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Prior research suggests metformin has anti-cancer effects, yet data are limited. We examined the association between diabetes
treatment (metformin versus sulfonylurea) and risk of incident diabetes-related and non- diabetes-related cancers in US veterans.
This retrospective cohort study included US veterans, without cancer, aged = 55 years, who were new users of metformin or sulfo-
nylureas for diabetes between 2001 to 2012. Cox proportional hazards models, with propensity score-matched inverse probability
of treatment weighting (IPTW) were constructed. A total of 88,713 veterans (mean age 68.6 + 7.8 years; 97.7% male; 84.1% White,
12.6% Black, 3.3% other race) were followed for 4.2 + 3.0 years. Among metformin users (n = 60,476), there were 858 incident
diabetes-related cancers (crude incidence rate [IR; per 1,000 person-years] = 3.4) and 3,533 non-diabetes-related cancers (IR =
14.1). Among sulfonylurea users (n = 28,237), there were 675 incident diabetes-related cancers (IR = 5.5) and 2,316 non-diabe-
tes-related cancers (IR = 18.9). After IPTW adjustment, metformin use was associated with a lower risk of incident diabetes-related
cancer (hazard ratio [HR] = 0.66, 95% CI 0.58-0.75) compared to sulfonylurea use. There was no association between treatment
group (metformin versus sulfonylurea) and non-diabetes-related cancer (HR = 0.96, 95% CI 0.89-1.02). Of diabetes-related can-
cers, metformin users had lower incidence of liver (HR = 0.39, 95% CI 0.28-0.53), colorectal (HR = 0.75, 95% Cl 0.62-0.92), and
esophageal cancers (HR = 0.54, 95% CI 0.36-0.81). Among US veterans, metformin users had lower incidence of diabetes-related
cancer, particularly liver, colorectal, and esophageal cancers, as compared to sulfonylurea users. Use of metformin was not asso-
ciated with non-diabetes-related cancer. Further studies are needed to understand how metformin use impacts cancer incidence in
different patient populations.
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INTRODUCTION

Patients with diabetes mellitus type 2 have an increased risk
of several malignancies including pancreatic, hepatic, col-
orectal, endometrial, ovarian, breast, and bladder cancer [1-
4]. Multiple mechanisms have been hypothesized to explain
this association, including a combination of shared risk fac-
tors (such as age, obesity, physical inactivity, diet, and alco-
hol) as well as direct causal effects of metabolic derangement
on tumor cell growth [5,6]. There has been growing interest

in exploring diabetes medications as prevention or treatment
for cancer. Metformin inhibits hepatic gluconeogenesis and
reduces insulin resistance in peripheral tissues. It acts primar-
ily by activating AMP-activated protein kinase (AMPK) and
modulates numerous downstream pathways associated with
cancer risk, including inhibition of mTOR signaling, reduction
of protein synthesis, and upregulation of antioxidant genes [7-
9].

Early observational studies demonstrated a decreased risk
of cancer incidence and/or mortality in metformin users [10-
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13]. However, results remain inconclusive due in part to lim-
itations of study design and size [14]. Studies included biases
such as time-window bias and immortal time bias [14,15].
Time-related biases, including immortal time bias, can be
avoided using incident new-user cohort designs.

Our objective was to examine the association between
diabetes treatment (metformin versus sulfonylureas) and inci-
dent cancer in a cohort of US veterans. We hypothesized that
regular users of metformin would have lower rates of incident
cancer than regular users of sulfonylureas because met-
formin activates anti-cancer pathways, while sulfonylureas
primarily increase insulin secretion.

MATERIALS AND METHODS

Study population and selection criteria

To assess risk of incident cancer in regular users of met-
formin, we designed a large retrospective cohort study using
a national representative sample of US veterans initiated on
metformin between 2001 and 2012. To overcome time-relat-
ed biases, as proposed by Yu and Suissa [14], we included
new-user design and propensity score (PS) weighting to ex-
amine the association between metformin use and the risk of
incident cancers. The new user design was used to 1) ensure
that all participants had the same probability of receiving a
single oral hypoglycemic medication and 2) decrease sur-
vivor and prevalent user biases [16,17]. Using the National
Veteran Administration’s (VA) clinical and administrative data-
bases, we identified US veterans aged 55 years or older who
were first prescribed metformin or a sulfonylurea between
2001 and 2012 (Fig. 1). To avoid the influence of other novel
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oral anti-diabetes medications, we restricted entry into the co-
hort to 2001 to 2012. We based this on the American Diabe-
tes Association and the European Association for the Study
of Diabetes 2012 update, as subsequent updates including
2015 [18], 2018 [19], and 2019 [19], included multiple novel
oral medications.

Inclusion criteria included being in the VA system for at
least one year and having had at least one visit with a VA
provider in the year prior to the participant’s first diabetes
medication prescription. Since poor renal function is a major
contraindication for metformin, we excluded patients with
1) an estimated glomerular filtration rate (eGFR) < 30 mL/
minute as calculated by the Chronic Kidney Disease Epide-
miology Collaboration equation, 2) International Classification
of Diseases (ICD)-9 codes for end stage renal disease or
dialysis, and 3) missing information on renal function (either
laboratory or ICD-9 code). Other exclusion criteria included
any prior cancer history (by ICD-9 code, except non-melano-
ma skin cancer) or missing data on body mass index (BMI),
race, and/or hemoglobin A1c (HbA1c).

Exposure

We assessed drug exposure by extraction of medication lists
from pharmacy databases. We excluded medications admin-
istered as part of research trials. Regular medication use was
defined as filling = 2 outpatient prescriptions per year. After
initial prescriptions, a 2-year washout period was observed
during which eligible patients continued regular use of the
initially prescribed diabetes drug, free of cancer, and had no
exposure to other diabetes -medications. Follow-up began at
the end of the washout period and ended at first cancer di-

US veterans who have used VHA services for > 1 New users of New users of
; . ] : Total
year and were newly prescribed either metformin [—| metformin (- sulfonylureas | (n = 623,133)
or sulfonylurea monotherapy during 2001-2012 (n=387,014) (n=236,119) !
[ [ [ [
Preliminary exclusions Exclude Exclude Exclude
1) History of cancer n = 53,855 n = 47,245 n=106,100
2) History of kidney disease n= 158,375 n = 86,088 n = 244,463
3) Missing BMI and/or race n =845 n =837 n=1,682
I I I
Eligible to begin 2-year washout period |—>| n = 168,939 | | n = 101,949 | | n = 270,888 |
[ [
Exclusions during 2-year washout period Exclude Exclude Exclude
1) New cancer diagnosis _,| n=10,785 n = 8,686 n=19,471
2) Received Rx for a 2" DM medication n=53,097 n = 38,371 n=91,468
3) Received < 2 Rx/year of initial DM medication n=29,779 n=17477 n = 47,256
[ [ [ [
Index cohort |—>| n=75,278 | | n=37,415 | | n=112,693
[ [ [ [
Additional exclusions
. . Exclude Exclude Exclude
1)< 1dy$9€_itr_ blel:'f)\?\lﬂeen ;_' VtA V'Sét n=1171 n=1954 n=3125 Figure 1. Study sample flow chart.
2) G?ssi':é'abmcme ieation RX 1= 1 = 13,630 n=7,224 n =20,854 VHA, Veterans Health Administration;
3) Unknown cancer type n="1 n=0 n=1 BMI, body mass index; DM, diabetes
I I mellitus; Rx, prescription; VA, National
Final analytic sample |—»| n = 60,476 | | n = 28,237 | | n=gg713 | veteran Administration, HbA1C, hemo-

globin A1c.
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agnosis, death, oral diabetes medication change (metformin
users started on/switched to sulfonylurea and vice versa), or
the end of follow-up (July 10, 2016), whichever came first.

Outcome

The primary outcome was diagnosis of any type of cancer
excluding non-melanoma skin cancer. A cancer outcome was
defined as having two or more ICD-9 diagnosis codes for the
same cancer, registered at least one week apart, within a
6-month period. We divided the outcome into diabetes-relat-
ed (pancreas, liver, esophagus, colon, rectum, renal, stom-
ach, breast and endometrium) and non-diabetes-related can-
cers (Table S1 for a list of diabetes- and non-diabetes-related
cancers and ICD-9 codes) [6].

Covariates

All covariates were measured at or before baseline, except
for BMI, HbA1c, and renal function for which multiple values
were reviewed as follows: For BMI, we accepted weight
within 1.5 years and height within 5 years of the date of first
prescription for metformin or a sulfonylurea. For HbA1c, we
selected values closest to patients’ baselines over the two
years before and up to one week after index prescription. The
same window was allowed for creatinine values used to cal-
culate GFR. Kidney function was classified as normal (GFR
= 60 mL/minute), decreased (45 < GFR < 60 mL/minute), or
low (30 < GFR < 45 mL/minute). Hypertension was defined
by ICD-9 code or antihypertensive drug use. Smoking status
(ever/never) was identified in VA electronic health records
using electronic medical record data extraction methods and
was available for all veterans [20].

Statistical analysis

Given that patients in the metformin and sulfonylurea groups
had different baseline characteristics, we employed inverse
probability of treatment weighting (IPTW) to achieve compa-
rable groups with regard to potential confounding variables
[21,22]. IPTW uses weights based on a PS, defined as the
conditional probability of being treated given the subject’s
covariates [22,23]. We used the following domains of vari-
ables in the PS: 1) demographics (race, sex, and geographic
region), 2) renal function, 3) comorbidities (obstructive pul-
monary disease, cirrhosis, coronary artery disease, cerebro-
vascular disease, heart failure, hypertension, major mental
iliness, and statin use), 4) proxies of functional status (arthritis
and vision comorbidity, defined as macular degeneration,
vision loss, or glaucoma), 5) overall medical complexity
(number of drug classes and of VA outpatient visits in the
year prior to first diabetes drug prescription), and 6) history
of smoking or alcohol abuse. Finally, we included interaction
terms for year of first prescription by kidney function, geo-
graphic region, and HbA1c in order to account for changes in
prescribing practice over time, reflective of the American Dia-
betes Association 2006 guideline update that recommended
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metformin be used as initial therapy [24]. Geographic regions,
defined as Northeast, South, Midwest and West to reflect
divisions used by the United States Census Bureau and by
the VA, were included in the analysis to account for the dif-
ferent rates at which providers across the country changed
prescribing patterns to adhere to updated guideline recom-
mendations. Additionally, PS were calculated separately for
the time period (2001-2004, 2005-2008, 2009-2012) of when
the patient received their first prescription. PS trimming was
implemented, as previously described [17].

Hazard ratio (HR) and 95% CI were calculated using Cox
proportional hazards models using age as the time scale. The
proportional hazards assumption was verified by performing a
piecewise analysis by age category (< 65, 65-74, = 75 years)
in the IPTW-adjusted model. No violations were observed.
For our primary analysis we considered the outcomes of any
cancer, diabetes-related cancer, and non-diabetes-related
cancer. Secondarily, we examined the individual cancers
which comprise the diabetes-related and non-diabetes-re-
lated cancer subtypes (Table S1). As a sensitivity analysis,
we performed an intention-to-treat (ITT) analysis using our
primary outcomes measures (any cancer, diabetes-related
cancer, and non-diabetes-related cancer). This analysis in-
cluded all new users of metformin and sulfonylurea, regard-
less of whether they completed the 2-year lead in period,
added an additional diabetes treatment regimen, or discon-
tinued their intial diabetes medication (Figure S1). A P-value
of < 0.05 was considered statistically significant. All analyses
were performed in SAS Enterprise Guide version 8.3 (SAS
Institute, Inc). The Institutional Review Board at the Boston
VA approved this study (VA Boston Healthcare System IRB
#00000629).

RESULTS

The study sample included 88,713 participants; mean age
68.6 + 7.8 years; 97.7% male; 84.1% White, 12.6% Black,
and 3.3% other race (Table 1). After IPTW, baseline charac-
teristics were balanced between groups (Table S2, Figure
S2). There were 60,476 new users of metformin and 28,237
new users of sulfonylureas in the study sample (Fig. 1). Over
a mean follow-up of 4.2 + 3.0 years, there were 1,533 dia-
betes-related cancer cases (crude incidence rate = 4.1 per
1,000 person-years [p-yr]), 5,849 non-diabetes-related can-
cer cases (15.7 per 1,000 p-yr), and 13,398 deaths (35.9 per
1,000 p-yr).

Table 2 shows the results for the association between met-
formin use and diabetes-related and non-diabetes-related
cancers. After IPTW adjustment, metformin use was associ-
ated with a lower incidence of all cancer types (HR 0.88, 95%
Cl 0.83-0.94) and with a lower incidence of diabetes-related
cancer (HR 0.66, 95% CI 0.58-0.75), as compared to sulfony-
lurea use. There was no association between metformin use
and the incidence of non-diabetes related cancers (HR 0.96,
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Table 1. Study sample characteristics

Demographics Metformin Sulfonylurea Total
(n =60,476) (n = 28,237) (n=88,713)
Age (yr) 67.3+7.1 71.4+87 68.6+7.8
Age category (yr)
55-59 15,220 (25.2) 5,064 (17.9) 20,284 (22.9)
60-64 20,073 (33.2) 5,251 (18.6) 25,324 (28.5)
65-69 11,066 (18.3) 4,756 (16.8) 15,822 (17.8)
70-74 7,078 (11.7) 4,855 (17.2) 11,933 (13.5)
75-79 4,556 (7.5) 4,607 (16.3) 9,163 (10.3)
>80 2,483 (4.1) 3,704 (13.1) 6,187 (7.0)
Male sex 58,844 (97.3) 27,844 (98.6) 86,688 (97.7)
Years of follow-up 42+29 43+33 42+3.0
Race
White 50,657 (83.8) 23,915 (84.7) 74,572 (84.1)
Black 7,727 (12.8) 3,476 (12.3) 11,203 (12.6)
Other 2,092 (3.5) 846 (3.0) 2,938 (3.3)
Year of treatment initiation
2001-2004 13,677 (22.6) 14,933 (52.9) 28,610 (32.2)
2005-2008 22,628 (37.4) 9,114 (32.3) 31,742 (35.8)
2009-2012 24,171 (40.0) 4,190 (14.8) 28,361 (32.0)
Geographic region
Northeast 13,225 (21.9) 5,062 (17.9) 18,287 (20.6)
Southeast 7,570 (12.5) 5,265 (18.6) 12,835 (14.5)
Central 25,020 (41.4) 11,419 (40.4) 36,439 (41.1)
West 14,661 (24.2) 6,491 (23.0) 21,152 (23.8)
Body mass index category (kg/m?)
Underweight (< 20.0) 147 (0.2) 143 (0.5) 290 (0.3)
Normal weight (20.0-24.9) 3,589 (5.9) 2,817 (10.0) 6,406 (7.2)
Overweight (25.0-29.9) 18,448 (30.5) 10,692 (37.9) 29,140 (32.9)
Obese (= 30) 38,292 (63.3) 14,585 (51.7) 52,877 (59.6)
Glomerular filtration rate
30.0-44.9 273 (0.5) 3,760 (13.3) 4,033 (4.6)
45.0-59.9 6,022 (10.0) 7,583 (26.9) 13,605 (15.3)
=60 54,181 (89.6) 16,894 (59.8) 71,075 (80.1)
Alc
<7.0 33,594 (55.6) 12,930 (45.8) 46,524 (52.4)
7.0-8.0 18,861 (31.2) 9,676 (34.3) 28,537 (32.2)
>8.0 8,021 (13.3) 5,631 (19.9) 13,652 (15.4)
Comorbidities
Major psychiatric disease 6,317 (10.5) 2,272 (8.0) 8,589 (9.7)
Arthritis 16,251 (26.9) 7,654 (27.1) 23,905 (27.0)
Coronary artery disease 21,007 (34.7) 13,347 (47.3) 34,354 (38.7)
Heart failure 3,432 (5.7) 3,341 (11.8) 6,773 (7.6)
Hypertension 51,547 (85.2) 24776 (87.7) 76,323 (86.0)
Eye disease 10,899 (18.0) 5,965 (21.1) 16,864 (19.0)
Smoking 42,952 (71.0) 18,544 (65.7) 61,496 (69.3)
Alcohol abuse 6,240 (10.3) 2,092 (7.4) 8,332 (9.4)
Statin use 36,284 (60.0) 15,430 (54.6) 51,714 (58.3)
Cardiovascular disease 7,564 (12.5) 5,497 (19.5) 13,061 (14.7)
Chronic obstructive pulmonary disease 11,624 (19.2) 6,750 (23.9) 18,374 (20.7)
Cirrhosis 1,616 (2.7) 719 (2.5) 2,335 (2.6)
Number of visits 6 [3, 1] 6 [3, 1] 6 [3, 11]
Number of prescriptions 6.8+3.8 72+3.8 6.9+3.8

Values in the table represent n (%), mean + SD, or median [25th, 75th percentile].

http:/Amww.jcpjournal.org 143



Abdallah et al.

Table 2. HR for the association between treatment (metformin vs. sulfonylureas) and diabetes-related cancers and non-diabetes-related

cancers
Metformin users Sulfonylurea users . .
(n = 60,476) (n = 28,237) Unadjusted model IPTW adjusted model
Outcome
No. events/ Rate (per No. events/ Rate (per HR P-value HR P-value
total n 1,000 p-yr) total n 1,000 p-yr) (95% ClI) (95% ClI)
Any cancer 4,391 17.5 2,991 24.5 0.76 (0.73-0.80) < 0.001 0.88 (0.83-0.94) < 0.001
Diabetes related cancer 858 3.4 675 5.5 0.65 (0.59-0.73) < 0.001 0.66 (0.58-0.75) < 0.001
Non-diabetes related 3,533 14.1 2,316 18.9 0.80 (0.75-0.84) < 0.001 0.96 (0.89-1.02) 0.200

cancer

HR, hazards ratio; No., number; p-yr, person-years; IPTW, inverse probability of treatment weighting.

Table 3. HR for the association between treatment (metformin vs. sulfonylureas) and diabetes-related cancer subtypes

Metformin users

Sulfonylurea users

Unadjusted model IPTW adjusted model

(n = 60,311) (n = 28,078)
Outcome

No. events 1'?;;‘3 ﬁ)"_‘;[) No. events 1?;83 gﬁ‘;:) HR(95% Cl)  P-value  HR(95%Cl)  P-value
Colorectal 303 1.21 258 212 068(057-0.80) <0001  0.75(0.62-0.92)  0.005
Renal 184 0.73 105 0.86  0.80(0.63-1.03) 0081  0.95(0.70-128)  0.722
Liver 114 0.45 114 0.94  047(0.36-061) <0001  0.39(0.28-0.53) < 0.001
Esophageal 86 0.34 67 055  059(0.42-0.82) 0002  0.54(0.36-0.81)  0.003
Pancreas 74 0.29 61 050 064 (045-091) 0014  0.71(045-1.12)  0.139
Stomach 50 0.20 38 031  073(047-114)  0.167  0.77 (0.47-1.28)  0.319
Breast 32 0.13 13 011 1.14(0.59-223) 0695 063 (0.25-1.62)  0.340
Endometrial® 4 0.59 2 1.24 o NA L NA

Any participant with cancer where the primary cancer type could not be identified (= 2 cancer types at the time of initial diagnosis [n =
90] or a diagnosis of metastatic-unknown primary type [n = 234]) was excluded from the analysis of the individual cancer subtypes. HR,
hazards ratio; No., number; p-yr, person-years; IPTW, inverse probability of treatment weighting; NA, not available. “Female participants
only (n = 1,630 metformin, n = 391 sulfonylurea), "insufficient sample size.

95% Cl 0.89-1.02).

The frequencies of the individual cancer subtypes that
compose the diabetes-related and non-diabetes related can-
cer groups are shown in Table S3. Colorectal cancer was the
most common type of diabetes-related cancer (35% among
metformin users, 38% among sulfonylurea users). The most
common type of non-diabetes related cancer was prostate
cancer (39% for metformin, 32% for sulfonylurea). Table 3
shows HRs for the individual subtypes of diabetes-related
cancer. As compared to sulfonylurea, metformin use was as-
sociated with a lower incidence of colorectal (HR 0.75, 95%
Cl 0.62-0.92), liver (HR 0.39, 95% CI 0.28-0.53), and esoph-
ageal (HR 0.54, 95% CI 0.36-0.81) cancers. There was no
association between the treatment group and the remaining
diabetes-related cancer subtypes (renal, pancreas, stomach,
and breast). The HRs for the individual subtypes of non-di-
abetes-related cancer are shown in Table S4. After IPTW
adjustment, metformin use (versus sulfonylurea use) was
associated with a lower incidence of male genital tract (not
otherwise specified) cancers (HR 0.31, 95% CI 0.11-0.83),
but not with any of the other non-diabetes-related subtypes.

Our sensitivity analysis, which used an ITT approach, in-
cluded 168,939 new users of metformin and 101,949 new
users of sulfonylureas (Figure S1). The HRs were attenuated
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compared to the HRs from the main analysis. In the ITT anal-
ysis, metformin use was associated with a HR of 0.97 (95%
Cl 0.94-1.00, P = 0.038) for any cancer, 0.87 (95% CI 0.81-
0.92, P < 0.001) for diabetes-related cancer, and 1.00 (95%
CI10.97-1.03, P = 0.99) for non-diabetes-related cancer (Table
S5).

DISCUSSION

In this large retrospective cohort study of US veterans aged
55 years and older with diabetes, using multiple methods to
account for potential bias and confounding, we found that
metformin users had lower incidence of all cancers compared
to sulfonylurea users. This was primarily driven by the lower
incidence of diabetes-related cancers in the metformin group.
There was no association between metformin use (versus
sulfonylureas) and incidence of non-diabetes-related cancers.
These findings support the hypothesis that metformin may
activate anti-cancer pathways more so than sulfonylureas.
The lower incidence of cancer observed among regular
users of metformin in our cohort is similar to that seen in the
many published observational studies, with meta-analyses
of these studies reporting up to 31% to 34% reduction in risk
of incident cancer [25,26]. As previously noted, many early



observational studies were limited by time-related biases
[14,27]. Our utilization of a new-user design ensures avoid-
ance of time-related biases. Our study is most similar in de-
sign to the large retrospective cohort study in the UK Clinical
Practice Research Datalink that used a new-user design and
an “intent to treat” analysis to assess cancer incidence in pa-
tients with diabetes initiated on metformin compared with oth-
er oral anti-diabetes medications [28]. They found a similar
incidence of cancer in metformin initiators (51,484 individuals)
and sulfonylurea initiators (18,264 participants). Our results
may differ due to the implementation of the IPTW propensity
approach, which matches individuals at a similar stage in
the natural history of their disease, allowing for adjustment of
pre-treatment variables. Furthermore, by using PS [29] and
IPTW methods [21], we controlled for the confounding by
indication that is inherent in a non-randomized trial of drug
effects. These statistical analyses may account for the dif-
ference in results in our study (whereby metformin use was
associated with lower incidence of malignancy), compared
to the findings of the UK Clinical Practice Research Datalink
study [28].

In our cohort, use of metformin was associated with lower
incidence of all cancers with the association being strongest
in diabetes-related cancers, particularly liver, colorectal and
esophageal cancer. A prior systematic review of observa-
tional studies demonstrated significant reductions in risk of
the same cancer types (liver, colorectal and esophageal) as
well as stomach and pancreatic cancer [4]. While the exact
mechanisms of the association between diabetes and lower
observed incidence of cancer are not fully understood, prior
studies suggest underlying risk factors for diabetes and meta-
bolic syndrome may lead to a proinflammatory state which in
turn is protumorigenic [30]. Metformin likely decreases inflam-
mation by acting on different cellular processes, including cell
cycle arrest and genomic stability [31]. Metformin activates
AMPK [7] which leads to the inhibition of mTOR signaling, the
reduction of protein synthesis [8], and possibly to regulating
p53-mediated cell-cycle arrest [32]. Metformin has also been
reported to scavenge free radicals, to prevent damage to mi-
tochondrial DNA, and to enhance DNA repair thus affording
cells greater genomic stability [9]. In addition to the changes
effected on the cellular level, metformin improves glycemic
control; since elevated glucose, insulin resistance, and dia-
betes have been implicated in the development of several
diabetes-related cancers, (including liver, colorectal and
esophageal cancer) [3], metformin’s protective benefits may
be higher in these cancers. Our data adds to the existent lit-
erature and suggests metformin may continue to have a role
in improving the overall health of individuals with metabolic
syndrome and/or diabetes, even in this era of novel oral dia-
betes medications.

Our study’s strengths include analysis of a large cohort of
patients and the implementation of PSs and IPTW method-
ology. A number of limitations should also be considered in
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the interpretation of our results. We did not collect data on
dose or duration of exposure to metformin or sulfonylureas
during follow-up, and thus we cannot assess whether the
inverse association between metformin and cancer incidence
is affected by these factors. Since our cohort is based on Vet-
erans Health Administration health records, regular measure-
ments of treatment efficacy, such as fasting blood glucose
and HbA1c, are not available. Additionally, the nature of our
study design precludes us from establishing causality for the
association between metformin and lower cancer risk. Finally,
the subjects in our cohort were mostly male, limiting the gen-
eralizability of our findings.

In summary, we provide observational data leveraging a
new-user cohort design and PS matching that support the
finding that metformin use is associated with a lower inci-
dence of diabetes-related cancers as compared to sulfony-
lurea use. Ongoing randomized controlled trials (RCTs), such
as the Diabetes Prevention Program Outcomes Study, will
provide valuable insight into the metformin-cancer associa-
tion. By 2025, this program is expected to provide data on
cancer outcomes based on 25 years of follow up (ClinicalTri-
als.gov Identifier: NCT00038727) [33]. Results of RCTs are
needed to determine the potential of metformin in the primary
prevention of cancer, as well as further studies into the mech-
anism of metformin’s anti-cancer effects.
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