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Abstract

Purpose of Review Diabetes is associated with an increased risk for several types of cancer. Therefore, use of antihypergly-
cemic medications to lower blood glucose may modify cancer risk. Here we review available data on the link between the
most common classes of antihyperglycemic agents and cancer risk among patients with diabetes.

Recent Findings A database search was conducted between February 2022 and June 2022 on PubMed and Embase for sys-
tematic reviews and meta-analyses investigating the association between antihyperglycemic agents and risk of cancer. Use
of biguanides such as metformin is associated with 20-30% lower risk for all cancer incidence, and somewhat greater benefit
for cancer-related mortality. Alpha-glucosidase inhibitors, e.g., acarbose, have not been consistently associated with cancer.
Similarly, no consistent effects have been reported for thiazolidinediones, but the relationship with cancer seems to depend
on the type of drug, dose, and duration of treatment. Exposure to various types of incretin-based therapies (glucagon-like
peptide-1 agonists and dipeptidyl peptidase-4 inhibitors) has not been found to significantly modify cancer risk. Inhibitors of
sodium glucose cotransporter-2 may raise risk for bladder cancer and reduce risk for gastrointestinal cancer. Use of insulin
and insulin analogs is associated with a significant increase in total cancer risk by almost 50% compared to other antihy-
perglycemic drugs. Likewise, insulin secretagogues like sulfonylureas have generally been linked to greater risk for cancer
by ~20%, although these associations may be agent-specific and dose-dependent.

Summary Current evidence suggests that the risk of cancer associated with the use of antihyperglycemic medications among
patients with diabetes depends on the class of drug and type of agent, dosage, and duration of treatment. More research is
needed to delineate the mechanisms by which these agents affect the process of carcinogenesis.

Keywords Antidiabetic medication - Hyperglycemia - Diabetes therapy - Tumor - Cancer risk

Introduction

The prevalence of overweight and obesity has increased
rapidly over the past several decades [1, 2]. In 2016, it was
estimated that 13% of the population was obese, reflecting
a threefold increase in prevalence since 1975 [1-3]. This
increase occurred among both men and women and in all
geographical regions around the world [2]. Currently, about
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1.9 billion adults have some degree of excess weight, and
about 650 million of them are obese. Although obesity is a
multifactorial disease, the common denominator is an imbal-
ance between calorie intake and energy expenditure leading
to chronic positive energy balance. Globally, more people
are living a sedentary lifestyle, while food has become more
energy-dense and portions have increased; the obesogenic
environment where convenience is essential is undoubtedly
a major contributor to the obesity epidemic [1, 3].

Obesity is associated with many cardiometabolic abnor-
malities—e.g., hyperglycemia, insulin resistance, dyslipi-
demia, hypertension, and inflammation—and thus increases
the risk for developing many non-communicable diseases
such as diabetes mellitus. A decrease of the insulin-induci-
ble glucose transporter 4 and its membrane translocation is
often observed in obesity, leading to a reduction in insulin-
mediated glucose uptake and, eventually, the development

@ Springer


http://orcid.org/0000-0002-1312-7364
http://crossmark.crossref.org/dialog/?doi=10.1007/s11912-022-01344-7&domain=pdf

30

Current Oncology Reports (2023) 25:29-40

of hyperglycemia [4]. Obesity is also linked with chronic
subclinical inflammation, which leads to macrophage infil-
tration and release of proinflammatory cytokines such as
tumor necrosis factor-a, interleukin-6 and interleukin-1p,
and adipokines. Among other mechanisms, the inflamma-
tory response induces nitric oxide synthase which leads to
S-nitrosylation of the signaling proteins that are essential
to insulin signaling and the development of insulin resist-
ance [5]. Over time, insulin resistance becomes more severe,
and the body responds with increased insulin secretion from
the pancreatic beta cells. The beta cells can compensate for
a period of time; however, eventually, the requirement for
increased insulin leads to beta cell failure, and type 2 diabe-
tes (T2D) develops [6]. In type 1 diabetes (T1D), immune-
mediated destruction of the beta cells and subsequent com-
plete lack of insulin availability is the primary driver of
hyperglycemia.

Alongside the rise in the prevalence of overweight and
obesity, the rate of diabetes has quadrupled since the 1980s
[7]. In 1980, there were 108 million people with diabetes [8,
9] and this number rose to 537 million in 2021, with another
541 million having impaired glucose tolerance (prediabe-
tes), which in many cases leads to diabetes. Furthermore, the
International Diabetes Federation projects a 45% increase in
diabetes around the world from 2021 to 2045; besides the
medical consequences for the health of the individual and
the population in general, the economic burden for manag-
ing the disease is also expected to rise considerably from
the 966 billion USD in 2021 (which has more than tripled
since 2006) [8]. Diabetes is therefore a serious public health
problem. In 2021, there were 6.7 million deaths because of
diabetes, which translates into 1 person dying from a diabe-
tes complication every fifth second [8]. People with diabetes
are at risk for developing multiple microvascular and mac-
rovascular complications. Chronic hyperglycemia causes a
number of physiological alterations in many organ systems
and tissues (“glucotoxicity”)—it can induce oxidative stress,
stimulate polyol and hexosamine pathways, activate protein
kinase C, promote the formation of advanced glycation end-
products, and alter gene expression, among others [10]—and
can lead to diseases or vascular complications such as car-
diovascular disease, nephropathy, neuropathy, retinopathy,
periodontitis, and also cancer [11, 12].

Diabetes is associated with a greater risk for several
types of cancer, e.g., liver, pancreas, and breast cancers.
The main metabolic disturbances that are thought to under-
lie the increased risk of cancer among people with diabetes
include hyperglycemia, hyperinsulinemia, and inflammation
[13—-16]. Nonetheless, it remains unclear if the association
between diabetes and cancer is direct, due to these metabolic
abnormalities, or indirect, through common risk factors such
as obesity [17]. In any case, the need for treating diabetes,
or at least for controlling hyperglycemia and maintaining a
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stable blood glucose concentration throughout the day, is
critical to prevent or delay the medical complications of the
disease. However, use of some antihyperglycemic agents has
been linked with the development and progression of certain
types of cancer, despite that all of them are, by definition,
effective in lowering blood glucose [15]. The possibility that
antihyperglycemic agents induce certain types of cancers
raises concern that becomes greater when one takes into
account the projected rise in the number of people with
diabetes and, accordingly, in the use of antihyperglycemic
medications in the foreseeable future.

There are currently more than 60 antihyperglycemic phar-
maceuticals approved by the US Food and Drug Adminis-
tration and nearly 100 more are being evaluated in clinical
trials [18e, 19]. In this manuscript, we review the results
from observational (cross-sectional and cohort) or rand-
omized studies—focusing mainly on systematic reviews
and meta-analyses—on the relationship between the use of
antihyperglycemic agents and cancer risk among patients
with diabetes (Table 1). We discuss the most commonly used
antihyperglycemic medications, including biguanides (e.g.,
metformin), alpha-glucosidase inhibitors (AGIs, e.g., acar-
bose), thiazolidinediones (TZDs), glucagon-like peptide-1
(GLP-1) agonists, dipeptidyl peptidase-4 (DPP-4) inhibitors,
sodium glucose cotransporter-2 (SGLT-2) inhibitors, insulin
and insulin analogs, and secretagogues (e.g., sulfonylureas).

Biguanides

Metformin is one of the most popular antihyperglycemic
medications used to manage diabetes, and has dominantly
shown beneficial effects on overall cancer incidence [20e,
21e], although this is not always evident [21e, 22]. In
2005, Evans et al. conducted a case—control study and
reported that use of metformin among 923 patients with
newly diagnosed diabetes was associated with a 15-20%
lower incidence of cancer [23]. Bowker et al. compared
metformin against insulin or sulfonylureas in a population-
based cohort study with~35.5 years of follow-up, and found
that exposure to metformin was associated with decreased
risk of cancer mortality by 30-90% compared to exposure
to insulin or sulfonylureas among 10,309 patients with dia-
betes [24]. In 2021, Zhang et al. [25¢¢] conducted a sys-
tematic review and meta-analysis on metformin and risk
of cancer among patients with T2D. A total of 67 studies
met the inclusion criteria, resulting in 10,685,875 patients
with T2D and 145,108 cancer cases. Overall, there was
a significant decrease of cancer risk for ever-metformin
users compared to never-metformin users by ~30% (odds
ratio [OR] 0.70, confidence interval [CI] 0.65-0.76). The
beneficial effect of metformin on cancer risk was evident
also when compared to the use of other antihyperglycemic
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Table 1 (continued)

&

Possible mechanism(s) of action on carcino-

genesis

Greater risk for total cancer by ~20% although Increase insulin and IGF levels, thereby pro-

Effects on cancer incidence

Mechanism(s) of action for the antihypergly-

cemic effect
Stimulate endogenous insulin secretion by

Sulfonylureas (gliclazide, glibenclamide)

Drug class

Springer

not consistently observed moting tumorigenesis

closure of the ATP-sensitive potassium
channels in pancreatic beta cells

Abbreviations: AMP, adenosine monophosphate; ATP, adenosine triphosphate; AMPK, AMP-activated-protein kinase; LKB1, liver-kinase-B1; mTOR, mammalian target of rapamycin; PPAR-y,

peroxisome proliferator-activated receptor-gamma; GLP-1, glucagon-like peptide 1; DPP-4, dipeptidyl peptidase-4; SGLT-1/2, sodium glucose cotransporter-1/2; IGF, insulin-like growth factor

agents (OR 0.80, 95% CI 0.73-0.87). In a subgroup analy-
sis for different types of cancer, it was found that risks of
bladder cancer, colorectal cancer, esophageal cancer, liver
cancer, head and neck cancer, lung cancer, pancreatic can-
cer, and prostate cancer were all significantly lower among
ever-metformin users compared to non-users. These results
were largely similar in cohort and case—control studies
[250e].

Ng et al. [26e¢] recently performed a systematic review,
meta-analysis, and meta-regression to investigate the effects
of metformin use on the risk of colorectal cancer. They com-
pared metformin vs. non-metformin users, metformin users
vs. non-diabetics, and metformin users vs. diabetics treated
only with diet. A total of 58 studies that reported on the
incidence of colorectal adenoma and cancer were included
and analyzed. Six studies compared metformin users vs.
non-metformin users and showed a significant 23% reduc-
tion in adenoma formation among users of metformin (rela-
tive risk [RR] 0.77, CI 0.67-0.88, p <0.001). In addition,
four studies showed there was a 39% lower risk of advanced
adenoma (RR 0.61, CI 0.42-0.88, p=0.008). When it came
to cancer, the analysis included a total of 946,292 metformin
users and 773,506 non-metformin users and demonstrated
that the former had a 24% lower colorectal cancer incidence
compared to the latter (RR 0.76, CI 0.69-0.84, p <0.001)
[26e¢]. Farmer et al. [27] conducted a comprehensive bias
evaluation in their systematic review on metformin and can-
cer in T2D. This analysis included 46 studies, 21 of which
investigated the effect of metformin on all cancer types.
Results indicated that no studies reported a harmful effect
from metformin use and 12 out of the 21 studies reported
a statistically significant protective effect associated with
metformin use. A few years earlier, Franciosi et al. [28]
evaluated the link between metformin therapy and risk of
cancer in patients with T2D through yet another systematic
review of observational studies. Overall, there was a sig-
nificant association of exposure to metformin with lower
risk of cancer death (6 studies, 24,410 patients, OR 0.65,
CI 0.53-0.80), as well as total cancer incidence (18 studies,
561,836 patients, OR 0.73, CI 0.61-0.88) and incidence of
cancers of the liver, colon and rectum, pancreas, stomach,
and esophagus; but not with breast, lung, ovarian, uterus,
prostate, bladder, and kidney cancers, and melanoma [28].

Although the precise mechanisms by which metformin
protects against cancer are not fully understood, the increase
in the intracellular ratio of AMP-to-ATP due to the depletion
of ATP levels leads to the activation of the liver-kinase-B1
(LKB1)-AMP-activated-protein kinase (AMPK) signaling
pathway, which then negatively regulates the mammalian
target of rapamycin (mTOR) pathway; this has been pro-
posed as a key event for the apparent anticancer properties
of metformin [20e, 29-32].
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Alpha-glucosidase Inhibitors

The association between the use of AGIs and cancer risk
has not been consistently reported. A meta-analysis of 265
studies (44 cohort studies, 39 case—control studies, and
182 randomized trials) concluded that AGI use was associ-
ated with increased risk of cancer (RR 1.10, CI 1.05-1.15)
[33], but this analysis included a mixture of observational
studies and randomized trials, different cancer types, and
small sample sizes [33]. Subsequent studies provided
inconsistent results [34, 35]. More recently, Zhao et al.
[36] conducted a systematic review and meta-analysis of
both observational studies and randomized trials, which
included a total of 25 studies (14 cohort, 7 case—control, 4
randomized) and more than 1.2 million participants [36].
Four studies found a decreased risk of cancer with AGI use
[34, 37-39], one found a higher risk [40], and 20 reported
no statistically significant association [35, 41-59]. When
observational studies were analyzed separately, AGI use
was associated with lower cancer incidence (OR 0.86, CI
0.78-0.96), but this was not the case in randomized trials
(OR 0.83, CI10.20-3.46) [36]. Furthermore, 17 studies (16
observational, 1 randomized) reported the risk of specific
cancer types in AGI users vs. non-users. The beneficial
effects of AGI use was particularly pronounced for lung
cancer (OR 0.70, CI 0.52-0.93), colorectal cancer (OR
0.79, CI 0.54-1.15), liver cancer (OR 0.89, CI 0.75-1.05),
gastric cancer (OR 0.69, CI 0.36-1.31), gastrointestinal
cancer (OR 0.83, CI 0.71-0.97), and breast cancer (OR
0.74, CI 0.37-1.51), but most of these results were not
statistically significant [36]. In addition, no significant
associations were found for pancreatic, esophageal, and
urothelial cancers [36]. These findings should be inter-
preted with caution, bearing in mind that the majority of
participants were taking multiple antihyperglycemic medi-
cations simultaneously, including metformin, which has
protective effects against cancer [60, 61], and thus possibly
masking the actual effect on the risk associated with using
AGTIs alone.

Thiazolidinediones

In a recent meta-analysis of 10 observational studies, Liu
et al. investigated antihyperglycemic medication use and
risk of colorectal cancer among 2,470,768 patients with
diabetes and 18,972 cancer cases [62]. Exposure to TZDs
was associated with a 9% reduction of colorectal cancer
risk (RR 0.91, CI 0.84-0.99, p =0.03). An inverse rela-
tionship between TZDs and colorectal cancer, as well as
liver cancer, had also been observed earlier by Bosetti

et al. [63]. In that meta-analysis, however, TZD use was
not associated with overall cancer risk among patients
with T2D (RR 0.96, CI1 0.91-1.01) [63]. Also, there was
no association of TZD use with pancreatic, lung, breast,
and prostate cancers, whereas in fact an excess risk of
bladder cancer was found with pioglitazone (RR 1.20, CI
1.07-1.34, 6 studies) but not rosiglitazone (RR 1.08, CI
0.95-1.23, 3 studies) [63]. The pioglitazone-associated
increase in risk was greater for higher dosages (RR 1.64
for cumulative doses > 28,000 mg) and for longer duration
of use (RR 1.42 for> 2 years) [63]. A similar result was
reported by Mamtani et al. [64], who investigated the asso-
ciation between the duration of antihyperglycemic therapy
and risk of bladder cancer in a cohort study of patients
with T2D mellitus treated with TZDs (n=18,459) or sul-
fonylureas (n=41,396). Although there was no difference
in bladder cancer risk between the two cohorts in analyses
that did not account for duration of exposure (TZD vs.
sulfonylureas, hazard ratio (HR) 0.93, CI 0.68-1.29), the
use of TZDs for a period > 5 years was associated with an
increased risk of bladder cancer compared with sulfony-
lureas (HR 3.25, CI 1.08-9.71). In that analysis, pioglita-
zone and rosiglitazone did not differ in their effects on can-
cer risk. With respect to lung cancer, and contrary to a null
effect reported in the meta-analysis by Bosetti et al. [63],
Wang et al. in the same year conducted a meta-analysis of
7 cohort studies and found that TZD use reduces the risk
of lung cancer by ~20% in patients with T2D [22].

TZDs have been shown to suppress the growth of can-
cer cells in vitro and in vivo [20e, 65-67]. This has been
observed with rosiglitazone through the inhibition of tumor
growth in a human neuroblastoma xenograft, most likely
mediated by its strong anti-angiogenic activity [66].

Glucagon-Like Peptide-1 Receptor Agonists

Cao et al. [68] investigated the risk of cancer in patients with
T2D using GLP-1 receptor agonists. They focused on rand-
omized trials that had treated patients with GLP-1 agonists
for at least 52 weeks and were able to find 37 eligible stud-
ies. Pooled analysis demonstrated that the risk for any type
of cancer was not significantly different with GLP-1 agonists
than with various other comparators (OR 1.03, C10.95-1.12,
p=0.41). Usage of albiglutide was associated with a reduced
risk for overall cancer (OR 0.76, CI 0.60-0.97, p=0.03),
whereas no GLP-1 agonist was found to increase cancer risk.
This was also true for thyroid and pancreatic cancers [68].
Similar results were reported in two other meta-analyses [69,
70]. Likewise, in the meta-analysis by Piccoli et al. [71ee],
treatment with GLP-1 agonists was found to not affect the
risk of breast cancer.
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Guo et al. conducted a meta-analysis of 26 randomized
trials including ~ 16,000 patients with T2D who were treated
once weekly with GLP-1 receptor agonists [72]. Their anal-
ysis compared GLP-1 agonists to other antihyperglycemic
agents and indicated no significant effects on the risk of
tumors (RR 1.02, CI10.74-1.41, p=0.91). These results were
the same regardless of the type of GLP-1 agonist, as well as
for different treatment durations (less or more than 1 year).
However, this study is limited by the fact that all types of
tumors—benign, malignant, and unspecified neoplasms—
were included. Furthermore, due to the lack of detailed
description of the neoplasms in several primary studies, it
was not entirely clear if the neoplasms appeared after treat-
ment or were present even before treatment [72]. In 2019,
Liu et al. addressed the question of whether GLP-1 agonists
increase the risk of malignant neoplasia compared with pla-
cebo or other antihyperglycemic agents in patients with T2D
[73]. These authors included data from randomized trials
that had a duration of > 24 weeks and identified 34 studies
with ~ 50,000 patients. The analysis showed that regardless
of the type of GLP-1 receptor agonists, there was no sig-
nificant increase in the risk for malignant neoplasm forma-
tion—all GLP-1 agonists (OR 1.04, CI1 0.94-1.15, p=0.46);
liraglutide (OR 1.08, CI 0.91-1.27); exenatide (OR 1.00,
CI 0.86-1.16); semaglutide (OR 0.89, CI 0.35-2.22); and
albiglutide (OR 1.07, 0.23-4.88) [73].

GLP-1 receptor agonists present pleiotropic physiologi-
cal actions [74, 75] but the mechanisms that could poten-
tially affect cancer risk remain elusive. Studies in rodent
models have suggested that stimulation of thyroid C-cells by
GLP-1 agonists triggers the release of calcitonin and leads
to the upregulation of gene expression, resulting in C-cell
hyperplasia and an increased risk of medullary adenomas
and carcinomas [76]. In addition, long-term stimulation with
GLP-1 agonists has been associated with increased levels of
calcitonin mRNA, C-cell proliferation, and tumor formation
in mice and rats [76, 77¢]. Nonetheless, data from human
studies do not support an increase in thyroid cancer risk with
GLP-1 agonists [686970].

DPP-4 Inhibitors

Zhang et al. recently conducted a meta-analysis to evalu-
ate how treatment with DPP-4 inhibitors (and GLP-1 ago-
nists) affects the risk of pancreatitis and pancreatic cancer in
patients with T2D [78e]. They included a total of 17 eligi-
ble studies with 102,257 participants and found that DPP-4
inhibitors were not associated with an increase in risk for
pancreatic cancer (RR 0.79, CI 0.26-2.40). These results
were robust in sensitivity and subgroup analyses [78e].
Similar results were reported in two other meta-analyses:
one that included 6 placebo-controlled trials with 55,248
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patients with T2D, which found that incretin-based therapies
(DPP-4 inhibitors and GLP-1 receptor agonists; 3 studies
each) do not affect pancreatic cancer risk [79]; and another
that included 11 randomized trials (55,921 patients treated
with GLP-1 agonists and 43,306 patients treated with DPP-4
inhibitors), which found the same [80e]. Likewise, in the
meta-analysis of 157 randomized trials by Dicembrini et al.
[81ee], treatment with DPP-4 inhibitors was not associated
with any significant change in the risk of total cancer (OR
0.93, CI 0.86-1.00, p=0.07). The same was true for the
incidence of all malignant neoplasms in the meta-analysis
by Abd El Aziz et al. [80e]. Results were largely similar
for the different types of DPP-4 inhibitors [81ee]. However,
in post hoc analysis limited to placebo-controlled trials, a
significant association was found between use of DPP-4
inhibitors and reduced incidence of overall cancer (OR 0.90,
CI 0.82-0.99, p=0.03) and colorectal cancer (OR 0.70, CI
0.53-0.94, p=0.02) [81ee].

DPP-4 inhibitors inactivate the enzyme DPP-4 which
naturally degrades the incretin hormones (GLP-1 and gas-
tric inhibitory polypeptide) [82]. However, there has been
some concern about the possible role of DPP-4 inhibitors in
the development of invasive carcinomas, because of altered
regulation of the activity of various biopeptides through
proteolytic cleavage, including chemokines and cytokines
[83]. DPP-4 inhibitors include the substrate C-X-C motif
chemokine ligand 12 (CXCL12), which naturally binds to
the receptor’s C-XC motif chemokine receptor 4 and C-XC
motif chemokine receptor 7, and regulates tumor growth and
tumor metastasis [84, 85¢]. Thus, a higher level of CXCL12
due to DPP-4 inhibitors can be relevant for CXCR4-positive
cancers (e.g., in kidney, lung, brain, prostate, breast, pan-
creas, and ovarian cancers, and melanomas) [86].

Sodium Glucose Cotransporter-2 Inhibitors

SGLT?2 inhibitors act on kidneys and decrease renal glucose
reabsorption, thus lowering blood glucose independently of
insulin insufficiency or insulin resistance [87]. There have
been mixed findings regarding the safety and efficacy of
these drugs, mainly due to concerns about the use of dapa-
gliflozin and increased risk for bladder and breast cancers
[88, 89]. Other SGLT?2 inhibitors have not been associated
with an elevated risk of bladder or breast cancer in humans
[87].

Tang et al. [90] performed a pair-wise meta-analysis of
all data from randomized trials to analyze the risk for spe-
cific cancers associated with the use of SGLT?2 inhibitors
vs. placebo in individuals with T2D [90]. All trials had a
duration of >24 weeks and reported cancer incidence as an
outcome. The study included a total of 46 independent tri-
als with 34,569 patients who were randomly assigned to an
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SGLT2 inhibitor (canagliflozin, dapagliflozin, or empagli-
flozin) or a comparator (placebo or a different type of anti-
hyperglycemic medication) [90]. There was no significant
difference between treatment with SGLT?2 inhibitors and
comparators for total cancer risk (OR 1.14, CI 0.96-1.36);
however, among the participants with diabetes and obesity,
exposure to SGLT2 inhibitors was linked to an increased
total cancer risk (OR 1.23, CI 1.02-1.48). For site-specific
cancers, SGLT2 inhibitors were significantly associated with
an increased risk of bladder cancer (OR 3.87, CI 1.48-10.08)
and this was particularly true for empagliflozin (OR 4.49,
CI 1.21-16.73) [90]. Trials lasting for > 1 year also showed
an increased risk of bladder cancer with SGLT?2 inhibitors,
mainly empagliflozin (OR 4.80, CI 1.74-13.29) [90].

The use of SGLT2 inhibitors has been associated with
higher rates of glycosuria and urinary tract infections, which
may explain the higher risk of cancer at this site [87]. By
contrast, canagliflozin has been associated with substan-
tially lower risk of gastrointestinal cancers than compara-
tor arms (OR 0.15, CI 0.04-0.60). Canagliflozin suppresses
both SGLT2 and SGLT1, and the latter is key for cancer
cell survival through mediating glucose uptake [91]. Thus,
the beneficial effect of this SGLT2 inhibitor on the risk for
gastrointestinal cancer may be due to its intestinal SGLT1-
supressing ability [91]. It is important to note that the ben-
eficial effect of SGLT2 inhibitors on body weight [90] may
confound the risk for cancer indirectly, through reduced adi-
posity which is a known risk factor for bladder cancer [90].
SGLT2 inhibitors are also often prescribed together with
metformin, which has been shown to decrease the risk of
cancer [92]. This further highlights the challenges of iden-
tifying the mechanisms behind the elevated risk of bladder
cancer associated with use of SGLT2 inhibitors.

Insulin and Insulin Analogs

Insulin, a key growth hormone regulating glucose homeo-
stasis, remains the most important agent for managing dia-
betes [93]. Although a wide range of insulin types have been
developed since the discovery of insulin in 1921 [93], the
majority of individuals living with diabetes start off on a
combination of neutral protamine Hagedorn (NPH) insulin,
an intermediate-acting insulin, and a rapid-acting analog like
aspart or lispro administered 2 to 3 times daily [94]. Cur-
rent insulin therapies, such as subcutaneous insulin infusion,
employ both glargine insulin (long-acting insulin) and rapid-
acting analogs [94]. Insulin mainly targets the liver, skeletal
muscle, and adipose tissue [95] and has important effects on
a variety of physiological functions, including glucose and
amino acid transport, lipid and glycogen metabolism, protein
synthesis, and gene transcription [95].

Patients with diabetes who are on insulin therapy are
typically exposed to high levels of exogenously admin-
istered insulin to achieve optimal glucose control [17].
Therefore, it is biologically plausible that treatment with
insulin increases risk of cancer since insulin is a growth
factor that can stimulate neoplastic growth [96, 97]. Earlier
observational studies reported concerning results about
the plausible link between insulin use and risk of cancer;
however, many of these studies failed to take into account
dose, duration, and timing of insulin exposure, so it was
not possible to draw firm conclusions [98—101]. Informa-
tion from randomized trials is scarce, partly because car-
cinogenesis is a long-term process, and those that have
been completed so far are too small or too short to robustly
quantify risk of specific cancers [102, 103].

Karlstad et al. [17] performed a systematic review and
meta-analysis of observational studies that investigated
the association between risk of cancer (any type) and
exogenous human insulin or insulin analogs in patients
with T1D and T2D [17]. These authors compared insulin
use vs. no-insulin use; insulin vs. other antihyperglyce-
mic drugs; and glargine insulin vs. non-glargine insulin.
In total, 34 studies fulfilled the inclusion criteria for the
pooled analysis. The results indicated that patients who
use insulin have a significantly greater risk for pancreatic
cancer (RR 2.58, CI 2.05-3.25), liver cancer (RR 1.84,
CI 1.32-2.58), kidney cancer (RR 1.38, CI 1.06-1.79),
cancers of the respiratory system (RR 1.30, CI 1.14-1.47),
and stomach cancer (RR 1.65, CI 1.02-2.68), but sig-
nificantly lower risk for prostate cancer (RR 0.80, CI
0.73-0.88) than those who do not use insulin (all p < 0.05)
[17]. When comparing insulin to other antihyperglycemic
drugs, a significant increase was observed for total cancer
risk (RR 1.52, CI 1.16-2.00), pancreatic cancer risk (RR
3.83, CI 1.43-10.23), and colorectal cancer risk (RR 1.79,
CI 1.36-2.36) (all p <0.05) [17]. Furthermore, the use of
insulin glargine was associated with lower risk for colon
cancer (RR 0.71, CI 0.56-0.91) but higher risk for breast
cancer (RR 1.14, CI 1.01-1.29) [17]. Nevertheless, these
results must be interpreted with caution. The importance
of insulin dose and duration of insulin exposure should be
analyzed concurrently when assessing cancer risk; how-
ever, many investigators did not include such informa-
tion in the primary studies [17]. In addition, the choice of
covariates differed substantially in the included studies,
which highlights the existing variability in confounders
for each specific cancer [17]. Exposure duration may also
have been too short to indicate causality regarding cancer.
Some studies have observed exceptionally higher risk with
shorter durations compared to longer durations of treat-
ment [104-107].
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Sulfonylureas

In 2015, Wu et al. conducted a meta-analysis that included
265 studies to investigate the association between phar-
macologic therapy of diabetes and overall cancer risk and
mortality. They identified 72 studies (18 case—control, 16
cohort, 38 randomized trials) which reported on sulfonylu-
rea use and cancer incidence, and found that sulfonylureas
were associated with an increased risk of cancer (RR 1.20,
CI 1.13-1.27) [33]. In 2013, Thakkar et al. investigated
both metformin and sulfonylureas in relation to cancer risk
in patients with T2D. In their meta-analysis, they included
18 studies, and concluded that sulfonylureas were associ-
ated with an increased overall cancer risk, although not
with cancer mortality. Moreover, a significant association
with cancer incidence was found only among the 6 cohort
studies (RR 1.55, CI 1.48-1.63) but not among the 10
case—control studies (RR 1.02, CI 0.93-1.13) and the 2
randomized trials (RR 1.17, CI1 0.95-1.45) [108]. A recent
meta-analysis by Mekuria et al. synthesized data from 8
cohort studies comparing monotherapy with metformin
or sulfonylureas among patients with T2D, and reported
significantly greater cancer risk by ~25% in those using
sulfonylureas compared to those using metformin, whether
before or after adjustment for confounders [109].

Contrary to these results, Yang et al. in 2010 found
that use of both gliclazide and glibenclamide was associ-
ated with ~35% lower cancer risk, and in a dose-dependent
manner, during ~5 years of follow-up of 6103 patients
with T2D [59]. On the other hand, in a case—control study
of patients with T2D with or without cancer, exposure to
gliclazide for more than 36 months was associated with
a significant reduction in the risk of cancer after adjust-
ing for confounders (OR 0.40, CI 0.21-0.57, p =0.004),
whereas conversely, exposure to glibenclamide for at least
36 months was associated with increased cancer incidence
(OR 2.62, CI 1.26-5.42, p=0.009). Evidently, the use of
sulfonylureas needs to be further investigated in relation
to cancer risk, and the associations may be agent-specific
and dose-dependent.

Conclusion

The protective effect of metformin on the overall develop-
ment of cancer seems to be well-established. Accordingly,
it may be relevant to include metformin in multidrug treat-
ment regimens to mitigate increased cancer risk from other
medications, e.g., insulin or sulfonylureas. Evidence for

@ Springer

other classes of antihyperglycemic agents including alpha-
glucosidase inhibitors, thiazolidinediones, and incretin-
based therapies (GLP-1 agonists and DPP-4 inhibitors)
is inconsistent so far and indicates either no association
with cancer or some positive and negative associations
with site-specific cancers, which can furthermore depend
on the specific agent, dose, and duration of treatment. One
major confounder in studies of this sort is that patients are
often concurrently exposed to more than one medication
for variable periods of time. More research is needed to
dissect the associations between each class of antihyper-
glycemic agents and cancer risk in humans, and delineate
the mechanisms by which these agents could potentially
affect the process of carcinogenesis.
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