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Abstract

Background: This study investigated the effects of metformin and weight loss on biomarkers associated with breast cancer
prognosis.
Methods: Overweight/obese postmenopausal breast cancer survivors (n ¼ 333) were randomly assigned to metformin vs
placebo and to a weight loss intervention vs control (ie, usual care). The 2�2 factorial design allows a single randomized trial
to investigate the effect of two factors and interactions between them. Outcomes were changes in fasting insulin, glucose,
C-reactive protein (CRP), estradiol, testosterone, and sex-hormone binding globulin (SHBG). The trial was powered for a main
effects analysis of metformin vs placebo and weight loss vs control. All tests of statistical significance were two-sided.
Results: A total of 313 women (94.0%) completed the six-month trial. High prescription adherence (ie, �80% of pills taken)
ranged from 65.9% of participants in the metformin group to 81.3% of those in the placebo group (P < .002). Mean percent
weight loss was statistically significantly higher in the weight loss group (–5.5%, 95% confidence interval [CI] ¼ –6.3% to –4.8%)
compared with the control group (–2.7%, 95% CI ¼ –3.5% to –1.9%). Statistically significant group differences (ie, percent
change in metformin group minus placebo group) were –7.9% (95% CI ¼ –15.0% to –0.8%) for insulin, –10.0% (95% CI ¼ –18.5%
to –1.5%) for estradiol, –9.5% (95% CI ¼ –15.2% to –3.8%) for testosterone, and 7.5% (95% CI ¼ 2.4% to 12.6%) for SHBG.
Statistically significant group differences (ie, percent change in weight loss group minus placebo group) were –12.5% (95%
CI ¼ –19.6% to –5.3%) for insulin and 5.3% (95% CI ¼ 0.2% to 10.4%) for SHBG.
Conclusions: As adjuvant therapy, weight loss and metformin were found to be a safe combination strategy that modestly
lowered estrogen levels and advantageously affected other biomarkers thought to be on the pathway for reducing breast
cancer recurrence and mortality.

There are more than 3.5 million (1) breast cancer survivors alive
today with a keen interest in steps they can take to reduce their
risk of cancer recurrence and death (2). Studies linking modifi-
able health behaviors with breast cancer prognosis offer insight
for these women and their clinicians.

Obesity increases the risk of breast cancer (3) and may ad-
versely affect aspects of cancer survivorship, including quality
of life, lymphedema, cancer recurrence, and mortality (4–6).

Although definitive data showing that weight loss improves
breast cancer morbidity and mortality are needed, weight man-
agement is recommended for breast cancer survivors by numer-
ous agencies such as the National Cancer Institute, the National
Comprehensive Cancer Network, and the American Institute for
Cancer Research (7).

Type 2 diabetes is hypothesized to contribute to cancer risk
through similar mechanisms as obesity, including elevated
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insulin concentrations, sex hormones, and inflammation (8).
Diabetes medications modify the diabetes-cancer connection:
metformin is generally associated with reduced breast cancer
recurrence and mortality, while insulin and insulin secreta-
gogues are associated with increased recurrence and mortality
(9). Considerable evidence supports the therapeutic effects of
metformin on the primary prevention and treatment of breast
and other cancers (9–14). Metformin reduces hepatic glucose pro-
duction, increases hepatic fatty acid oxidation, reduces inflam-
mation, and improves peripheral insulin sensitivity (15–17).
These activities reduce circulating glucose and insulin levels, al-
though the exact mechanisms by which metformin achieves
these effects are not well understood (18). Activation of AMPK by
metformin also suppresses aromatase (19), which could reduce
the production of estrogen in postmenopausal women (20).

This paper presents the primary results of the Reach for
Health Study, a randomized trial of overweight/obese, postmen-
opausal breast cancer survivors designed to investigate the im-
pact of metformin and weight loss on biological systems (ie,
biomarkers) associated with breast cancer outcomes. This trial
used a 2�2 factorial design to efficiently test two interventions
in a single study powered for a main effects analysis of metfor-
min vs placebo and weight loss vs control.

Methods

Study Design

The Reach for Health trial was part of the University of
California (UC) San Diego Transdisciplinary Research in
Energetics and Cancer Center initiative to examine the role of
insulin resistance and inflammation in breast cancer risk
(1U54CA155435-01; PI: Patterson). Overweight/obese postmeno-
pausal breast cancer survivors (n ¼ 333) were randomly
assigned in equal numbers to 1) metformin vs placebo and 2) a
weight loss intervention vs control (ie, usual care). The National
Institutes of Health ClinicalTrials.gov identifier is NCT01302379.
Measurements and fasting blood specimens were collected at
baseline and the final six-month visit. Details regarding the
study design, recruitment strategies, and interventions have
been published (21). The Human Research Protections Program
at UC San Diego approved the study, and participants signed in-
formed consent forms. An independent Data Safety and
Monitoring Board met annually to review study activities and
adverse events.

Participants and Recruitment

Breast cancer survivors were recruited between August 2011
and May 2015 from San Diego and surrounding communities
using cancer registry mailings, physician referrals, community
outreach, and mass media approaches. Eligible participants
were postmenopausal breast cancer survivors with a body mass
index (BMI) of 25.0 kg/m2 or greater with a diagnosis of primary
operable stage IA–IIIC breast cancer within the past 10 years.
Participants completed chemotherapy and/or radiation therapy
prior to enrollment. Women taking adjuvant endocrine or bio-
logical therapy for breast cancer continued that therapy
throughout the six-month intervention period to prevent
changes in endogenous hormones or other biomarker concen-
trations associated with therapy cessation. Women were ex-
cluded if they had diabetes (unless well controlled with diet and
lifestyle alone), were using hormone replacement therapy, or

had serious medical conditions such as renal insufficiency or
congestive heart failure.

Intervention Groups

Metformin vs Placebo
Participants were randomly assigned to receive metformin or
placebo pills (we received a Food and Drug Administration
waiver to provide metformin to these nondiabetic women).
Participants and study staff were blinded to medication group
assignment. To enhance drug tolerance, participants began tak-
ing the pills with dinner at a low dose (one 500 mg metformin
pill or placebo). After one week, the dose was increased to two
pills at dinner. After one month, the dose was increased to three
pills (one pill in the morning and two at dinner, equal to 1500
mg). Adherence was supported by structured telephone inter-
views at two weeks, one month, and three months. Safety data
were collected during these calls by querying participants re-
garding adverse events in a nonleading manner. Participants
returned unused medication at the final clinic visit, and the
remaining pills were counted. High adherence was defined as
taking 80% or more of the prescribed medication (22).

Weight Loss Intervention vs Control
Participants were randomly assigned to a telephone-based
weight loss intervention or control. The study goal was a mean
of 7% weight loss. Trained lifestyle coaches delivered the inter-
vention using strategies outlined by Social Cognitive Theory (23)
focused on goal setting and building self-efficacy. The counsel-
ing protocol included 12 motivational interviewing calls over
the six-month intervention period. Intervention weight loss
strategies included encouraging portion control, healthy eating,
and counting calories to reduce daily energy intake by 500 to
1000 calories. Participants were given pedometers and encour-
aged to increase their physical activity levels (primarily through
walking) toward a goal of 300 minutes per week of moderate-
intensity physical activity. We defined high adherence as 5% or
greater weight loss, a weight loss considered clinically meaning-
ful by the US Preventive Services Taskforce (24).

Women randomly assigned to the control group were pro-
vided with the US Dietary Guidelines for Americans, 2010. Study
staff contacted women in the control groups at two weeks, one
month, and three months to support pill adherence.

Primary Outcome Measures

We selected biomarkers based on biologic mechanisms known
to link adiposity with cancer risk: 1) glucoregulation, 2)
chronic systemic inflammation, and 3) endogenous sex hor-
mones (25–33). The biomarkers most strongly supported by the
literature are fasting insulin, estradiol, and C-reactive protein
(CRP), each of which has been associated with an approximately
twofold increased risk of incident or recurrent breast cancer
(34–37). Other outcomes supported by the literature are glucose,
testosterone, and sex hormone–binding globulin (SHBG). We fo-
cused on bioavailable hormone concentrations because the lit-
erature indicates that bioavailable hormone fractions are most
strongly associated with breast cancer risk (38).

Glucose, Insulin, and CRP Assays
Fasting plasma glucose concentrations were measured using a
glucose oxidase method (YSI Inc., Yellow Springs, OH, US).
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Plasma insulin and CRP concentrations were determined using
high-sensitivity immunoassays (Meso Scale Discovery
(Rockville, MD, US), catalog #K15164C and #K15198D, respec-
tively). Intraplate and interplate coefficients of variance (CV), re-
spectively, were insulin (3.5%, 6.5%), glucose (2.1%, 3.2%), and
CRP (8.4%, 18.0%).

Serum Estradiol, Testosterone, and SHBG
Serum estradiol, testosterone, and SHBG were measured at the
Reproductive Endocrine Research Laboratory at the University
of Southern California (Director: Frank Z. Stancyzk) using radio-
immunoassay after organic solvent extraction and celite col-
umn chromatography to increase assay sensitivity. Assay
sensitivities for testosterone and estradiol were 1.5 ng/dL and 2
pg/mL, respectively; values for all participants were above the
assay sensitivities. Intra- and interassay CV ranged from 3% to
6% and 9% to 12%, at low and high levels, respectively, in quality
control samples. Bioavailable or non-SHBG-bound (free plus al-
bumin-bound) testosterone and estradiol concentrations were
calculated using law of mass action equations (39). Serum SHBG
was measured using the Immulite 2000 (Siemens Healthineers,
Munich, Germany) analyzer and a two-site chemiluminometric
sandwich assay). SHBG assay sensitivity was 0.1 nmol/L, and
the intraassay CV was 7.0%.

Other Measurements

Demographic data, smoking status and history, alcohol con-
sumption, and medical comorbidities were obtained via self-
report questionnaires at baseline. Height and weight were mea-
sured using standard procedures. Medical charts were ab-
stracted to obtain information regarding the original cancer
diagnosis and treatment. Details of measurement procedures
have been published (21).

Statistical Considerations and Analysis

Participants were assigned to the study arms using a random
permuted-block design that included strata for stage at diagno-
sis (stage I vs stages II and III) and BMI (<30.0 kg/m2 vs �30.0
kg/m2). Random assignments were performed using the study’s
relational database. Study personnel were blinded to the medi-
cation group assignment (metformin vs placebo). Sample size
estimates were based on main effects comparisons of metfor-
min vs placebo and weight loss vs control. Assuming a two-
sided test with an alpha of .05 and 80 participants per each of
the four arms (ie, 320 total), there was 90% power to detect a

333 Randomized

166
Weight Loss

167
Control 

167 
Metformin

167
Placebo 

MAIN EFFECTS GROUPS
Included in primary analysis

2122 Completed Preliminary 
Assessment for Interest/Eligibility

1754 Excluded 
1186 Did not meet inclusion criteria 
503 Declined to participate
65 Other reasons

368 Completed Screening 
Visit to Confirm Eligibility

35 Excluded
18 Did not meet inclusion criteria
17 Declined to participate

83 Placebo only

3 lost to follow-up
1 withdrew consent

84 Metformin only

2 lost to follow-up
2 withdrew consent

83 Weight loss & 
Placebo

3 lost to follow-up
2 withdrew consent

83 Weight loss & 
Metformin

3 lost to follow-up
4 withdrew consent

Figure 1. Consort diagram for 2�2 factorial randomized controlled trial of metformin and weight loss among breast cancer survivors.
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main effect of 0.37 for a standardized group mean difference in
change (ie, effect size) for a composite marker outcome.

Biomarker outcomes were log-transformed to better approxi-
mate Gaussian residual distributions and presented as geomet-
ric means and 95% confidence intervals (CIs). Repeated
measures mixed models (40) compared six-month changes in
biomarker concentrations between study groups using
intention-to-treat methods. The mixed effects paradigm
includes all available data in the analysis without directly imput-
ing missing outcome values. Given the multiple correlated bio-
marker outcomes, we first created a composite outcome defined
as the sum of z-scores of the six biomarkers: insulin, glucose,
CRP, estradiol, testosterone, and SHBG. Specifically, we calcu-
lated a standardized biomarker score by subtracting the baseline
sample mean and dividing by the standard deviation for that
biomarker. We summed the standardized scores across the bio-
markers to create a composite score for each participant. A
mixed model was fit with this composite score (at baseline and
six months) as the dependent variable, which served as an om-
nibus test to assess the overall intervention effect on the joint
multiple biomarker outcomes. There were statistically signifi-
cant group*time interactions for the interventions, indicating
overall improvements in the set of markers (data not shown).

Given the positive findings from the omnibus test, we pro-
ceeded to fit single-marker, repeated-measures mixed effects
models to quantify intervention effects on individual bio-
markers. Models included subject-specific intercepts, fixed
effects for time (baseline, six months), treatment, and treatment

� time interactions. Treatment effects were calculated as the
difference (compared with the appropriate control group) in ab-
solute and percent changes in biomarkers from baseline to
six months with 95% confidence intervals.

As a sensitivity analysis, we added age, BMI, and cancer
stage to the mixed models and re-estimated treatment effects.
We tested additive vs synergistic effects of the two treatments
by including a three-way interaction term for time*metformin*-
weight-loss intervention. Secondary analyses examined the in-
tervention effects across the four individual treatment arms.
Exploratory post hoc analyses included stratifying analyses by
intervention adherence (<or�80% adherence to metformin/pla-
cebo; < or� 5% weight loss). Three-way interaction terms (ie,
treatment*time*stratifying variables) tested whether interven-
tion adherence had a statistically significant impact on bio-
marker changes.

Results

From August 2011 through May 2015, we enrolled 333 women
from the San Diego region. As shown in the Consort diagram
(Figure 1), 2122 women were screened by telephone, 368
attended a screening visit, 333 were randomly assigned, and 313
(94.0%) completed the trial (Figure 1).

Random assignment balanced participants’ demographic
and breast cancer characteristics, and there were no statistically
significant differences by group assignment (21). As shown in

Table 1. Baseline characteristics of breast cancer survivors in a 2� 2 factorial randomized controlled trial of metformin and weight loss
(n ¼ 333)*

Characteristic Metformin and weight loss Weight loss only Metformin only Control Full sample

No. 83 83 84 83 333
Age, mean (SD), y 62.1 (7.1) 62.9 (6.8) 62.1 (6.3) 63.1 (7.4) 62.6 (6.9)
Education, No. (%)

Graduate school 28 (33.7) 26 (31.3) 28 (33.3) 22 (26.5) 104 (31.2)
College graduate 20 (24.1) 10 (12.0) 16 (19.0) 21 (25.3) 67 (20.1)
Some college 29 (34.9) 36 (43.4) 37 (44.0) 30 (36.1) 132 (39.6)
High school or less 6 (7.2) 11 (13.3) 3 (3.6) 10 (12.0) 30 (9.0)

Time since diagnosis (SD), y 2.4 (1.9) 3.1 (2.4) 2.6 (1.9) 2.5 (1.7) 2.7 (2.0)
Body mass index (SD), kg/m2 31.4 (5.2) 30.8 (4.6) 30.8 (4.7) 31.5 (5.4) 31.1 (5.0)
Waist circumference (SD), cm 99.2 (12.6) 97.6 (11.4) 98.6 (11.4) 99.3 (12.6) 98.7 (12.0)
Race, No. (%)

White 69 (83.1) 68 (81.9) 70 (83.3) 70 (84.3) 278 (83.5)
Black or African American 3 (3.6) 2 (2.4) 5 (6.0) 2 (2.4) 12 (3.6)
Asian 3 (3.6) 0 (0.0) 1 (1.2) 2 (2.4) 6 (1.8)
Mixed race or other race 8 (9.6) 13 (15.7) 8 (9.5) 9 (10.8) 37 (11.1)

Ethnicity, No. (%)
Non-Hispanic 72 (87.8) 71 (85.5) 80 (95.2) 71 (85.5) 295 (88.6)
Hispanic 10 (12.2) 12 (14.5) 4 (4.8) 12 (14.5) 38 (11.4)

Cancer stage, No. (%)
Stage I 41 (49.4) 40 (48.2) 40 (47.6) 40 (48.2) 161 (48.4)
Stage II 30 (36.1) 31 (37.3) 28 (33.3) 27 (32.5) 116 (34.8)
Stage III 12 (14.5) 12 (14.5) 16 (19.0) 16 (19.3) 56 (16.8)

Receptor status, No. (%)
ERþ or PRþ HER2- 52 (62.7) 63 (75.9) 62 (73.8) 63 (75.9) 240 (72.1)
HER2þ 15 (18.1) 11 (13.3) 11 (13.1) 14 (16.9) 51 (15.3)
Triple-negative (ER-, PR-, HER2-) 10 (12.0) 5 (6.0) 10 (11.9) 5 (6.0) 30 (9.0)
Missing data 6 (7.2) 4 (4.8) 1 (1.2) 1 (1.2) 12 (3.6)

Any current alcohol intake, No. (%)
Yes 66 (79.5) 68 (81.9) 66 (78.6) 66 (79.5) 225 (67.6)

*There were no statistically significant differences across the study arms. ER ¼ estrogen receptor; HER2 ¼ human epidermal growth factor receptor 2; PR ¼ progesterone

receptor.
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Table 1, study participants were a mean age (SD) of 62.6 (6.9)
years and predominantly white (83.5%). The average time be-
tween breast cancer diagnosis and enrollment (SD) was 2.7 (2.0)
years. Overall, 48.4% of participants were diagnosed with stage I
cancer, with 72.1% estrogen receptor (ER)þ or progesterone re-
ceptor (PR)þ human epidermal growth factor receptor 2 (HER2)-
tumors and 9.0% triple-negative breast cancer.

As shown in Table 2, percent initial weight loss was statisti-
cally significantly higher in the weight loss groups (–5.5%, 95%
CI ¼ –6.3% to –4.8%) compared with the control group (–2.7%,
95% CI ¼ –3.5% to –1.9%). Participants prescribed metformin lost
statistically significantly more weight (–5.3%, 95% CI ¼ –6.1% to
–4.6%) than those prescribed placebo (–2.9%, 95% CI ¼ –3.7% to
–2.1%). The proportion of participants with high adherence to
pill prescriptions (defined as �80% adherence) was statistically
significantly lower in the metformin (65.9%) vs the placebo
group (81.3%, P ¼ .002). Pill adherence was approximately 70% in
the weight loss and the control groups (P ¼ .10).

Table 3 presents changes in breast cancer–related bio-
markers from baseline to six months for the main intervention
effects. Statistically significant group differences (ie, percent
change in metformin group minus placebo group) were –7.9%
(95% CI ¼ –15.0% to –0.8%) for insulin, –10.0% (95% CI ¼ –18.5% to
–1.5%) for estradiol, –9.5% (95% CI ¼ –15.2% to –3.8%) for testos-
terone, and 7.5% (95% CI ¼ 2.4% to 12.6%) for SHGB. Statistically
significant group differences (ie, % change in weight loss group
minus placebo group) were –12.5% (95% CI ¼ –19.6% to –5.3%) for
insulin and 5.3% (95% CI ¼ 0.2% to 10.4%) for SHBG, with no
changes in estradiol or testosterone. Neither study treatment
affected glucose or CRP concentrations. We conducted a sensi-
tivity analyses by adding age, BMI, waist circumference, and
cancer stage to the above mixed models and re-estimated treat-
ment effects; biomarker results were essentially unchanged.

Figure 2 illustrates the baseline to six-month change in the
cancer-related biomarkers by the four study arms. Combination
therapy (metformin and weight loss) had statistically significant
impacts on insulin, estradiol, testosterone, and SHBG. There
was no statistical evidence that metformin and weight loss had
synergistic impacts on biomarkers because the three-way inter-
action terms for time*metformin*weight loss intervention were
not statistically significant in the mixed models.

At three months (mid-trial), self-reported symptoms of any
kind were 3.0% in the placebo groups and 8.4% in the metformin
groups (data not shown). Approximately 80% of these symp-
toms were gastrointestinal in nature. There were five serious
adverse events in five participants: an injury due to a fall, ab-
dominal pain, slurred speech, a transient neurological defect,
and a transient ischemic attack. The study physician and the
Data Safety and Monitoring Board judged these events as unre-
lated to the study. These patients completed the study.

Exploratory models stratified by adherence (<or�80% adher-
ence to metformin or placebo; < or �5% weight loss) showed no
evidence that degree of adherence to metformin or weight loss
statistically significantly modified the changes in biomarkers
(three-way interaction P > .05) (Supplementary Table 1, avail-
able online). We had inadequate power to test whether the
interventions were more (or less) effective for subgroups, such
as receptor status or use of tamoxifen.

Discussion

To our knowledge, this is the first trial to evaluate the combined
effects of metformin and weight loss on biomarkers associatedT
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with breast cancer recurrence and survival. In this sample of
333 overweight/obese breast cancer survivors, metformin had
statistically significant, favorable effects on insulin, estradiol,
testosterone, and SHBG concentrations. Weight loss had statis-
tically significant favorable effects on insulin and SHBG concen-
trations. The combined impacts of the two interventions were
additive.

Our finding that metformin statistically significantly low-
ered insulin in nondiabetic postmenopausal women is consis-
tent with a six-month interim analysis of a randomized trial of
metformin vs placebo in early-stage breast cancer (n ¼ 492).
This study found that metformin use was associated with de-
creased insulin (consistent with our findings) and deceased glu-
cose and CRP concentrations (not consistent with our findings)
(41). Our results are similar to recent publications showing that
among nondiabetic women, metformin resulted in statistically
significant reductions in estradiol and testosterone concentra-
tions (20, 42). However, the Diabetes Prevention Program found
that metformin did not alter estradiol or testosterone levels (43).

Numerous studies have reported that weight loss favorably
impacts sex hormones (44), although few were conducted in
breast cancer survivors. Consistent with our results, the
Diabetes Prevention Program found that weight loss in
prediabetic adults resulted in statistically significant decreases
in fasting insulin concentrations and SHBG, but did not alter es-
tradiol or testosterone levels (43,45). Our findings were not con-
sistent with a trial of weight loss and physical activity among
439 postmenopausal women that found statistically significant
reductions in circulating estradiol, testosterone, and CRP (46,47).

However, the greater levels of weight loss achieved in this study
may have resulted in larger effects on biomarkers.

The influence of metformin and weight loss on biomarkers
has clinical relevance for breast cancer survival. Insulin appears
to affect breast carcinogenesis in a variety of ways, including in-
sulin receptor activation, which can accelerate cell growth and
division (48). High circulating concentrations of insulin are asso-
ciated with recurrence and early death among breast cancer sur-
vivors (35). Insulin also interacts with estrogens by inducing
expression of adipose stromal cell aromatase and tumor cell sex
steroid hormone receptor expression and suppressing expres-
sion of SHBG, which enhances estrogen synthesis and bioactivity
with consequent promotion of estrogen-dependent breast cancer
(49). Higher levels of estrogen, and estrogen fractions, are docu-
mented risk factors for poor breast cancer survival (50). Research
also suggests that testosterone increases the risk of breast cancer
directly (51,52) or via aromatization to estradiol, which increases
cell proliferation and breast cancer risk (53). Although there is
abundant evidence that testosterone influences breast cancer
risk independent of estradiol (36,54,55), little is known about the
association of testosterone with breast cancer recurrence and
survival. In a prospective study of 194 postmenopausal breast
cancer survivors, Micheli et al. found that testosterone levels of
0.40 ng/mL or higher were associated with a higher risk of breast
cancer events (hazard ratio ¼ 1.8, 95% CI ¼ 1.1 to 3.0) (56); how-
ever, testosterone did not predict recurrence in a nested case–
control cohort of 306 women from the WHEL trial (57).

In this trial, metformin and weight loss showed modest
effects on biomarker concentrations. The literature on the

Me�ormin, no Weight Loss (n=84) Me�ormin & Weight Loss (n=83) 

Weight Loss & Placebo (n=83) Placebo, no Weight Loss (n=83) 
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Figure 2. Effects of metformin and weight loss on mean percent change (95% confidence limits) in breast cancer–related biomarkers among breast cancer survivors in a

2�2 factorial randomized controlled trial.
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association of biomarkers with breast cancer prognosis is sparse
and difficult to interpret. In a study of breast cancer survivors
(n ¼ 306), Rock et al. reported that a relatively modest difference
in bioavailable estradiol between cases (12.5 pg/mL) and controls
(6.1 pg/mL) was associated with a statistically significantly lower
risk of breast cancer recurrence (57). In a prospective study of
breast cancer survivors (n ¼ 512), Goodwin et al. found that quar-
tile 1 to 2 differences in insulin as modest as 21.4 to 31.1 pmol/L
were associated with statistically significant increases in recur-
rence and death (35). More research is needed to quantitatively
extrapolate the impact of circulating biomarker concentrations
on the risk of breast cancer recurrence and mortality over time.

The major limitations of this trial are that the weight loss
achieved was modest and metformin adherence varied by study
group. Nonetheless, our adherence analysis did not indicate
that poor adherence to metformin or weight loss explains the
null finding for glucose and CRP or the null findings for the im-
pact of weight loss on sex hormones. In addition, the sample
size was underpowered to support subgroup analyses by tumor
receptor status or breast cancer treatment (eg, only a small per-
centage of women were taking tamoxifen). Finally, this was a
relatively homogeneous sample consisting mostly of white,
well-educated, postmenopausal women, which limits general-
izability of these findings. Strengths of this study include the
randomized design with double-blinded pill arms and high
completion rate (94%).

The enthusiasm surrounding the potential role of metformin
in breast cancer treatment is tempered with concerns about
compliance. Approximately 25% of women prescribed anti-
estrogen therapy to reduce the risk of recurrence after surgery
don’t start taking the medicine or stop taking it early, largely
due to side effects such as hot flashes (58). Similarly, 20% to 30%
of Americans with diabetes discontinue metformin use, gener-
ally because of gastrointestinal side effects (59). However, the
difficulty of successful weight loss is also well documented
(60,61). Taken together, these data suggest that multiple strate-
gies should be initiated and tailored to a woman’s preference,
initial response, and ability to adhere. This multipronged ap-
proach to simultaneously initiate lifestyle and pharmacologic
therapy has been endorsed for type 2 diabetes by the American
Association of Clinical Endocrinologists and the American
College of Endocrinology (62).

In summary, our findings suggest that as adjuvant therapy,
weight loss and metformin are a safe combination strategy that
modestly lower estrogen levels and advantageously affect other
biomarkers thought to be on the pathway for reducing breast
cancer recurrence and mortality. Results are eagerly awaited for
phase III randomized trials in breast cancer survivors testing
metformin vs placebo (41) and weight loss vs usual care on clini-
cal outcomes (63).
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