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Abstract
Obesity increases risk of endometrial cancer through
dysregulation of estrogen and insulin signaling. The
primary aim of this study was to evaluate the impact
of metformin or lifestyle intervention on endometrial
proliferation in postmenopausal obese women. Secondary aims included evaluating obesity-related biomarkers and adverse events experienced. Obese, postmenopausal women with prediabetes were randomized
into four groups for a 16-week intervention using a 2
(metformin 1700 mg/day vs. placebo)  2 (lifestyle
intervention vs. no lifestyle intervention) factorial
design. Pre- and postintervention endometrial proliferation, anthropometrics, body composition, and serum
biomarkers (sex hormones, sex hormone binding globulin, IGF-I, adiponectin, omentin, insulin, glucose, and
others) were assessed. Data were analyzed with linear
regression models and false-discovery rate correction.
Of 576 women approached for the study, 52 attended

Introduction
It is well known that obesity is associated with increased
risk of several types of cancer (1). The strongest link exists
between obesity and endometrial cancer (1, 2), where
overweight and obesity contribute to about 57% of endo1
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initial screening, 29 were eligible and randomized, and
26 completed the study. Lifestyle intervention resulted
in signiﬁcant loss of weight (4.23 kg, P ¼ 0.006) and
total fat mass (3.23 kg, P < 0.001). Participants receiving metformin lost 3.43 kg of weight (P ¼ 0.023), but
this was not statistically signiﬁcant after multiple
comparisons adjustment controlling false-discovery
rate to 10%. Endometrial proliferation was low at
baseline (mean 7.1%) and remained unchanged by
16 weeks, but included substantial variability. Metformin and lifestyle intervention produced minor changes
to serum biomarkers. Lifestyle intervention produced
the most signiﬁcant changes in weight and body composition. While it is known that obese postmenopausal
women are at increased risk for endometrial cancer,
improved biomarkers are needed to stratify risk and test
prevention strategies, particularly at the endometrial
tissue level. Cancer Prev Res; 11(8); 477–90. 2018 AACR.

metrial cancer cases (3–5). In contrast to most other types
of cancer, the incidence of endometrial cancer is increasing
in the United States as the obesity epidemic continues (6).
Further, obesity is associated with an earlier age of onset for
endometrial cancer (7). After endometrial cancer diagnosis, obesity continues to negatively inﬂuence outcomes,
with increased surgical complications (8, 9), increased risk
of endometrial cancer-related death, and increased allcause mortality (10).
The connection between obesity and endometrial cancer
risk is underpinned by the synergistic relationship between
inﬂammation, insulin resistance, and increased bioavailability of estrogen, which has been well reviewed previously (4, 11). In brief, obesity causes macrophage accumulation and increased expression of proinﬂammatory
cytokines (12). The increase in proinﬂammatory cytokines
contributes to insulin resistance and increased levels of
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insulin-like growth factor I (IGF-I), which leads to the
activation of the phosphoinositide 3-kinase (PI3K)/AKT/
mammalian target of rapamycin (mTOR) and MAPK signaling pathways, promoting tumorigenesis via cell proliferation and reduction in apoptosis (12). Additionally, this
increased inﬂammation and insulin occurs in tandem with
reduced sex hormone binding globulin (SHBG), which
results in increased estrogen bioavailability (13). Increased
estrogen exposure to the endometrium also may result in
DNA damage leading to tumorigenesis (4). Crosstalk
between estrogen signaling and the MAPK pathway, as
well as other growth factor signaling can further promote
cancer growth and progression. Taken together, obesityinduced systemic inﬂammation, dysregulated hormone
signaling, and aberrations in insulin signaling increase
endometrial cancer risk.
Interventions to promote weight loss and insulin sensitivity may be advantageous as risk reduction strategies for
endometrial cancer. Research has shown that individuals
with and without diabetes who have taken metformin have
lower endometrial cancer incidence and improved endometrial cancer survival (14–19). Metformin has been
shown to inhibit estrogen-mediated endometrial proliferation in an animal model of hyperinsulinemia and insulin
resistance (20). Results from "window of opportunity"
presurgical studies of metformin in endometrial cancer
patients show some variation, but standard doses (1,500–
1,700 mg/day) of metformin produced signiﬁcant reductions in endometrial proliferation (21, 22) and lower doses
(850 mg/day) decreased serum biomarkers (IGF-I, omentin, insulin, and leptin) and tissue markers of PI3K/AKT
signaling (23). Metformin activates AMP kinase (AMPK)
and phosphorylates LKB1 tumor suppressor (24, 25), thus
inhibiting the PI3K/AKT/mTOR pathway, a pathway commonly activated in endometrial cancer and other obesityrelated cancers (26). Results from metformin studies provide evidence for activation of AMPK and inhibition of
mTOR in endometrial cancer cells speciﬁcally (27, 28),
along with inhibited endometrial cell proliferation and
epithelial–mesenchymal transitions (EMT), and stimulated apoptosis (29–32).
To date, no studies to our knowledge have assessed the
impact of metformin alone and in conjunction with a
lifestyle intervention promoting weight loss, on endometrial cancer risk and obesity-related biomarkers of endometrial cancer risk in obese, postmenopausal women with
prediabetes. The primary aim of the present investigation
used a 2  2 randomized design to evaluate the independent effects of metformin and a lifestyle intervention on
endometrial cancer risk, via assessment of endometrial
proliferation. The secondary aim assessed changes in obesity-related biomarkers of endometrial cancer risk, including body composition, anthropometric measurements,
and serum biomarkers such as dehydroepiandrosterone
sulfate (DHEA-S), sex hormone-binding globulin (SHBG),

478 Cancer Prev Res; 11(8) August 2018

adiponectin, fasting glucose, fasting insulin, IGF-I, omentin, and others. Completion of these objectives was hampered by signiﬁcant challenges in recruiting participants for
this study, which resulted in stopping the study prior to
accruing the planned number of study subjects. Challenges
related to recruitment and completion of cancer prevention studies are also discussed further.

Materials and Methods
Participants
Participants were recruited following approval by the
Institutional Review Board (IRB) at MD Anderson Cancer
Center (trial registration ID: NCT01697566). Written
informed consent was obtained from all study participants.
Patients were included based on the following criteria:
female, postmenopausal, body mass index (BMI) 
30 kg/m2, intact uterus, ages 50 to 65 years, Zubrod
performance scale 0–1, hemoglobin 10 g/dL, normal
thyroid-stimulating hormone (TSH) level, demonstrated
hyperinsulinemia (quantitative insulin-sensitivity check
index, QUICKI value 0.357) but not frankly diabetic
(fasting blood glucose 126 mg/dL). Menopause was
deﬁned as no menses for 1 year and/or FSH 
25.8 mIU/mL. Exclusion criteria included receiving hormone treatments within the last 6 months (aromatase
inhibitors, gonadotropin-releasing hormone agonists,
selective estrogen receptor modulators, and hormone
replacement therapy) or previous metformin treatment;
elevated liver enzyme tests, serum creatinine, or fasting
triglyceride levels; prior hysterectomy or endometrial ablation; history of congestive heart failure; prior radiation to
the pelvis; previous chemotherapy or current untreated
malignancy other than nonmelanoma skin cancer. Participants were recruited from the community, Harris Health
System, and employees at MD Anderson Cancer Center
using various outlets as advertisement. MD Anderson
employees were recruited through various internal communications, including websites, ﬂiers, and institutional
events. Community recruitment included extensive advertisement at YMCA locations, local events (e.g., Quilt Festival), and the Cancer Prevention Center at MD Anderson,
as well as online, print and social media. Additional
community outreach was also facilitated through ongoing
cohorts developed through the Center for CommunityEngaged Translational Research at MD Anderson, which
includes church-based cohorts of African Americans
in Houston.
Study design and interventions
This study used a 2  2 factorial design to evaluate the
independent effects of metformin or a lifestyle intervention
on endometrial cancer risk, via assessment of endometrial
proliferation (Ki-67). The 2  2 factorial design was chosen
because of its efﬁciency for testing the main effects (33),
that is, the marginal or individual effects of metformin and
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Figure 1.
CONSORT diagram for the study indicating reasons for participant exclusion or ineligibility.  , Abnormal endometrial biopsy showed complex atypical
hyperplasia (precancerous lesion). ALT, alanine aminotransferase; QUICKI, quantitative insulin-sensitivity check index; TSH, thyroid-stimulating hormone;
DXA, dual energy X-ray absorptiometry.

lifestyle interventions, which are the primary interests of
this study. The interaction effect between metformin and
lifestyle is not the primary interest here as detecting an
interaction requires a larger sample size. The original
planned design called for 100 total participants, as
described further in Statistical Analysis, below. The overall
study design and ﬁnal number of participants are shown
in Fig. 1. Potentially eligible women were assessed for
eligibility during a screening phone call. Upon determining preliminary eligibility, the study nurse obtained medical history and scheduled screening visit 1 (SV1). At SV1,
informed consent was obtained and patients underwent a
fasting blood draw, which was used for biomarker measures and clinical lab tests using standard methods for
further eligibility screening, including fasting glucose, insulin, thyroid-stimulating hormone (TSH), hemoglobin,
follicle-stimulating hormone (FSH), alanine aminotransferase (ALT), creatinine, and triglycerides. After determining eligibility from SV1 criteria, participants were scheduled for screening visit 2 (SV2). On average, SV2 occurred
18 days after the SV1 appointment. The SV2 appointment

www.aacrjournals.org

included an endometrial pipelle biopsy, and additional
blood draw for hormone measures, and anthropometric
assessments. The endometrial biopsy was reviewed by a
pathologist (Dr. Russell R. Broaddus) and if the biopsy
revealed endometrial hyperplasia or no endometrial tissue
could be obtained, the participant was removed from the
study. Participants with abnormal biopsy results were
referred for further treatment.
Eligible participants with a normal endometrial biopsy
were randomized to one of four treatment arms for a
16-week intervention: placebo þ no lifestyle intervention,
placebo þ lifestyle intervention, metformin þ no lifestyle
intervention, or metformin þ lifestyle intervention. The
study was partially blinded such that the investigator and
participants were blinded to treatment of metformin versus
placebo, but were aware of whether or not the participant
was randomized to a lifestyle intervention. Additional data
were collected at 16 weeks (upon completion of intervention) and at a 1-year follow-up visit.
Information regarding adverse events was collected by
in-person toxicity assessments performed at the end of
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week 4, 8, 12, and 16, of the 16-week intervention. In
addition, phone assessments were conducted periodically
during each month on study and 4 weeks after completion
of the study.
Lifestyle intervention
The lifestyle intervention was based on the 16-week
Diabetes Prevention Program (34) and was delivered as
16 weekly in-person sessions. Participants were provided
with individualized calorie goals based on activity level,
age, height, and weight, along with a dietary fat intake goal
of 25% calories from fat. Participants were instructed to
record dietary intake daily, including calculation of total
calories and grams of dietary fat consumed, and weigh
themselves weekly. Additionally, participants were provided a pedometer to monitor their daily step counts and
worked with study personnel to set up daily step goals.
They were also offered the opportunity to participate in two
supervised exercise sessions per week.
Metformin treatment
Metformin hydrochloride was provided as 425 mg capsules. Participants in the metformin groups were instructed
to increase their daily dose over 4 weeks in the following
manner: one capsule daily during week 1, one capsule
twice daily during week 2, one capsule three times daily
during week 3, and two capsules twice daily during week 4
(for a total of 1,700 mg metformin each day by week 4).
This dose matches that used in the Diabetes Prevention
Program, which was shown to reduce the incidence of
diabetes (34). Adherence to study medication was assessed
using pill diaries, and pill counts were conﬁrmed by the
research nurse.
Weight and body composition
Anthropometrics and body composition measurements
were conducted at SV2 (baseline), 16 weeks, and 1 year
follow-up. Weight was measured on a calibrated digital
scale; height was measured using a wall-mounted stadiometer. Waist and hip circumference was measured twice
following standard procedures (35). Body composition
was measured via dual energy X-ray absorptiometry (DXA)
scan using Hologic Discovery W QDR DXA system.
Immunohistochemistry
Endometrial biopsies were conducted at baseline and 16
weeks. Parafﬁn-embedded endometrial biopsy tissue sections were used for immunohistochemistry. Antigen
retrieval using citrate buffer (pH 6.0) was performed.
Sections were incubated in primary antibody against Ki-67
(BD Pharmigen) or P27 (R&D Systems) at 4 C overnight,
followed by incubation with biotinylated anti-rabbit
and anti-mouse IgG, and streptavidin-HRP (Dako
Incorporation). Diaminobenzidine solution (Dako Incorporation) was applied to visualize the complex and sections were counterstained with Mayer's hematoxylin. The
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total number of Ki-67–staining nuclei was counted and
reported as the percentage of positively nuclear-stained
endometrial cells; procedures consistent with international
guidelines for Ki-67 assessment were followed (36). P27
loss has been suggested to be a marker of endometrial risk
related to obesity and p27 expression was scored as intact,
slightly reduced, moderately reduced, or severely reduced,
as previously described (37).
Blood-based biomarker analyses
Routine clinical testing procedures were used for estradiol, estrone, adiponectin, IGF-I, DHEA-S, and SHBG
assessment. Serum Omentin and FGF21 level were
detected with Omentin-1 Human ELISA kit, and Human
FGF21 ELISA kit (BioVendor Research and Diagnostic
Products). Serum C-Peptide, Leptin, and Visfatin levels
were measured with Human Express Diabetic multiplex
(Bio-Rad Laboratories). All samples were measured in
triplicate.
Sample size and statistical analysis
The primary objective of this study is to evaluate the
independent effects of intervention (metformin or lifestyle
intervention) on proliferation in the endometrium via
Ki-67 staining. The sample size planned for the study was
100, determined to ensure over 95% power to detect an
effect size of 2.1 in Ki-67 change between the intervention
group and the control for a 2-sided test with 5% statistical
signiﬁcance. The effect size is estimated based on our
previous study of endometrial Ki-67 changes following
pharmacologic intervention in women at high risk for
endometrial cancer (38).
Changes in Ki-67 and all secondary outcomes of interest were analyzed using multiple linear regression models, which generalize the classical ANOVA analysis and
contain the latter as a special case when independent
variables are categorical (e.g., the indicator of control
and intervention arms). Initially models included an
interaction term along with main effects; however, if the
interaction term was nonsigniﬁcant, it was dropped from
the model. The methods described by Benjamini and
Hochberg (39) were used to control the false-discovery
rate to 10% in the secondary efﬁcacy analyses objectives;
adjusted P value cutoffs for each analysis are shown as
footnotes on each table. Stata v14.2) was used for all
statistical analysis.

Results
Recruitment, participation, and adherence
Recruitment efforts included extensive outreach through
events at The University of Texas MD Anderson Cancer
Center and public events. Of 576 people approached for
the study, 52 women attended the initial screening visit
(SV1) to further assess eligibility and 15 were excluded due
to abnormal screening blood test results (Fig. 1). A total of
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37 women attended screening visit 2 (SV2) and 29 women
were determined to be eligible and randomized to start the
intervention. Of the 8 women who were not randomized, 2
women declined to continue participation, 5 women had
insufﬁcient tissue at endometrial biopsy, and one woman
had an abnormal endometrial biopsy (complex atypical
hyperplasia). Of the 29 women randomized, 26 women
completed the study. Two women in the placebo arms
discontinued participation. In addition, one woman did
not return for the ﬁnal endometrial biopsy and blood draw
at the completion of the intervention and was, therefore,
excluded from the analyses. Of the 26 women that completed the 16-week intervention, 23 returned for the 1-year
follow-up (Fig. 1). Adherence was noted to be similar for
women on the placebo and metformin arms with 88% and
94% of doses reportedly taken, respectively. Compliance
with the lifestyle intervention was similar for participants
receiving placebo or metformin. On average, participants
receiving lifestyle intervention attended 14 out of 16 intervention sessions for both groups. Participation was also
similar for the two weekly optional supervised exercise
sessions. On average, women in the placebo þ lifestyle
group attended 7 optional supervised exercise sessions and
women in the metformin þ lifestyle group attended 8
optional exercise sessions.

Demographics and clinical characteristics
Overall, demographic variables were well balanced
across the intervention arms, and details for each group
are shown in Table 1. The mean age for participants
was 57.5 years and mean BMI was 39.1 kg/m2. Participants
were predominately white (51.7%) or black/African
American (41.4%). Ethnicity was predominantly nonHispanic (82.8%). Although the majority of participants
reported no medical comorbidities, 10 women reported
hypertension, 2 women reported hypothyroid, 1 woman
reported hypercholesterolemia, and 1 woman reported
an asymptomatic heart murmur.
Weight and body composition
Examining the main effects of the interventions (metformin vs. placebo and lifestyle vs. no lifestyle intervention), showed that lifestyle intervention had a signiﬁcant
effect on weight (Table 2). At 16 weeks, participants who
received lifestyle intervention demonstrated signiﬁcantly
greater reduction in body weight (4.23 kg, P ¼ 0.006)
and fat mass (3.23 kg, P < 0.001) compared with those
who did not receive lifestyle intervention. The multiple
comparison adjusted cutoff for statistically signiﬁcant
P value is 0.00625 for the weight and body composition
analysis. There were no other statistically signiﬁcant

Table 1. Demographics and clinical characteristics of study participants

Age (years), mean (SD), range
BMI, mean (SD), range
Race
Black
White
More than one race
Other
Ethnicity
Hispanic
Non-Hispanic
Education
Finished high school
Technical/vocational degree
Some college or 2-year degree
Bachelors
Masters
Marital status
Single
Married
Divorced
Living with a signiﬁcant other
Widow
Children
No
Yes
Comorbidities
None
High cholesterol
Hypertension
Othera

Placebo þ no lifestyle
(n ¼ 8)
N (%)
60.0 (4.5) (55–66)
36.7 (5.5) (29.7–46.6)

Placebo þ lifestyle
(n ¼ 7)
N (%)
57.1 (3.3) (53–61)
39.7 (5.1) (33.7–46.5)

Metformin þ no lifestyle
(n ¼ 7)
N (%)
55.8 (5.2) (50–65)
38.3 (5.1) (32.0–46.6)

Metformin þ lifestyle
(n ¼ 7)
N (%)
57.5 (4.4) (50–61)
42.2 (6.7) (32.1–50.7)

N (%)
57.5 (4.4) (50–66)
39.1 (5.7) (29.7–50.7)

4 (50.0)
4 (50.0)
0 (0.0)
0 (0.0)

2 (28.6)
4 (57.1)
0 (0.0)
1 (14.3)

1 (14.3)
5 (71.4)
1 (14.3)
0 (0.0)

5 (71.4)
2 (28.6)
0 (0.0)
0 (0.0)

12 (41.4)
15 (51.7)
1 (3.4)
1 (3.4)

2 (25.0)
6 (75.0)

2 (28.6)
5 (71.4)

1 (14.3)
6 (85.7)

0 (0.0)
7 (100.0)

5 (17.2)
24 (82.8)

0 (0.0)
0 (0.0)
5 (62.5)
3 (37.5)
0 (0.0)

0 (0.0)
1 (14.3)
3 (42.9)
2 (28.6)
1 (14.3)

1 (14.3)
0 (0.0)
1 (14.3)
4 (57.1)
1 (14.3)

0 (0.0)
0 (0.0)
3 (42.9)
3 (42.9)
1 (14.3)

1 (3.4)
1 (3.4)
12 (41.4)
12 (41.4)
3 (10.3)

1 (12.5)
4 (50.0)
1 (12.5)
0 (0.0)
2 (25.0)

1 (14.3)
4 (57.1)
2 (28.6)
0 (0.0)
0 (0.0)

1 (14.3)
4 (57.1)
2 (28.6)
0 (0.0)
0 (0.0)

1 (14.3)
1 (14.3)
3 (42.9)
1 (14.3)
1 (14.3)

4 (13.8)
13 (44.8)
8 (27.6)
1 (3.4)
3 (10.3)

2 (25.0)
6 (75.0)

1 (14.3)
6 (85.7)

0 (0.0)
7 (100.0)

1 (14.3)
6 (85.7)

4 (13.8)
25 (86.2)

3 (37.5)
0 (0.0)
4 (50.0)
1 (12.5)

5 (71.4)
0 (0.0)
2 (28.6)
0 (0.0)

4 (57.1)
0 (0.0)
1 (14.3)
2 (28.6)

3 (42.9)
1 (14.3)
3 (42.9)
0 (0.0)

15 (51.7)
1 (3.4)
10 (34.5)
3 (10.3)

Total

NOTE: The table includes all participants that were randomized and started the intervention.
Comorbidities reported as "Other" were described as hypothyroid (n ¼ 2) and asymptomatic heart murmur (n ¼ 1).
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Table 2. Changes in body weight and body composition at 16 weeks and one-year follow-up by intervention
Effect
Mean change
95% LB
Weight (kg)
Metformin (ref: no metformin)
3.43
6.34
Lifestyle (ref: no lifestyle)
4.23
7.13
BMI (kg/m2)
Metformin
2.17
5.52
Lifestyle
3.27
6.62
Fat mass ratio
Metformin
0.00
0.03
Lifestyle
0.01
0.04
2
Visceral fat area (cm )
Metformin
8.35
20.67
Lifestyle
17.99
47.01
Total fat mass (kg)
Metformin
1.60
3.24
Lifestyle
3.23
4.88
Total lean mass (kg)
Metformin
1.93
3.51
Lifestyle
0.88
2.46
Total percent fat (%)
Metformin
0.02
1.01
Lifestyle
1.37
2.40
Android gynoid ratio
Metformin
0.01
0.05
Lifestyle
0.02
0.06
Weight (kg)
Metformin
2.68
8.04
Lifestyle
2.05
7.54
BMI (kg/m2)
Metformin
2.12
6.30
Lifestyle
3.15
7.42
Fat mass ratio
Metformin
0.00
0.04
Lifestyle
0.01
0.03
Visceral fat area (cm2)
Metformin
1.89
21.69
Lifestyle
23.34
47.47
Total fat mass (kg)
Metformin
1.48
6.25
Lifestyle
1.01
5.89
Total lean mass (kg)
Metformin
1.33
2.75
Lifestyle
0.90
2.35
Total percent fat (%)
Metformin
0.82
3.79
Lifestyle
1.17
4.22
Android gynoid ratio
Metformin
0.03
0.08
Lifestyle
0.02
0.08

95% UB

P

0.53
1.32

0.023
0.006

1.17
0.07

0.192
0.055

0.03
0.02

0.823
0.519

37.37
11.04

0.558
0.213

0.04
1.58

0.056
<0.001

0.35
0.69

0.019
0.260

1.06
0.33

0.961
0.012

0.03
0.02

0.574
0.301

2.69
3.44

0.310
0.445

2.06
1.13

0.302
0.140

0.04
0.05

0.991
0.725

25.46
0.80

0.869
0.057

3.28
3.87

0.524
0.670

0.09
0.55

0.065
0.212

2.16
1.87

0.572
0.432

0.03
0.03

0.312
0.360

NOTE: Adjusted P value cutoff for statistical signiﬁcance ¼ 0.00625. P value showed in bold (<0.001) indicating signiﬁcant difference. White rows denote changes at
16 weeks compared with baseline; gray rows denote changes at year 1 compared with baseline. Table only includes participants completing the 16-week intervention.

changes in body composition variables observed at
16 weeks by metformin intervention status or lifestyle
intervention status. Although not statistically signiﬁcant,
changes in lean mass were observed suggesting that
participants who took metformin may have lost
more lean mass (1.9 kg, P ¼ 0.019). Participants
who received metformin also lost total body weight
(3.43 kg, P ¼ 0.023), which was not statistically signiﬁcant. Participants who received lifestyle intervention
had lower percent body fat at 16 weeks compared with
participants who did not receive lifestyle intervention
(1.4%, P ¼ 0.012). In addition, there were no
signiﬁcant changes observed in body weight or body
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composition by intervention status at one-year followup (P > 0.00625).
Considering the four intervention groups separately,
percent change in body weight from baseline to 16 weeks
was reduced in the lifestyle þ placebo, metformin þ no
lifestyle, and metformin þ lifestyle groups (3.9% 
5.1%, 3.0%  2.3%, 7.1%  5.2%, respectively). However, percent change in body weight increased slightly in
the placebo þ no lifestyle group (þ0.3%  1.6%). At oneyear follow-up, percent change in body weight was still
reduced for the lifestyle þ placebo, metformin þ no
lifestyle, and metformin þ lifestyle groups (3.4% 
4.9%, 3.1%  3.5%, 5.5%  13.5%, respectively) and
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continued to increase slightly in the placebo þ no lifestyle
group (þ0.8%  1.0%). There were no statistically significant differences in weight change between the four separate groups at each time point assessed.

Biomarker results
Changes in proliferation and blood-based biomarkers
by intervention status from baseline to 16 weeks are shown
in Table 3. At 16 weeks, there were no signiﬁcant changes in

Table 3. Changes in endometrial proliferation and blood-based biomarkers at 16 weeks by intervention
Effect
Mean change
95% LB
Ki-67 (%)
Metformin (ref: no metformin)
2.74
8.75
Lifestyle (ref: no lifestyle)
3.68
9.69
Estradiol (pg/mL)
Metformin
0.62
6.95
Lifestyle
0.29
6.04
Estrone (pg/mL)
Metformin
1.52
8.94
Lifestyle
0.20
7.62
DHEA-S (mcg/dL)
Metformin
33.67
16.10
Lifestyle
6.20
23.78
SHBG (nmol/L)
Metformin
5.06
2.31
Lifestyle
9.37
1.99
Adiponectin (mcg/mL)
Metformin
0.93
0.38
Lifestyle
0.64
0.67
IGF-I (ng/mL)
Metformin
9.39
21.72
Lifestyle
2.90
15.22
Omentin (ng/mL)
Metformin
31.82
107.24
Lifestyle
62.59
76.47
Insulin (mIU/mL)
Metformin
2.13
10.12
Lifestyle
9.81
17.80
Glucose (mg/dL)
Metformin
2.51
3.95
Lifestyle
1.94
8.39
FSH (mIU/mL)
Metformin
0.56
4.76
Lifestyle
0.29
5.61
Hemoglobin (g/dL)
Metformin
0.14
0.68
Lifestyle
0.18
0.72
A1C (%)
Metformin
0.22
0.42
Lifestyle
0.16
0.04
Creatine (mg/dL)
Metformin
0.02
0.10
Lifestyle
0.05
0.12
ALT (IU/L)
Metformin
1.36
11.34
Lifestyle
1.35
11.33
Triglycerides (mg/dL)
Metformin
2.83
30.76
Lifestyle
21.03
48.95
FGF21 (pg/mL)
Metformin
19.70
82.62
Lifestyle
53.16
155.48
C-peptide (pg/mL)
Metformin
283.06
530.89
Lifestyle
211.04
458.88
Leptin (pg/mL)
Metformin
6746.86
15377.00
Lifestyle
3741.67
12371.81
Visfatin (pg/mL)
Metformin
70.00
1792.21
Lifestyle
1167.96
2890.17

95% UB

P

3.27
2.34

0.352
0.216

5.71
6.62

0.841
0.925

5.91
7.23

0.675
0.957

51.25
11.37

0.001
0.473

12.43
16.74

0.169
0.015

2.25
1.95

0.155
0.324

2.94
9.43

0.129
0.632

170.88
201.66

0.640
0.361

5.86
1.82

0.586
0.018

8.96
4.52

0.430
0.541

5.88
5.03

0.830
0.912

0.40
0.37

0.600
0.510

0.01
0.36

0.036
0.115

0.05
0.03

0.543
0.199

8.61
8.63

0.780
0.782

25.09
6.90

0.836
0.133

122.01
49.15

0.694
0.294

35.22
36.79

0.027
0.091

1883.28
4888.47

0.119
0.379

1652.21
554.25

0.934
0.174

NOTE: P value cutoff for statistical signiﬁcance ¼ 0.0025. P value showed in bold (0.001) indicating signiﬁcant difference. Table only includes participants
completing the 16-week intervention. LB, lower bound; UB, upper bound.
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% Ki-67 Positive

Placebo + No Lifestyle

Placebo + Lifestyle

20

20

10

10

0

0
PRE-

POST-

PRE-

% Ki-67 Positive

Metformin + No Lifestyle

Metformin + Lifestyle

20

20

10

10

0

0
PRE-

POST-

endometrial proliferation (%Ki-67þ) observed by intervention group (Table 3). Assessment of p27 in pre- and
post-intervention endometrial biopsies showed no significant changes based on intervention. Overall, p27 expression in pre-intervention biopsies was scored "intact"
(7.7%), "slightly reduced" (50%), "moderately reduced"
(34.6%), and "severely reduced" (7.7%), while postintervention biopsies showed "intact" (19.2%), "slightly
reduced" (57.7%), "moderately reduced" (15.4%), and
"severely reduced" (7.7%). Serum biomarker DHEA-S was
increased (þ33.67 mcg/dL, P ¼ 0.001) by 16 weeks in
participants receiving metformin. In addition, we observed
reduced hemoglobin A1C (P ¼ 0.036) and C-peptide
(P ¼ 0.027) in participants receiving metformin, but these
were not statistically signiﬁcant after adjusting for multiple
comparisons and false-discovery rate correction (adjusted
P value cutoff for biomarker analysis ¼ 0.0025). Biomarker
results suggested that participants receiving lifestyle intervention may have lower insulin (P ¼ 0.018) and SHBG
(P ¼ 0.015), but again these were not statistically significant after adjusting for multiple comparisons and falsediscovery rate correction.
Although the primary objective was to evaluate the
independent effects of metformin and lifestyle intervention, further comparisons were evaluated as exploratory
analyses. When comparing the 4 treatment groups separately, no signiﬁcant difference was noted for Ki-67 or other
biomarkers when analyzing the groups separately. However, low baseline endometrial proliferation was noted and
signiﬁcant variation in each group is apparent (Fig. 2). In
addition, the placebo only group (placebo þ no lifestyle)
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POST-

PRE-

Figure 2.
Paired pre- and post-intervention
endometrial proliferation by individual
treatment group.

POST-

was compared separately with the other 3 "active" arms
pooled together for Ki-67 and all serum biomarkers. Again,
no statistically signiﬁcant differences were identiﬁed after
controlling false-discovery rate.
Adverse events
Reported adverse events (AE) by intervention group are
listed in Table 4. AEs were grade 1 or 2, most commonly
gastrointestinal disturbance (ﬂatulence, diarrhea) and
headache. The majority of AEs were reported during the
1st month of the interventions. At the end of the 1st month
on study, participants receiving placebo reported 14 total
AEs (10 in placebo þ no lifestyle, 4 in placebo þ lifestyle)
and participants receiving metformin reported 15 total AEs
(10 in metformin þ no lifestyle, 5 in metformin þ lifestyle). At the end of the 1st month on study, participants
that did not receive lifestyle intervention reported a larger
number of AEs, even in the placebo group. Overall,
throughout the duration of the intervention, fewer total
AEs were reported in the lifestyle arms (17 total AEs in
lifestyle arms vs. 40 in no lifestyle arms).

Discussion
Given the strong link between obesity and endometrial
cancer risk, and the potential for metformin to reduce
endometrial cancer risk among obese women, the present
investigation sought to evaluate the independent effects of
metformin and lifestyle intervention on endometrial cancer risk. Despite achieving weight loss among participants
receiving metformin and/or lifestyle intervention, no
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NOTE: All reported adverse events were grade 1 or 2.

Table 4. Adverse events reported by individual treatment group
Placebo þ no lifestyle
Adverse event
Month 1
Month 2
Month 3
Month 4
Blurred vision
0
0
0
0
Fatigue
0
1
0
0
Flu like symptoms
1
0
1
0
Headache
2
0
0
0
Insomnia
0
0
0
1
Cough
1
0
1
0
Hot ﬂashes
0
0
0
0
GI disturbance
4
1
2
0
Pain
1
0
0
0
Muscle weakness
1
1
0
0
Total
10
3
4
1

Month 1
0
0
0
3
0
0
0
1
0
0
4

Placebo þ lifestyle
Month 2
Month 3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0

Month 4
0
0
0
0
0
0
0
1
0
0
1

Month 1
0
0
0
3
0
0
1
5
1
0
10

Metformin þ no lifestyle
Month 2
Month 3
0
0
1
0
0
0
2
1
0
0
0
0
1
0
3
2
0
0
0
0
7
3

Month 4
0
0
0
1
0
0
0
1
0
0
2

Month 1
0
0
0
1
0
0
0
3
1
0
5

Metformin
Month 2
0
0
0
0
0
0
0
1
0
0
1

þ lifestyle
Month 3
0
0
0
0
0
0
0
1
0
0
1

Month 4
1
0
0
2
0
0
0
1
0
0
4

Metformin and Weight Loss to Reduce Uterine Cancer Risk

signiﬁcant change in endometrial proliferation was
observed after the interventions. Low baseline proliferation and substantial variation were noted in endometrial
biopsies. Body composition was signiﬁcantly improved by
lifestyle intervention (reduced body weight and total fat
mass), while metformin showed only trends toward weight
loss and reduced lean mass. The observed signiﬁcant
reductions in body weight and fat mass with lifestyle
intervention are consistent with previous investigations
comparing lifestyle intervention and/or metformin
(34, 40). The trend observed for reduction in lean mass
among individuals who took metformin is likely related to
the greater reductions in total mass observed among participants in both the metformin þ no lifestyle and metformin þ lifestyle group. Additionally, among bloodbased biomarkers associated with endometrial cancer risk,
only a statistically signiﬁcant increase in DHEA-S was
observed among participants receiving metformin. Lifestyle intervention showed a trend toward increased SHBG
and decreased fasting insulin; while metformin treatment
showed a trend toward decreases in hemoglobin A1C and
C-peptide. Furthermore, this study demonstrated fewer
reported adverse events among individuals who received
a lifestyle intervention. Overall, the power to detect statistically signiﬁcant differences was limited by the small
number of participants. Although the small sample size
limited power, our analysis still included control of falsediscovery rate, which was important to reduce the potential
for false positive ﬁndings given the large number of markers (variables) evaluated. However, these trends are consistent with those reported in the Diabetes Prevention
Program, as endogenous sex hormones were previously
evaluated at the 1-year follow-up and found that postmenopausal women receiving lifestyle intervention showed
increased SHBG, but women receiving metformin did not
have signiﬁcant changes in any hormone markers (41).
Previous studies looking speciﬁcally at body composition
changes in this population within the Diabetes Prevention
Program found that loss of visceral adiposity was associated with increased SHBG, but no signiﬁcant associations
were found for changes in DHEA-S or estradiol (42).
Our study sought to evaluate risk reduction in obese
postmenopausal women without endometrial pathology.
However, it is important to note that of the 32 women who
participated in screening visit 2 and had successful endometrial biopsy sampling, one woman was diagnosed with a
high-risk precancerous lesion (complex atypical hyperplasia), reiterating the increased cancer risk in this population
of obese postmenopausal women. She was referred for
further treatment and removed from the study, as an
abnormal endometrial biopsy made her ineligible to continue on to the interventions. Although she did not continue on this intervention study, identiﬁcation of a highrisk cancer precursor and resulting successful treatment was
still a positive outcome for this patient.
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Although postmenopausal women are at greatest risk for
endometrial cancer, postmenopausal status presented two
expected, yet signiﬁcant, limitations in this study, namely
low endometrial proliferation and atrophic endometrium.
Upon meeting all of the criteria evaluated in screening visit
1, ﬁve women could not continue participation due to
insufﬁcient tissue obtained from the endometrial biopsy.
Low baseline proliferation combined with signiﬁcant variation across groups will make it difﬁcult to reliably use
endometrial proliferation as a readout in postmenopausal
women, even when these women have BMI greater than
30 kg/m2. Conducting studies in premenopausal obese
women would present different challenges due to the
difﬁculty in conducting timed endometrial biopsies
because of irregular menstrual cycles and increased anovulatory cycles, in addition to changes in menstrual cycle
related to weight loss and metformin use. Using paired preand post-intervention evaluation was a signiﬁcant advantage, but it is likely that changes in proliferation below a
certain (yet undetermined) level may not be biologically
meaningful. Improved biomarkers of risk will enable
future prevention studies by improving identiﬁcation of
participants who are most likely to beneﬁt from risk
reduction strategies. To date, endometrial cancer biomarker discovery studies in this population have been limited
due to the small amount of tissue obtained in endometrial
biopsy sampling. However, current initiatives to create a
"Pre-Cancer Genome Atlas" to deﬁne the molecular proﬁles of premalignant lesions (43) can provide critical
insights that will move this important area of research
forward and enable improved prevention studies.
Bariatric surgery has been evaluated as an approach to
reduce cancer risk in obese individuals and provides an
important comparison for the results presented here. A
study of 9,949 gastric bypass patients in a single practice
showed that total cancer incidence was reduced and cancer
mortality was reduced in patients that had undergone
gastric bypass (44). In addition, they found that cancer
incidence was lower for uterine cancer (HR ¼ 0.22; 95%
conﬁdence interval, 0.13–0.40; P < 0.0001). Small studies
have evaluated serum biomarkers and endometrial pathology pre- and post-operatively in women undergoing gastric
bypass. Argenta and colleagues found that the prevalence
of simple and complex endometrial hyperplasia was
reduced following bariatric surgery (45). Although different biomarkers have been evaluated in bariatric surgery
studies, signiﬁcant decreases in insulin, C-peptide, and
leptin, as well as increased SHBG and adiponectin were
found to be associated with bariatric surgery-induced
weight loss (46); yet, steroid hormones remained largely
unchanged, except for decreased DHEA-S (47). Importantly, there are substantial differences between the bariatric
surgery participants and study characteristics compared
with the metformin/lifestyle intervention study described
here; the mean age of bariatric surgery study participants
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was much younger than our study (38–44 years), mean
BMI was higher (44.9–50.9 kg/m2), and mean weight loss
was much greater (30.1–45.7 kg) at follow-up visits ranging from 6 months to 1 year. It is likely that these differences account for the stronger biomarker changes observed
following bariatric surgery-induced weight loss compared
with our study.
This study speaks to the substantial challenges in conducting primary prevention studies in obese, postmenopausal women. Although intensive recruitment efforts
resulted in 576 people approached for the study, 114
women were not interested, 57 were unable to be contacted
after approach, 15 did not respond to contact attempts, 60
women were screened as potentially eligible for participation, and 330 were ineligible. Main reasons for ineligibility
included prior hysterectomy or endometrial ablation
(n ¼ 117), BMI less than 30 kg/m2 (n ¼ 47), age outside
of the eligible range (n ¼ 43), already taking metformin
(n ¼ 34), patient with diabetes (n ¼ 30), not postmenopausal (n ¼ 21), history of cancer (n ¼ 10), or other (n ¼ 28;
i.e., taking hormone replacement therapy, renal insufﬁciency, metformin allergy, participating in another study, no
longer interested after reviewing consent, no health insurance, does not speak English). Women who reported they
were uninterested in participation most commonly identiﬁed issues related to time constraints, the need to take
medication, and concern regarding endometrial biopsies.
In seeking obese women with insulin resistance but not
frank diabetes, additional participants were deemed ineligible at the screening visits and were excluded from further
participation due to abnormal clinical labs (high ALTs,
TSH, A1C, insulin, and/or fasting glucose). In addition,
some women were shown to lack insulin resistance despite
meeting other eligibility criteria. Accrual was ultimately
stopped early due to the high number of women deemed
ineligible and difﬁculty identifying sufﬁcient participants
that were both eligible and interested in participating.
Modiﬁcations to prior eligibility criteria (including expanded ranges for age and BMI) were attempted with ﬁnal
criteria reported here and produced a small number of
additional participants. Interestingly, the use of metformin
did not result in signiﬁcant issues for adherence or adverse
events, and we didn't observe signiﬁcant drop-out for
participants taking metformin versus placebo. Our observation of fewer adverse events reported by participants
receiving the lifestyle intervention suggests that future
chemoprevention studies might consider inclusion of a
lifestyle intervention to improve participation and compliance. Experiencing side effects from preventive agents is a
major barrier to widespread use of chemopreventive agents
and combining a pharmacologic approach with a lifestyle
intervention could help patients better manage side effects.
While our goal was to evaluate pharmacologic and
lifestyle interventions in obese, postmenopausal women
without endometrial lesions, future studies of lifestyle
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intervention and metformin can be evaluated in women
known to be at even higher risk for cancer. For example,
women who receive conservative management for complex atypical hyperplasia and low-grade, early-stage endometrioid endometrial cancer are at high risk of recurrence.
Conservative management refers to nonsurgical treatment
for complex atypical hyperplasia and low-grade, earlystage endometrioid endometrial cancer, generally consisting of an anti-estrogen treatment such as a progestin intrauterine device or oral progestin therapy. Women typically
receive conservative management for two reasons: desire to
maintain fertility, or high surgical risk due to multiple
medical comorbidities related to obesity. To date, risk
reduction studies have primarily focused on additional
pharmacologic interventions building on the most commonly used progestins, including metformin in combination with medroxyprogesterone. A recent phase II study of
medroxyprogesterone with the addition of metformin
for fertility-sparing conservative management showed
reduced recurrence of atypical endometrial hyperplasia or
grade 1 endometrial cancer (48). Currently, three additional phase II studies are ongoing to evaluate the efﬁcacy
of metformin in combination with various forms of progestins (megestrol acetate or levonorgestrel-eluting intrauterine device) in conservative management. Alternatively,
interventions in endometrial cancer survivors are likely to
identify highly motivated participants, but will suffer from
challenges such as lack of tissue-based evaluation (for
survivors posthysterectomy) and a large number of participants required due to a low percentage that will experience recurrence. As further research is conducted on modiﬁed lifestyle interventions, other lifestyle guidelines could
be evaluated in the future, such as those focused on
reducing total carbohydrate intake.
Taken together, our study shows that lifestyle intervention produced the strongest effects on endometrial cancer
risk-related markers (weight loss and total fat mass), as well
as trends toward changes in serum markers related to
endometrial cancer risk, and fewer adverse events reported.
Metformin showed trends toward positive effects on body

composition and serum markers. Improved endometrial
cancer biomarkers are needed to stratify risk and test
prevention strategies, particularly at the endometrial
tissue level.
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