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Abstract
Background—Observational studies have associated metformin use with lower colorectal
cancer (CRC) incidence but few studies have examined metformin’s influence on CRC survival.
We examined the relationships among metformin use, diabetes, and survival in postmenopausal
women with CRC in the Women’s Health Initiative (WHI) Clinical Trials and Observational
Study.
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Methods—2,066 postmenopausal women with CRC were followed for a median of 4.1 years,
with 589 deaths after CRC diagnosis from all causes and 414 deaths directly attributed to CRC.
CRC-specific survival was compared among women with diabetes with metformin use (n=84);
women with diabetes with no metformin use (n=128); and women without diabetes (n=1854). Cox
proportional hazard models were used to estimate associations among metformin use, diabetes and
survival after CRC. Strategies to adjust for potential confounders included: multivariate
adjustment with known predictors of colorectal cancer survival and construction of a propensity
score for the likelihood of receiving metformin, with model stratification by propensity score
quintile.

Results—After adjusting for age and stage, CRC specific survival in women with diabetes with
metformin use was not significantly different compared to that in women with diabetes with no
metformin use (HR 0.75; 95% CI 0.40 –1.38, p=0.67) and to women without diabetes (HR 1.00;
95% CI 0.61 – 1.66, p=0.99). Following propensity score adjustment, the HR for CRC-specific
survival in women with diabetes with metformin use compared to non-users was 0.78 (95% CI
0.38 – 1.55, p=0.47) and for overall survival was 0.86 (95% CI 0.49 – 1.52; p=0.60).

Conclusions—In postmenopausal women with CRC and DM, no statistically significant
difference was seen in CRC specific survival in those who used metformin compared to non-users.
Analyses in larger populations of colorectal cancer patients are warranted.
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INTRODUCTION
There is emerging evidence supporting the hypothesis that Type 2 Diabetes Mellitus (DM) is
a risk factor for colorectal cancer (CRC). In several large population studies, DM or
abnormal glucose metabolism was associated with an increased risk of CRC as well as
several other neoplasms [1–5].

DM has also been associated with a relatively poor prognosis among CRC patients. In a
recent retrospective study, patients with DM and colon cancer had significantly worse
disease-free and overall survival as compared to colon cancer patients without DM in
analyses adjusted for prognostic factors [6]. Another study reported that both men and
women with DM had a 25% significantly increased risk of fatal colon cancer as compared to
those without DM [1]. While the biological relationship between DM and CRC outcome is
unclear, altered glucose metabolism, hyperinsulinemia and insulin-like growth factor (IGF-I)
are potential mediators.

Metformin, an agent commonly used in diabetes therapy, increases insulin sensitivity and
improves glycemic control [7], [8]. These properties, and the preclinical studies suggesting
that metformin may have direct cancer growth inhibition potential via mammalian target of
rapamycin (mTOR) pathway suppression [9], prompted interest in metformin as a potential
anti-cancer agent. Subsequently, a number of observational studies have associated lower
cancer incidence with metformin use as well as a lower risk of nonspecific cancer-related
mortality[6], [8], [10], [11]. A recent meta-analysis also found a significantly lower risk of
colorectal cancer in users vs non-users of Metformin[12]. Metformin use has even been
associated with a decreased incidence of colorectal adenomas in patients with a prior history
of colorectal cancer[13]. However, few epidemiologic studies have examined metformin use
in relation to CRC-specific survival. In a Korean study, colorectal cancer patients with
diabetes who took metformin had an improved overall and cancer-specific survival[14], and
in a second study of patients in the United States, improvements in overall survival were
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noted[15]. In these studies, multivariate Cox proportional hazard regression models were
used to adjust for confounding variables. We aim to evaluate the association between
metformin use and colorectal-cancer specific survival advantage in a population of racially
diverse postmenopausal women while applying propensity score methods to control for
possible confounding.

In this study, we examined associations among metformin use, DM and CRC-specific and
overall survival after CRC among postmenopausal women diagnosed with CRC in the
Women’s Health Initiative (WHI). We hypothesized that metformin use would be associated
with improved survival as compared to non-use among women with CRC and DM.

Patients and Methods
Study population

The Women’s Health Initiative (WHI) is a long-term national health study that includes four
clinical trials (CT) and an observational study (OS) that focused on strategies to prevent or
control heart disease, cancer, and osteoporotic fractures in postmenopausal women. The
original WHI study included 161,808 postmenopausal women aged 50–79 years, enrolled at
one of 40 WHI clinical centers across the United States between 1993 and 1998. Three
randomized, controlled clinical trials (CT) enrolled 68,132 women into studies evaluating
three prevention strategies: hormone therapy, dietary modification, and calcium with
vitamin D supplementation. If eligible, women could choose to enroll in one, two, or all
three of the trial components. The CT cohort was followed until March 2005, after which
participants were invited to enroll in the WHI Extension Study for collection of health
outcomes data without intervention through 2010. The Observational Study tracked the
medical history and health habits of 93,676 women who were ineligible or not interested in
joining the CT, and examined relationships between lifestyle, health, risk factors, and
specific disease outcomes through 2010. All participants provided written informed consent
and the study was approved by each of the clinical centers’ institutional review boards. The
Fred Hutchinson Cancer Research Center in Seattle, WA serves as the WHI Clinical
Coordinating Center for data collection, management, and analysis. Further details on
scientific rationale, eligibility requirements, and other design aspects of the WHI have been
previously published[16].

Medical history updates were obtained by mail or telephone questionnaires biannually for
CT participants and annually for OS participants. Reported cancer diagnoses were then
verified by local, centrally trained physician adjudicators using medical records and
pathology reports. CRC cases were confirmed by blinded adjudication at the Clinical
Coordinating Center and coded using the Surveillance, Epidemiology, and End Results
system. Eligibility criteria for the analysis described here included a diagnosis of CRC after
WHI entry. Women who reported a history of CRC prior to WHI enrollment and CRC cases
that were identified only at the time of death were excluded.

Eligible study subjects were divided into three comparison groups based on whether they
had diabetes and used metformin. The definition of Type 2 diabetes (DM) was a positive
answer to the question “did a doctor ever say that you had sugar diabetes or high blood sugar
when you were not pregnant?” or the reported use of medical therapy for diabetes at any
time. Individuals diagnosed with diabetes before age 20 or who were ever hospitalized for
diabetic coma were considered to have Type 1 Diabetes and excluded [17]. The study
population was then divided into the following exposure cohorts: (1) women with CRC and
DM and use of metformin at any time; (2) women with CRC and DM with no metformin
use; and (3) women with CRC without DM.
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Data Collection
Prior to enrollment in the WHI, information on demographics, exposures, lifestyle, dietary
habits, family history and medical history were obtained through the use of standardized
questionnaires. Physical measurements including pulse, blood pressure, height, weight, and
waist and hip circumference were taken by certified staff at the initial clinical visit. Details
regarding medication information were obtained via interviewer-administrated
questionnaires at baseline and at years 1, 3, 6, and 9 for CT participants and at year 3 for OS
participants. For all medications, the data collected included product and generic name,
dosage form, strength, and duration of use.

Outcome measures
In this analysis, survival outcomes in women with CRC and DM who used metformin,
women with CRC and DM who did not use metformin, and women with CRC without DM
were compared. CRC-specific survival was the primary outcome, measured from the date of
CRC diagnosis to date of death due to CRC, or last known date alive. Patients who were not
deceased or who died of causes other than CRC were censored at the last known date alive
or date of death, respectively. Overall survival was analyzed as a secondary outcome, and
defined as the period from the date of diagnosis of CRC to the date of death or last known
date alive. For this secondary outcome, only those patients who were not deceased were
censored at the last known date alive.

Statistical analyses
Patient demographic and treatment characteristics were compared between the three
exposure cohorts as described above. For continuous variables that were normally
distributed, the student’s t-test was used; for non-normally distributed variables, the
Wilcoxon rank sum test was used. For categorical variables the Chi-Square test was used;
Fisher’s exact test was used when the expected value in any cell was less than 5. Kaplan-
Meier survival analyses stratified by exposure group were used to generate median survival
curves for both CRC-specific and overall survival. Univariate Cox proportional hazard
models were used to estimate hazard ratios and their 95% confidence intervals to compare
CRC-specific and overall survival differences by known prognostic factors. These included
age at diagnosis (ages 50–59 years, 60–69 years, or ≥70 years), race (black, white, or other),
body-mass index (BMI) (by BMI category: <18.5–24.9, 25.0–29.9, 30.0 – 34.9, and ≥35),
smoking status (never, past, or current), family history of colorectal cancer (yes/no), alcohol
use (Nondrinker, Past drinker, <7 drinks/week,7+ drinks/week), dietary history (use of
diabetic or high-fiber diet), physical activity level measured in total MET-hours per week
(kcal/wk/kg as a continuous variable), stage at diagnosis (localized vs. regional and distant),
insulin use (yes/no), total number of diabetic medications per patient (0, 1, 2, 3, or ≥4),
aspirin use (yes/no), nonsteroidal anti-inflammatory drug (NSAID) use (yes/no), and
metformin use (yes/no). Unadjusted, age-adjusted, and multivariate adjusted Cox
proportional hazards models including age and stage at diagnosis were also conducted to
estimate the effect of diabetes status on CRC-specific and overall survival.

Two separate analyses using different methodologies were conducted to address potential
confounding of the association between metformin use, DM and survival outcomes. First,
multivariate Cox proportional hazard models for CRC-specific and overall survival were
built that included prognostic factors that had a significant impact on survival as determined
by a univariate hazard ratio (HR) with a p-value <0.2. Patients with unknown stage at
diagnosis were excluded from these multivariate models (n=26). As a second strategy, given
the limited number of events, a propensity score model for the probability of metformin use
was developed. A propensity score was generated from a logistic regression model for
metformin use (ever/never) that included all prognostic factors listed above (age at
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diagnosis, race, BMI, smoking status, alcohol use, dietary history, physical activity level,
stage at diagnosis, insulin use, total number of diabetic medications, aspirin use, and NSAID
use). The likelihood of metformin use based on the identified predictors was computed for
each patient and the area under the curve (AUC) was used to quantify the predictive strength
of the model. The model generated had an AUC of 0.78. Propensity score quintiles were
then used as a stratification variable in Cox proportional hazards models.

All analyses were performed using the SAS System for Windows, version 9.2 (SAS
Institute, Cary, NC), and all reported p-values were 2-sided.

Results
Study population and demographic characteristics

Of the 161,808 women in the WHI cohort, 916 reported a history of CRC prior to WHI
enrollment, and 2,167 had a CRC diagnosis while on study. After excluding those diagnosed
at the time of death (N=101), there were 2,066 women who met eligibility criteria for this
analysis, including 212 women with DM and 1,854 women without DM. Of women with
DM, 84 women reported metformin use at any time while on study.

Detailed demographic, lifestyle, and staging information for the three exposure cohorts is
presented in Table 1. The median age at diagnosis was slightly lower in women with
diabetes on metformin (median 70 years; range 52–84 years) than women with DM who did
not use metformin (70 years; range 56–88 years) or women without diabetes (70 years;
range 51–92 years) (p=0.04). The cohort of women without DM had fewer African
Americans and more whites than the cohorts of women with DM. Women without DM had
a lower median BMI than either of the other cohorts. Women with diabetes were more likely
to have been past alcohol drinkers or not drink at all, and a greater proportion of women
without diabetes regularly consumed alcohol. The women without DM were also more
active than women with DM (total median MET-hours per week 7.5 kcal/wk/kg in non-
diabetics vs 7 for women with DM on metformin and 4.8 for women with DM not on
metformin). There were no significant differences in family history of CRC, smoking status,
use of a high-fiber diet, stage of disease at diagnosis, aspirin use, or NSAID use between
groups. Among women with DM, metformin users reported a higher total number of
diabetic medications than non-users, however there was no difference in insulin use by
metformin status.

Metformin and clinical outcomes
Characteristics of invasive colorectal cancer cases by cohort are outlined in Table 2. Median
follow up for all women with CRC was 4.1 years (range, 3 days – 14.4 years). In the entire
study population, there were 589 deaths (28.5%) after CRC diagnosis, with 414 (20.0%)
deaths directly attributable to CRC (Supplementary Table 1). Of 1854 women without DM,
there were 516 deaths after CRC diagnosis (27.8%) overall and 365 deaths (19.7%) directly
attributed to CRC (includes deaths due to colon, rectosigmoid and rectum cancer). In women
with DM on metformin, there were 26 deaths after CRC diagnosis (31%) and 17 (20.2%)
directly attributed to CRC. In women with DM not on metformin, there were 47 deaths
overall (36.7%) and 32 (25%) due to CRC. Median time to death in women without DM,
women with DM on metformin, and women with DM not on metformin was 1.7 years, 2.1
years, and 1.7 years, respectively, with no significant difference noted between groups (p=
0.64). Similarly, median time to CRC-related death in the same cohorts was 1.3, 1.9, and 1.1
years, respectively (p=0.60).

In the Kaplan-Meier survival analysis, there were no significant differences in overall
survival or CRC-specific survival between groups (Figures 1 & 2). Univariate analysis with
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Cox proportional hazards models were used to determine if age, race, BMI, smoking habits,
family history, alcohol use, stage of disease at diagnosis, use of a diabetic or high-fiber diet,
activity level (measured in MET-hours per week), insulin use, number of diabetic
medications used, aspirin use, NSAID use, metformin use, or history of prior removal of any
part of the intestines, ulcerative colitis, or liver disease had an effect on overall survival or
CRC-specific survival in the study population (Supplementary Table 2). Stage at diagnosis
and activity level were significant predictors of both overall and CRC-specific survival, and
diabetes status was a predictor of overall but not CRC-specific survival (Supplementary
Table 3) for the entire study population. After adjustment for age and stage at diagnosis,
there was no difference in CRC-specific or overall survival between women with DM on
metformin compared to women with DM not on metformin (HR for CRC-specific survival
0.75, 95% CI 0.40 -1.38, p=0.67; HR for overall survival 0.84, 95% CI 0.51 – 1.37, p=0.48)
(Table 3A). After propensity score adjustment, the hazard ratio for colorectal-cancer specific
survival in women with DM on metformin compared to women with DM not using
metformin was 0.78 (95% CI 0.38 – 1.55, p=0.47), and for overall survival was 0.86 (95%
CI 0.49 –1.52, p=0.60) (Table 3A). In addition, no significant differences in CRC-specific or
overall survival were found in women with DM on metformin as compared to women
without DM (HR for CRC-specific survival 1.00, 95% CI 0.61 – 1.66, p=0.99; HR for
overall survival 1.20, 95% CI 0.80 – 1.79) (Table 3B). Sensitivity analyses excluding those
patients who had in-situ disease and those patients who had any other cancer also did not
affect estimates of overall or colorectal cancer specific survival.

Discussion
In this cohort of postmenopausal women with CRC and DM, metformin use was not
associated with statistically significant increases in CRC-specific survival as compared to
non-use of metformin. However, the observed hazard ratio of less than one for the
association between metformin use and CRC-specific survival was similar in direction and
magnitude to those reported in recent studies[14], [15], [17].

In several recent observational studies, statistically significantly longer survival for patients
with CRC who took metformin has been reported. In a retrospective analysis of 595 Korean
patients with newly diagnosed CRC and Type 2 Diabetes, metformin use was associated
with a lower risk of CRC-specific (HR, 0.66; 95% CI 0.45–0.975; p=0.037) and overall
mortality (HR, 0.66; 95% CI 0.476–0.923; p= 0.015) [14]. Other studies have examined the
association between metformin use and overall survival after CRC diagnosis. A
retrospective analysis of 397 patients with CRC and Type II noninsulin-dependent diabetes
mellitus (NIDDM) found that overall survival after CRC diagnosis in metformin users was
76.9 months (95% CI, 61.4–102.4) vs 56.9 months in non-users (95% CI, 44.8–68.8) (p =
0.048) [15]. In a cohort of 1,708 CRC patients from the United States Veteran’s
Administration (VA) Cancer Registry, a statistically significantly longer overall survival in
metformin users was observed. However the comparison group in this study included both
CRC patients with diabetes who did not use metformin as well as CRC patients without DM
[18]. Several key differences exist between the above studies and our analysis. Observed
survival differences using overall survival as an outcome could represent the beneficial
effect of improved glycemic control on DM-related complications and overall death in users
of metformin, and may not reflect cancer-specific effects. In our analysis, we evaluated both
overall survival after CRC diagnosis as well as CRC-specific survival. In contrast to the
report from the VA Cancer Registry [18], we categorized women with DM not on
metformin as a distinct comparator cohort to attempt to address baseline differences in
survival that may exist between women with and without DM. Finally, each of the above
studies included men, while our cohort was restricted to women.
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Our study was limited by a small sample size and lack of statistical power despite the
relatively large size of the overall WHI cohort. Fewer deaths in women with DM were seen
in this WHI study in comparison to the aforementioned studies of CRC patients (13–15).
Since only 73 deaths occurred in women with DM, there was only 70% power to detect a
relatively large hazard ratio of 0.5 for the association between metformin use and CRC-
specific survival. Selection bias also could have influenced the findings, since this survival
analysis was restricted to women with incident CRC[19]. If metformin is indeed associated
with a reduced risk of incident CRC, it is possible that we preferentially selected those
women who may have “metformin-resistant” disease. We expect this bias would result in an
attenuation of effect estimates. Third, though the method we used to establish a diagnosis of
DM has been validated[17], misclassification of diabetes and metformin status was still
possible. After the initial interview, follow up questionnaires obtained by the WHI did not
ask about incident diabetes treated with lifestyle changes alone. Of note, however, is the
WHI report on a random sample of 5884 women with measured fasting glucose levels who
did not report a diagnosis of diabetes at baseline. In that analysis, only 3.4% of those women
had diabetes using a criterion of a single fasting glucose level ≥126, making
misclassification of the diabetes diagnosis less likely[17]. Nevertheless, our definition of
diabetes may have excluded patients that developed mild or diet-controlled diabetes, and
some of these patients may have been misclassified as patients without diabetes. Because
diabetes itself is associated with an increased risk of colorectal cancer-related death, this
bias could have biased our results toward the null. We were also unable to obtain data on
either the duration of metformin use or the timing of metformin use in relation to CRC
diagnosis. Thus, in our analysis, use of metformin was configured as a binary variable
(metformin use: ever vs. never) and did not incorporate timing, duration or dosage of
exposure. This possible mis-specification of exposure status is expected to be non-
differential with respect to survival outcomes, and could be viewed as a type of non-
differential exposure misclassification that would attenuate effect estimates[20]. In addition,
information on cancer treatment was not available. Finally, we lacked indicators of diabetic
disease severity (i.e. Hemoglobin A1c) and contraindications to metformin use (i.e. serum
creatinine), both potential confounders of the association between metformin use and
survival. We attempted to account for confounding in a robust way by creating a propensity
score that included available possible proxies for diabetic severity (insulin use, number of
diabetic medications, use of the diabetic diet) as well as other possible indications of
metformin use also associated with CRC survival. The propensity score-adjusted hazard
ratios were similar in magnitude as compared to those from the age and stage adjusted
models. The consistency in results from different analytic approaches to adjust for
confounding is reassuring, but the threat of residual confounding by unmeasured or
imperfectly measured factors remains.

Our study has several strengths. First, the WHI is a large, prospective cohort study of
postmenopausal women in which all cancer outcomes were verified by review of medical
records and pathology reports. Secondly, women with DM were identified using a
previously validated method that showed a high concordance rate between self-reported
incidence rates of DM and fasting glucose levels in a subset of participants [17]. Also,
because information on diabetes medication use was updated throughout the study, our
method of capturing metformin users included not only those taking the medication at
baseline but also women who initiated metformin at any point after enrollment. Finally, in
concordance with the published literature, stage of disease at diagnosis and activity level
were independent predictors of overall and colorectal cancer specific survival, and diabetes
was a predictor of overall survival in this dataset (Supplementary Tables 2 and 3)[1], [6]
[21], [22][23].

Cossor et al. Page 7

Cancer Epidemiol. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In summary, we did not find evidence of a statistically significant association between
metformin use and CRC-specific survival in this cohort of postmenopausal women with
diabetes and CRC. Continued research on this topic should be pursued given the promising
pre-clinical studies and results from similar analyses done on larger cohorts. In particular,
analysis of large cohorts with detailed information on the timing and duration of metformin
use is warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier survival curve comparing colorectal cancer-specific survival between women
without diabetes (No Diabetes), women with diabetes on metformin (Diabetes +
Metformin), and women with diabetes not on metformin (Diabetes, no Metformin).
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Figure 2.
Kaplan-Meier survival curve comparing overall survival between women without diabetes
(No diabetes), women with diabetes on metformin (Diabetes + Metformin), and women with
diabetes not on metformin (Diabetes, no Metformin).
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Table 1
Demographic and Treatment Characteristics of

Women’s Health Initiative study participants with Colorectal Cancer, by Diabetes and Metformin Status

No DM N=1854 DM + Metformin N=84 DM – Metformin N=128 p-valuesa

Age at diagnosis

 Median (range) 72 (51–92) 70 (52–84) 72 (56–88) 0.04

 50–59, N, (%) 120 (6%) 5 (6%) 7 (5%)

 60–69, N, (%) 617 (33%) 38 (45%) 50 (39%)

 70–79+, N, (%) 1117 (60%) 41 (49%) 71 (55%)

Ethnicityd, N (%)

 American Indian/Alaskan Native 8 (0%) 0 (0%) 1 (1%)

<0.0001

 Asian/Pacific Islander 38 (2%) 3 (4%) 1 (1%)

 Black/African American 151 (8%) 18 (21%) 31 (24%)

 Hispanic/Latino 42 (2%) 5 (6%) 3 (2%)

 White 1590 (85%) 56 (67%) 90 (70%)

 Other 21 (1%) 2 (2%) 2 (2%)

BMId (kg/m2)

 Median 27.1 31.9 31.9
<0.0001

 Range 15.5 – 66.6 20.1 – 49.8 19.0 – 65.3

 Category, N, (%)

  Underweight (<18.5) 7 (0%) 0 (0%) 0 (0%)

<0.0001

  Normal (18.5–24.9) 605 (33%) 4 (5%) 18 (14%)

  Overweight (25.0–29.9) 665 (36%) 26 (31%) 30 (23%)

  Obesity I (30.0 – 34.9) 365 (20%) 23 (27%) 33 (26%)

  Obesity II (35.0 – 39.9) 131 (7%) 22 (26%) 30 (23%)

　 Extreme Obesity (≥40) 66 (4%) 9 (11%) 16 (13%)

  Missing 15 (1%) 0 (0%) 1 (1%)

Family history of colon cancerd, N (%)

 Yes 353 (19%) 15 (17%) 25 (20%) 0.99

 No 1346 (73%) 59 (70%) 95 (74%)

 Missing 155 (8%) 10 (12%) 8 (6%)

Smoking statusd, N (%)

 Never smoked 884 (48%) 41 (49%) 72 (56%)

0.36
 Past smoker 805 (43%) 36 (42%) 44 (34%)

 Current smoker 137 (7%) 6 (7%) 11 (9%)

 Missing 28 (2%) 1 (1%) 1 (1%)

Alcohol use history, N (%)

 Nondrinker* 196 (11%) 18 (21%) 24 (19%)
<0.0001

 Past drinker 325 (18%) 33 (39%) 40 (31%)
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No DM N=1854 DM + Metformin N=84 DM – Metformin N=128 p-valuesa

 <7 drinks/week 1074 (58%) 29 (34%) 56 (44%)

 7+ drinks/week 245 (13%) 3 (4%) 6 (5%)

 Missing 14 (1%) 1(1%) 2 (2%)

Diabetic dietd, N (%)

 Yes 17 (1%) 59 (70%) 95(74%) <0.0001

 No 1837 (99%) 25 (30%) 33(26%)

High-fiber dietd, N (%)

 Yes 353 (19%) 12 (14%) 31(24%)

0.2 No 1462 (79%) 68 (81%) 94(73%)

 Missing 39 (2%) 4 (5%) 3(2%)

Total MET-hours per week (kcal/wk/kg)d

 Mean 11.5 9.1 8.8

0.02 Median (IQR) 7.5 (2 – 16.7) 7 (0.6 – 13.6) 4.8 (0.5 – 11.8)

 Range 0 – 90.8 0 – 69.0 0 – 53.5

Patients using Aspirind, N (%)

 Yes 390 (21%) 19 (23%) 28 (22%) 0.92

 No 1464 (79%) 65 (77%) 100 (78%)

Patients using NSAIDd, N (%)

 Yes 600 (32%) 32 (38%) 47 (37%) 0.35

 No 1254 (68%) 52 (62%) 81 (63%)

Clinical Trial or Observational Studyd, N, (%)

 CT 831 (45) 59 (70) 56 (44) <0.0001

 OS 1023 (55) 25 (30) 72 (56)

Time from enrollment to CRC diagnosis (years)e

 Mean 5.7 5.9 5.1

0.2 Median (IQR) 5.5 (2.8 – 8.3) 5.9 (3.7 – 8.1) 4.7 (2.3 – 7.4)

 Range 0 – 13.8 0.8 – 11.7 0.2 – 14.5

Stageb,e, N (%)

 Localized 851 (46%) 38 (45%) 56(44%)

0.37 Regional/Distant 978 (53%) 44 (52%) 72(56%)

 Unknown 24 (1%) 2 (2%) 0(0%)

Patients using insulinf, N (%)

 Yes N/A 18 (21%) 30 (23%) 0.73c

 No 66 (79%) 98 (77%)

Total number of diabetic medicationsf N (%)
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No DM N=1854 DM + Metformin N=84 DM – Metformin N=128 p-valuesa

 0

N/A

0 (0%) 39 (30%)

<0.0001c

 1 14 (17%) 66 (51%)

 2 54 (64%) 18 (14%)

 3 11 (13%) 3 (2%)

 4–5 5 (6%) 2 (2%)

a
P-value is for comparison between the three cohorts except where indicated

b
Localized disease includes tumors staged as in situ or localized; regional/distant includes tumors staged as regional or distant.

c
P-value is for comparison between diabetic Metformin users and non-users

d
variable ascertained at WHI enrollment

e
variable ascertained at the time of colorectal cancer diagnosis

f
variable ascertained at any point after WHI enrollment
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Table 2

Characteristics of colorectal cancer cases by Diabetes/Metformin status

No DM N (%) DM + Metformin N (%) DM − Metformin N (%) p-values

Tumor size

 Mean (cm) (SD) 4.3 (22) 4.3 (21) 4.3 (21) 0.99

 Microscopic focus<= 3·9 cm 56 (3) 1 (1) 8 (6)

0.33
 4·0–5·9 cm 603 (33) 25 (30) 42 (33)

 >= 6·0 cm 477 (26) 20 (24) 34 (27)

718 (39) 38 (45) 44 (34)

Number of positive lymph nodes

 Mean (SD) 1 (3) 2 (3) 1 (3) 0.89

 None 1049 (57) 47 (56) 73 (57)

0.89

 1 155 (8) 10 (12) 16 (13)

 2–3 189 (10) 6 (7) 12 (9)

 >= 4 189 (10) 12 (14) 13 (10)

 Positive, number not specified 16 (<1) 0 1 (<1)

 Unexamined 240 (13) 6 (7) 13 (10)

 Unknown 16 (<1) 3 (4) 0

Stage of disease

 In situ 70 (4) 2 (2) 2 (2)

0.37

 Localized 781 (42) 36 (42) 54 (42)

 Regional 747 (40) 39 (46) 53 (41)

 Distant 231 (12) 5 (6) 19 (15)

 Unknown 24 (1) 2 (2) 0

 Missing 1 0 0

Morphologic grade

 Well differentiated 142 (8) 10 (12) 11 (9)

0.29

 Moderately differentiated 1109 (60) 51 (61) 70 (55)

 Poorly differentiated 365 (20) 14 (17) 35 (27)

 Anaplastic 37 (2) 1 (1) 0 (0)

 Unknown/Not done 201 (11) 8(10) 12 (9)

Location of cancer

 Proximal 1013 (55) 44 (52) 68 (53)

0.96

 Distal 570 (31) 27 (32) 43 (34)

 Rectum 247 (13) 12 (14) 16 (13)

 Colon, NOS 11 (1) 1 (1) 0 (0)

 Overlapping lesion 13 (1) 0 (0) 1 (1)
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Table 3

Metformin Treatment and Colorectal Cancer-Specific and Overall Survival

A. Metformin and Survival in Diabetics with CRC (N=212)

Unadjusted HR (95%
CI)

Age-adjusted HR
(95% CI)

Multivariate-Adjusted*
HR (95% CI)

Propensity Score-
adjusted HR (95% CI)

Colorectal Cancer
Specific Survival

 No Metformin 1.00 1.00 1.00 1.00

 Metformin 0.77 (0.42 – 1.39) 0.76 (0.41 – 1.41) 0.75 (0.40 –1.38) 0.78 (0.38 – 1.55)

 p-value 0.38 0.39 0.67 0.47

Overall Survival

 No Metformin 1.00 1.00 1.00 1.00

 Metformin 0.82 (0.50 – 1.33) 0.85 (0.52 – 1.39) 0.84 (0.51 – 1.37) 0.86 (0.49 – 1.52)

 p-value 0.41 0.52 0.48 0.60

B. Metformin and Survival in all CRC Patients (N=2066)

Unadjusted HR (95% CI) p-value AHR† (95% CI) p-value

Colorectal Cancer Specific Survival

 Non-Diabetic 1.00 Ref 1.00 Ref

 Diabetics on Metformin 1.01 (0.61 – 1.66) 0.98 1.00 (0.61 – 1.66) 0.99

 Diabetics not on Metformin 1.32 (0.92 – 1.89) 0.13 1.23 (0.86 – 1.77) 0.26

Overall Survival

 Non-Diabetic 1.00 Ref 1.00 Ref

 Diabetics on Metformin 1.13 (0.76 – 1.67) 0.54 1.20 (0.80 – 1.79) 0.39

 Diabetics not on Metformin 1.38 (1.03 – 1.87) 0.03 1.32 (0.98 – 1.78) 0.07

*
Adjusted for age (by deciles) and stage at diagnosis (localized and regional/distant), excluding those with unknown stage at diagnosis (N=2 in

those on Metformin, 0 in those not on Metformin)

†
 Adjusted for age and stage at diagnosis; subjects with unknown stage at diagnosis excluded from analysis (n=24 in non-diabetics, 2 in diabetics

on Metformin)
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