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Abstract

Findings from studies of metformin use with risk of cancer incidence and outcome provide mixed
results; with few studies examined associations by recency of diabetes diagnosis or duration of
medication use. Thus, in the Women’s Health Initiative, we examined these associations and
further explored whether associations differ by recency of diabetes and duration of metformin use.
Cox regression models were used to estimate hazard ratios (HR) and their 95% confidence
intervals. Diabetes was associated with higher risk of total invasive cancer (HR, 1.13; p< 0.001)
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and of several site-specific cancers (HR, 1.2-1.4, and up to over twofold). Diabetes was also
associated with higher risk of death from cancer (HR, 1.46; p< 0.001). There was no overall
difference in cancer incidence by diabetes therapy (p = 0.66). However, there was a lower risk of
death from cancer for metformin users, compared to users of other medications, relative to women
without diabetes, overall (HRs, 1.08 vs. 1.45; p=0.007) and for breast cancer (HRs, 0.50 vs. 1.29;
p=0.05). Results also suggested that lower cancer risk associated with metformin may be evident
only for a longer duration of use in certain cancer sites or subgroup populations. We provide
further evidence that postmenopausal women with diabetes are at higher risk of invasive cancer
and cancer death. Metformin users, particularly long-term users, may be at lower risk of
developing certain cancers and dying from cancer, compared to users of other anti-diabetes
medications. Future studies are needed to determine the long-term effect of metformin in cancer
risk and survival from cancer.
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Diabetes mellitus and cancer are both relatively common diseases with incidence increasing
worldwide. Epidemiological evidence suggests that diabetes alters risk of various cancers
and that cancer mortality is increased in individuals with diabetes.! The underlying
mechanisms linking diabetes and cancer have not been fully elucidated, but insulin
resistance and hyperinsulinemia have been proposed.2 Higher circulating levels of insulin
can promote the growth of tumors through a direct effect on epithelial tissues by interacting
with insulin-like growth factor (IGF) family receptors, or indirectly by affecting the levels of
IGFs, sex hormones and adipokines.3 Metformin, an insulin sensitizer, reduces
gluconeogenesis in the liver and fosters glucose uptake by peripheral tissues, leading to
lower blood glucose, insulin resistance and circulating insulin levels by activation of AMP-
activated protein kinase (AMPK) and inhibition of mammalian target of rapamycin (MTOR)
signaling pathway.* Thus, it is reasonable to expect that the diabetes and cancer association
could be affected by the type of anti-diabetic therapy. Indeed, in some studies, the cancer
risk differs by diabetes therapy category with higher risk for individuals on insulin or
sulfonylureas and lower risk for those on metformin.> However, most studies have had
limited power to examine associations with less common cancers and often have limited
follow-up. Moreover, current studies have been conducted mostly in diabetic patients, and
few large studies have examined the effect of metformin on cancer incidence and mortality
in a population that includes both non-diabetic and diabetic participants. In addition, few
studies have defined cancer risk by recency of diabetes diagnosis or duration of medication
use. Lastly, in many cases, findings of previous studies were not stratified by sex, thus the
associations were not clearly investigated in women. Furthermore, risk of several cancers,
such as breast and ovarian cancer, are increased in women, especially in obese women who
are postmenopausal. Therefore, it is important to study the potential benefits of metformin
on cancer risk and mortality in postmenopausal, elderly women.®

Therefore, we examined associations of diabetes and metformin use with cancer risk and
mortality overall and by cancer site among women participating in the Women’s Health
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Initiative (WHI), a large multicenter prospective cohort study of postmenopausal women.
We hypothesized that 1) diabetes is associated with a higher cancer risk and death overall
and with certain cancer types; and 2) metformin use is associated with a lower cancer risk
and death whereas other anti-diabetes medication use is associated with an increased risk.
The unique data in WHI, a large prospective cohort study of 145,826 postmenopausal
women with high-quality data and long-term follow-up, allow a comprehensive evaluation of
these study hypotheses.

Material and Methods

Study population

The WHI is a large, multicenter study designed to advance understanding of the
determinants of major chronic diseases in postmenopausal women,” which includes three
clinical trials (CT) and an observational study (OS), with details described previously.8:°
Briefly, eligible were postmenopausal women between 50 and 79 years of age, accessible for
follow-up, expected to live in the same geographic area for 3 years, with minimum life
expectancy of 3 years and were recruited at 40 US clinical centers between 1993 and 1998.
A woman of eligible age, 50 to 79 years old, was considered postmenopausal if she had
experienced no vaginal bleeding for 6 months (12 months for 50 to 54 years old), had had a
hysterectomy, or had ever used postmenopausal hormones. After the initial WHI study
period ended on March 31, 2005, participants are reconsented to participate in the first
(2005-2010) and second extension (2010-2015). Protocols had institutional review board
approval from all clinical centers, and women provided written informed consent.

The study population includes all CT (V= 68,132) and OS (N = 93,676) women. Of the
161,808 women, we excluded a total of 15, 982 women with one or more of the following:
prior cancer (n = 14,849), bilateral mastectomy (7= 774), report of diabetic coma (7= 125),
diabetes diagnosed at younger than age 21 (to exclude likely type 1 diabetes; /7= 140), those
with missing baseline diabetes information (n = 102), or no follow-up (7= 692), leaving
145,826 women for these analyses.

Data collection

Study implementation details have been published previously.8 Briefly, participants attended
a baseline screening visit, during which they completed self-administered questionnaires that
collected information on demographics, reproductive, medical and family history, and
various lifestyle factors such as physical activity. Height, weight, and waist and hip
circumference, measured by trained clinic staff, were used to determine body mass index
(BMI) and waist-to-hip ratio (WHR).

WHI participants were asked to bring all medications to their clinic visits. Clinic
interviewers then entered each medication name directly from the containers into a
computer-driven system that assigned drug codes using Medi-Span software (First
DataBank, San Bruno, CA) and recorded durations of use reported by participants. These
medication inventories were collected at baseline and at Years 1, 3, 6 and 9 for the CT and
Year 3 for the OS during the WHI study period. Women participating in extended follow-up

Int J Cancer. Author manuscript; available in PMC 2016 April 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gong et al. Page 4

were again asked to complete the medication inventory by mail. All these data were then
used to construct a participant’s use of anti-diabetes medications over time, with details
described in the Supporting Information.

Identification of women with diabetes

At baseline, participants were asked “Did a doctor ever say that you had sugar diabetes or
high blood sugar when you were not pregnant?” During the study, by self-administered
medical history questionnaires, they were asked “Since the date given on this form, has a
doctor prescribed any of the following pills or treatments?” Choices included “pills for
diabetes” and “insulin shots for diabetes.” This self-reported medical history was updated
semiannually in the CT and annually in the OS, and annually for all participants during
extended follow-up. In addition to self-reported medical histories at baseline and during the
study, medication inventories as described above were also used to identify women with
diabetes. Thus, in this study, diagnosis of diabetes were not based on medical record review,
rather they were determined by ongoing direct query and review of the use of anti-diabetic
medication, which has been shown to be a favorable approach in identifying women with
diabetes. 1011

Specifically, a time-dependent variable was coded: (0) Non-diabetics; (1) Diabetic—users of
metformin medications; (2) Diabetic—users of other known non-metformin anti-diabetes
medications; (3) Diabetic—unknown medication; incident diabetes based on medical history
occurred prior to treatment reported in the medication inventory; (4) Diabetic—untreated; no
anti-diabetes medication in medication inventory. Because type of diabetes treatment could
only be determined from the medication inventories, women with diabetes identified by their
medical history were initially grouped as “(3) diabetic— unknown medication” and later
grouped by treatment, coded (1) or (2), after subsequent completion of the medication
inventory. To investigate diabetes status (yes/no) categories (1), (2), (3) and (4) were
combined and compared to (0) non-diabetics.

Cancer endpoint ascertainment

Along with diabetes history, self-report of diagnosis of any cancer other than nonmelanoma
skin cancers was also updated semiannually in the CT and annually in the OS during the
study period, and annually during extended follow-up. Cancer self-reports were verified by
medical record and pathology report review at the clinical centers by centrally trained
physician adjudicators, and then confirmed centrally at the Clinical Coordinating Center
(CCC). Cancer death and cancer death site were ascertained using medical records reviewed
at the CCC.12

Statistical analysis

Baseline characteristics of women with diabetes were compared to those of women without
diabetes using the Chi-square test. Similarly, baseline characteristics of women with diabetes
treated using metformin either as monotherapy or combined with other diabetes medications
were compared to those of women with treated diabetes not using metformin.
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Cox regression models with a time-dependent categorical exposure variable, described
above, were used to compute hazard ratios (HRs) and 95% confidence intervals (Cls) for
invasive cancer incidence and mortality. The Cox proportional hazard analyses were
adjusted for the following baseline covariates: age, race/ethnicity, education, smoking,
physical activity, aspirin use, history of hyperlipidemia, duration of hormone therapy (HT)
use, BMI and WHR. Analyses were repeated after excluding BMI and WHR from the model
because obesity is the most common shared risk factor for both diabetes and cancer. This
allowed us to examine the extent to which obesity may be a confounder of the association
between diabetes and cancer risk. The baseline hazard functions were allowed to vary by age
(10-year group), study participation (four hormone therapy trial randomization arms, the
dietary trial randomization arms, or enrollment into the OS), hysterectomy status and
enrollment in WHI extensions (I/11; time-dependent). Models were fit for each outcome,
where time of event was defined as time from enrollment to the first relevant clinical event,
death, or withdrawal from the study, whichever came first.

In the primary analyses, HRs and 95% Cls were reported for women with diabetes compared
with women without diabetes. HRs and 95% Cls were also reported for diabetes patients
treated with metformin (vs. non-diabetes) and patients using other medications (vs. non-
diabetes). For both primary analyses, a 1 degree-of-freedom test of statistical significance
was used to compare women with diabetes to those of women without diabetes and to
compare metformin therapy to the other known treatment group. To limit the number of
tests, p-values were generated only for the ten summary endpoints (total invasive cancer, the
eight grouped invasive cancer sites and cancer death). We used forest plots to present HRs
and 95% Cls by individual invasive cancer site.

In exploratory analyses, we further examined cancer risk by recency of diabetes diagnosis,
defined by whether diabetes was present at baseline (prevalent) or occurred during follow-up
(incident). Duration of exposure to metformin use or other non-metformin medication use
was also modeled as a time-dependent exposure (<3.5, 3.5-<=5 and > 5years).13 Only CT
participants were included for the duration analysis because medication inventories were not
collected frequently enough among OS participants to compute a reliable cumulative
exposure.

All analyses were conducted by using SAS software, version 9.3 (SAS Institute, Cary, NC)
and R software version 2.15 (R Foundation for Statistical Computing, Vienna, Austria).
Statistical tests were two-sided and considered statistically significant for p < 0.05.

The distributions of various participant characteristics by diabetes status and anti-diabetes
therapy at baseline are summarized in Table 1. Of the 145,826 postmenopausal women in
the study, 8,484 women (5.8%) had diabetes at baseline. Among women with diabetes,
1,100 women (13.0%) were treated with metformin, 4,106 (48.4%) were treated with other
anti-diabetes medications, and 3,278 (38.6%) women were either untreated or treatment
unknown at baseline. Women with diabetes were older and were more likely to be a
minority, less well educated, less physically active and more obese. Fewer significant
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differences were observed between women with diabetes based on treatment (metformin vs.
other). Metformin users tended to be white, use aspirin and medications for hyperlipidemia,
have not had a hysterectomy and have greater central adiposity.

Over a median (IQR) of 15.0 (9.1 to 16.9) years of follow-up among a total of 1,935,060
person-years, 24,796 women were diagnosed with diabetes and 16,248 were diagnosed with
invasive cancer. Diabetes status was associated with a higher risk of total invasive cancer
(HR, 1.13; 95% Cl, 1.07, 1.19; p< 0.001; Fig. 1) and higher risk of cancers of the digestive
organs and peritoneum (HR, 1.37; 95% ClI, 1.23, 1.53; p < 0.001), including higher colon
cancer risk (HR, 1.24; 95% ClI, 1.06, 1.46) and higher risk (over twofold) of liver and
pancreas cancers. Compared to women without diabetes, women with diabetes had a higher
risk of reproductive tract cancer (HR, 1.22; 95% Cl, 1.05, 1.42; p=0.01), particularly
endometrial cancer (HR, 1.36, 95% CI, 1.12, 1.65). There was also a suggestion for a higher
risk of the overall category of malignant neoplasms of lymphatic and hematopoietic tissue (p
= 0.07), particularly for non-Hodgkin lymphoma (HR, 1.26; 95% CI, 1.02, 1.55). Breast
cancer risk was not higher in women with diabetes (HR, 1.02; 95% ClI, 0.93, 1.11), but when
BMI and WHR were not included as covariates in the model there was a higher risk (HR,
1.11; 95% CI, 1.01, 1.20). Women with diabetes were more likely to die from invasive
cancer overall (HR, 1.46; 95%ClI, 1.34, 1.60; p< 0.001) and from colorectal cancer (HR,
1.44; 95% ClI, 1.06-1.96) compared to women without diabetes.

In women with diabetes as compared with risk in non-diabetic women, risk of total invasive
cancer did not differ between metformin users (HR, 1.13; 95% CI, 1.04-1.23) and users of
other medications (HR, 1.10; 95% CI, 1.00-1.21; p= 0.66; see Fig. 2). In addition, in
women with diabetes, the risk of cancer death differed significantly between metformin
users and non-users (p = 0.007). Compared to women without diabetes, women with
diabetes who used medications other than metformin were at significantly higher risk of
dying of cancer (HR, 1.45; 95% Cl, 1.25, 1.69), while women with diabetes who used
metformin were not (HR, 1.08; 95% ClI, 0.91, 1.28). Further, results suggested a differential
risk of death from breast cancer (p = 0.05) for metformin users (HR, 0.50; 95% Cl, 0.22,
1.13) compared to women with diabetes on other medications (HR, 1.29; 95% ClI, 0.71,
2.33).

Overall, no significant findings were observed in the secondary analyses. Invasive cancer
risk was not influenced by duration of use for metformin or other anti-diabetes medications
(Table 2). There was a suggestion, however, longer metformin use was associated with lower
breast cancer risk (p-trend = 0.04). We also found no significant differences between
prevalent and incident diabetes for risk of invasive cancer and for risk of cancer death (data
not shown). However, our results suggested that among women with incident diabetes there
was a trend of decreasing risk of cancer death with increasing duration of metformin use, but
a trend of increasing risk for other anti-diabetes medication use (p < 0.001; Table 2).

Discussion

In this large prospective cohort of postmenopausal women, women with diabetes, compared
to women without diabetes, had a higher risk of total invasive cancer, cancers of digestive
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organs and peritoneum, and reproductive organs, including cancers of the colon, liver,
pancreas, endometrium and non-Hodgkin lymphoma. Overall, cancer risks in women with
diabetes did not differ by diabetes therapy (metformin vs. other). However, a higher risk for
overall cancer mortality was observed for women with diabetes treated with medications
other than metformin compared to women without diabetes, but not in women with diabetes
using metformin. Our results also suggested that long duration of metformin use was
associated with a decreased risk of overall cancer mortality among women with incident
diabetes.

In this large prospective cohort study, our findings that women with diabetes had a 13%
higher risk of cancer compared to women without diabetes provide further evidence that
diabetes is associated with increased cancer risk. This finding is similar to results from a
recent meta-analysis.! Significantly higher risks for several site-specific cancers were
observed in our study and these findings are consistent with several meta-analyses, showing
the highest risks (over twofold) for cancers of liver and pancreas,1*15 and a modestly higher
risk (1.2 tol.4-fold) for colon, non-Hodgkin lymphoma and endometrial cancer.16-19
Despite the strong evidence for a diabetes-cancer association, mechanisms involved in this
association are not completely understood, especially for the site-specific cancer
relationship. There are several biologic factors, though, that have been proposed linking
diabetes and cancer risk, including insulin resistance and hyperinsulinemia, as the most
frequently proposed hypotheses, and other related mechanisms include hyperglycemia,
oxidative stress, increased hormones and inflammatory cytokines.20.21

There has been a question whether any diabetes-cancer association mainly represents shared
risk factors by both diseases, such as obesity and physical inactivity, or whether diabetes
itself with its associated metabolic profile of insulin resistance, hyperglycemia and
hyperinsulinemia directly mediates cancer risk.18 In the current analyses, after adjustment
for many potential confounding variables, including obesity and physical activity, diabetes
remained a risk factor for overall cancer risk and risk of certain cancers. However, in the
current analyses among postmenopausal women, while diabetes was also associated with
higher breast cancer risk, as suggested in a previous meta-analysis,?2 adjustment for overall
(BMI) and abdominal obesity (WHR) markedly attenuated the association. It is possible that
obesity is a particularly strong confounder for the association between diabetes and breast
cancer, as obesity is a well-established risk factor for breast cancer in postmenopausal
women.23.24 Another fact that also has to be considered is that many complex factors shared
by diabetes and many cancers, due to common underlying pathophysiological mechanisms,
are interrelated, such as obesity, especially abdominal obesity-insulin resistance, making it
difficult to differentiate their individual contributions to overall risk.

The preponderance of evidence from observational studies suggests those with diabetes
treated with metformin have lower cancer risk in comparison to those with diabetes using
other therapies.2>-28 In the current analyses, we found no significant difference in cancer
incidence by diabetes therapy, but found higher cancer mortality compared to women
without diabetes only in women with diabetes treated with medications other than
metformin. There was no significant difference in cancer risk with metformin compared to
non-metformin therapy in the few randomized clinical trials available, as shown in the two
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recent meta-analyses, although these trials were not primarily designed to investigate the
effects of these drugs and that may have affected the results.29:30 Interestingly, in our
cumulative exposure analysis among CT participants from whom medication use data were
collected repeatedly during the long-term follow-up period, results suggested a pattern of
reduced breast cancer risk associated with long duration of metformin use. Metformin use,
which decreases insulin levels and insulin resistance and results in weight loss,31:32 could
reverse several adverse metabolic findings associated with obesity and diabetes in
postmenopausal women. Although the mechanisms by which metformin may mediate anti-
cancer effects are not completely understood, its role in insulin signaling, energy balance,
glucose and fat metabolism through activation of the AMPK and inhibition of mTOR
pathways, is thought to be involved.3:33

Although it is not entirely clear, the inconsistent findings on the metformin-cancer
association between ours and other observational studies could be due to various differences,
including study design, study populations, how the metformin exposure is collected and
defined, sample size, incomplete adjustment of potential confounders and time for follow-
up. First, compared to many other studies, our study population is limited to postmenopausal
women. Second, as pointed out in a recent systemic review,28 some observational studies
were retrospective in nature, and recall bias could be an issue. Third, some studies were
based on medical records or insurance data, such that exposure data were not directly
collected. Lastly, the metformin benefits related to cancer risk from some of the
observational studies could also be partly as a result of time-related bias by not classifying
and analyzing metformin exposure over time properly, as discussed recently by Suissa et
al3034 1t is also critical that participants’ medication usage history be collected often
enough to capture and reflect general practice trends; we found that the percentage of treated
diabetics who used metformin increased year by year from 21.1% at baseline to 32.2, 44.6,
54.7 and 61.5% in years 1, 3, 6 and 9 of the study and remained about 67% at years 12
through 16 during our follow-up extension. Thus, failure to collect exposure data at multiple
time points and construct a reasonable approximation to participants’ medication use could
introduce bias. Similar to our study, as discussed by Suissa, several recent studies reported
no reduced cancer risk among metformin users when they used time-dependent variables in
the analyses.35-37

Considering cancer mortality, a preexisting diagnosis of diabetes was associated with
increased risk of overall cancer mortality and colorectal cancer-specific mortality after
adjustment for obesity variables, which is generally consistent with the literature as shown in
the meta-analyses.1:38 Metformin use has been associated with reduced cancer-related
mortality compared to use of other anti-diabetes therapy such as insulin therapy.39-42 We
found that the increased cancer mortality associated with diabetes was most apparent among
women treated with other medications, with little risk among those who used metformin,
and the risk significantly differed between metformin use and use of other medications
among diabetes patients. Our results also suggested that long duration of metformin use was
associated with a decreased risk of overall cancer mortality among women with incident
diabetes. Cancer mortality depends on both cancer incidence and survival, and a change in
incidence and/or survival is likely to affect mortality. Emerging evidence suggests that
compared to other anti-diabetes medications, metformin use is associated with better
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survival in diabetes patients with cancer, including ovarian, endometrial, colorectal and
breast cancer.#347 |t is possible that the differential effects of these drugs on cancer survival
contribute to the differences in cancer mortality between the two treatment groups. In
contrast, metformin use, especially for longer duration, may be associated with improved
survival, contributing to our finding of a trend of reduced cancer-related death among long-
term metformin users. Alternatively, women with diabetes that can be controlled by fewer
drugs, like metformin users, may be likely to differ from those who require more drugs and
intensive treatment, for example, with less comorbidity, and that may influence risk of
cancer, cancer survival and ultimately cancer mortality, although in our cohort, baseline
characteristics of metformin users and non-users were generally comparable.

This study has several strengths. We examined associations of diabetes, recency of diabetes,
medication with risk of cancer and cancer mortality overall and by cancer site
simultaneously in a large prospective cohort study, thereby mitigating issues of recall or
selection bias that are encountered in retrospective studies. Our sample size was large
(145,826 women) and we had a long-term follow-up (median: 15-year). Detailed data were
collected by trained interviewers on exposures at baseline and updated during the follow-up
visits and on various risk factors such as obesity and physical activity, enabling us to adjust
for these important covariates in our analyses. Cancer diagnosis and cancer outcomes by site
were reviewed locally and then confirmed by centrally trained physician adjudicators,
minimizing information bias. Information on diabetes status and medication use were
collected not only at baseline and updated during the study and extension follow-up, thus
cox regression analysis with time-dependent exposure variables was modeled to estimate the
risk, limiting the potential time-related bias. Despite these, our analyses were still limited by
the small number of certain rarer cancers occurring in diabetes women, especially when
stratified by medication use. This also limited our ability to examine effects of more detailed
diabetes therapy other than metformin, and information on cancer treatments is unavailable.
Finally, we included only postmenopausal women, which may have limited generalizability
of our findings to premenopausal women or men. Nevertheless, our data from a large cohort
of postmenopausal, elderly women could be valuable for future studies.

In summary, in this large prospective cohort study, we provide further evidence that
postmenopausal women with diabetes are at higher risk of cancer, cancer mortality and
certain site-specific cancers. In contrast to many prior observational studies, we found
limited evidence to support a potential anticancer effect for metformin. There was a
suggestion that the lower cancer risk associated with metformin may be evident only for a
longer duration of use, in certain cancer sites or population subgroups. Interestingly, unlike
other anti-diabetes medications, metformin was not associated with increased cancer
mortality, suggesting that it may be associated with improved survival in women with
cancer. Ongoing and future studies are needed to provide additional evidence to help
determine the effects of various anti-diabetes medications, specifically the potential anti-
tumor activity of metformin, in relation to cancer risk and survival from cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s new?

Insulin resistance and excess circulating insulin are likely suspects underlying the link
between diabetes mellitus and cancer. Hence, metformin therapy, which sensitizes tissues
to insulin, may have a role in the prevention or management of diabetes-associated
cancer. Here, among diabetic postmenopausal women, long-term metformin use was
associated with a reduced risk of death from cancer. This benefit was not observed among
women who took other antidiabetes medications. Overall cancer risk was found to be
similar across diabetes therapies, though possible metformin-mediated anticancer effects
may become apparent only after long duration of use.
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Outcome
Total Invasive Cancer

Bone, Connective Tissue, Breast, Skin (overall)®

breast
connective-subcutaneous-soft tissue-heart
melanoma of skin

Lip, Oral Cavity and Pharynx (overall)
oral{mouth)
tongue
parotoid gland
salivary glands

[l'- ti o
esophagus
stomach
small intestine
colon
rectal
colorectal®
anus
appendix
liver
gallbladder
biliary
pancreas
peritoneurm
other digestive organs

and Perit

(overall)

pi y & Intrath ic Organs (overall)
larymx

lung

thymus

Reproductive tract (overall)
cervix
endometrium
ovary
vulva
other reproductive tract

Urinary Organs (overall)
bladder
kidney
ureter & other urinary organs

Malignant Neoplasm of L/IH# Tissue {overall)
leukemia
lymphoma Hodgkins
lymphoma non-Hodgkins
multiple myeloma

Other and Unknown (overall)
eye brain and central nervous system
endocrine glands and related structures
other or unknown

Cancer Death
Breast cancer death
Ovarian cancer death
Colorectal cancer death
Other known cancer death

Non-diabetic
14275(1.11)

6391(0.48)
5732(0.43)
88(0.01)
598(0.04)

155(0.01)
56(<0.01)
53(<0.01)
27(<0,01)

9(<0.01)

2504(0.19)
63(=0.01)
117(0.01)
61(<0.01)

1229(0.09)
295(0.02)

1500(0.11)
39(<0.01)
17(<0.01)

84(0.01)
49(=0.01)
70(0.01)
428(0.03)
109(0.01)
13(<0.01)

1611(0.12)
21(<0.01)
1574(0.12)
8(<0.01)

1667(0.12)
50(<0.01)
951(0.11)
534(0.05)
53(<0.01)

98(0.01)

539(0.04)
181(0.01)

294(0.02)
31(<0.01)

1495(0.11)
408(0.03)
33(<0.01)
791(0.06)
278(0.02)

616(0.05)
224(0.02)
229(0.02)
356(0.03)

3391(0.25)
251(0.02)
252(0.02)
291(0.02)

2409(0.18)

Diabetic HR({95%CI)

1973(1.34) 1.13 (1.07,

746(0.49) 1.02 (0.94,
678(0.44) 1.02 (0.93,
12(0.01) 1.08 (0.56,
63(0.04) 1.08 (0.81,

16(0.01) 0.84 (0.48,
7(<0.01) 0.95 (0.39,
4(<0.01) 052 (018,
2(<0.01) 0.92 (0.20,
2(<0.01) 2.78 (0.50,

486(0.31) 1.37 (1.23,
9(0.01) 0.92 (0.44,
21(0.01) 0.84 (055,
13(0.01) 1.85 (0.97,

210(0.13) 1.24 (1.06,
42(0.03) 1.01 (0.70,

246(0.16) 1.19(1.02,
3(<0.01) 0.45 (0.10,
2(<0.01) 0.94 (0.20,
33(0.02) 236 (1.50,
11(0.01) 1.23 (0.59,
16(0.01) 1.19 (0.62,

129(0.08) 2.18 (1.74,
17(0.01) 1.55 (0.88,
3(<0.01) 2.00 (0.53,

241(0.15) 1.12 (0.96,
4(=0.01) 1.56 (0.49,
236(0.15) 1.12(0.96,
1(=0.01) 0.75 (0.09,

224(0.14) 1.22 (1.05,
2(<0.01) 0.20 (0.03,
139(0.17) 1.36(1.12,
59(0.05) 1.05 (0.78,
12(0.01) 1.53 (0.7,
15(0.01) 1.27 (0.70,

95(0.06) 1.16 (0.91,
28(0.02) 1.21 (0.78,
57(0.04) 1.15 (0.84,
9(0.01) 1.84 (0.72,

219(0.14) 1.16 (0.99,
64(0.04) 1.16 (0.86,
4(<0.01) 1.03 (0.34,
120(0.08) 1.26 (1.02,
38(0.02) 1.01(0.70,

86(0.05) 1.01(0.78,
21(0.01) 0.71(0.42,
36(0.02) 1.00 (0.67,
74(0.05) 1.74 (1.31,

711(0.45) 1.46 (1.34,
41(0.03) 1.05(0.73,
36(0.03) 1.05 (0.69,
59(0.04) 1.44 (1.06,
534(0.34) 1.54 (139,

* Includes 20(non-diabetic) vs. 1 (diabetic) bones-joints-articular cartilage cases.

* Includes cancers of the colon and rectum listed above.

# Lymphatic and Hematopoietic

Figure 1.

P-value
1.19)  <0.001

1.11) 0.70
1.11)
2.09)
1.44)

1.46) 0.53
233)

1.48)

418)

15.40)

1.53) =<0.001
1.92)
1.60)
353)
1.46)
1.46)
1.38)
1.92)
4.44)
371)
253)
227)
273)
271)
759)

1.31) 0.14
492)
1.31)
6.45)

1.42) 0.01
1.48)
1.65)
1.42)
3.08)
2.30)

1.48) 0.24
1.88)
1.57)
468)

1.36) 0.07
1.57)
31)
1.55)
1.47)

1.31) 0.94
1.20)
1.48)
2.30)

1.60)  <0.001
152)
1.57)
1.96)
1.72)
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r T T t T T 1
012 035 050 100 200 400 800

Favors diabetics Favors non-diabetics

Forest plot displays number of cases, annualized percentages and multivariable adjusted
hazard ratios (95% CI) for the risk of cancer associated with diabetes status (participants
with diabetes vs. participants without diabetes). Hazard ratios were obtained from Cox
proportional hazards models that were adjusted for the baseline covariates of age, race/
ethnicity, education, smoking, physical activity, aspirin use, history of hyperlipidemia,
duration of HT use, BMI and WHR; baseline hazard functions were allowed to vary by age
(10-year group), study participation (four hormone therapy trial randomization arms, the
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dietary trial randomization arms, or enrollment into the OS), hysterectomy status and
enrollment in WHI extensions (I/11; time-dependent). Diabetes status was modeled as a time-
dependent exposure variable and participants were censored if their medication inventory
became out-of-date (7.e., more than 3.5 years old); participants were allowed to re-enter the
model upon completion of a current medication inventory. P-values, for the ten summary
endpoints, correspond to a 1 degree-of-freedom test of significance for the estimated hazard
ratios.
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—=— metformin vs. non-diabetic
—e— other medication vs. non-diabetic

Non-diabetic* Treated w/ Metformin Treated w/ other mx

Outcome N(%) N(%) HR({95%CI) N(%) HR(95%CI) | an

Total Invasive Cancer 14275(1.11) 637(1.36) 1.13 (1.04, 1.23) 5563(1.32) 1.10 (1.00, 1.21) 0.66

Bone, Connective Tissue, Breast, Skin (overall)® 6391(0.48) 261(0.54) 1.07 (0.93,1.22)  203(0.47) 1.00 (0.86, 1.16)  0.49
breast 5732(0.43) 238(0.49) 1.06(0.93,1.23) 184(0.43) 0.99 (0.85, 1.16)

cti beut soft tissue-heart 88(0.01)  1(<0.01) 0.31(0.04,223) 4(0.01) 1.00 (0.31,3.24)
melanoma of skin 598(0.04)  23(0.05) 1.25(0.79, 1.96) 17(0.04) 1.12(0.65, 1.92)

Lip, Oral Cavity and Pharynx (overall) 165(0.01) 5(0.01) 0.80 (0.32, 2.00) 5(0.01) 1.03 (0.42,2.57) 0.69
oral(mouth) 56(<0.01)  1(<0.01) 0.46(0.06, 3.41) 3(0.01) 1.65 (0.49, 5.52)
tongue 5§3(<0.01)  2(<0.01) 0.74(0.17, 3.15) 1(<0.01) 0.50 (0.07,3.72)
parotoid gland 27(<0.01)  0(<0.01) 1(<0.01) 1.56 (0.20, 12.23)
salivary glands 9(<0.01) 1(<0.01) 5.29(0.53,5262) 0(<0.01)

Digestive organs and Peritoneum (overall) 2504(0.19) 139(0.28) 1.24 (1.03, 1.49)  148(0.34) 1.39 (1.16, 1.67) 0.34
esophagus 63(<0.01)  2(<0.01) 0.61(0.14, 2.54) 3(0.01) 0.95(0.29, 3.12)
stomach 117(0.01) 3(0.01) 0.52(0.16, 1.65) 8(0.02) 1.41 (067, 2.96)
small intestine 61(<0.01) 6(0.01) 2.87(1.17,7.03) 2(<0.01) 1.12(0.26, 4.72)
colon 1229(0.09) 61(0.12) 1.15(0.88, 1.52) 68(0.15) 1.28 (0.98, 1.67)
rectal 295(0.02) 9(0.02) 0.74(0.36,1.52) 20(0.04) 1.43 (0.85, 2.41)
colorectal* 1500(0.11)  69(0.14) 1.08(0.83, 1.40) 85(0.19) 1.28 (1.01, 1.63)
anus 39(<0.01)  1(<0.01) 0.74(0.10, 5.66) 1(<0.01) 0.97 (0.13, 7.31)
appendix 17(<0.01)  0(<0.01) 0(<0.01)
liver B4(0.01)  14(0D.03) 2.66(1.37,5.18) 7(0.02) 1.87 (0.84, 4.14)
galibladder 49(<0.01) 4(0.01) 1.39(0.48, 4.06) 5(0.01) 1.62(0.56, 4.67)
biliary 70(0.01)  1(<0.01) 0.29(0.04,2.14) 7(0.02) 1.89 (0.80, 4.47)
pancreas 428(0.03)  35(0.07) 1.82(1.24, 2.67) 30(0.07) 1.78 (1.19, 2.66)
peritoneum 109(0.01)  4(0.01) 1.18(0.42,3.29) 6(0.01) 2.29 (0.97, 5.38)
other digestive organs 13(<0.01) 1(<0.01) 252 (030, 21.10) 0(<0.01)

Respiratory & Intrathoracic Organs (overall) 1611(0.12)  75(0.15) 1.12 (0.87, 1.45) 65(0.15) 0.99 (0.75, 1.31) 0.49
tarynx 21(<0.01) 2(<0.01) 269(057,1260) 2(<0.01) 3.05(0.67, 13.98)
lung 1574(0.12)  72(0.14) 1.10(0.85, 1.43) 63(0.14) 0.98 (0.73, 1.30)
thymus 8(<0.01) 1(<0.01) 2.27(0.25,2069) 0(<0.01)

Reproductive tract (overall) 1667(0.12)  66(0.13) 1.10 (0.85, 1.42) 64(0.14) 1.26 (0.96, 1.65)  0.46
cervix 50(<0.01)  0(<0.01) 1(<0.01) 0.62 (0.08, 4.64)
endometrium 951(0.11)  42(0.15) 1.24(0.90, 1.70) 47(0.21) 1.62 (1.18,2.22)
ovary 534(0.05)  19(0.05) 1.06 (0.64, 1.74) 12(0.03) 0.80 (0.44, 1.47)
vulva 53(<0.01) 3(0.01) 1.21(0.36, 4.03) 1(<0.01) 0.51 (0.07, 3.74)
other reproductive tract 98(0.01) 3(0.01) 0.75(0.23, 2.45) 5(0.01) 1.85(0.73,4.72)

Urinary Organs (overall) 539(0.04)  41(0.08) 1.55(1.09, 2.19) 25(0.06) 1.04 (0.67,1.60) 0.14
bladder 181(0.01)  10(0.02) 1.52(0.78, 2.95) 10(0.02) 1.44 (0.72, 2.87)
kidney 294(0.02) 27(0.05) 1.58(1.02, 2.45) 11(0.02) 0.76 (0.40, 1.45)
ureter & other urinary organs. 31(<0.01) 2(<0.01) 1.01(0.13,7.78) 5(0.01) 4.16(1.36, 12.70)

Malignant Neoplasm of L/IH# Tissue (overall) 1495(0.11)  65(0.13) 1.07 (0.82, 1.40) 60(0.14) 1.22 (0.93, 1.60) 0.49
leukemia 408(0.03)  21(0.04) 1.21(0.75, 1.95) 17(0.04) 1.23(0.74, 2.06)
lymphoma Hodgkins. 33(=0.01) 1(=0.01) 0.84(0.11,6.43) 1(<0.01) 0.81(0.11,6.22)
lymphoma non-Hodgkins 791(0.08)  38(0.08) 1.26(0.89, 1.78) 29(0.07) 1.19(0.81, 1.75)
multiple myeloma 278(0.02) 8(0.02) 0.62(0.29,1.34) 15(0.03) 1.43 (0.83, 2.45)

Other and Unknown (overall) 616(0.05)  27(0.05) 1.02 (0.67, 1.56) 19(0.04) 0.83 (0.51, 1.35) 0.51
eye brain and central nervous system 224(0.02) 5(0.01) 0.69(0.28, 1.70) 5(0.01) 0.45(0.14, 1.41)
endocrine glands and related structures 229(0.02)  16(0.03) 1.22(0.69, 2.14) 5(0.01) 0.60(0.24, 1.47)
other or unknown 356(0.03)  18(0.04) 1.56(0.94, 2.58) 21(0.05) 1.64(1.03, 261)

Cancer Death 3391(0.26) 168(0.33) 1.08 (0.91, 1.28) 200(0.45) 1.45(1.25, 1.69) 0.007
Breast cancer death 251(0.02) 7(0.01) 0.50(0.22,1.13) 12(0.03) 1.29(0.71,2.33)
Ovarian cancer death 252(0.02)  10(0.02) 0.87 (0.42, 1.80) 12(0.03) 1.54(0.82, 2.87)
Colorectal cancer death 291(0.02)  11(0.02) 0.89(0.48, 1.64) 19(0.04) 1.45 (0.89, 2.36)

Other known cancer death 2409(0.18) 130(0.26) 1.18(0.97,1.43) 144(0.32) 1.45(1.21,1.73)
Favors d Favors non
* Reference category.
** P-value to test of HR{metformin vs. non-di ics) equals HR(; ication vs. non

* Includes cancers of the colon and rectum listed above.
# Lymphatic and Hematopoietic.

Figure 2.
Forest plot displays number of cases, annualized percentages and multivariable adjusted

hazard ratios (95% CI) for the risk of cancer associated with diabetes treatment (users of
metformin vs. participants without diabetes; users of other known non-metformin anti-
diabetes medications vs. participants without diabetes). Hazard ratios were obtained from
multivariable adjusted Cox proportional hazard models that were described above. P-values,
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for the ten summary endpoints, correspond to a 1 degree-of-freedom test of significance for
whether the estimated hazard ratios differ.
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