kidney cancer from the other site-specific
cancer types that reverses their association with TID and TIID
is unknown.

Hyperglycaemia may also favour cancer development by diverse
mechanisms, as reviewed elsewhere (Garcia-Jimenez et al, 2014),
and we also explored its contribution through epidemiological data
(not shown). Several prospective studies reported an elevated
risk ratio for all-site cancer incidence in men - excluding prostate
cancer — and women with each increase in 1 mmoll ' of fasting
plasma glucose levels (Stocks et al, 2009). Dietary hyperglycaemia,
estimated by glycaemic index or load, positively associates with
increased incidence of endometrial, gastric and colorectal cancers
(CRC) and with colorectal cancer mortality (Hu et al, 2013).
However, the time of exposure to hyperglycaemia might be critical
for increased cancer risk, and therefore glycated haemoglobin

Association of cancers with obesity, diabetes and treatments
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Figure 1. Association of cancers (classified by site) with obesity, diabetes and treatments. Raw data for this figure are presented in

Supplementary Tables S1 and S2. Cancer relative risk was directly — red colours — or inversely (protection) —

green colours — associated with obesity

(Ob), TIID, TID or ADTs: insulin (Ins) and sulphonylurea (SU) that increase circulating insulin and metformin (Met) and TZDs that decrease blood
glucose. Not statistically significant (NS) association (blue squares). Squares with very light red or green shadow represent trends to direct (red
shadow) or inverse (green shadow) association, although statistically not significant mainly because of lack of sufficient studies.
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(HbA1c) values that estimate the glycaemia for the past 2 months
might be more informative than punctual glycaemic measure-
ments. Remarkably, few diabetes—cancer studies collected HbAlc
values and those that included them had confidence intervals too
large to draw conclusions. Importantly, enhanced glucose uptake
by cancer cells leads hepatic adaptation to increase circulating
glucose, and consequently diabetes could be an early manifestation
of a tumour. In contrast, in advanced cancers highly proliferative
cells with enhanced glucose uptake may deplete blood glucose. In
addition, cancer-associated anaemia and frequent blood transfu-
sions will alter HbA1lc values, possibly explaining the amplitude of
the confidence intervals found in epidemiological studies. Under-
standing the changes in blood glucose and HbAlc during cancer
evolution might help develop better treatments.

Thus, a generalised approach to study associations between
global cancer risk and diabetes or obesity may be flawed as there
are highly prevalent cancers not associated (lung), or inversely
associated (prostate), with diabetes. Importantly, the coexistence
of diabetes with cancer increases mortality even in cancers like
prostate that are inversely associated (Habib and Rojna, 2013).
Given that some antineoplastic treatments (i.e., glucocorticoids)
may induce diabetes (see below), and that some antidiabetic
treatments (ADTs) have been linked to cancer, the contribution
of treatments should be explored in depth.

ADTs AND CANCER

The increasing incidence of diabetes has led to an ever-growing
diversity of ADTs that are mainly directed to increase insulin levels
or to reduce circulating glucose. Circulating insulin increases after
administration of analogues (Lispro, Actrapid, glargine and so on),
secretagogues (sulphonylureas, glinides) or incretin mimetics/
enhancers. Alternatively, circulating glucose is reduced by insulin
sensitisers (metformin, glitazones). Yet, other treatments slow
down digestion of complex carbohydrates or reduce absorption like
o-glucosidase inhibitors and bariatric surgery respectively.

Glucose metabolism and insulin signalling deregulation are
shared by diabetes and cancers, and ADTs targeting them could
influence cancer risk and mortality. For example, excess insulin
induces cell proliferation in culture and tumour growth in animal
models (Pollak and Russell-Jones, 2010), whereas epidemiological
association of high insulin levels with increased cancer risk
contrasts with metformin association to decreased cancer risk
(Wu et al, 2015). These epidemiological associations prompted the
hypothesis that ADTs that increase circulating insulin may increase
diabetes-associated cancer risk, progression or mortality, whereas
ADTs that improve insulin sensitivity (metformin and glitazones)
may decrease cancer risk. Consistent with this hypothesis, treatment
with insulin analogues like glargine were initially associated with
increased frequency or mortality of various cancers. However,
later studies either confirmed or not the association, opening
a controversy that led to the introduction of an increasing number of
correction factors (Singh et al, 2013; Lutz et al, 2014). Nevertheless,
exposure to ADT (type, time and doses) should be among the most
important factors included in studies on diabetes—cancer associa-
tions, and studies that aim to elucidate the mechanisms that may
connect each ADT with cancers need strong support.

We next assessed (Supplementary Figure S2A) the relationship
between ADTSs and site-specific cancers in studies that compared
insulin with non-insulin treatment, metformin with non-metfor-
min, and so on.

Insulin excess and cancer risk. Hyperinsulinaemia may arise as a
result of exogenous insulin administration in TID and endogenous
insulin release at early stages of TIID to compensate for peripheral
insulin resistance that develops after frequent exposure to high

circulating levels of glucose and lipids in obesity. Insulin binding to
its own tyrosine kinase receptor (IR) activates the PI3K/Akt/mTOR
and MAPK/ERK pathways to induce metabolic, anti-apoptotic and
proliferative changes. Insulin also binds (with lower affinity) the
highly related receptor IGF-1R that signals towards proliferation
through MAPK/ERK. Insulin signalling differs in healthy and
diabetic patients (Groop et al, 2005; Noto et al, 2013), with insulin
resistance being characterised by an altered metabolic branch that
leaves mitogenic signalling unaffected (Pollak and Russell-Jones,
2010). Thus, excess insulin binding to IRs and IGF-1R in diabetes
may lead to proliferative and anti-apoptotic effects mediated by
PI3K-Akt/mTOR and Ras-MAPK signalling pathways that are
frequently activated in human cancers (Ekstrand et al, 2010).
Cancer cells also frequently overexpress IGF-1R and the uncom-
mon form of insulin receptor IR-A that signal predominantly via
MAPK to promote proliferation.

Consistently, increased pancreatic (Baur et al, 2011) and breast
(Rendell et al, 2013) cancer risk in TIID patients treated with
insulin was reported in retrospective epidemiological pooled
studies. However, although the heterogeneity of these studies was
criticised, the presence of some confounders is not proof of safety.
Results from randomised clinical trials (RCT's) designed to analyse
retinopathy, the DIGAMY study (Malmberg, 1997), confirmed the
association, whereas the ORIGIN study (Origin Trial Investigators
et al, 2008), designed for cardiovascular disease, did not confirm an
association of insulin with global cancer risk. Important limitations
of these studies are the lack of distinction by site-specific cancers,
short follow-up time to evaluate cancer development (4-6 years)
and missing confounding factors as the studies were designed
to evaluate other outcomes.

Pooled data (Supplementary Table S2) comparing insulin and
non-insulin treatments are summarised in Figure 1 and points
to increased risk of gastrointestinal (pancreas, liver, colorectal and
stomach), kidney and lung cancers. Importantly, insulin was
inversely associated with prostate cancer risk (which is less
frequent in diabetic patients, Supplementary Table S1), suggesting
that insulin treatment may provide protection. However, insulin
treatment is not protective in melanoma and kidney cancers that
are also inversely associated to TID, suggesting that insulin effects
are site specific. Whether insulin influences the capacity of prostate
cells to adopt a tumourigenic phenotype while endangering others
needs to be investigated.

Therapies directed towards enhancing insulin secretion, for
example, targeting potassium channels with sulphonylureas (SUs),
were associated with increased global cancer risk when compared
with metformin (Ruiter et al, 2012) in cohorts; case-control studies
are rare and only one shows increased global cancer risk within the
limits of statistical significance (Chang et al, 2012). However,
as mentioned above, analysis of global cancer risk is inappropriate
given the differential effects on different cancer types. Multivariate
analysis suggests an increased liver-specific cancer risk associated
with SUs (Hassan et al, 2010), and subsequent studies confirmed
the liver cancer association with first- and second-generation SUs
but not with third generation SUs that are weaker enhancers
of insulin secretion (Chang et al, 2012; Thakkar et al, 2013).

Treatment of SUs (Supplementary Table S2) is not associated
with increased risk of any site-specific cancer in available studies
but associates with decreased lung cancer risk, suggesting
that SUs may provide protection. Exogenous insulin increased
site-specific cancer risk (pancreas, liver, colorectal and lung),
whereas endogenously produced insulin after SU treatment either
did not increase or even reduced lung cancer risk. The data
suggest that insulin excess may be associated to cancer (perhaps
through unspecific effects) but more physiological doses, as
reached by using secretagogues, are not. Alternatively, the
subcutaneous delivery of exogenous insulin may explain
differences.
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Enhanced insulin secretion through incretin-based therapies
(incretin analogues: exenatide or liraglutide, or inhibitors of
dipeptidyl peptidase-4 such as sitagliptin, vidagliptin) has also
been linked to certain cancers. Exenatide and sitagliptin have been
directly associated with pancreatic cancer and sitagliptin with
thyroid cancer (Nauck and Meier, 2013). Consistently, studies in
rodents suggested an association of incretin-based therapies with
thyroid (C cell) and pancreatic cancers (Lutz et al, 2014).

Insulin sensitisers: metformin and thiazoledinediones. Metfor-
min, which at the cellular level targets AMPK and mitochondrial
metabolism, reduces the levels of circulating glucose, improving
insulin sensitivity and inducing weight loss. Treatment with
metformin has been associated in meta-analysis of case-control
and cohorts (Supplementary Table S2) with reduced breast, colon
and pancreas cancer risk (Figure 1), although RCTs confirmed the
inverse association or showed no impact of metformin (Thakkar
et al, 2013). Metformin is the treatment of choice when diabetes is
less severe and of shorter duration, factors that may condition
cancer risk and may explain lack of metformin effects when
corrected. In addition, it should be remembered that RCTs that
find no association between metformin and cancer were designed
to analyse other outcomes, did not include adequate confounding
factors and follow-up was too short (maximum 4 years) (Lutz et al,
2014). Despite this evidence the latest meta-analysis shows that
metformin decreased risk only for cancers of the liver, pancreas,
CRC and stomach (Supplementary Table S2 and Figure 1).

Thiazolidinediones (TZDs), Rosiglitazone, Pioglitazone and
Efatutazone, bind the nuclear receptor PPARy to modify gene
expression, reducing liver gluconeogenesis or fat accumulation and
increasing insulin sensitivity and glucose uptake by the muscle.
The action of TZDs might also be mediated by mechanisms
independent of PPARs and affect differently each site-specific
cancer. Rosiglitazone was forbidden in Europe and restricted in the
United States because of its association with cardiovascular events,
and results from epidemiological studies were conflicting. Piogli-
tazone was dose-dependently associated to increased bladder
cancer and with diminished hepatic cancers in retrospective
studies (Bosetti et al, 2013) and RCTs (the PROactive study,
directed to evaluate cardiovascular outcomes). Meta-analysis of
TZD treatment reveals an inverse association with liver and lung
cancers (as for metformin), Supplementary Table S2. Any effect
of rosiglitazone and efatutazone on the risk of site-specific cancers
remains to be confirmed, and the mechanism involved elucidated
to exclude that lack of association is because of premature death
through cardiovascular events.

Other ADTs. Acarbose or miglitol, which interfere with glucose
absorption, correlated with increased kidney and decreased lung,
gastric and hepatic cancers in preliminary studies that included
small numbers of patients and need confirmation including
correction for confounding factors related to hyperglycaemia
(HbAlc) (Lutz et al, 2014). Inhibitors of renal reabsorption have
not been prescribed for long enough to have sufficient epidemio-
logical data to evaluate their impact on diabetes-associated cancers.
The mechanisms that link these treatments with cancers remain
unexplored. Bariatric surgery that is successfully used to induce
weight loss and diabetes remission may also affect cancer but it is
not clear how. A Swedish retrospective study (Sjostrom et al, 2009)
with 18 years of follow-up showed a reduction (by almost half)
in CRC incidence in obese women (but not in men) after bariatric
surgery. This result was confirmed by a US study (Adams et al,
2009). However, increases in mitosis and pro-tumourigenic markers
were noticed in colorectal epithelium 3 years post bariatric surgery.
Consistently, a later Swedish report showed increased colorectal
cancer incidence (but not other neoplasias) associated with bariatric
surgery, highlighting the weakness of epidemiological associations
(Goh and Goh, 2013). Future studies must clarify this point.

Available studies indicate that prostate cancer is inversely
associated with insulin treatment and shows a trend for inverse
association (although not statistically significant) with diabetes,
especially TID. In contrast, kidney cancer is directly associated to
both diabetes and insulin treatment. This may suggest that the
association of cancers with insulin and diabetes is linked. For
example, protection from prostate cancers in diabetic populations
could be attributed to insulin treatments. However, we found
some cancer sites associated to diabetes but not to insulin (e.g.,
melanoma). In contrast, lung cancer risk was increased by insulin,
although it is less frequent in obese people (most likely with
hyperinsulinaemia) and was unrelated to diabetes. These results
highlight the need to understand the mechanisms of insulin
association with incidence of site-specific cancers. More studies on
the association of TID to specific cancers are needed. Importantly,
decreased lung cancer risk was associated to SUs, also suggesting
that exogenous and endogenous insulin influences on lung cancer
are not equivalent. Note that lung and prostate cancers exhibit
opposite associations with obesity and insulin treatment and perhaps
also differ in their association to diabetes and other treatments,
although the underlying mechanisms remain unknown. Remarkably,
gynaecological, bladder cancers and melanoma were not associated
with ADTs, despite being strongly associated with obesity and/or
diabetes.

Metformin - suggested to play a protective role - appears
inversely associated only to gastrointestinal cancers, although more
studies are needed for lung, kidney and thyroid cancers.

Comparing metformin and insulin association with cancer sites
classifies them into three groups (Figure 1): (1) those not associated
to any (e.g., gynaecological cancers), (2) those associated with
insulin only (e.g., lung cancer) and (3) those associated with both,
in which case they always associate directly with insulin and
inversely with metformin (e.g., gastrointestinal cancers).

ANTINEOPLASTIC THERAPIES AND DIABETES

Cancer therapies (including radiation, biological agents and
chemicals) target the immune system (i.e., glucocorticoids),
endocrine signals that enhance cancer growth (androgens or
oestrogens), or tumour cell biology including replicative immortality
(e.g., pyrimidine analogues), apoptosis (e.g., cisplatin), signalling
(antibodies against receptor tyrosine kinases) and metabolism (e.g.,
mTOR inhibitors). Some anticancer therapies may lead to acquired
diabetes (transient or permanent) and the coexistence of diabetes
and cancer increases mortality (Vigneri et al, 2009).

Most data on diabetes onset during cancer therapy come
from studies intended to analyse the efficiency and side effects
of therapies with a general lack of systematisation that hampers
comparisons. First, glycaemia is estimated as: (1) blood glucose
(mgdlf1 or mM), (2) HbAlc, (3) hyperglycaemia, grades 1-4,
(4) expressed as high vs not high and/or (5) as relative risk of
diabetes (or hyperglycaemia) among the treated population.
Second, the drug to be compared is often in combination with
other non-neutral drugs (e.g., mTOR inhibitors and glucocorti-
coids) and comparators vary from the same combination with
placebo to alternative treatments. Third, the few studies that exist
examine all cancers or diverse combinations of unrelated cancers
(e.g, lymphoma and brain) or site-specific cancers (per se
associated or not to diabetes). Fourth, during the course of cancer,
deregulated haematopoiesis or frequent blood transfusions may
alter haemoglobin synthesis and translate to misleading HbAlc
values. In addition, tumours themselves dynamically modify their
environment to increase circulating glucose that favours their
growth, whereas in advanced stages tumours may deplete glucose
from the blood. We have made an effort to normalise the available
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data (Supplementary Table S3) to assign hyperglycaemia grades
that could be compared; the relative risk (RR) has been calculated
from studies that included a control population.

Two major therapies targeting cancer growth or survival have
been associated with development of hyperglycaemia grades 3-4
(>250mgdl_1): mTOR inhibitors (Everolimus and Temsiroli-
mus) and tyrosine kinase inhibitors (Nilotinib, Pazopanib).
Hyperglycaemia induction by mTOR inhibitors has been recently
reviewed (Verges and Cariou, 2015), reporting that Everolimus led
to hyperglycaemia grades 3-4 in 12% of renal cell carcinoma
patients, in 5% pancreatic or gastrointestinal cancers and 4% of
breast cancer patients; similar percentages were obtained for
Temsirolimus in renal cell carcinoma. For receptor tyrosine kinase
inhibitors such as Nilotinib, hyperglycaemia grades 3-4 was
reported in 5% of treated patients with chronic myeloid leukaemia;
hyperglycaemia was not found in smaller treated populations with
gastrointestinal or pancreatic cancers (Verges et al, 2014). Data
suggest that Nilotinib-induced glycaemic changes are mild and
transient (Ito et al, 2013). Inhibitors targeting PI3K/AKT signalling
also induced hyperglycaemia. Up to 8.4% of patients treated with
BKM120 developed grade 3-4 hyperglycaemia. Remarkably,
targeting directly IR or IGF-1R resulted in higher percentage of
patients developing hyperglycaemia. In a recent study by Geuna
et al (2015), patients treated with PI3K/AKT/mTOR pathway
(PAM) inhibitors (18 phase I clinical trials) were compared with
control patients with non-PAM-directed treatments (10 phase I
clinical trials). In both PAM- and not-PAM-treated groups, ~80%
of patients developed all-grade hyperglycaemia but grade 3-4
hyperglycaemia appeared only in the PAM-treated group (6.7% vs
0% of controls) (Geuna et al, 2015).

High-dose glucocorticoids, often used as adjuvants in cancer,
are the most frequent pharmacological cause of hyperglycaemia
and insulin resistance (Feng et al, 2013). The likelihood of
developing hyperglycaemia has been dose-dependently correlated
with dexamethasone treatment (Pilkey et al, 2012). In a cohort
of 90 patients with lymphoma or brain tumours treated
with prednisone (in a regime also containing doxorubicin-
cyclophosphamide-vincristine * rituximab), 58.9% developed
hyperglycaemia and 13.3% diabetes (Harris et al, 2013)
(Supplementary Table S3). In another cohort of 80 lymphoma
patients treated with high doses of prednisone (in a regime with
cyclophosphamide-hydroxydaunorubicin-oncovin), 32.5% patients
developed diabetes mellitus (Lee et al, 2014).

Androgen deprivation therapy is used against prostate cancer.
However, testosterone deficiency correlates with central adiposity,
increased circulating free fatty acids and subsequent insulin
resistance (Saglam et al, 2012). However, only 12.5% of patients
under androgen deprivation therapy developed insulin resistance
and hyperglycaemia in two cohorts (Hara, 2012); the relative risk
was 1.37 higher for men treated with androgen deprivation therapy
vs other therapies (Verges et al, 2014). As the frequency of prostate
cancer is smaller in diabetic men, development of hyperglycaemia
upon androgen deprivation might be more significant than it
appears.

Pyrimidine analogues, such as 5-Fluorouracil that inhibits
RNA synthesis and induces DNA damage and apoptosis, are used
to treat colorectal and pancreatic cancers (Ma et al, 2014).
5-Fluorouracil treatment induced hyperglycaemia in 26.1% of CRC
patients and 13.2% developed diabetes (Feng et al, 2013).

Cisplatin, a heavy metal coordination compound that induces
apoptosis of cancer cells, is widely used in a variety of cancers.
Cisplatin treatment induced transient diabetes in 5% patients in
two cohorts of head and neck cancer patients (Nan et al, 2003;
Nguyen et al, 2009). Whether higher doses or extended treatment
with cisplatin induces permanent diabetes and the role of co-
administered glucocorticoids in this or other cancer sites remain to
be elucidated.

Radiotherapy was associated with diabetes according to evidence
from one study that found a 1.8-fold higher prevalence of diabetes
mellitus in childhood cancer survivors treated with radiotherapy
compared with their siblings (Meacham et al, 2009). However,
the molecular mechanisms that support this outcome remain
obscure.

CONCLUSION

Epidemiological data suggest that diabetes and specific ADTs
increase the risk of some cancers and certain antineoplastics increase
the risk of diabetes development. As the coexistence of diabetes and
cancer always worsens the prognosis, glycaemic control during
cancer treatment may considerably improve the outcome. The
evolution of glycaemia should be evaluated and inaccuracies avoided
using comparable units. The data available suggest the existence of
multiple positive and negative links between obesity, diabetes and
cancer, but the contribution of each individual mechanism or link
may vary for each site-specific cancer.

Epidemiology establishes statistical correlations, but the lack of
mechanistic studies that elucidate cause—consequence relationships
may lead to inappropriate correction and inconsistent findings.
Divergent epidemiological outcomes may be attributed to correc-
tion with different factors or different definitions for the same
factor. Examples of non-equivalent definitions are: using dietary
glycaemic index or glycaemic load, mmoll~" glucose or HbAlc to
define hyperglycaemia; using BMI >30kgm ~ 2, waist circumfer-
ence or waist-to-hip ratio to define obesity. Antidiabetic treatments
have been important sources of inconsistency because of: (1) non-
random assignment of therapy, (2) usage of different comparators
and (3) exposure (doses and time). First, therapy assignment
depends on duration and severity of diabetes, with metformin
representing first-line treatment whereas insulins are given to older
and sicker patients. Thus, metformin-insulin comparisons should
be adjusted for diabetes duration. Second, if the comparator is not
neutral, interpretation must be biased; sulphonylureas compared
with metformin or insulins will give different results. Doses and
time of exposure to both disease and treatment should be
considered in epidemiological studies and time bias is the most
important confounder in TIID.

As hyperinsulinaemia and hyperglycaemia represent strong
mechanistic links between obesity, diabetes and cancer, we compared
the links between cancer and treatments that increase insulin or
those reducing glycaemia: insulin and metformin. Data suggest the
contribution of different combinations of mechanisms (from the
disease and/or from treatments) for each site-specific cancer. More
site-specific cancers were associated to insulin than to metformin;
cancers directly associated to insulin were inversely associated to
metformin or not related; importantly, inducers of insulin secretion
(e.g., SUs) did not follow the insulin association pattern, suggesting
different effects for exogenous or endogenous insulin. We noticed
the scarcity of data on sulphonylureas and glitazones.

Molecular signatures of cancers help improve cancer treatment.
Given the importance of treatments in the diabetes—cancer link,
classification of cancers associated with diabetes by their molecular
signatures instead of by site may shed more light.

Future research directions

e Mechanistic studies that explore the molecular bases that
support increased cancer risk for diabetic patients, induction of
diabetes by specific antineoplastic treatments and the effects of
antidiabetics on cancer cells are needed. Knowledge of mechan-
isms will help refine future epidemiological studies and selection
of the most appropriate treatments.

o The association of diabetes, obesity and hyperglycaemia to site-
specific cancers, classified by their molecular signatures, still
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remains to be explored more conclusively. Studies for TID
association to site-specific cancers are also needed.

The influence of antidiabetics on cancer should be explored in
studies that are randomised and well controlled, with long-term
follow-up, independent from pharmaceutical industry funding.
We propose correction using values of glycaemia (registered as
HbA1lc) and obesity (BMI and waist circumference) that account
for several metabolic, endocrine and inflammatory confounders
and may simplify corrections. Correction with duration of
diabetes, type and exposure to treatment should also be included.
In addition, we remark that data are scarce for SUs and glitazones.
Studies that explore the induction of diabetes by specific
antineoplastic treatments are also needed. Knowing the time
and dose required, the transient or permanent nature of the
associated diabetes and the specificity of the cancer site or
hallmark may help improve the outcome of present therapies.
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