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cancer risk in patients with T2DM and critically
appraises the methodological controversies that
complicate its interpretation.

METHODS: A systematic review of key
observational studies investigating the association
between metformin use and cancer risk in T2DM
patients was conducted. Included studies were of
cohort and case-control design. The methodological
quality of selected studies was assessed using the
Newcastle-Ottawa Scale (NOS). Findings were
synthesized for overall cancer incidence and
mortality, site-specific cancer risks, and dose-
duration relationships. A critical appraisal of
potential biases, including time-related biases and
confounding by comparator, was performed to
contextualize the discrepancy between observational
and RCT evidence.

RESULTS: Observational studies and their meta-

analyses consistently reported a significant reduction

in overall cancer risk, with summary risk reductions
of approximately 30-35% for both incidence and
mortality. The strongest protective associations were
observed for hepatocellular and pancreatic cancers.
The evidence for colorectal and breast cancer was
inconsistent, while the association with prostate
cancer was weak. A clear dose- and duration-
response relationship was a common finding, with
benefits becoming significant only after several years
of continuous use. In stark contrast, meta-analyses of
RCTs have consistently found no association
between metformin use and cancer incidence (RR
1.07; 95% ClI, 0.87-1.31). Critical appraisal of the
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observational literature revealed a high potential for
methodological flaws, particularly immortal time
bias and confounding by comparison to potentially
harmful agents (e.g., sulfonylureas), which may
account for this discrepancy.

DISCUSSION: The evidence regarding metformin's
chemopreventive effect is defined by a fundamental
conflict between a large body of observational data
suggesting a strong protective effect and null
findings from RCTSs. The magnitude of risk reduction
in observational studies is likely an overestimation
driven by systematic biases. If a true protective effect
exists, it is probably far more modest than initially
reported and likely mediated by the systemic
reduction of hyperinsulinemia, primarily affecting
insulin-sensitive tumors. The alternative
hypothesis—that metformin appears protective
because it is often compared to agents like

sulfonylureas that may increase cancer risk—cannot

be dismissed.

CONCLUSION: Observational studies and their
meta-analyses consistently reported a significant
reduction in overall cancer risk, with summary risk
reductions of approximately 30-35% for both
incidence and mortality. The potential for a modest
reduction in the risk of certain cancers is a
compelling hypothesis, but definitive conclusions
await the results of large-scale, long-term RCTs
designed with cancer as a primary endpoint.
KEYWORDS: Metformin, Type 2 Diabetes
Mellitus, Cancer Risk, Chemoprevention,
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INTRODUCTION

The Interplay of Diabetes, Hyperinsulinemia, and Carcinogenesis

The investigation into the potential anti-neoplastic properties of metformin, a
cornerstone therapy for type 2 diabetes mellitus (T2DM), is predicated on a well-
established and biologically plausible link between the metabolic dysregulation inherent
in T2DM and the process of carcinogenesis. Understanding this foundational
relationship is essential to contextualize the subsequent body of evidence surrounding
metformin. T2DM is not merely a comorbidity found in cancer patients; rather, a
substantial body of epidemiological and mechanistic evidence suggests it constitutes a
systemic state that actively promotes the development and progression of various

malignancies.

The Epidemiological Burden

The association between T2DM and an elevated risk of cancer is a significant
public health concern, supported by extensive population-level data. The prevalence of

diabetes among newly diagnosed cancer patients is reported to be between 8% and 18%,

indicating a substantial overlap between these two prevalent conditions.> A landmark

meta-analysis of 12 cohort studies quantified this association, revealing a significant
pooled adjusted risk ratio (RR) for all-site cancer incidence of 1.10 (95% Confidence
Interval [CI], 1.04-1.17) in individuals with diabetes compared to those without. This
modest but statistically robust increase in risk was observed consistently in both men
(RR=1.14; 95% Cl, 1.06-1.23) and women (RR=1.18; 95% Cl, 1.08-1.28).

The risk is not uniformly distributed across all malignancies, with certain cancer

types demonstrating a particularly strong association with T2DM. Systematic reviews
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and meta-analyses have described significantly increased incidence for several site-

specific cancers:

e Colorectal Cancer: An increased incidence of 26% to 27% has been reported in
diabetic patients.*
Breast Cancer: Women with T2DM face an elevated risk, with a summary relative
risk (SRR) of 1.27 (95% ClI, 1.16-1.39).*
Pancreatic Cancer: The association is particularly pronounced, with a meta-
analysis of 35 cohort studies reporting a summary relative risk of 1.94 (95% ClI,
1.66-2.27), indicating a near-doubling of risk.*
Kidney Cancer: A meta-analysis demonstrated a 42% increased risk, with a more

pronounced effect in women than in men.*

This association extends beyond cancer incidence to mortality. Pre-existing
diabetes is linked to a 16% increase in all-cancer mortality and is associated with a
poorer prognosis in diagnosed cancer patients.’ For instance, diabetic women with

breast cancer experience a 49% increase in all-cause mortality compared to their non-

diabetic counterparts.® This confluence of epidemiological data firmly establishes

T2DM as a systemic, low-level risk factor for both the development and fatal

progression of multiple common cancers.

The Central Role of Hyperinsulinemia

The primary biological mechanism hypothesized to underpin the link between
T2DM and cancer is the mitogenic effect of chronic hyperinsulinemia, a hallmark of the
insulin resistance that defines T2DM.? Insulin, beyond its metabolic functions, is a
potent growth-promoting hormone that can directly and indirectly foster tumorigenesis.*

The abnormally high proliferative activity of malignant cells necessitates a substantial
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supply of nutrients to meet increased demands for energy and biosynthesis; the
metabolic environment of T2DM appears to provide this support.?

The pro-tumorigenic actions of insulin are thought to occur through two main pathways:

1. Direct Action: Insulin can bind to and activate the insulin receptor (IR) and the
structurally similar insulin-like growth factor 1 receptor (IGF-1R), which are often
overexpressed on the surface of cancer cells. Activation of these receptors triggers
downstream signaling cascades, most notably the phosphoinositide 3-kinase
(PI3K)/Akt/mammalian target of rapamycin (mTOR) pathway, which is a central
regulator of cell growth, proliferation, survival, and metabolism.*

Indirect Action: Systemic hyperinsulinemia leads to increased hepatic synthesis
of IGF-1 and concurrently reduces the production of IGF-binding proteins
(IGFBPs). This results in higher levels of free, biologically active IGF-1, which
can then stimulate cell proliferation through the IGF-1R. Furthermore,
hyperinsulinemia can affect the levels of sex hormones, such as reducing sex
hormone-binding globulin (SHBG), thereby increasing the bioavailability of

estrogens and androgens, which are implicated in hormone-sensitive cancers.

This mechanistic framework provides a compelling rationale for investigating

the anti-neoplastic potential of metformin. As an insulin-sensitizing agent, metformin's

primary therapeutic action is to lower circulating insulin levels.? It follows logically that

if hyperinsulinemia is a key driver of the increased cancer risk in T2DM, then a therapy
that mitigates hyperinsulinemia might also reduce that risk. The metabolic dysregulation
of T2DM can thus be conceptualized as creating a "fertile ground" for carcinogenesis,
providing both the metabolic fuel (glucose) and the mitogenic growth signals (insulin
and IGF-1) that nascent tumors require to thrive. This reframes the investigation of
metformin from a coincidental observation to a targeted inquiry into whether correcting

a key feature of this cancer-promoting state can have a chemopreventive effect.
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Metformin's Anti-Neoplastic Potential: From Cellular Mechanisms to

Epidemiological Signals

The hypothesis that metformin may possess anti-cancer properties is supported
by a robust and biologically plausible mechanistic framework, which converges with a
seminal epidemiological observation that first brought this potential to widespread
scientific attention. The proposed mechanisms are multifaceted, involving both
systemic, insulin-mediated effects that align with the "fertile ground” hypothesis and

direct, cell-autonomous actions that inhibit core cancer pathways.

The Dual-Mechanism Hypothesis

Metformin's potential anti-neoplastic effects are broadly categorized into two

interconnected pathways: indirect, systemic effects and direct, cellular effects.

Indirect (Systemic), Insulin-Dependent Effects: This mechanism is a direct
extension of the principles outlined in the preceding section. Metformin improves
insulin sensitivity in peripheral tissues, such as skeletal muscle, and suppresses hepatic
gluconeogenesis.* The net result is a reduction in the pancreatic insulin secretion
required to maintain euglycemia, leading to a significant decrease in circulating insulin
levels.! By ameliorating the state of chronic hyperinsulinemia, metformin is thought to
deprive cancer cells of a critical systemic growth-promoting signal. This reduction in
insulin and, consequently, bioavailable IGF-1, would theoretically attenuate the

activation of the pro-proliferative PI3BK/Akt/mTOR signaling pathway in tumor cells,

thereby inhibiting their growth.®

Direct (Cellular), Insulin-Independent Effects: A growing body of preclinical
evidence suggests that metformin can also exert anti-cancer effects directly within the
tumor microenvironment, independent of its systemic glucose-lowering action. The

central pathway for this direct effect involves the activation of 5’AMP-activated protein

8
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kinase (AMPK), a critical cellular energy sensor that plays a key role in regulating
metabolism and cell growth.® Metformin is thought to activate AMPK by inhibiting
Complex 1 of the mitochondrial respiratory chain, which increases the cellular
AMP:ATP ratio.’

Crucially, the activation of AMPK by metformin requires the presence of the
liver kinase B1 (LKB1) protein, a well-established tumor suppressor.? This genetic link
between metformin's mechanism of action and a known tumor suppressor gene provides
a powerful biological foundation for its anti-neoplastic potential. Once activated,
AMPK exerts its anti-proliferative effects primarily through the inhibition of the mMTOR
signaling pathway, a master regulator of protein synthesis, cell growth, and proliferation
that is frequently dysregulated in cancer.! In addition to mTOR inhibition, direct effects
of metformin have been reported to include the induction of cell cycle arrest and
apoptosis, and even the selective eradication of cancer stem cells, which are thought to

drive tumor recurrence and metastasis.’

The Seminal Observation

The convergence of these plausible biological mechanisms with clinical data

began in earnest with a pivotal 2005 publication by Evans et al.. This pilot, population-

based case-control study, conducted using the comprehensive DARTS and MEMO
record-linkage databases in Tayside, Scotland, was the first major epidemiological
investigation to report a significant association between metformin use and reduced

cancer risk in patients with T2DM.®

The study compared 983 patients with T2DM and a subsequent incident cancer
diagnosis to 1,846 matched diabetic controls without cancer.® The primary finding was
that any exposure to metformin since 1993 was associated with a statistically significant

reduction in the risk of an incident cancer diagnosis, with an adjusted odds ratio (OR)

9
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of 0.77 (95% CI, 0.64-0.92).% Perhaps more importantly, the study also provided the

first hint of a dose-response relationship, with greater risk reduction observed at higher
cumulative exposures to the drug.® This suggestion of a dose-response gradient, a key
element in assessing causality, lent significant weight to the hypothesis that the observed
association was not merely a statistical artifact. This seminal observation, combined
with the compelling dual-mechanism hypothesis, acted as a catalyst, sparking a wave of
subsequent, larger observational studies and meta-analyses aimed at confirming and

quantifying the potential chemopreventive effect of metformin.

METHODS

Protocol

The study strictly adhered to the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) 2020 guidelines to ensure methodological rigor
and accuracy. This approach was chosen to enhance the precision and reliability of the

conclusions drawn from the investigation.

Criteria for Eligibility
This systematic review aims to evaluate the association of long-term metformin

use with cancer risk in type 2 diabetes.

Search Strategy
The keywords used for this research based PICO :

Element Keyword 1 | Keyword 2 Keyword 3 Keyword 4

_ Type 2 :
Population ) T2DM Insulin o )
Diabetes ) _ Hyperinsulinemia
(P) ) Patients Resistance
Mellitus

10
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Oral
Intervention _ Biguanide ) ) )
Metformin o hypoglycemic Biguanides
) derivative
agent

Non-
Comparison ) Other Sulfonylurea
Metformin Placebo o
© Antidiabetics Users
Users

] Neoplasm _ ) _
Outcome (O) | Cancer Risk ) Carcinogenesis | Cancer Mortality
Incidence

The Boolean MeSH keywords inputted on databases for this research are: ("Type
2 Diabetes Mellitus* OR "T2DM Patients" OR "Insulin Resistance” OR
"Hyperinsulinemia™) AND ("Metformin” OR "Biguanide derivative” OR "Oral
hypoglycemic agent™ OR "Biguanides™) AND (*Non-Metformin Users" OR "Placebo™
OR "Other Antidiabetics” OR "Sulfonylurea Users") AND ("Cancer Risk" OR

"Neoplasm Incidence™ OR "Carcinogenesis™ OR "Cancer Mortality™).

Data retrieval
Abstracts and titles were screened to assess their eligibility, and only studies

meeting the inclusion criteria were selected for further analysis. Literature that fulfilled

all predefined criteria and directly related to the topic was included. Studies that did not

meet these criteria were excluded. Data such as titles, authors, publication dates, study
locations, methodologies, and study parameters were thoroughly examined during the

review.

Quality Assessment and Data Synthesis
Each author independently assessed the titles and abstracts of the selected studies

to identify those for further exploration. Articles that met the inclusion criteria

11
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underwent further evaluation. Final decisions on inclusion were based on the findings
from this review process.
Table 1. Article Search Strategy

Database Keywords Hits

Pubmed ("Type 2 Diabetes Mellitus" OR "T2DM Patients” OR "Insulin 17
Resistance” OR "Hyperinsulinemia™) AND ("Metformin” OR
"Biguanide derivative" OR "Oral hypoglycemic agent” OR
"Biguanides") AND ("Non-Metformin Users™ OR "Placebo” OR
"Other Antidiabetics™ OR "Sulfonylurea Users™) AND ("Cancer
Risk” OR "Neoplasm Incidence” OR "Carcinogenesis” OR
"Cancer Mortality")

Semantic ("Type 2 Diabetes Mellitus” OR "T2DM Patients” OR "Insulin
Resistance” OR "Hyperinsulinemia™) AND ("Metformin” OR

Scholar  "Biguanide derivative" OR "Oral hypoglycemic agent" OR
"Biguanides") AND ("Non-Metformin Users" OR "Placebo” OR
"Other Antidiabetics” OR "Sulfonylurea Users") AND ("Cancer
Risk” OR "Neoplasm Incidence”™ OR "Carcinogenesis" OR
"Cancer Mortality")

Springer  ("Type 2 Diabetes Mellitus" OR "T2DM Patients” OR "Insulin
Resistance” OR "Hyperinsulinemia™) AND ("Metformin” OR
"Biguanide derivative" OR "Oral hypoglycemic agent” OR
"Biguanides™) AND ("Non-Metformin Users" OR "Placebo™ OR
"Other Antidiabetics” OR "Sulfonylurea Users") AND (“Cancer
Risk” OR "Neoplasm Incidence” OR "Carcinogenesis” OR
"Cancer Mortality™)

Google  ("Type 2 Diabetes Mellitus" OR "T2DM Patients™ OR “Insulin 10,400

Scholar  Resistance” OR "Hyperinsulinemia™) AND (“Metformin® OR
"Biguanide derivative" OR "Oral hypoglycemic agent” OR
"Biguanides™) AND ("Non-Metformin Users" OR "Placebo™ OR
"Other Antidiabetics” OR "Sulfonylurea Users") AND (“Cancer
Risk" OR "Neoplasm Incidence” OR ™"Carcinogenesis" OR
"Cancer Mortality")

Wiley ("Type 2 Diabetes Mellitus" OR "T2DM Patients” OR "Insulin

Online Resistance” OR "Hyperinsulinemia™) AND ("Metformin* OR

Library  "Biguanide derivative" OR "Oral hypoglycemic agent" OR
"Biguanides") AND ("Non-Metformin Users" OR "Placebo” OR
"Other Antidiabetics” OR "Sulfonylurea Users") AND (“Cancer
Risk" OR "Neoplasm Incidence” OR "Carcinogenesis" OR
"Cancer Mortality")
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Identification of studies via databases and registers

Records identified from*:
PubMed (n = 17)
Springer (n = 885)
Semanthic Scholar (n = 250)
Google Scholar (n = 10,400)
Wiley Online Library (n = 1,214)

Records removed before screening:

Duplicate records removed (n = 186)

Records marked as ineligible by
automation tools (n= 6,387)

>
=
c
@
D
S
S
(%)

Included

Records screened
(n=6,193)

Records excluded**
(n=1,863)

\ 4

Reports sought for retrieval

(n = 4,330)

Reports not retrieved
(n=1,964)

Reports assessed for eligibility
(n=2,366)

Reports excluded:
<2005 Filter (n = 1,134))
Wrong study design (n = 1,214)

Studies included in systematic review
(n=18)

Figure 1. Article search flowchart

© The Indonesian Journal of General Medicine




Research Article Volume 01, Issue No.01 . 2023

ISSN : 3048-104X

RESULTS

Study Selection and Characteristics

This systematic review included key observational studies that investigated the

association between metformin use and cancer risk in patients with type 2 diabetes. The

included studies consist of both cohort and case-control designs, conducted across

various countries in North America, Europe, and Asia. The characteristics of these

studies, including their design, participant numbers, and primary outcomes, are detailed

in Table 1. The studies collectively provide data on overall cancer incidence and

mortality, as well as risks for several site-specific cancers, including hepatocellular,

pancreatic, colorectal, breast, prostate, gastric, and lung cancer.

Table 1: Characteristics of Included Observational Studies

Study
(Author,
Year)

Country

Design

Participa

nts

Compara

tor

Cancer
Site(s)

Key
Finding
(OR/HR

[95%

o]))

Evans et
al. (2005)

Scotland

Case-

Control

083
Cases /
1,846

Controls

Non-
Metformi

n Users

All

Cancers
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Country

Participa

nts

Compara

tor

Key

Finding

(OR/HR
[95%
Cl1])

Bowker
et al.
(2006)

Sulfonylu

rea Users

Cancer

Mortality

HR=1.3
(1.1-1.6)
for SU vs
Metformi

n

Lietal.
(2009)

Case-
Control

973
Cases /
863

Controls

Non-
Metformi

n Users

Pancreatic

Libby et
al. (2009)

Scotland

Cohort

>8,000

Non-
Metformi

n Users

All

Cancers

HR=0.63
(0.53—
0.75)

Wright
et al.
(2009)

Case-
Control

963,991
(in meta-

analysis)

Not
specified

Prostate

Pooled
OR=0.91
(0.85-
0.97)
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Country

Participa

nts

Compara

tor

Key
Finding
(OR/HR

[95%

Cll)

Bodmer

et al.
(2010)

Case-

Control

Non-
Metformi

n Users

OR=0.44
(0.24-
0.82) for
long-term

use

Donadon
et al.
(2010)

Case-
Control

610
Cases /
618
Cirrhotic
Controls

SU or
Insulin

Users

Hepatocel
lular
(HCC)

Hassan
et al.
(2010)

420
Cases /
1,104

Controls

Diet/Othe
r OAD

Users

Hepatocel
lular
(HCC)

OR=0.3
(Cl not
specified)
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Country

Participa

nts

Compara

tor

Key
Finding
(OR/HR

[95%

Cll)

Landma
netal.
(2010)

Netherlan
ds

Non-
Metformi

n Users

Cancer

Mortality

Monami
et al.
(2011)

Case-

Control

112
Cases /
370
Controls

Non-
Metformi

n Users

All

Cancers

Yang et
al. (2011)

Meta-

analysis

Meta-

analysis

108,161

Non-
Metformi

n Users

Colorectal

Ruiter et
al. (2012)

Netherlan
ds

Cohort

Sulfonylu

rea Users

All

Cancers
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Country

Participa

nts

Compara

tor

Key
Finding
(OR/HR

[95%

Cll)

Franciosi

et al.
(2013)

Meta-

analysis

Meta-

analysis

41
Observati
onal
Studies

Not

specified

All &
Site-
Specific

Significa
nt
reduction
in
observati
onal

studies

Kim et
al. (2014)

Cohort

Non-
Metformi

n Users

Gastric

AHR=0.5
7 (0.37-
0.87) for
>3 years

use

Cardel et
al. (2014)

Denmark

Case-

Control

2,088
Cases /
9,060

Controls

Non-
Metformi

n Users

Colorectal
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Country

Participa

nts

Compara

tor

Key
Finding
(OR/HR

[95%

Cll)

only:
OR=0.66

Yin et al.

(2014)

Meta-

analysis

Meta-

analysis

4 Studies

Not

specified

RR=0.71
(0.55—
0.95)

Bradley

et al.
(2018)

Cohort

Non-
Metformi

n Users

Colorectal

HR=0.78
(0.60-
1.02) for
>5 years

use

Xu et al.
(2018)

Meta-

analysis

Meta-

analysis

12
Studies

(Incidenc

e)

Not

specified

Breast

Incidence

OR=0.93
(0.85-
1.03)
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Quality Assessment of Included Studies

The methodological quality of the included non-randomized studies was
assessed using the Newcastle-Ottawa Scale (NOS).*” The NOS evaluates studies across

three domains: Selection of study groups, Comparability of groups, and Ascertainment

of either the exposure or outcome.®® Studies can be awarded up to nine stars, with a

higher score indicating higher quality and lower risk of bias. The assessment revealed
that the majority of the key observational studies were of fair to good quality, typically
scoring well on the selection of cases and controls and the ascertainment of metformin
exposure through secure records. However, variability was noted in the comparability

domain, which assesses the control of key confounding factors.

Table 2: Newcastle-Ottawa Scale (NOS) Quality Assessment of Selected

Observational Studies

Study Selection Comparabi | Outcome/E | Total Score Overall
(Author, (max 4) lity (max 2) Xposure (max 9) Quality
Year) (max 3)

Evans et al.
(2005)

Bowker et
al. (2006)

Lietal.
(2009)
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Study Selection Comparabi | Outcome/E | Total Score Overall
(Author, (max 4) lity (max 2) Xposure (max 9) Quality

Year) (max 3)

Libby et al.
(2009)

Bodmer et
al. (2010)

Landman
et al. (2010)

Ruiter et
al. (2012)

Bradley et
al. (2018)

Synthesis of Findings: Overall Cancer Incidence and Mortality

A consistent signal for a reduction in overall cancer risk with metformin use was
observed across multiple large-scale meta-analyses of observational studies. An early
meta-analysis by Decensi et al. (2010) found a 31% reduction in the summary relative
risk of cancer.”> Subsequent analyses by Noto et al. (2012), Zhou et al. (2020), and Suissa

et al. (2024) reported similar risk reductions of approximately 30-35%.%
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The protective association extends to cancer-related mortality. The meta-
analysis by Noto et al. (2012) found a 34% reduction in cancer mortality among
metformin users.?* This is supported by robust findings from long-term cohort studies.
The ZODIAC study (Landman et al., 2010) reported a 57% reduction in cancer mortality
risk for metformin users versus non-users.'® Similarly, a large Canadian cohort study
(Bowker et al., 2006) found that patients on sulfonylureas had a 30% higher risk of

cancer-related death compared to those on metformin.?°

Table 3: Summary of Major Meta-Analyses on Metformin and Overall Cancer
Risk

First Author Number of Total Outcome Pooled Risk
(Year) Studies Participants Estimate
(RR/OR/HR
with 95% ClI)

Decensi et al. 4,042 events Incidence SRR=0.69
(2010) (0.61-0.79)

Noto et al. 210,892 Incidence RR=0.67
(2012) (0.53-0.85)

Noto et al. Mortality RR=0.66

(2012) (0.49-0.88)
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First Author
(Year)

Number of
Studies

Total

Participants

Outcome

Pooled Risk

Estimate

(RR/OR/HR
with 95% CI)

Zhou et al.
(2020)

OR=0.70
(0.65-0.76)

10,695,875 Incidence

Suissa et al.
(2024)

RR=0.65
(0.37-0.93)
(Prospective

Cohorts)

Incidence

166 (all types) Not specified

Synthesis of Findings: Site-Specific Cancer Outcomes

Analysis of site-specific cancers reveals significant heterogeneity in the

association with metformin use. The evidence is strongest for cancers closely linked to

metabolic and insulin-related pathways.

Hepatocellular and Pancreatic Cancers: The strongest and most consistent
protective effects were observed for hepatocellular carcinoma (HCC) and
pancreatic cancer. For HCC, Noto et al. (2012) reported an 80% risk reduction
(RR=0.20) %, a finding supported by case-control studies from Donadon et al.
(2010) (OR=0.16) 29 and (2010) (
OR=0.3).%° For pancreatic cancer, a large case-control study by Li et al. (2009)

Hassan et al.

found a 62% lower risk among metformin users (OR=0.38).%°
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e Colorectal Cancer (CRC): The evidence for CRC is inconsistent. While some
meta-analyses reported a significant risk reduction of over 30% 2, others found no
significant association.® Individual studies suggest the effect may be modified by
gender, with a Danish study finding a protective effect only in women ’, while a
U.S. cohort study observed a reduction primarily in men with long-term use.*®
Breast Cancer: The findings for breast cancer are complex. Meta-analyses have
generally found no significant association between metformin use and the
incidence of breast cancer.® However, a protective effect has been noted with long-
term use (=5 years) in some studies (
OR=0.44).?% In contrast, the evidence for improved survival is stronger, with one
meta-analysis reporting a 45% reduction in all-cause mortality among diabetic
breast cancer patients using metformin.*

Prostate Cancer: The association with prostate cancer is weak and equivocal.
While one meta-analysis found a small but statistically significant risk reduction
(OR=0.91), other studies and meta-analyses have reported null findings.®

Other Cancers: Emerging evidence suggests potential protective associations for

lung cancer (pooled RR=0.71) ** and gastric cancer, particularly with long-term use
in non-insulin users (AHR=0.57).**

Table 4: Pooled and Study-Specific Risk Estimates for Metformin Use and Site-

Specific Cancers

Cancer Site Risk Estimate Source (Author, Year)
(RR/OR/HR with 95% CI)

Hepatocellular RR=0.20 (0.07-0.59) Noto et al. (2012)
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Pancreatic OR=0.38 (0.22-0.69) Lietal. (2009)

Colorectal RR=0.63 (0.47-0.84) Yang etal. (2011)

Breast (Incidence) OR=0.93 (0.85-1.03) Xu et al. (2018)

Breast (Mortality) HR=0.55 (0.44-0.70) Xu et al. (2018)

Prostate OR=0.91 (0.85-0.97) Yuetal. (2014)

Lung RR=0.71 (0.55-0.95) Yinetal. (2014)

Gastric AHR=0.57 (0.37-0.87) Kim et al. (2014)

Analysis of Dose and Duration-Response Relationships

A critical finding across multiple studies is the presence of a dose- and duration-
response relationship, suggesting that the protective effect of metformin accumulates
over time. The benefit is often minimal or absent with short-term use but becomes

statistically significant with prolonged exposure, typically after several years of therapy.

e Duration Effect: For pancreatic cancer, a significant risk reduction was observed

only after 36 months of use.? For gastric cancer, the benefit was significant for

those using metformin for more than three years.** Similarly, for colorectal and

breast cancer, a protective effect emerged after more than one year and more than

five years of use, respectively.’
25
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e Dose Effect: The ZODIAC study provided a clear dose-response gradient for
cancer mortality, finding that for every 1-gram increase in daily metformin dose,

the risk of cancer death decreased by 42%.% The seminal study by Evans et al.

(2005) also noted a trend toward greater risk reduction with higher cumulative

doses dispensed.®

Table 5: Summary of Dose and Duration-Response Findings

Cancer Outcome

Study (Author, Year)

Key Finding

Pancreatic Cancer

Monami et al. (2008)

Risk reduction significant
only after >36 months of
use (OR=0.28)

Gastric Cancer

Kim et al. (2014)

Risk reduction significant
only after >3 years of use
(AHR=0.57)

Colorectal Cancer

Cardel et al. (2014)

Protective effect evident
after >1 year of use and
with cumulative dose >250
DDD

Breast Cancer

Bodmer et al. (2010)

Risk reduction significant
only after >5 years of use
(OR=0.44)
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Cancer Mortality Landman et al. (2010)

42% decrease in mortality
risk for every 1g/day

increase in metformin dose

A Critical Appraisal of the Evidence: Bias, Confounding, and the RCT Paradox

Despite the impressive consistency and dose-dependency observed in the
epidemiological literature, the hypothesis that metformin prevents cancer is fraught with
significant methodological controversy. The spectacular risk reductions reported in
many observational studies stand in stark contrast to the null findings from randomized
controlled trials (RCTs). This discrepancy necessitates a critical appraisal of the
observational evidence, focusing on the potential for systematic biases and confounding

that may have led to an overestimation of metformin's protective effect.

The Observational Conundrum: Time-Related Biases

A major critique of the observational metformin-cancer literature is the high

potential for time-related biases, which can create illusory protective effects.'® These

biases are particularly problematic in studies with long follow-up periods that compare
"ever-users” or "long-term users” to "never-users." Several observational studies
reporting extraordinary risk reductions, ranging from 20% to 94%, have been shown to

suffer from these avoidable flaws.*°

e Immortal Time Bias: This is perhaps the most significant bias in this field of
research. In a typical cohort study, a patient may be diagnosed with diabetes but
not start metformin for several years. To be classified as a "long-term user" (e.g.,
>5 years of use), that patient must survive, free of cancer, for those five years. This
period of cancer-free survival is "immortal time" because, by definition, the
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outcome cannot occur for the patient to meet the exposure criteria.'’’ If this
immortal time is incorrectly included in the analysis as exposed person-time, it
creates a spurious survival advantage for the metformin group compared to a
control group that is at risk from the start of follow-up.'® Several analyses have
demonstrated that studies that did not properly account for immortal time bias
reported large, statistically significant protective effects, whereas studies that
employed appropriate designs (e.g., new-user designs) to avoid this bias reported
no effect of metformin on cancer incidence.'

Time-Lag and Time-Window Biases: Other time-related biases can also distort
the association. Metformin is typically a first-line therapy for T2DM, while other
drugs like sulfonylureas or insulin are often introduced later as the disease
progresses. Comparing first-line metformin users to second- or third-line therapy
users introduces an inherent time-lag, where the metformin group has, by
definition, a shorter duration of diabetes at treatment initiation. This can lead to
confounding by disease duration and severity, as patients requiring later-line

therapies may be sicker and at a different baseline risk of cancer.’

The Comparator Question: Is Metformin Protective or Are Other Agents

Harmful?

A second fundamental challenge in interpreting the observational data is the

choice of the comparison group. Many studies compared metformin users to users of

other oral anti-diabetic drugs, most commonly sulfonylureas, or to insulin users.? This

design raises a critical alternative hypothesis: the observed benefit of metformin may
not be due to a protective effect of the drug itself, but rather an artifact of comparing it

to comparator agents that may be harmful.

Sulfonylureas and exogenous insulin both act to increase circulating insulin

levels—the former by stimulating endogenous secretion and the latter by direct
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administration. Given that hyperinsulinemia is a suspected cancer promoter, it is
biologically plausible that these therapies could increase cancer risk.!* A large Dutch
cohort study by Ruiter et al. (2012) found a lower risk of cancer in metformin users
compared to sulfonylurea users (HR 0.90) but explicitly concluded that it "remains to

be elucidated" whether this should be interpreted as a decreased risk with metformin or

an increased risk with sulfonylureas.'* A meta-analysis by Thakkar et al. (2013)

provided direct support for this alternative hypothesis, finding that while metformin was
associated with reduced cancer risk in cohort studies, sulfonylurea use was associated
with a significantly increased risk of cancer (RR 1.55; 95% CI, 1.48-1.63).'° This
suggests that at least part of metformin's apparent benefit in these studies could be

attributable to the pro-tumorigenic effect of the comparator drug.

The Randomized Controlled Trial (RCT) Perspective: The Null Finding

The most compelling challenge to the metformin chemoprevention hypothesis
comes from the evidence from RCTs, the gold standard for establishing causal
relationships. While most RCTs of metformin were not designed with cancer as a
primary endpoint, many have reported cancer incidence as an adverse event. Meta-
analyses of these trials have consistently failed to replicate the protective effects seen in
observational studies.

e A 2024 systematic review and meta-analysis by Sattar et al. included 27 RCTs with
over 20,000 subjects and found that metformin did not reduce the incidence of
cancer compared to placebo or other interventions (RR 1.07; 95% CI, 0.87-1.31).’

e An earlier meta-analysis of RCTs by Thakkar et al. (2013) similarly found no
association between metformin use and cancer risk (RR 1.01; 95% CI, 0.81-
1.26).1°
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Although these RCTs are limited by relatively short follow-up durations, which
may be insufficient to detect a long-latency chemopreventive effect, their uniform null
findings are difficult to reconcile with the large protective effects reported in
observational studies.® Further strengthening this point, a large retrospective cohort
study by Tsilidis et al. (2014) was specifically designed to emulate an intention-to-treat
analysis as in a trial. By comparing new initiators of metformin to new initiators of
sulfonylureas and following them regardless of subsequent treatment changes, the study

minimized many of the biases common in other observational designs. This

methodologically rigorous study found a similar incidence of total cancer between the
two groups (HR 0.96; 95% CI, 0.89-1.04), aligning with the RCT evidence.*®

The table below provides a critical assessment of several seminal observational
studies, juxtaposing their findings with key methodological considerations that may

have influenced their results.

Table 6: Characteristics and Methodological Assessment of Seminal Observational
Studies

Study
(Author,
Year)

Country

N
(Cases/C
ohort
Size)

Compara
tor

Main
Finding
(RR/OR/
HR with
95% ClI)

Critical

Notes on

Potential
Bias

Evans et
al. (2005)

Scotland

Non-
Metformi

n Users

Pilot
study;

potential

© The Indonesian Journal of General Medicine

30




Research Article
ISSN : 3048-104X

Volume 01, Issue No.01 . 2023

Country

N
(Cases/C
ohort
Size)

Compara
tor

Main
Finding
(RR/OR/
HR with
95% ClI)

Critical
Notes on
Potential

Bias

1846

Controls

for
selection
bias;
comparat
or group
is
heterogen

eous.

Bowker
et al.
(2006)

Sulfonylu

rea Users

HR=1.3
(1.1-1.6)
for SU vs
Metformi

n

Active-
comparat
or design

isa
strength,
but raises

the
question

of
whether

SU s
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Country

N
(Cases/C
ohort
Size)

Compara
tor

Main
Finding
(RR/OR/
HR with
95% ClI)

Critical
Notes on
Potential

Bias

harmful
rather
than

metformi

n being

protective

Libby et
al. (2009)

Scotland

Cohort

Non-
Metformi

n Users

Potential
for
immortal
time bias
and
confoundi
ng by
indication
(non-
users may
be sicker

or have
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Country

N
(Cases/C
ohort
Size)

Compara

tor

Main
Finding
(RR/OR/
HR with
95% ClI)

Critical
Notes on
Potential

Bias

longer
diabetes

duration).

Landma

netal.
(2010)

Netherlan
ds

Cohort

Non-
Metformi

n Users

HR=0.43
(0.23-
0.80) for
Cancer

Mortality

Large
effect
size.
Prevalent
user
design is
susceptibl
e to bias.
Comparat
or group
§
heterogen

eous.
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Country

N
(Cases/C
ohort
Size)

Compara

tor

Main
Finding
(RR/OR/
HR with
95% ClI)

Critical
Notes on
Potential

Bias

Ruiter et
al. (2012)

Netherlan
ds

Sulfonylu

rea Users

New-
user,
active-
comparat
or design
is robust.
Small
effect
size.
Authors
note
ambiguity
of
protection

vs. harm.

Bradley
et al.
(2018)

Cohort

Non-
Metformi

n Users

HR=0.78
(0.60—
1.02) for

Time-
varying

exposure
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Country

N
(Cases/C
ohort
Size)

Compara

tor

Main
Finding
(RR/OR/
HR with
95% ClI)

Critical
Notes on
Potential

Bias

>5 years

use

analysis
helps
mitigate
bias.
Found
gender-
specific
effects,
highlighti
ng
heterogen

eity.

DISCUSSION

Synthesis, Conclusions, and Future Trajectories

The extensive body of research on the association between metformin and cancer

risk presents a complex and often contradictory picture. While a vast observational

literature has consistently reported a strong, dose-dependent protective effect, this

finding is challenged by the null results from randomized controlled trials and the high
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potential for systematic bias in the observational studies. A careful synthesis of this
evidence leads to a nuanced conclusion that tempers initial enthusiasm and charts a clear

path for future research.

Synthesis of the Evidence

The current state of knowledge can be summarized as a fundamental conflict
between two streams of evidence. On one hand, dozens of observational studies,
synthesized in multiple meta-analyses, have produced a remarkably consistent signal
suggesting that metformin use is associated with a roughly 30% reduction in both the
incidence of and mortality from cancer in patients with T2DM. This association appears
strongest for metabolically driven cancers like hepatocellular and pancreatic carcinoma
and is supported by plausible biological mechanisms and a clear dose- and duration-

response relationship.

On the other hand, this impressive body of evidence is directly contradicted by
meta-analyses of RCTs, which show no effect of metformin on cancer incidence. The
magnitude of the effects reported in many observational studies is likely to be an
overestimation, driven by a confluence of methodological flaws. The most critical of
these are immortal time bias, which can create a spurious survival advantage for long-
term users, and confounding by comparator, where the apparent benefit of metformin

may be an artifact of comparing it to potentially harmful agents like sulfonylureas and

insulin that exacerbate hyperinsulinemia.'’

When the evidence is viewed as a whole, it suggests that if a true
chemopreventive effect of metformin exists, it is likely far more modest than the 30-
50% risk reductions reported in early observational studies. The heterogeneity of the
association across different cancer sites—with strong signals for insulin-sensitive

tumors like HCC and pancreatic cancer but equivocal findings for others—points away
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from a universal, direct anti-proliferative mechanism. Instead, it suggests that any
benefit is more likely mediated by metformin's primary, systemic metabolic effects of
reducing hyperinsulinemia, which would disproportionately affect tumors that are

highly dependent on insulin/IGF-1 signaling for their growth.

Implications for Clinical Practice and Public Health

Given the profound uncertainty and the null findings from the highest level of
evidence (RCTs), there is currently insufficient evidence to recommend the use of

metformin for the primary prevention of cancer, either in the general population or in

patients with T2DM.! The primary indication for metformin remains the management

of T2DM, for which it is a safe, effective, and evidence-based first-line therapy. While
the potential for a modest reduction in the risk of certain cancers may be considered a
possible ancillary benefit, it should not be the primary driver of prescribing decisions.
The hypothesis that metformin can prevent or treat cancer remains a compelling area of
investigation, but it has not yet been translated into a confirmed clinical benefit.

Recommendations for Future Research

To resolve the current evidentiary conflict, a clear and methodologically

rigorous research agenda is required.

1. Large-Scale, Long-Term Randomized Controlled Trials: The foremost need in
the field is for large, pragmatic RCTs specifically designed with cancer incidence
and/or mortality as a primary endpoint.* Such trials must have sufficient follow-up
duration (likely a decade or more) to detect a true chemopreventive effect, which,
based on observational data, may have a long latency.

Methodologically Rigorous Observational Studies: While awaiting RCT results,
future observational studies must employ state-of-the-art pharmacoepidemiologic

methods to minimize bias. Designs should prioritize new-user, active-comparator
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cohorts to mitigate confounding by indication and immortal time bias.’® Analyses
should treat exposure as a time-varying variable to accurately capture changes in
medication use over long follow-up periods.

Research in Non-Diabetic Populations: To disentangle the direct, insulin-

independent anti-cancer effects of metformin from its indirect, systemic metabolic

effects, clinical trials in high-risk, non-diabetic populations are needed.”® Such

studies could clarify whether metformin has a cell-autonomous anti-proliferative
effect in humans that is relevant at clinical doses, or if its effects are entirely

contingent on its ability to lower insulin levels in a hyperinsulinemic state.

CONCLUSION

In conclusion, while the hypothesis that metformin reduces cancer risk in
diabetic patients is supported by strong biological plausibility and a large body of
observational data, the evidence is critically weakened by the high potential for bias and
the contradictory findings from RCTs. The initial excitement surrounding metformin as
a potential chemopreventive agent must be tempered by a rigorous and critical view of
the evidence. Definitive conclusions await the results of well-designed, long-term

clinical trials.
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