
The concurrence of the obesity and type II diabetes melli-
tus (T2DM) pandemics with the growing burden of cancer 
globally has generated interest in defining the epidemio-
logical and biological relationships between these medical 
conditions. In clinical practice, oncologists are increas-
ingly required to plan cancer treatment for patients with 
pre-existing diabetes and/or obesity, and diabetologists 
often have to manage diabetes in patients who are being 
treated for cancer. T2DM and cancer are each associated 
with derangements in the PI3K signalling pathway, which 
is often excessive in neoplastic tissue, but subnormal in 
classic insulin target tissues (such as liver and muscle) of 
insulin-resistant diabetics. Many treatments for diabetes 
increase activation of the PI3K pathway, whereas certain 
cancer treatments inhibit this signalling cascade. Thus, 
unintended consequences of antidiabetic medications on 
neoplasia, or vice versa, are plausible.

The hypothesis that the antidiabetic medication met-
formin can improve cancer outcomes has generated so 
much interest that this approach is being studied in hun-
dreds of oncology clinical trials. Meanwhile, controversy 
surrounds the possibility of increased cancer risks associ-
ated with other antidiabetic agents. Herein, we review 
the current epidemiological and biological evidence that 
diabetes or obesity and/or drugs used to treat diabetes 
can influence cancer risk and prognosis, as well as clini-
cal situations in which cancer treatment is complicated 
by hyperglycaemia.

Historical and epidemiological links
The first presentation of possible associations between 
diabetes and cancer was probably made in 1888 by the 
French surgeon Theodore Tuffier1. Tuffier used his 

observations in diabetic and nondiabetic patients who 
had undergone cancer surgery to follow three lines of 
inquiry: whether diabetes affects cancer incidence; 
whether diabetes influences the course of  cancer; 
and whether cancer affects the course of diabetes. These 
questions are more important now than they were 
historically because, in contrast to the situation in the 
past, cancer and diabetes are now dominant causes of 
morbidity and mortality worldwide. Obesity is now 
known to induce a state of chronic inflammation and 
insulin resistance, which culminates in T2DM2. Indeed, 
strong correlations between the incidence of T2DM 
and various measures of obesity have been reported3. 
As we discuss in this Review, the risk of certain cancers 
has also been associated with obesity, as well as with 
T2DM — although determining whether diabetes or 
antidiabetic treatments act independently of obesity to 
influence the risk or prognosis of specific cancer types, 
or of cancer in general, is challenging.

The number of overweight and obese individuals 
worldwide in 2013 was estimated at 2.1 billion, repre-
senting one-third of the world population4. Importantly, 
from 1980 to 2013, the prevalence of obesity increased 
among both adults and children, with a larger increase 
in the latter4. The impact of obesity early in life on 
subsequent cancer risk is not well characterized, 
although evidence indicates that obesity below the age 
of 44 years confers a higher risk of stroke and diabetes 
than obesity at ages greater than 65 years5. Thus, the 
rising obesity rates in children and adolescents is omi-
nous. Of note, adults with a body-mass index (BMI) 
≥25 kg/m2 are at greater risk of dying from any cause 
than those with a BMI of 20.0–24.9 kg/m2, and this risk 
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Abstract | The prevalence of obesity, of type 2 diabetes mellitus (T2DM), and of cancer are all 
increasing globally. The relationships between these diseases are complex, and thus difficult to 
elucidate; nevertheless, evidence supports the hypothesis that obesity increases the risks of both 
T2DM and certain cancers. Further complexity arises from controversial evidence that specific 
drugs used in the treatment of T2DM increase or decrease cancer risk or influence cancer 
prognosis. Herein, we review the current evidence from studies that have addressed these 
relationships, and summarize the methodological challenges that are frequently encountered 
in such research. We also outline the physiology that links obesity, T2DM, and neoplasia. Finally, 
we outline the practical principles relevant to the increasingly common challenge of managing 
patients who have been diagnosed with both diabetes and cancer.
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has been shown to increase exponentially for individ-
uals in higher BMI categories6; therefore, competing 
causes of death might attenuate the effect of obesity on  
cancer mortality.

In 2014, the global prevalence of T2DM in adults 
was estimated to be 9% of the population (~415 million 
individuals), with more than 80% of patients with dia-
betes residing in low-income and middle-income coun-
tries7. Data published in 2015 indicate that individuals 
with diabetes and no history of stroke or myocardial 
infarction are at almost twice the risk of dying from any 
cause than individuals without diabetes8. Moreover, a 
worldwide trend toward increased disability resulting 
from diabetes has been recognized9. Meanwhile, the 
number of deaths attributed to cancer globally was 
estimated to have exceeded 8 million in 2012, and is 
projected to rise over time, largely owing to the increas-
ing cancer incidence in developing countries10; the inci-
dence rates of certain cancers, such as breast cancer, 
lung cancer, prostate cancer, and non-Hodgkin lympho-
mas, has either stabilized or decreased in many devel-
oped countries since 2000, but this is not the case on a  
global basis10.

In summary, the sharp rise in the global incidence of 
obesity and diabetes in the past 50 years is predicted to 
continue, owing to increasing incidence rates in develop-
ing countries11, while the incidence of obesity in the US 
population might have plateaued at a high level12. These 
trends have revealed no evidence of a reduced associ-
ation between obesity or diabetes and cancer incidence 
or mortality, at least in the case of breast cancer13. On 
the contrary, for most of the world population, cancer 
risk and mortality are rising in parallel with ongoing 
increases in the incidence rates of obesity and diabetes14. 
This pattern justifies research concerning not only the 
biology that links these three conditions, but also aspects 
of the clinical management of patients with both diabetes 
and cancer.

Cancer incidence
Obesity and the risk of cancer. Obesity is usually quan-
tified on the basis of BMI, although this metric is not a 
perfect measure of adiposity15. In observational  studies 
in adults, those with a BMI in the top quartile or with 
a gain in bodyweight have increases in the risks of kid-
ney, gallbladder, liver, endometrial, ovarian, and pan-
creatic cancer16–19. Gallbladder cancer is an example 
of a malignancy for which tumor i genesis is strongly 
influenced by obesity, with a ~1.5-fold increased risk 
per 5 kg/m2 above the BMI of 25 kg/m2. Subcategories 
of other cancer types also associated with higher BMI 
include oesophageal adeno carcinoma and postmeno-
pausal breast  cancer16,20,21. Conversely, the available 
evidence indicates that obesity is not a key factor in 
the development of certain neoplasms, such as testic-
ular cancer22. Moreover, some cancers, including squa-
mous carcinomas of the lung and the head and neck, 
have been found in many studies to be less common 
in obese individuals; this pattern is probably driven by 
exposure to tobacco smoke, which is associated with 
a substantially increased risk of these neoplasms, and 
also with decreases in appetite and weight23. Thus, 
weight gain differentially affects carcinogenesis of dif-
ferent organs17. Possibly, different trajectories of weight 
gain or stability throughout life confer different risks 
of various obesity-associated cancers24. For example, a 
gain in bodyweight of more than 5% in women who 
had a BMI <25 kg/m2 at the age 50 years was associated 
with increased risk of breast cancer over the subsequent 
decade25. Moreover, menopausal status has been shown 
to modify the association of BMI with incident breast 
cancer, indicating complex interactions between obesity 
and hormonal factors26.

The effect of weight loss on cancer risk is not clear. 
Evidence indicates that among the very obese individ-
uals considered to be candidates for bariatric surgery 
(who usually have a BMI >40 kg/m2), this intervention 
might reduce subsequent cancer risk27,28, although con-
trasting reports have been published29. Many obesity- 
associated endocrine abnormalities and possibly some 
obesity- associated characteristics of the microbiome 
are altered by bariatric surgery, but identifying spe-
cific mediators that link bariatric surgery to cancer risk 
remains an important research challenge. Large-scale 
trials comparing long-term cancer risk among obese 
individuals who do or do not reduce weight by lifestyle 
modifications are difficult to perform, owing to the need 
for compliance with a weight-loss regime over many 
years of observation. Would weight loss in the sixth dec-
ade of life ‘undo’ the effect of 20–30 years of obesity on 
cancer risk? The scant literature in support of this pos-
sibility comes from secondary analyses of prospective 
observational studies that were not originally designed 
to answer this question30,31. Even in the absence of con-
clusive data, advising obese individuals that achieving 
an ideal bodyweight might extend their life expectancy 
is sensible, considering the relationship between obesity 
and all-cause mortality6. This guidance applies to people 
with cancer or diabetes, as well as to those with both 
diseases, or neither.

Key points

• The incidences of obesity, type 2 diabetes mellitus (T2DM), and many cancers are 
rapidly increasing worldwide; clinicians are increasingly required to treat patients 
with both T2DM and cancer, or both obesity and cancer

• Obesity is a risk factor for some cancers, and obesity at and weight gain after 
diagnosis are associated with adverse cancer outcomes; the interactions of 
diabetes and/or its treatments with cancer risk and outcomes are complex and 
controversial

• Laboratory findings provide a rationale for clinical trials of the antidiabetic drug 
metformin for cancer treatment; although the first two studies (in pancreatic cancer) 
revealed no survival benefit, many additional studies are ongoing

• Concerns about an increased cancer risk associated with other antidiabetic agents 
have been raised; in general, follow‑up studies have failed to confirm such risks, but 
data on long‑term exposure remain sparse and pharmacovigilance is necessary

• Certain drugs used in the treatment of cancer lead to metabolic toxicities, chiefly 
hyperglycaemia, which might be dose‑limiting for some patients, especially those 
with pre‑existing diabetes

• Clarification of the mechanisms underlying the relationships between obesity and 
neoplasia might provide clues relevant to novel cancer treatments and prevention 
strategies
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Diabetes and the risk of cancer. Similarly to obesity- 
associated cancer, a diagnosis of diabetes is associated 
with an increased risk of only a subset of cancer types. 
In fact, when the hetero geneity between the observa-
tional studies is accounted for, high-quality evidence 
is available only for associations between prediagnostic 
T2DM and incident breast or colorectal cancer (20–30% 
increased risk), as well as both intrahepatic cholangio-
carcinoma and endo metrial cancer (for which the cancer 
risk was doubled)32. Notably, T2DM has also been linked 
to a doubling of liver and pancreas cancer incidence 
rates, but method o logical considerations preclude these 
associations from being definitive32. As these cancers are 
all obesity-related neoplasms, common factors could 
plausibly drive the relationships of both obesity and dia-
betes with cancer. Most patients with T2DM are obese 
and are receiving pharmacotherapy; therefore, evaluat-
ing the independent effects of the obesity, the antidia-
betic medications, and the underlying diabetes on cancer 

risk or outcomes is difficult. Bias is an additional impor-
tant issue that must be taken into account (BOX 1). For 
example, a diagnosis of diabetes often increases the level 
of medical surveillance over that experienced by individ-
uals without this disease, which can result in an apparent 
increase in cancer risk among the diabetic population, 
representing a form of detection bias33. Reverse causality 
is another bias that is exemplified by pancreatic cancer, 
in which diabetes can be one of the presenting symptoms 
of the neoplasm34. Finally, the varying effects of diabetes 
on the risks of different neoplasms render analyses of 
diabetes and overall cancer risk hard to interpret. In fact, 
a weighted average risk of cancer reflects mostly com-
mon cancers, and might mask important associations 
with less-common cancers, such as cholangiocarcinoma.

Of note, evidence indicates that diabetes is associ-
ated with a reduced risk of prostate cancer (RR 0.86, 
95% confidence interval (CI) 0.80–0.92)35; however, 
in Asian populations, current findings range from no 
association to an increased risk35,36. The basis for the 
inverse associ ation reported in non-Asian populations 
is unknown, but several explanations are possible. One 
potential explanation is that diabetes is associated with 
reduced circulating androgen levels37: although cir-
culating androgen levels have not been convincingly 
linked to prostate-cancer risk, prostate tissue androgen 
 levels might influence this risk, and might also be lower 
among patients with diabetes. Another possibility is that 
the inverse association between diabetes and prostate 
cancer is driven by long-term exposure to metformin 
among patients with T2DM (see following section). By 
contrast with the modest reduction in prostate-cancer 
risk associated with diabetes, limited evidence suggests 
that prostate-cancer risk is increased among obese 
men38. Moreover, obesity clearly worsens the prognosis 
of patients with prostate cancer39.

Antidiabetic medications and the risk of cancer. 
Remarkably, many drugs used in the treatment of diabe-
tes have been reported to be associated with cancer risk. 
Use of metformin has been associated with a reduced 
 cancer risk (as reviewed elsewhere40), whereas other 
agents, including insulin glargine, pioglitazone, incre-
tin-based therapies (glucagon-like peptide 1 receptor 
(GLP-1R) agonists and dipeptidyl peptidase 4 (DPP4) 
inhibitors), and sulfonylureas, have been associ ated with 
an increased risk of cancer41 (BOX 2). One might assume 
that studies of such associations would be simple to 
execute, but they are in fact subject to many pitfalls. In 
particular, the choice of an appropriate control group is 
challenging because the severity of diabetes might be 
associated with both  cancer risk and with the choice of 
antidiabetic treatment. Unsurprisingly, therefore, many 
contradictory reports and controversies exist in the litera-
ture. The dramatic findings of some early studies — such 
as a halving of cancer risk with long-term metformin 
exposure42, and a greatly increased breast-cancer risk 
resulting from insulin glargine exposure43 — have not 
been confirmed by subsequent research44,45. These con-
troversies remain active, but the earlier reports are now 
regarded with scepticism by many investigators46,47.

Box 1 | Biases in cohort studies of antidiabetic drugs and cancer outcomes

Prevalent-user bias196

In the context of type II diabetes mellitus (T2DM), if many patients remain on treatment 
with a certain drug for a long time, this might suggest good glycaemic control, and 
failing to account for the exact time of use will introduce a bias, because these patients 
might be at a lower risk of certain outcomes. Including all users of antidiabetic 
medications from a given calendar date, regardless of how long they had used the drug 
for, results in the accrual of many prevalent users. A possible solution is the new‑user 
design, which requires that follow‑up begins before or at the time of initiation of the 
drug under study.

Detection bias and reverse causality33,34,197

Higher rates of new cancer diagnoses have been recorded in the first few months 
following the diagnosis of T2DM and after the initiation of a new class of antidiabetic 
medications. Thus, the cancer risk is overestimated if early events are ascribed to the 
exposure in question.

Immortal time bias46

In its most common form, this bias occurs when the entire follow‑up period for a patient 
in the study is ascribed to a medication, whereas the treatment was actually started 
after the beginning of the follow‑up period. This bias results in risk underestimation 
owing to extension of the observation time with periods during which the event could 
not have occurred (otherwise follow‑up assessments would have been stopped). Thus, 
the timing of exposure should be properly determined.

Time-lag bias/confounding by indication61

When a first‑line antidiabetic treatment is compared with ‘add‑on’ therapy, an implicit 
confounding by indication occurs, such that the severity and progression of diabetes 
(which necessitated the addition of other antidiabetic agents to treatment) are difficult 
to account for. Accounting for the duration of ‘treated diabetes’ partly solves the 
problem for estimations of associations with cancer incidence, but considerable 
confounding remains for associations with cancer prognosis.

Residual confounding46,61

The management of diabetes is complex, and disease progression has a bearing on many 
biological processes, including cancer — the latency of which requires studies with long 
follow‑up periods. During a long observation period, the care of a patient with diabetes 
changes from baseline, as do their comorbidities. At a minimum, this variation requires 
adjustments for multiple time‑fixed proxy measurements for diabetes severity and the 
explicit inclusion of diabetes duration. In addition, an analysis with a time‑varying 
update for study covariates can be performed, but requires a large dataset with 
multiple updates of parameters including glycated haemoglobin levels and usage 
of other antidiabetic medications. These challenges are intensified for studies of 
associations with cancer prognosis, because of the long follow‑up periods and the 
complexity of cancer treatment.
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Pharmacotherapy for T2DM is sequential in nature: 
medications are added successively to (for the most part) 
a metformin backbone in order to maintain glycaemic 
control48. Considering this sequencing, each ‘add-on’ 
therapy denotes diabetes progression, usually defined 
by hyperglycaemia. Diabetes progression is associated 
with increased risk of well-known microvascular and 
macrovascular complications, and might also be related 
to increased cancer risk. Thus, associations between 
specific antidiabetic agents and an altered cancer risk or 
prognosis do not necessarily imply a causal relationship. 
Simplistically, the associations reported to date seem to 
correlate progression of diabetes with incident cancer, 
and metformin — the drug generally used early in 
diabetes management — seems to be protective against 
cancer in many studies, relative to other drugs that are 
used at more-advanced stages of T2DM (such as insu-
lin). Regardless of whether these associations are causal 
or noncausal in nature, statistical heterogeneity between 
the results of the pooled studies exceeded 90%, both for 
those on metformin and those on insulin41. Essentially, 
this heterogeneity might signify inherent differences in 
the methods used to capture the use of the drugs or to 
record the diagnoses of cancer, and exceeds the cutoff 
value proposed to denote ‘strong evidence’ (REF. 32). 
Furthermore, interpreting reports on associations of 

antidiabetic medications with the risk for all cancers 
combined is difficult, in light of the site-specific nature 
of the obesity and diabetes associations.

Since 2005, when the first observational study on the 
association between metformin use and cancer risk was 
published42, interest in the potential use of metformin 
to influence cancer biology, and thereby alter clinical 
cancer risk and outcomes, has been growing49. The best 
possible scenario is tantalizing: ‘repurposing’ of a safe, 
inexpensive drug for new indications in cancer treatment 
or prevention. As reviewed elsewhere50, it is biologically 
plausible that metformin could reduce cancer risk by 
acting directly on cells at risk of transformation, and/or 
by altering their hormonal environment. Some retro-
spective studies of cancer incidence among patients with 
diabetes treated with metformin reported large protective 
effects of this agent, as compared with other antidiabetic 
drugs51–53. In other studies, however, metformin use was 
not associ ated with statistically significant reductions in 
cancer risk40,45,51,53. Moreover, many of the observational 
studies that examined the association between met-
formin use and incident cancer have been criticized for 
various sources of bias46. These biases primarily revolve 
around two axes, the first being the classification of 
observation time to different exposure categories, and 
the second being the implicit effect of the natural history 

Box 2 | Summary of the potential associations between antidiabetic medications and cancer

Metformin
The results of many observational studies suggest a protective effect of metformin on cancer development and 
progression41; however, substantial concerns have been raised regarding the methods used to capture exposure to 
metformin, the appropriate comparator, and the allocation of observation time to exposure groups46. The complexity 
of the interplay between diabetes mellitus and cancer makes analyses of an altered cancer prognosis associated with 
metformin use challenging. Ongoing clinical trials are addressing the hypothesis that metformin has antineoplastic 
activity, but results published to date relate only to surrogate markers, or are negative124,126.

Sulfonylureas
Limited evidence suggests that the use of sulfonylureas is associated with an increased cancer risk65, but this evidence 
is not definitive. Differences in cancer risk between sulfonylureas have been suggested and warrant further research66.

Thiazolidinediones
Rosiglitazone has not been associated with substantial differences in cancer risk198; however, whether pioglitazone use 
increases the risk of bladder cancer is the subject of ongoing debate70,73.

Dipeptidyl peptidase-4 inhibitors (DPP4i)
Early concerns about an increased risk of acute pancreatitis and pancreatic cancer associated with DPP4i use have, 
for the most part, been refuted in more‑recent studies; nevertheless, controversies over this relationship persist82. 
Furthermore, laboratory findings have raised the possibility that DPP4i can accelerate tumour metastasis199.

Glucagon-like peptide-1 receptor (GLP-1R) agonists
Use of GLP‑1R agonists is probably not associated with an elevated risk of pancreatic cancer200. Laboratory studies 
suggest GLP‑1R signalling promotes intestinal growth, and GLP‑1R agonists may promote colonic tumorigenesis86. 
To date, no observational studies have been performed to address this potential relationship.

Human insulin
Observational studies have shown no increased risk of breast cancer in patients treated for diabetes with human insulin44.

Insulin analogues
Glargine use has been associated with an increased breast‑cancer risk in some studies that were later criticized for 
methodological flaws47. No increased risk of breast cancer has been detected in trials of insulin analogues201, but the 
follow‑up durations are limited.

Other antidiabetic agents
Insufficient data are available on the risk of cancer associated with the use of α‑glucosidase inhibitors, meglitinide, 
colesevelam, and sodium glucose transporter 2 inhibitors for the treatment of diabetes. Gaps in our knowledge exist 
because not all agents have been rigorously studied in relation to cancer risk or prognosis.
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of T2DM, both of which can be described as time- related 
biases (BOX 1). Plainly put, by incorrectly classifying 
vari ous observational periods as periods of metformin 
use, one can easily change the likelihood of a cancer 
event, and thus create a spurious protective association 
(immortal time bias). Furthermore, when metformin use 
is compared with the use of antidiabetic drugs that are 
typically introduced at a later stage of T2DM (without 
accounting for the duration of disease), the progression 
of diabetes can confound any association between drug 
use and cancer (time-lag bias or confounding by indica-
tion). Of note, observational studies in which these biases 
were accounted for revealed no associations between 
metformin use and specific cancer types45,54,55.

Clinical trials of true ‘prevention’ indications in 
disease-free individuals require a large number of par-
ticipants and long observation times. At present, such 
research on cancer prevention with metformin is limited 
(in contrast to the abundance of trials examining the 
possible benefits of metformin in patients with a cancer 
diagnosis), despite the considerable interest in determin-
ing if the cancer-risk reduction observed in some of the 
retrospective studies in diabetic populations could be 
extended prospectively to nondiabetic individuals. One 
notable example is a placebo-controlled phase III trial 
of metformin for the secondary prevention of colorectal 
polyps and adenomas in individuals who had undergone 
polypectomy56. The trial had some imbalances between 
treatment arms; however, the data revealed a significant 
decrease in the incidence of recurrent polyps (RR 0.67, 
P = 0.034) and adenomas (RR 0.60, P = 0.016) at 1 year in 
the nondiabetic patients who were treated with low-dose 
oral metformin (250 mg daily)56. We speculate that these 
results, if confirmed, relate to the high concentration of 
metformin in the colonic lumen (relative to the blood) 
following oral ingestion: colon epithelial cells are proba-
bly exposed to higher drug levels than most other organs.

Another ongoing debate relates to the use of insu-
lin analogues. This debate was sparked by four clinical 
 studies published in 2009, which raised concern that the 
use of insulin glargine heightens cancer risk (particularly 
breast-cancer risk) relative to other types of insulin43,57–59. 
A plausible biological mechanism for this association was 
provided by laboratory evidence of enhanced insulin-like 
growth factor I receptor (IGF-1R) activation and mito-
genic activities of glargine relative to other insulins60. 
The clinical studies have, however, been criticized for 
methodological flaws, and their findings have not been 
replicated in subsequent studies44,47,61.

Theoretically, sulfonylureas could influence cancer 
risk because this class of antidiabetic agent increase insu-
lin secretion62, and some cancers express insulin recep-
tors63. Indeed, results have suggested an increased cancer 
risk is associated with the use of sulfonylureas, compared 
with non-use of such agents64; however, these data are 
mostly from case–control studies, whereas cohort  studies 
and clinical trials have revealed no such association65. 
Nevertheless, investigators have reported an increased 
risk of any cancer with long-term use of the commonly 
used sulfonylurea glyburide, as compared with the use of 
other sulfonylurea medications (which are indicated for 

the same stage of T2DM)66. Confirmation and a delin-
eation of the mechanistic basis for this finding are active 
research topics.

Controversy also surrounds the use of the antidiabetic 
agent pioglitazone, a thiazolidinedione, and the risk of 
bladder cancer67. Following an early signal from a clinical 
trial68, an increased risk of bladder cancer was reported 
to be associated with use of pioglitazone for >2 years69. 
These findings, alongside those detailed in other reports70, 
led the FDA to issue a ‘boxed warning’ on the possible 
association to the labelling information for pioglitazone71, 
whereas the drug has been removed from the market in 
France. The results of subsequent studies of this agent72,73 
have been reassuring, although this debate is far from 
over74,75. From a methodological standpoint, the conflict-
ing results of the aforementioned studies might reflect the 
inclusion of prevalent users of pioglitazone in the analyses 
(prevalent-user bias)46 (BOX 1).

Incretin mimetics (GLP-1R agonists) and incretin 
enhancers (DPP4 inhibitors) are other classes of anti-
diabetic medications associated with concerns regarding 
an increased cancer risk. The initial concern related to a 
possible association of incretin-based therapy with acute 
pancreatitis, which is a known risk factor for pancreatic 
cancer76. Indeed, an increased risk of pancreatitis result-
ing from use of incretin-based therapies was reported 
in adverse-event databases76,77; however, subsequent 
population-based studies have produced conflicting 
results78–80. Furthermore, additional data from regulatory 
authorities and clinical trials have not demonstrated a 
relationship between the use of incretin-based therapy 
and pancreatic cancer81,82. In addition, some laboratory 
studies indicate specific effects of GLP-1R agonists on 
thyroid c-cells83,84, although the clinical evidence is 
insufficient to support the conclusion that these drugs 
are associated with an increased risk of thyroid cancer85. 
Similarly, data from a murine model raise a theoretical 
concern of an increased risk of colon cancer with the use 
of incretin-based therapy86, but whether this association 
is clinically relevant remains to be determined.

Cancer prognosis
Relationships with obesity. Among patients with 
 cancer, cachexia and weight loss are well known nega-
tive prognostic factors87; however, data from the Cancer 
Prevention Study II (REF. 88) demonstrate that a high 
BMI at the time of diagnosis of many cancer types is 
associated with increased all-cause mortality. In this 
important prospective cohort study involving more 
than one million men and women in the USA89, no 
information was obtained or reported on the cause of 
death, raising the possibility of residual confounding 
by cardiovascular mortality. Prediagnostic BMI has 
been associated in a dose-dependent manner with both 
cancer- specific mortality and the time to distant meta-
stasis in patients with breast cancer90,91. In addition, post-
diagnostic weight gain has been linked with increased 
all-cause mortality in patients with breast cancer92. 
Moreover, endometrial cancer death rates are strongly 
associated with obesity, with around a sixfold increase in 
mortality among very obese women (BMI ≥40 kg/m2), 
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compared with those with a BMI in the ideal range 
(18.5–24.9 kg/m2)88. In addition, strong evidence indi-
cates that patients with prostate cancer who are in the 
top quartile of bodyweight have a markedly increased 
risk of  prostate-cancer-specific death39.

The paradox that a high baseline bodyweight, at least 
for some cancers, adversely affects disease outcomes, 
whereas weight loss in patients with advanced-stage 
 cancer is associated with poor outcomes might be inter-
preted as implying that bodyweight itself is neither a posi-
tive nor a negative prognostic factor. Rather, body weight 
might function as a surrogate for risk factors that vary with 
the hormonal, metabolic, or immune– inflammatory pro-
cesses influencing outcome at different time points dur-
ing the natural history of neoplastic disease. For example, 
one could infer that in patients with a high baseline body-
weight, carcino genesis occurred in an environment with 
high insulin levels, which might influence the molecular 
pathology of the disease and, therefore, patient progno-
sis93. By contrast, development of cachexia after cancer is 
established might signify disruption of the inflammatory 
response by an aggressive cancer87. Despite research on the 
feasibility of weight loss in obese patients with early stage 
cancer94, one cannot assume a priori that achieving weight 
loss would improve prognosis: long-term follow-up stud-
ies with stratification according to the degree of weight 
loss among patients with cancer who are obese at the time 
of diagnosis would be needed to address this question. 
Furthermore, laboratory evidence suggests that certain 
physiological derangements related to obesity that are 
associated with cancer risk persist after weight loss95.

Another challenge in studying associations between 
obesity and cancer outcomes is that adiposity might be 
associated with the way in which individuals present with 
cancer. For instance, the finding that patients with renal-
cell carcinoma and a high BMI (>25 kg/m2) had improved 
cancer-specific survival than those with an ideal BMI 
(in direct contrast to studies in patients with breast96, 
ovarian97, or prostate39 cancer), became statistically 
insignificant after adjusting for tumour grade and stage98. 
From a confounding standpoint, this phenomenon might 
be explained by earlier disease detection in obese indi-
viduals (lead-time bias) (BOX 1). This resonates with the 
‘obesity paradox’ paradigm that has been proposed in 
cardiovascular medicine, whereby patients who are over-
weight or mildly obese seem to have improved survival 
following a diagnosis of cardiovascular disease99. In Asian 
patients with T2DM, obesity has also been reported to 
be inversely associated with cancer mortality100. Thus, 
properly accounting for complexities not only in the rele-
vant cancer biology, but also in the analytical challenges 
in studying relationships between cancer and obesity is 
important. Despite the evidence discussed that obesity 
at time of diagnosis is associated with a poor prognosis, 
among patients with cancer-related cachexia, a low BMI 
is clearly associated with poor survival.

The influence of diabetes. On the basis of a pooled 
ana lysis of 97 prospective-study cohorts, comprising 
820,900 people, the Emerging Risk Factors Collaboration 
reported a 25% increased risk of death from cancer 

in patients with diabetes, compared with nondiabetic 
patients101. For site-specific cancer deaths, the statistically 
significant associations were highest in magnitude for 
liver and pancreatic cancer (hazard ratios (HRs) of 2.16 
and 1.51, respectively), moderate for ovarian and colorec-
tal cancer (HR 1.45 and 1.40, respectively), and lower for 
lung and breast cancer (HR 1.27 and 1.25, respectively)101. 
This analysis has, however, attracted criticism relating to 
missing data on cause of death or cancer site in many of 
the pooled studies32.

Pooled analyses on cancer-specific mortality associ-
ated with prediagnostic diabetes are scant. Nevertheless, a 
meta-analysis revealed a 32% increase in all-cause mortal-
ity in diabetic patients with colorectal  cancer, compared 
with those without diabetes, whereas cancer- specific 
mortality was not associated with dia betes102. In patients 
with prostate cancer, all-cause mortality and prostate- 
cancer-specific mortality have been demonstrated to 
be increased in those with versus those without dia-
betes103,104. Of note, a more-recent publication from the 
Metabolic Syndrome and Cancer Project investi gators105 
reported comparable prostate-cancer- specific mor-
tality in diabetic and nondiabetic patients on the basis 
of a competing-risks analysis. In a meta- analysis, pre- 
existing diabetes was also found to be associated with a 
49% increase in all-cause mortality in patients with breast 
cancer106. Breast-cancer-specific mortality in relation to 
diabetes status at diagnosis has been examined in several 
studies, with mixed results107–110.

Of course, any evidence of increased cancer mortality 
among diabetic populations is highly influenced by the 
cancer incidence and by BMI (which is typically higher 
in patients with diabetes), and might also be influenced 
by medications used to treat diabetes. Thus, although 
the broad association of diabetes with cancer prognosis 
is important from a public health perspective, the sim-
ple question ‘does diabetes influence cancer prognosis?’ 
underestimates the complex interplay of factors that can 
affect cancer outcomes.

Effects of antidiabetic medications. Interest in met-
formin is not confined to the hypothesis that use of this 
agent will reduce cancer risk when taken by individuals 
without cancer; a separate hypothesis is that metformin 
will improve cancer outcomes when given to patients 
with cancer, in either the adjuvant or the advanced-stage 
disease settings. This hypothesis is mechanistically plau-
sible and supported by laboratory models that demon-
strate antineoplastic activity of metformin50. Findings of 
some population studies support the view that metformin 
favourably influences the outcomes of diabetic patients 
with cancer, but we must emphasize that whether these 
data are relevant to nondiabetic patients is unknown. 
For example, in a population of patients with T2DM 
and prostate cancer in Ontario, Canada, cumulative 
metformin use was associ ated with a 24% reduction in 
prostate-cancer-specific mortality for every 6 months of 
added use, compared with non-use111. Although other 
studies have produced conflicting results112, the sum-
mary prostate- cancer-specific mortality data from a 
meta- analysis revealed a trend in the same direction as 
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the Ontario study, but were not statistically significant 
(HR 0.76, P = 0.33)113. In the same meta-analysis, met-
formin use was associated with signifi cantly reduced all-
cause mortality (HR  0.88, P <0.001), and reduced 
biochemical recurrence of prostate cancer (HR 0.79, 
P = 0.047)113. Metformin use has also been examined 
in studies that investigated outcomes of other cancer 
types, some of which have been pooled in meta-analyses 
with summary results interpreted as encouraging114. For 
example, reduced HER2+-breast-cancer-specific mortal-
ity has been reported for metformin users versus non- 
users115. In this study, exposure to metformin was defined 
dichoto mously over the entire observation time, such that 
the comparator group might have had more-advanced 
T2DM, requiring additional treatments when metformin 
is inadequate; therefore, a longer duration of diabetes in 
the comparator group might confound the association 
— referred to as time-lag bias46 (BOX 1). Another example 
is a study of cancer outcomes in diabetic patients with 
ovarian cancer: using never-users as the comparator, dis-
ease recurrence in metformin users was reported to be 
reduced by 62% in these individuals116. This conclusion 
implies that metformin is among the most-active drugs 
available for the treatment of ovarian cancer, but must be 
interpreted with great  caution given the possibility of bias.

Evidence from murine models indicates that met-
formin is active against bladder cancer, when admin-
istered either by direct intravesical administration or 
orally117,118. The effectiveness of oral metformin in a 
model of bladder cancer is of particular interest — the 
bladder mucosa is exposed to high concentrations of the 
drug, which is concentrated and excreted via the kidneys 
in the urine. If this model is found to be clinically rele-
vant, these findings would represent a step forward in the 
pharmacological treatment of superficial bladder cancer, 
which is currently based on inconvenient and uncom-
fortable bladder installations. Metformin use has been 
reported to be associated with improved recurrence-free 
survival after radical cystectomy in diabetic patients with 
bladder cancer119, but this result requires confirmation.

In view of the tantalizing, but inconclusive, evidence 
from observational studies, interventional clinical trials 
of metformin in the treatment of many cancer types have 
been initiated49. Indeed, >100 such trials are in  progress120 
— no doubt owing, in part, to the fact that the drug is 
inexpensive, safe, and widely available. Results reported 
to date are limited to those from studies with surrogate 
study end points, some of which revealed reductions 
in tumour proliferation rates on sequential biopsies in 
subsets of patients121–123, and two randomized trials 
in patients with pancreatic cancer with survival end 
points, in which no advantage of adding metformin to 
chemotherapy was found124,125. In an interim analysis of 
an ongoing placebo-controlled trial of metformin in the 
adjuvant treatment of early stage breast cancer, a mod-
est reduction of fasting insulin levels in the metformin 
arm was reported126. This finding is noteworthy because 
prior work showed that high insulin levels are an adverse 
prognostic factor in this disease127; however, the magni-
tude of the decline in insulin levels associated with met-
formin treatment was small relative to the magnitude of 

the between-individual variation in insulin levels that has 
been linked to cancer prognosis. The final results of this 
trial and other ongoing randomized clinical trials are, 
therefore, eagerly awaited.

Studies reporting on the effect of antidiabetic med-
ications other than metformin on cancer prognosis are 
both scant and hard to interpret, owing to the complexity 
of pharmacotherapy for T2DM, and the many sources of 
bias this complexity introduces. For example, the investi-
gators of a population-based study reported that short-
term sulfonylurea use was associated with increased 
breast-cancer-specific mortality, but concluded that this 
finding might have been confounded by selective pre-
scribing of these medications to patients with cancer that 
had progressed128.

Biological mechanisms
A number of review articles have detailed current hypoth-
eses concerning the mechanisms linking obesity and dia-
betes to neoplasia129–133, which are summarized in FIG. 1. 
Laboratory studies, including early work undertaken 
more than 65 years ago134, have shown that cancer bur-
den is decreased by caloric restriction in rodent models, 
whereas cancer burden increases when energy intake is in 
excess of expenditure135. Attributing these observations to 
the notion that excess caloric intake provides more energy 
to feed the cancer would be simplistic. One general alter-
native concept is that the altered endocrine milieu of obe-
sity and T2DM facilitates carcinogenesis and/or aggressive 
neoplastic behaviour130. Insulin, insulin- like growth fac-
tors (IGFs), adipokines (such as leptin and adipo nectin), 
and inflammatory cytokines are example candidate 
mediators of these pro-tumorigenic effects. In keeping 
with this hypothesis, findings from a nested case–control 
of the European Prospective Investigation into Cancer 
and Nutrition (EPIC) study136, published in April 2016, 

provide evidence that hormonal correlates of obesity are 
more closely linked to cancer risk than obesity itself.

In addition to the well-recognized effects of insulin on 
carbohydrate metabolism in classic target tissues, such as 
liver, muscle, and fat, considerable laboratory evidence 
indicates that this peptide hormone can act as a mito-
gen for epithelial cells that express the insulin receptor63. 
Insulin levels are elevated in patients with T2DM and 
obesity, as a consequence of insulin resistance in clas-
sic insulin target tissues, and exposure of transformed 
cells to elevated insulin levels is commonly postulated 
to increase cancer burden39,127,137. Separate evidence 
demonstrates that patients with PTEN haploinsufficiency 
(which is associated with increased PI3K/AKT/mTOR 
signalling downstream of the insulin receptor) not only 
have an increased cancer risk compared to those without 
this genetic aberration, but also tend to be hyper sensitive 
to insulin and obese138. These findings independently 
suggest that signalling downstream of the insulin recep-
tor, whether as the result of PTEN deficiency or excess 
insulin expression, is related to cancer risk. Results also 
suggest that, notwithstanding the fact that established 
obesity leads to insulin resistance, inhibition of PI3K can 
prevent obesity139. Thus, the PI3K signalling is important 
in both neoplasia and obesity.
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Historically, researchers postulated that insulin has 
only ‘metabolic effects’, mediated by the insulin recep-
tor, and only IGFs acting on the IGF-1R could mediate 
‘mitogenic effects’. We now recognize that such a strict 
dichotomy might not reflect the more complex biologi-
cal reality, as many normal and transformed cell types 
simultaneously express insulin receptors, IGF-IR, and 
hybrid insulin/IGF-I receptors140. The signalling path-
ways activated downstream of these different receptors 
are similar, and the consequences of activation of the 

insulin receptor, the IGF-1R, or hybrid receptors depend 
on cell type. For example, an insulin concentration that 
inhibits gluconeogenesis in a normal hepatocyte might 
lead to increased proliferation of insulin-responsive 
prostate cancer cells.

One issue that warrants more attention is the lack of 
evidence for a major effect of exogenous insulin therapy 
on cancer risk or prognosis. Circulating insulin levels 
are generally higher among insulin-treated patients 
with T2DM than in obese diabetics not receiving 
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Energy intake exceeds consumption

↑ Serum glucose Metformin

Obesity
Driven by insulin-stimulated PI3K 
pathway activation in adipose tissue

T2DM diagnosed if degree of 
hyperglycaemia exceeds threshold

Pan-PI3K
inhibitors

Increased PI3K
pathway activation

Reduced inhibitory influence 
(via AMPK) on PI3K pathway

Reduced inflammation 
via effect on NF-κB and 
other mechanisms

Designed to reduce
signalling in cancers

Reduced mTOR action 
(via AMPK) lessening some 
of the consequences of 
PI3K activation

Effects on cells at risk of 
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cells in established tumours
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↑ Insulin resistance and inflammation
In tissues that are usually insulin responsive
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effects on host 
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response attempting to normalize glycaemia 
in the setting of insulin resistance
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In circulation and stromal adipocytes

↓ Adiponectin

Microenvironment more 
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and/or neoplastic progression

↑ Hepatic 
gluconeogenesis 

Figure 1 | Simplified representation of the physiological processes that might link obesity, diabetes, and neoplasia. 
When caloric intake exceeds energy expenditure insulin levels rise and excess energy is stored in adipose tissue. Insulin 
signals adipocytes to take up glucose and convert it to lipids as a way of storing energy to be used at times of inadequate 
caloric intake. Chronic excess of caloric intake over energy consumption, however, can lead to insulin resistance in 
insulin-target tissues, one of the consequences of which is increased hepatic gluconeogenesis — an important cause of 
hyperglycaemia. If the degree of hyperglycaemia surpasses a defined threshold, type 2 diabetes mellitus (T2DM) will be 
diagnosed. Importantly, as glucose levels rise, insulin secretion increases, which can reduce glucose levels in some 
patients, leading to a normoglycaemic, but hyperinsulinaemic, state; however, T2DM characterized by both 
hyperglycaemia and hyperinsulinaemia develops eventually. Hyperinsulinaemia is hypothesized to stimulate the 
phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) pathway in at least a subset of cancers or cells at risk of malignant 
transformation, promoting tumour growth or resulting in increased rates of carcinogenesis, respectively. This hypothesis is 
supported by data from animal models, but remains to be investigated rigorously in the clinic. Other metabolic features of 
obesity that might influence neoplasia include increased levels of inflammatory cytokines, which stimulate various 
processes involved in cancer development, and reduced levels of adiponectin, an adipokine that normally inhibits cell 
proliferation via activation of AMP-activated protein kinase (AMPK). Metformin decreases hyperglycaemia, 
hyperinsulinaemia, and the consequences of these conditions predominantly by decreasing hepatic gluconeogenesis. 
This drug might also act directly on cancers or cells at risk of transformation by inducing energy stress, which slows cell 
proliferation via activation of AMPK and/or other mechanisms. On the other hand, the use of inhibitors of the PI3K 
pathway to target this signalling cascade in cancer cells could potentially have unintended metabolic consequences, such 
as hyperglycaemia, owing to off-tumour effects on tissues involved in the regulation of blood glucose, such as adipocytes. 
mTOR, mammalian target of rapamycin; NF-κB, nuclear factor κB.

R E V I E W S

92 | FEBRUARY 2017 | VOLUME 14 www.nature.com/nrclinonc

©
 
2017

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved. ©

 
2017

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved.

tnguye14
Text Box

tnguye14
Text Box

tnguye14
Text Box



insulin; therefore, if a simple dose–response relation-
ship exists between cancer burden and insulin level, one 
would expect clear evidence of adverse events related 
to  cancer among long-term insulin users — to date, no 
such evidence has been presented. One possibility is 
that a plateau effect occurs, whereby pharmacological 
doses of insulin do not result in more insulin-receptor 
activation in nonclassic insulin target tissues than that 
associ ated with obesity, but this hypothesis has not been 
 investigated in detail.

IGF-I is often mentioned as a candidate mediator of 
the obesity–cancer relationship, as a relationship between 
IGF-I levels and the risk of certain cancers has been 
reported63,141 and, more recently, has been confirmed in 
a meta-analysis142; however, evidence that IGF-I levels are 
increased substantially with obesity is sparse, although 
starvation does lower circulating IGF-I concentrations143. 
Levels of IGF-binding protein 1 (which reduces IGF bio-
activity), however, are suppressed by insulin, and this 
effect might, in certain tissues, lead to increased IGF 
signalling in obese individuals144 — thus potentially 
 increasing their cancer risk.

Oestrogens have been implicated in the increased 
risk of postmenopausal breast cancer that is associated 
with obesity145. Specifically, higher levels of circulat-
ing oestradiol are detected in obese versus non-obese 
post menopausal women, and local oestrogen produc-
tion (as a result of increased aromatase activity within 
the breast) might also be associated with obesity and, 
 therefore, obesity- related cancer risk145.

Evidence implicating adiponectin as a candidate 
pro-tumorigenic mediator is somewhat more recent 
than the findings relating to insulin, IGF-I, and oestro-
gens146–149. Adiponectin is an adipokine (a cell-signalling 
peptide released by adipocytes), but paradoxically is 
detected at lower circulating levels in obese compared 
with lean individuals150. Evidence indicates that, in at least 
a subset of cancers, adiponectin-receptor signalling leads 
to activation of AMP-activated protein kinase, which has 
multiple effects on cellular metabolism, including inhib-
ition of mTOR signalling and of mRNA translation, that 
suppress cell proliferation151. Hence, low adiponectin 
 levels in the context of obesity might promote the growth 
of neoplastic cells. By contrast, leptin levels increase with 
increasing weight, and leptin has pro-inflammatory, 
pro-proliferative, and antiapoptotic actions152.

Chronic inflammation is clearly associated with obe-
sity132, and might cause changes in the tissue microenvi-
ronment that facilitate carcinogenesis. For example, in 
obesity, macrophages resident in adipose tissue produce 
pro-inflammatory cytokines, including TNFα, IL-6, 
and IL-1β, which can promote neoplastic transforma-
tion via activation of NF-κB and JNK signalling153,154. 
Emerging frontiers of research include studies of the 
relationships between obesity and the gut microbiota, 
between tissue and circulatory markers of obesity- 
related inflammation154, and between the gut microbiota 
and inflammation155–157.

The mechanisms proposed to explain the associations 
of obesity with cancer risk and outcome might also be 
relevant to any influences antidiabetic medications have 

on neoplasia. Metformin reduces blood glucose  levels, 
as well as circulating levels of insulin. These effects 
are largely attributable to decreased hepatic gluconeo-
genesis, and distinguishes metformin from other 
treatments for diabetes (which have been suggested to 
increase cancer risk) that either raise or have limited 
effects on insulin concentrations50. These patterns sug-
gest that changes in insulin levels mediate the effects 
of antidiabetic drugs on cancer risk and/or biology, 
although caution is required to avoid oversimplification. 
One must consider that insulin therapy, as noted, does 
not have clear oncological adverse effects, despite obvi-
ously raising circulating insulin levels; that the decline 
in insulin achieved by metformin might or might not be 
sufficient in magnitude to influence tumour biology; and 
that not all cancers are insulin responsive. Furthermore, 
some antidiabetic drugs, including metformin, have 
effects on inflammation158,159, on the microbiome160, or 
on tumour cells directly50 that are potentially relevant to 
neoplastic disease.

Cancer treatments and diabetes outcomes
While the possibility that drugs used to treat diabetes can 
influence cancer risk and/or outcome should be regarded 
as an important research topic, clear evidence exists that 
certain cancer treatments can lead to clinically important 
abnormalities in glucose homeostasis.

Glucocorticoids. Among oncologists, glucocorticoids are 
perhaps the most widely used class of drug that perturb 
glycaemia. These agents are used as antineoplastic drugs 
for certain malignancies, and also for other purposes in 
onco logi cal practice, such as reduction of intracranial 
pressure in patients with gliomas or brain metastases, 
or to alleviate cancer-related pain161. Glucocorticoids 
can cause insulin resistance by attenuating transcrip-
tion and phosphorylation of the IRS proteins, which are 
immedi ately downstream of the insulin receptor and are 
necessary for signal transduction by this receptor, as well 
as by downregulating the phosphorylation of MAPK162. 
Steroid-related hyper glycaemia might also be related 
to increased hepatic gluco neogenesis163. In a study of 
patients who were treated with high-dose steroids164, 
hyperglycaemia >10 mmol/l (180 mg/dl) was detected in 
70% of the patients within 48 h of treatment. The prog-
nostic relevance of this biological effect is unclear, but 
hyperglycaemia has been reported to be a poor prognos-
tic factor in paediatric patients with acute lymphoblastic 
leukaemia165,166. Hyperglycaemia in the context of high-
dose steroid therapy is also associated with hyperinsulin-
aemia167. Indeed, despite the benefits of steroid therapy, 
the hyperinsulinaemia induced by such treatment might, 
in certain contexts, contribute mechanistically to adverse 
cancer outcomes, as supported by the laboratory finding 
that experimental type I diabetes mellitus (characterized 
by hypoinsulinaemia and hyperglycaemia) slows, rather 
than accelerates, the growth of tumours in preclinical 
models168. This finding also implies that cancers are 
able to satisfy their glucose requirements under normo-
glycaemic conditions and that hyperglycaemia per se does 
not confer a major growth advantage.
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The management of steroid-induced hyperglycaemia 
is, for the most part, empirical. One retrospective study 
demonstrated control of hyperglycaemia using insulin 
in patients with haematological malignancies who were 
receiving high-dose dexamethasone; both basal bolus 
insulin and sliding-scale insulin were used169. A clear 
biological rationale exists, however, for attempting to 
control hyperglycaemia with metformin as a first-choice 
therapy, as this agent tends to lower both insulin and 
glucose levels50.

Androgen-deprivation therapy. Androgen-deprivation 
therapy (ADT) is commonly used in the treatment of 
prostate cancer. ADT was ori ginally achieved by bilat-
eral orchiectomy or high-dose oestrogen therapy, but 
now typically involves the use of gonadotropin- releasing 
hormone (GnRH) agonists. Testosterone levels are linked 
to muscle mass and body composition, and low levels of 
testosterone are associated with increased risk of insulin 
resistance, hyperinsulin aemia and the metabolic syn-
drome (high blood pressure, obesity, and diabetes) in 
men170,171. Indeed, the use of ADT has been repeatedly 
associated with incident dia betes, with a 36% increased 
risk demonstrated in a pooled analysis of data from 
observational studies172. Moreover, diabetic patients with 
prostate cancer have been shown to have worsened diabe-
tes control after 1 year and 2 years of ADT173. Importantly, 
the association of ADT use with incident diabetes per-
sisted after adjustment for baseline comorbidities174. 
The prognostic importance of this associ ation remains 
unclear; however, the weight gain and hyperinsulinaemia 
that are consequences of ADT could plausibly contribute 
to not only overall and prostate- cancer-specific morbid-
ity and mortality, but also the evolution of castration- 
resistant prostate cancer39,175,176. Thus, attention should 
be given to interventions, such as exercise, diet, and pos-
sibly metformin, as strategies to minimize the adverse 
 metabolic effects of ADT.

Inhibitors of the insulin-signalling pathway. As dis-
cussed previously, intracellular signalling networks 
downstream of the insulin receptor are intrinsic to most 
cells. An elementary principle of diabetology is that insu-
lin reduces blood glucose by activating the insulin recep-
tor and downstream signalling pathways (particularly the 
PI3K pathway) in classic insulin target tissues, including 
liver, muscle, and fat. This leads to increased glucose 
uptake and decreased gluconeogenesis, and thus to the 
lowering of blood glucose levels. In cancer cells, however, 
the PI3K pathway drives neoplastic behaviour177. In some 
cancers, receptors of the insulin and/or IGF family are 
key activators of the PI3K pathway, but this cascade is 
more commonly activated by oncogenic events, such 
as loss of PTEN function, overexpression of HER2, or 
activating mutations in PI3K itself. Several inhibitors of 
this pathway have been developed as  cancer treatments, 
including small molecules that inhibit AKT or PI3K178,179, 
and rapa logs that inhibit mTOR (see next section). As 
most of these inhibitors are not tissue- specific in their 
actions, it is not surprising that  undesired inhibition 
of insulin action in the liver, muscle, and fat has been 

documented among patients with  cancer treated with 
these agents, resulting in metabolic toxicity character-
ized by hyperglycaemia180. A study of pooled phase I 
clinical trials of inhibitors of PI3K, AKT, or mTOR in 
patients with advanced-stage solid tumours has revealed 
a 6.7% incidence of severe hyperglycaemia, compared 
with 0% in the control groups181; it is perhaps surprising 
that metabolic toxicity is not more common given that 
pan-PI3K inhibi tors would be expected to antagonize 
insulin action in all tissues. A plausible explan ation for 
this finding is simply that the conventional dosing of 
these agents does not achieve full inhibition of the PI3K 
pathway. The preferred treatment for the metabolic toxi-
city of PI3K-pathway inhibitors is metformin, as insulin 
therapy carries at least a theoretical risk of activating 
this signalling cascade not only in the classic insulin- 
sensitive tissues, but also in the subset of cancers that 
express insulin receptors. Specific inhibitors of PI3Kδ, 
expression of which is confined to haematopoetic cell 
lineages, represent an interesting exception. Idelalisib is 
one such inhibitor and is approved for the treatment of 
B-cell lymphomas182. This agent does not perturb glucose 
regulation, and is clinically useful in patients with B-cell 
malignancies to a greater extent than that of pan-PI3K 
inhibitors in the treatment of various solid tumours. The 
efficacy of idelalisib might be at least partially attribut-
able to the absence of metabolic toxicity that enables 
more-aggressive dosing to achieve complete blockade of 
PI3Kδ in the target tissues.

Drugs designed to specifically attenuate signalling by 
the IGF-1R, or more broadly the insulin–IGF-I receptor 
family, have been demonstrated to be active in preclinical 
models, leading to clinical trials of these agents, many of 
which had disappointing results63,183. Anti-IGF-1R agents 
increased the risk of hyperglycaemia in some patients63,183. 
With such agents, mechanisms of hyper glycaemia other 
than inhibition of the PI3K pathway in liver, muscle, 
and adipose tissue might operate: blocking the IGF-1R 
increases growth-hormone levels63,184, which can lead 
to insulin resistance185,186. This insulin resistance can 
lead to not only to the observed hyperglycaemia, but 
also to hyperinsulinaemia. Cancer cells with insulin 
receptors would therefore be predicted to be resistant 
to IGF-1R-targeting therapies. Insulin-receptor family 
tyrosine-kinase inhibitors would be expected to be more 
effective than agents that only target the IGF-1R, but also 
to cause serious metabolic toxicity, as they are not speci-
fically targeted to neoplastic tissue and block both IGF-1R 
and the insulin receptor. In reports of early trials, how-
ever, tolerability of these agents was good187, although effi-
cacy was not sufficient to justify further clinical research. 
These findings are compatible with the possibility that the 
dosing used was suboptimum: full inhibition of the insu-
lin receptor might have been efficacious for patients with 
cancers that depend on insulin or IGFs, but would also 
have been expected to lead to serious hyperglycaemia.

Rapamycin and rapalogs. Temsirolimus and everoli-
mus are mTOR inhibitors approved for the treatment of 
certain advanced-stage solid tumours, including renal-
cell carcinoma, pancreatic neuro endocrine tumours, 
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and oestrogen-receptor-positive, HER2-negative breast 
 cancer. Diabetic patients were ineligible to enrol on 
many of the clinical trials that led to the approval of 
these drugs, limiting current data on hyperglycaemia 
associated with their use. Nevertheless, in a phase III trial 
involving patients with renal-cell carcinoma188, combi-
nation therapy with temsirolimus and bevacizumab 

was associated with 22% and 6% all-grade and severe 
hyperglycaemia, respectively, and ever olimus has been 
reported to be associated with comparable rates of hyper-
glycaemia in clinical trial populations189. Mechanisms 
of metabolic toxicity of rapalogs are complex, and 
include reduced insulin secretion from pancreatic beta 
cells, as well as insulin resistance190,191. With expanding 

Nature Reviews | Clinical Oncology

Obesity T2DM Breast cancer Metastatic
breast cancer

Breast cancer
treatment 1

Breast cancer
treatment 2

T2DM 
treatment 3

T2DM 
treatment 2

T2DM 
treatment 1

Death

Health status

a

b

Anticancer 
therapy

Obesity

30; 5.7%

Dietary

Prediabetes

31; 6.0%

Exercise

Diabetes

32; 6.6%

Metformin

Hyperglycaemia

33; 7.5%

Metformin + SU

Early 
breast cancer

33; 7.0%

Metformin + SU

Mastectomy 
+ Tamoxifen

Liver 
metastases

35; 7.2%

LA insulin + DPP4i

Irradiation 
+ chemotherapy

Brain 
metastases
32; 8.0%

LA + SA insulin 

Steroids
+ irradiation 

Antidiabetic 
intervention

Hyperglycaemia

35; 7.7%

Metformin 
+ TZD + DPP4i

Death

Aromatase 
inhibitor

40 41 43 44 46 47 49 51 52 53 55 56 57 58 59 6142 45 48 50 54 60 62 63 Age 
(years)

BMI; 
HbA1c level

Figure 2 | Clinical vignette and putative causal relationships between obesity, diabetes, antidiabetic medications, 
cancer, and cancer treatments. a | A hypothetical patient with obesity, type 2 diabetes mellitus (T2DM), and breast cancer 
is depicted. Treatment for early stage breast cancer is commenced on the background of dual antidiabetic therapy with 
metformin and a sulfonylurea (SU). Further dysglycaemia leads to metformin, thiazolidinedione (TZD), and a dipeptidyl 
peptidase-4 inhibitor (DPP4i) triple therapy for T2DM, with continuation of adjuvant hormonal therapy for breast cancer. 
When liver metastases are diagnosed and hyperglycaemia worsens, metformin and TZD are withdrawn; chemotherapy 
and irradiation are then administered as anticancer therapy, and long-acting (LA) insulin is prescribed to achieve better 
glycaemic control. Following the diagnosis of brain metastases, the patient is given steroids, necessitating the addition of 
short-acting (SA) insulin to antidiabetic therapy (with DPPi withdrawal). b | The directed acyclic schematic depicts the 
possible causal relationships between obesity, T2DM, antidiabetic medications, cancer, and cancer treatments. Obesity is 
associated with increased mortality in general, but can also lead to T2DM and, possibly, cancer, which further increase 
morbidity and mortality. Cancer and cancer treatment influence the progression and treatment of T2DM, and possibly vice 
versa. An example of a hypothesized interaction is the reduction of breast-cancer risk associated with metformin treatment 
of T2DM. An example of a known clinical interaction is that steroid treatments for brain metastases or chemotherapy-
induced vomiting can lead to increased insulin requirements in patients with insulin-dependent diabetes and cancer. 
BMI, body mass index; HbA1c, haemoglobin A1c (glycated haemoglobin).
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indications for rapalogs192, oncologists must be mindful 
of the risks of metabolic toxicity. Metformin represents 
the preferred option for the management of rapalog- 
induced hyperglycaemia, particularly in patients who 
also have hyperinsulinaemia.

Diabetes in cancer survivors. Intensive treatment of vari-
ous childhood cancers can be curative, but evidence of a 
substantially increased risk of diabetes among long-term 
survivors has been reported193,194, although the under-
lying mechanism has not been established — and might 
be multifactorial. In survivors of Hodgkin lymphoma, 
abdominal irradiation (and specifically irradiation of the 
para-aortic lymph nodes) has been identified as a risk 
factor for subsequent diabetes195. Conceivably, radiation 
exposure can damage pancreatic beta cells, leading to 
reduced insulin secretion. Thus, survivors of childhood 
cancer and Hodgkin lymphoma should be screened to 
monitor glycaemic control.

Conclusions
The relationship between obesity and T2DM is clear, 
and maintaining a BMI <25 kg/m2 is important for 
diabetes prevention and management. Strong evidence 
from population studies indicates that obesity also 
increases the risk of certain cancers, and this association 
is of relevance to global public health, given the rapid 
increase in obesity rates worldwide. Furthermore, both 
historical and contemporary laboratory studies provide 
strong evidence that caloric restriction inhibits carcino-
genesis, whereas obesity promotes this process. On the 
other hand, associations of diabetes and its treatments 
with neoplastic disease are more complex and challen-
ging to unravel. Studies of relationships between specific 
pairs of variables (such as BMI at the time of diagno-
sis and survival among patients with breast cancer, or 
metformin use and prostate-cancer risk) are informa-
tive and useful starting points for research in this area, 
but remain subject to methodological challenges and 
typically do not account for the complexity relating to 
the simultaneous effects of many interacting variables. 

The vignette provided in FIG. 2 illustrates the typical 
interactions between obesity, diabetes, and cancer that 
are frequently seen in the clinic.

Increasingly, clinicians face the challenge of managing 
patients with both diabetes and cancer. Despite important 
gaps in our knowledge, metformin is a rational choice of 
first-line treatment for diabetes in patients with cancer, 
whether the hyperglycaemia is a result of cancer treatment 
or related to a prior diabetes diagnosis. 

Adding cancer- risk reduction to the other well- 
recognized reasons for the general population to avoid 
obesity is also reasonable. Obese patients with newly diag-
nosed cancer might benefit from bodyweight reduction, 
but this hypothesis is challenging to investigate and has 
not been rigorously validated. By contrast, weight loss 
is clearly associated with an adverse prognosis among 
patients with advanced-stage cancer.

As clinicians increasingly encounter obese and/or 
diabetic patients with cancer, clinical trials of new drug 
candidates in oncology should not exclude obese or dia-
betic patients, unless a clear reason exists to do so, in 
order that the research will not provide data restricted 
to the nondiabetic and normal weight subset of patients 
with cancer.

Early reports of major favourable or unfavourable 
effects of various drugs used to treat diabetes on cancer 
risk or prognosis have frequently not been confirmed 
by subsequent studies. This disparity does not prove the 
absence of associations, but rather implies that, if they 
exist, they are modest in magnitude, and are possibly 
confined to patient subsets defined by variables related 
to patient energy balance and/or specific tumour charac-
teristics. For example, metformin could plausibly reduce 
the proliferation rate of a subset of cancers, but only if 
cancers have particular molecular characteristics, and 
only if patient-specific pharmacokinetic variables lead to 
a sufficiently high level of drug exposure. Thus, research 
in this area remains active, and investigation of the rela-
tionships between diabetes, obesity, and cancer is rele-
vant to efforts to discover novel metabolic approaches to 
 cancer prevention and treatment.
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