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Abstract: The proportion of adults who are obese has increased 

dramatically in the United States over the last 30 years. Obesity has 

been linked to an increased risk of developing a number of malig-

nancies, including postmenopausal breast cancer. Evidence also 

suggests that obesity at the time of breast cancer diagnosis is linked 

to an increased risk of breast cancer–specific and overall mortality in 

both premenopausal and postmenopausal women with early-stage 

breast cancer. Obesity is linked to an increased risk of second-

ary malignancies in women with early breast cancer, and studies 

suggest that weight gain after diagnosis increases overall mortality. 

Despite the data linking obesity to poor outcomes in women with 

early breast cancer, there are currently no data from randomized 

trials testing the impact of weight loss on breast cancer outcomes. 

A number of recent randomized controlled trials have shown that 

weight loss interventions are feasible in obese survivors of breast 

cancer, yielding loss of 5% to 6% of body weight, and several ongo-

ing randomized phase 3 clinical trials are evaluating the effect of 

weight loss interventions on breast cancer outcomes. These studies 

will help define the role of weight loss in the management of obese 

women with early breast cancer. 

Introduction 

Breast cancer is the most common cancer in women in the United 
States and worldwide. Nearly 250,000 cases of breast cancer are 
diagnosed each year in the United States, and approximately 40,000 
deaths occur.1 Studies have demonstrated that obesity is linked to 
an increased risk of developing and dying of breast cancer. Rates of 
obesity are rising dramatically in the United States and worldwide, 
potentially compromising efforts to reduce breast cancer incidence 
and improve outcomes. In this article, we examine the evidence 
supporting the links between obesity and breast cancer incidence 
and prognosis, review the weight loss intervention studies in breast 
cancer populations, and preview the ongoing trials evaluating the 
effect of intentional weight loss on breast cancer outcomes. 

Obesity and Breast Cancer Risk

A number of meta-analyses have evaluated the relationship between 
obesity in postmenopausal women and the risk of developing breast 
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cancer (Table 1). Renehan and colleagues in 2008 ana-
lyzed 31 studies and found a 12% increase in the risk 
of developing breast cancer for each 5-point increase in 
body mass index (BMI) (relative risk [RR], 1.12; 95% CI, 
1.08-1.16).2 In 2014, Munsell and colleagues evaluated 
39 studies (moderate but incomplete overlap with the 
Renehan analysis) and found that patients who were obese 
(BMI ≥30) had an 18% increase in the risk of breast can-
cer compared with women of normal weight (BMI <25) 
(RR, 1.18, 95% CI, 1.12-1.25).3 In a third meta-analysis, 

Keum and colleagues demonstrated that adult weight 
gain was also linked to an increased risk of breast cancer.4 
In this analysis of 7 prospective cohort studies, they found 
a RR of breast cancer of 1.11 (95% CI, 1.08-1.13) per 
5-kg increase in adult weight gain (defined as weight gain 
from early adulthood to study enrollment). 

Most reports have suggested that obesity is associated 
with an increase in hormone receptor–positive postmeno-
pausal breast cancer, but not in hormone receptor–neg-
ative disease. In the Munsell meta-analysis, there was a 

Table 1.  Selected Studies Evaluating Breast Cancer Risk and Obesity 

Studies/Number of 
Women/Study Types

Results

General Comments
Premenopausal  
(95% CI)

Postmenopausal  
(95% CI)

Renehan,2 
2008

• 34 studies
• Sample size: 2,559,829
•  Cohort, case-control, 

and control arms from 
clinical trials

Per 5-point increase in 
BMI:
•  RR, 0.92 (0.88-0.97) 

Per 5-point increase in BMI:
•  RR, 1.12 (1.08-1.16) 

Meta-analysis of BMI 
and incidence of 
cancer 

Munsell,3 
2014

• 89 studies
•  Meta-analysis of 

case-control and cohort 
studies through 2012

• RR, 0.83 (0.75-0.91)
•  HR+: RR, 0.78 (0.67-

0.92) 
•  HR–: RR, 1.06 (0.70-

1.60) 

• RR, 1.18 (1.12-1.25) 
• HR+: RR, 1.39 (1.14-1.70)
• HR–: RR, 0.98 (0.78-1.22)
• HRT+: RR, 1.18 (0.98-1.42)
• HRT–: RR, 1.42 (1.3-1.55)

Meta-analysis of BMI 
and BC risk according 
to HRT and HR 
status

Neuhouser,5 
2015

•  Prospective observa-
tional study 

•  67142 women and 
3388 cancers

– • HR, 1.37 (1.23-1.53)
• HR+: HR, 1.52 (1.33-1.74) 
• HR–: HR, 1.15 (0.84-1.57) 
• HRT: no effect 

Secondary analysis 
of Women’s Health 
Initiative 

Bandera,6 
2015

• 4 studies
•  Combined case-control 

study with 12060 
controls and 3174 
cancers

BMI ≥35 vs <25: 
•  OR, 0.83 (0.66-1.05)
•  HR+: OR, 0.81 (0.61-

1.07)
•  HR–: OR, 1.13 (0.71-

1.80)
Young Adult BMI ≥30 vs 
20-24.9:
•  OR, 0.77 (0.55-1.07)
•  HR+: OR, 0.65 (0.42-

0.99)
•  HR–: OR, 1.08 (0.60-

1.95)

BMI ≥35 vs <25: 
•  OR, 1.08 (0.88-1.34) 
• HR+: OR, 1.31 (1.02-1.67)
• HR–: OR, 0.75 (0.54-1.04)

Exclusively African 
American women

Keum,4 
2015

• 10 studies
• 4570 cases of BC
•  Meta-analysis of pro-

spective observational 
studies through 2014

Per 5-kg increase in 
weight: 
•  RR, 0.99 (0.95-1.03)

Per 5-kg increase in weight: 
• RR, 1.11 (1.08-1.13)
• HRT+: RR, 1.01 (0.99-1.02)
• HRT–: RR, 1.11 (1.08-1.13)

Risk of cancer 
incidence and adult 
weight gain, defined 
as weight from early 
adulthood (18-25 
years) to study 
enrollment

BC, breast cancer; BMI, body mass index; HR, hazard ratio; HR+, hormone receptor–positive breast cancer; HR–, hormone receptor–negative 
breast cancer; HRT+, women who took hormone replacement therapy; HRT–, women who did not take hormone replacement therapy; RR, risk 
ratio. Risk is given for BMI ≥30 vs <25 unless otherwise stated. 
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39% increase in the risk of hormone receptor–positive 
breast cancer in obese vs normal-weight women (95% CI, 
1.14-1.70), but no increase in the risk of hormone recep-
tor–negative cancers (RR, 0.98; 95% CI, 0.78-1.22).3 
Similar findings also were seen in 2 more recent studies. 
A secondary analysis of the Women’s Health Initiative 
demonstrated a 52% increase in the risk of hormone 
receptor–positive breast cancer in obese vs normal-weight 
women (hazard ratio [HR], 1.52; 95% CI, 1.33-1.74), 
but no significant increase in the risk of hormone recep-
tor–negative cancers (HR, 1.15; 95% CI, 0.84-1.57).5 A 
compiled evaluation of 4 case-control cohorts of African 
American women, including 2025 cases of postmeno-
pausal breast cancer, also showed similar results; women 
whose BMI was 35 or greater had a 31% increase in the 
risk of hormone receptor–positive breast cancer compared 
with women of normal weight (odds ratio [OR], 1.31; 
95% CI, 1.02-1.67).6 There was no difference seen in the 
risk of developing a hormone receptor–negative breast 
cancer (OR, 0.75; 95% CI, 0.54-1.04) in women whose 
BMI was 35 or greater. In this cohort, women with a 
BMI of 35 or greater had a lower risk of developing a tri-
ple-negative breast cancer compared with normal-weight 
women (OR, 0.60; 95% CI, 0.39-0.93). 

The association between obesity and increased post-
menopausal breast cancer incidence appears isolated to 
women who have not taken hormone replacement therapy 
(HRT), which itself is a risk factor for breast cancer. In a 
subset analysis of the Munsell meta-analysis that evaluated 
5 studies with available data on HRT use and included 
7048 cases of breast cancer, obesity was associated with a 
42% increased risk of breast cancer among those who had 
never taken HRT (RR, 1.42; 95% CI, 1.3-1.55) and no 
increase in risk of breast cancer for women taking HRT 
(RR, 1.18, 0.98-1.42).3 Similarly, Keum and colleagues 
found that adult weight gain was associated with an 11% 
increase in risk of breast cancer in women who had never 
taken HRT (RR, 1.11; 95% CI, 1.08-1.13) for every 5 kg 
of weight gain and no increase in risk for those who had 
taken HRT (RR, 1.01; 95% CI, 0.99-1.02).4

Studies have shown that obese premenopausal 
women are at slightly lower risk of developing breast 
cancer compared with their normal-weight counterparts. 
Renehan and colleagues analyzed 20 cohort and case-con-
trol studies and found an 8% decrease (RR, 0.92; 95% 
CI, 0.88-0.97) in the risk of premenopausal breast cancer 
for every 5-point increase in BMI.2 In another analysis of 
16 case-control studies not included in the Renehan anal-
ysis, there was similarly a small but significant decrease 
in risk of premenopausal breast cancer in obese vs nor-
mal-weight women (RR, 0.83; 95% CI, 0.75-0.91).3 This 
decrease in risk of premenopausal breast cancer in obese 
women was seen for hormone receptor–positive disease 
(RR, 0.78; 95% CI, 0.67-0.92) but not for hormone 

receptor–negative breast cancer (RR, 1.06; 95% CI, 
0.70-1.60). In a third case-control study that included 
1149 cases of premenopausal breast cancer not included 
in the prior meta-analyses, historical obesity (measured as 
young adult weight) was associated with a decreased risk 
of hormone receptor–positive breast cancer (OR, 0.65; 
95% CI, 0.42-0.99), but not overall breast cancer (OR, 
0.77; 95% CI, 0.55-1.07) or hormone receptor–negative 
breast cancer (OR, 1.08; 95% CI, 0.60-1.95).6

It is not well understood why obesity is associated 
with an increased risk of postmenopausal hormone recep-
tor–positive breast cancer but a decrease in the risk of 
premenopausal hormone receptor–positive breast cancer. 
One leading hypothesis for the pathophysiology relating 
obesity to breast cancer risk focuses on the differential 
impact of obesity on sex hormone levels in premeno-
pausal and postmenopausal women. Postmenopausal 
women derive estradiol from peripheral conversion of 
androgens by the enzyme aromatase. Adipose tissue is 
rich in aromatase, which results in obese women having 
higher levels of estradiol.7,8 This may also explain the lack 
of elevated risk in the subset of obese postmenopausal 
women receiving HRT, where their risk is dominated by 
the excess risk from these exogenous hormones. In con-
trast to obese postmenopausal women, obese premeno-
pausal women have a reduced breast cancer risk. Obesity 
can be related to anovulation, which has been linked to 
lower risk of breast cancer incidence, theoretically by 
lower sex hormone exposure.9 This likely does not fully 
explain the lower risk in premenopausal women, given 
the low rates of amenorrhea in this population. Another 
hypothesis is that a reduction in progesterone, a promoter 
of breast cancer cell proliferation, in obese premenopausal 
women may be responsible for the protective effect of 
obesity on the risk of hormone receptor–sensitive breast 
cancer,10 although the underlying mechanisms of risk in 
this population likely are more complicated. In contrast 
to hormone receptor–positive breast cancer, so far the 
data have not shown a strong association between obesity 
and the incidence of hormone receptor–negative breast 
cancer. This may be related to a different mechanism in 
the development of these cancers, or the lack of a clear 
signal may result from the study being underpowered or a 
smaller effect size in these subgroups. More basic science 
and correlative work is needed to help elucidate these 
mechanisms. 

Obesity and Breast Cancer Mortality

Weight at Diagnosis
Obese women with breast cancer have worse overall sur-
vival and breast cancer–specific survival than nonobese 
women. Several recent meta-analyses have demonstrated 
an association between being overweight or obese at the 
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time of breast cancer diagnosis and increased risk of breast 
cancer–specific and all-cause mortality. A 2014 meta-anal-
ysis by Chan and colleagues that included 82 individual 
studies encompassing 213,075 women and 41,477 deaths 
found a 41% increased risk of total mortality and a 35% 
risk of breast cancer–specific mortality for obese women 
compared with normal-weight women.11 For each 5-point 
increase in BMI, there was an 18% increase in the risk of 
breast cancer mortality (RR, 1.18; 95% CI, 1.12-1.25). 
Chan and colleagues also found an association between 
mortality and BMI at the time of diagnosis, less than 1 
year after diagnosis, and greater than 1 year after diag-
nosis, demonstrating a persistent relationship between 
obesity and poor outcomes over time. 

Studies have evaluated the relationship between 
menopausal status and the poor outcomes seen in obese 
women with early breast cancer. Chan and colleagues 
found that the relationship between BMI and breast cancer 
mortality was seen in both premenopausal and postmeno-
pausal women, with obese premenopausal women having 
a 75% higher chance of overall mortality (RR, 1.75; 95% 
CI, 1.26-2.41) and obese postmenopausal women having 
a 34% higher chance of overall mortality (RR, 1.34; 95% 
CI, 1.18-1.53) than their normal-weight counterparts.11 
Other meta-analyses also have found that the relationship 
between obesity and excess mortality was numerically 
greater in premenopausal women than in postmenopausal 
women, although none of these studies found a statistically 
significant difference between the 2 groups.12,13

Studies also have evaluated whether the relationship 
between obesity at diagnosis and poor outcomes was seen 
across subtypes of breast cancer. Niraula and colleagues 
evaluated the relationship between obesity and breast 
cancer prognosis to determine whether there was an inter-
action based on the hormone receptor status of the tumor.12 
Obese women with hormone receptor–positive breast can-
cer had an HR for mortality of 1.31 (95% CI, 1.17-1.46) 
compared with normal-weight women with similar tumors, 
and obese women with hormone receptor–negative breast 
cancer had an HR of 1.18 (95% CI, 1.16-1.35) vs nor-
mal-weight women. Tests for interaction did not demon-
strate a significant difference in the relationship between 
obesity and overall mortality by tumor type. Similarly, the 
breast cancer–specific survival was significantly worse in 
obese vs normal-weight women with both hormone recep-
tor–positive (HR, 1.36; 95% CI, 1.20-1.54) and hormone 
receptor–negative (HR, 1.46; 95% CI, 0.98-2.19) cancers, 
but not statistically different from one another. It was 
therefore concluded that there was no differential effect of 
obesity on prognosis based on hormone receptor status.12

There is a strong association between obesity and the 
risk of breast cancer recurrence and mortality, regardless of 
menopausal status of the patient or hormone receptor sta-

tus of the cancer.11-14 This is in contrast to the relationship 
between obesity and breast cancer risk, which seems to be 
elevated only in the setting of postmenopausal, hormone 
receptor–positive breast cancers. It is not entirely clear 
why obesity is associated with breast cancer risk only in a 
subgroup of patients, yet is related to the risk of cancer-re-
lated mortality across patient and tumor subtypes. It may 
be that the pathophysiologies of these 2 processes differ. 
As described earlier, a leading hypothesis for increased risk 
of developing breast cancer with obesity is increased sex 
hormones. Because endocrine therapies that block estra-
diol or prevent its production are used in the treatment of 
women diagnosed with hormone receptor–positive breast 
cancers, these treatments may impact hormonal signaling 
to the point where the more subtle effects of obesity on 
estradiol levels are not clinically relevant. A number of 
other pathways are under investigation that could explain 
the link between obesity and breast cancer prognosis. 
There is mounting evidence to suggest that insulin resis-
tance,15-17 metabolic syndrome,18 inflammation,19 and 
immune modulation20 may be intermediaries between 
obesity and breast cancer mortality. It is likely that more 
than one mechanism is at work. Further biomarker work 
may provide additional insight into the mechanisms that 
underlie this clinical association. 

Weight Change After Diagnosis
Few studies have evaluated the relationship between 
weight change after diagnosis and breast cancer prognosis. 
Playdon and colleagues conducted a meta-analysis of 12 
studies, encompassing 23,832 women, to evaluate the 
relationship between weight gain after a breast cancer 
diagnosis and outcomes. They found that those who had a 
weight gain of at least 5% had an increased risk of all-cause 
mortality compared with those who maintained their 
weight (HR, 1.12; 95% CI, 1.03-1.22).14 The investiga-
tors stratified participants by amount of weight gain and 
BMI at diagnosis and found that the risk appeared most 
pronounced in those with a weight gain of at least 10%. 

Obesity and Other Adverse Outcomes in 
Women With Breast Cancer

Second Primary Malignancies
Obesity increases the risk that survivors of breast cancer 
will develop a second primary malignancy. A recent 
meta-analysis found that obesity was associated with 
a 37% increase in the RR of contralateral breast cancer 
(95% CI, 1.2-1.57), a 97% increase in the RR of endo-
metrial cancer (95% CI, 1.43-2.70), and an 89% increase 
in the RR of colorectal cancer (95% CI, 1.28-2.79) in 
breast cancer survivors.21 These finding likely are related to 
the fact that obesity is a risk factor for developing breast, 
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endometrial, and colorectal primary cancers in the general 
population. These findings have important implications 
for cancer screening in survivors of early breast cancer. 

Lymphedema 
Lymphedema of the arm is a known complication of 
breast cancer treatment, affecting between 8% and 21% 
of patients.22 Greater extent of local therapy and obesity 
are the 2 most important and significant risk factors for 
developing this complication. At least 14 studies have 
found an association between obesity and lymphedema.22 
Prospective cohort studies have found the increase in the 
risk of lymphedema in obese vs normal-weight breast can-
cer patients to range from 1.16 to 2.93.22 There are few 
data regarding rates of lymphedema in obese patients in the 
setting of sentinel lymph node procedures; it remains to be 
seen how recent trends to limit axillary surgery will impact 
rates of lymphedema in obese women with breast cancer. 

Surgical Complications
A number of recent studies have demonstrated that obesity 
is associated with higher rates of surgical complications, 
including infection, seroma, and repeat operations, and is 
also linked to longer hospital stays and increased cost. In 
a claims-based study of 2403 obese and 5597 nonobese 
women undergoing breast surgery, the rate of overall 
complications, including infection, pain, delayed healing, 
implant removal, seroma, and hematoma, was 18.3% in 
obese women vs 2.2% in nonobese women (P<.001), 
with an OR of 11.8 in an analysis adjusted for diabetes 
(P<.001).23 This higher risk of complications was seen 
across procedure types, including mastopexy, breast recon-
struction, breast reduction, and breast augmentation. 
Another large study utilizing the National Surgical Quality 
Improvement Program data set, which included 15,937 
women who underwent breast reconstruction, evaluated 
30-day complication rates for those with a BMI of at least 
40 vs those with a BMI of less than 30. The researchers 
demonstrated an increased risk of wound complications, 
return to the operating room, and surgical site infection 
(all P<.001) in obese women, as well as longer operative 
times (246 vs 216 min; P<.0001).24 A smaller study of 551 
patients undergoing breast reconstruction with implants 
showed similar findings, with overall complication rates 
of 9.9% in normal-weight women, 23.3% in overweight 
women, and 20.6% in obese women (P=.001). Addition-
ally, BMI was found to be an independent and strong pre-
dictor of flap necrosis, infection, and seroma on adjusted 
analysis (P<.05).25 A larger recent trial that included 
55,903 patients with breast cancer confirms these findings; 
obese vs nonobese individuals had higher rates of overall 
complications (9.0% vs 5.9% for lumpectomy; P=.011 
and 5.9% vs 4.8% for mastectomy; P=.005), leading to 
longer hospital stays and higher costs.26 

Trials Evaluating Weight Loss in Women With 
Breast Cancer

Relatively few studies have looked at the feasibility or ben-
efits of weight loss interventions in breast cancer patients. 
A systematic review by Reeves and colleagues describes 10 
randomized controlled trials and 4 single-arm studies that 
were published through July of 2013.27 These were all small 
studies, with sample sizes ranging from 24 to 102 partic-
ipants for randomized controlled trials and 10 to 34 par-
ticipants for single-arm studies. The interventions studied 
varied, but included in-person group counseling, in-person 
individualized counseling, and telephone counseling. The 
duration of the interventions ranged from 12 weeks to 1 
year. Notably, 3 of these trials included only African Amer-
ican or Hispanic women. Weight loss of at least 5% was 
seen in 6 of the 10 randomized controlled trials and 2 of the 
4 single-arm studies. Additionally, 9 of the 10 randomized 
controlled trials showed statistically significant weight loss 
with the intervention compared with the control. 

The LISA Trial
In addition to the smaller trials included in the review by 
Reeves and colleagues, there have been a few larger-scale 
weight loss studies reported in the recent past in women 
with breast cancer, including the LISA trial. The LISA 
trial was a randomized trial of a telephone-based weight 
loss intervention in postmenopausal breast cancer sur-
vivors with a BMI of at least 24 who were undergoing 
therapy with letrozole.28 The intervention was mail-based 
education plus a 2-year telephone-based program mod-
eled on the Diabetes Prevention Program, and the control 
was mail-based education alone. The telephone interven-
tion consisted of an intensive phase (5 weekly telephone 
sessions), a consolidation phase (biweekly telephone 
sessions for months 2-3 and monthly telephone sessions 
for months 4-6), and a maintenance phase (telephone 
sessions every 2 months for months 7-12 and every 3 
months for months 13-24). The telephone calls lasted for 
30 to 60 minutes; were conducted by lifestyle coaches; 
and were scripted, standardized, and semistructured. Key 
individualized goals were loss of 10% of body weight, 
a deficit of 500 to 1000 calories per day, an increase in 
physical activity, and behavioral change motivation. The 
study enrolled 338 women between 2007 and 2010, but 
was terminated early owing to loss of funding. Partici-
pants had an average age of 61 years and an average BMI 
of 31 and had T1, lymph node–negative breast cancer. 
The study demonstrated a weight loss of 4.3 kg vs 0.6 kg 
(5.3% vs 0.7%; P<.001) at 6 months and 3.1 kg vs 0.3 
kg (3.6% vs 0.4%; P<.001) at 24 months in the interven-
tion group compared with the control group. This study 
demonstrated that a telephone-based program that was 
based on the Diabetes Prevention Program was feasible in 
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cancer survivors and resulted in maintained weight loss 
over the 2-year intervention period. 

The ENERGY Trial
The ENERGY trial (Exercise and Nutrition to Enhance 
Recovery and Good Health for You) was a 2-year inter-
vention that enrolled 692 overweight or obese (BMI, 
25-45) women from 4 US sites. Participants were ran-
domly assigned to a weight loss intervention consisting 
of group in-person sessions, telephone-based counseling, 
and tailored newsletters, or to a less-intense control group 
consisting of 2 in-person sessions.29 The intervention 
included a goal deficit of 500 to 1000 calories a day and 60 
minutes a day of moderate activity. The women were, on 
average, 56 years old and 2 years from diagnosis, with an 
average BMI of 31. The majority of participants had stage 
I or II disease (83%) and were hormone receptor–positive 
(77%). At 12 months, the weight loss in the intervention 
group compared with the control was 6.0% vs 1.5% 
(P<.001). Weight loss was still significantly greater in the 
intervention group vs the control group at 24 months, 
at 3.7% vs 1.3%, respectively (P<.001). Secondary out-
comes demonstrated higher levels of physical activity and 
lower blood pressure in intervention vs control patients 
during the 2-year follow-up period. 

The LEAN Study 
The LEAN study (Lifestyle, Exercise, and Nutrition) was 
a randomized controlled trial of 100 women who were 
randomly assigned to 1 of 3 arms: an in-person weight 
loss program, a telephone-based weight loss program, or 
usual care.30 The in-person and telephone counseling pro-
grams consisted of 11 sessions over 6 months. Counseling 
sessions focused on reducing caloric intake, increasing 
physical activity, and supporting behavior change. Partic-
ipants were, on average, 59.0 years old and 2.9 years from 
diagnosis, with an average BMI of 33.1. The majority of 
participants had stage I breast cancer (51%). Weight loss 
was 5.6 kg (−6.4%), 4.8 kg (−5.4%), and 1.7 kg (−2.0%) 
for women randomly assigned to in-person, telephone, 
and usual care groups, respectively (P=.001 comparing 
in-person to usual care; P=.009 comparing telephone to 
usual care, and P=.46 comparing in-person to telephone 
care). Those in the intervention groups also increased their 
minutes of moderate/vigorous exercise per week (114±130 
in the in-person group, 96±154 in the telephone group, 
and 17±110 in the control group; P<.05). Additionally, 
C-reactive protein levels decreased by 30% in the interven-
tion groups vs 1% in the control group (P=.05 for either 
intervention group vs the control group). 

In aggregate, these studies suggest that lifestyle-based 
weight loss interventions lead to an average 5% to 6% 
weight loss at 6 to 12 months (Table 2).28-30 This is 

consistent with weight loss seen in similar interventions 
in noncancer populations.31 This amount of weight loss 
has been found to be beneficial for noncancer outcomes 
such as reducing the incidence of diabetes.32 

Trials Evaluating the Effect of Weight Loss 
on Breast Cancer Outcomes

As discussed earlier, a growing body of data demonstrates 
that being overweight or obese at diagnosis, as well as 
weight gain after diagnosis, portend poorer cancer out-
comes and higher mortality. It remains unknown whether 
weight loss in breast cancer survivors could improve 
cancer outcomes. This question is being addressed by 2 
ongoing studies and 1 planned study, as described below.

The SUCCESS-C Trial
The SUCCESS-C trial (Docetaxel Based Anthracycline 
Free Adjuvant Treatment Evaluation, as Well as Life 
Style Intervention) is a randomized phase 3 trial with 
a 2 × 2 factorial design evaluating the impact of 2 dif-
ferent chemotherapy regimens, as well as the effect of a 
telephone-based lifestyle intervention on disease-free 
survival in 3547 women with early-stage, human epi-
dermal growth factor receptor 2–negative breast cancer 
(NCT00847444).33 Women with node-positive breast 
cancer or high-risk node-negative disease were randomly 
assigned to 3 cycles of epirubicin/5-fluorouracil/cyclo-
phosphamide followed by 3 cycles of docetaxel vs 6 cycles 
of docetaxel/cyclophosphamide. Women with a BMI 
of 24 to 40 at enrollment were subsequently randomly 
assigned to a 2-year telephone-based lifestyle intervention 
vs a mailed general recommendation for healthy lifestyle 
care. The key goals were a loss of 5% to 10% of body 
weight; a deficit of 500 to 100 calories per day; and 
increased exercise, with a goal of 150 to 200 minutes per 
week of moderate aerobic activity. The trial’s primary out-
comes are the effect of the chemotherapy regimen and the 
lifestyle intervention on disease-free survival. Secondary 
outcomes are the effect of the lifestyle intervention on 
obesity-related biomarkers, genetic markers, circulating 
tumor cells, and the incidence of other obesity-related 
medical conditions (eg, diabetes, hypertension, and cor-
onary artery disease). Accrual to this trial has completed 
and follow-up is ongoing.

The DIANA-5 Study
The DIANA-5 study (Diet and Androgens Study) is a 
randomized trial testing the impact of a Mediterranean 
lifestyle intervention on breast cancer recurrence in 1667 
women with early-stage disease.34 Eligibility criteria 
included breast cancer diagnosis within the past 5 years, 
and completion of chemotherapy and surgery. The study 
was open to women of any BMI, but women were only 
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eligible for randomization to the intervention or compari-
son arm if they had metabolic syndrome, high testosterone, 
or high insulin levels, or if their tumors were hormone 
receptor–negative or involved lymph nodes. Women not 
meeting these criteria were placed in an observation-only 
arm (n=453). Eligible patients (n=1214) were randomly 
assigned to either a lifestyle intervention or a comparison 
group that received general health recommendations at ran-
domization and a short refresher course 2 to 3 times each 
year. The lifestyle intervention goals included moderation 
of caloric intake, decreased intake of animal protein, and 
210 minutes per week of exercise. This was accomplished 
through 4 cooking classes, 10 meetings with common 
meals, and monthly exercise sessions. The primary outcome 
of this trial will be the impact of the lifestyle intervention 

Table 2.  Recent Randomized Controlled Trials of Weight Loss Interventions in Breast Cancer Survivors

Study N
Eligibility/
Population Intervention Primary Outcome Other Outcomes

LISA,28 
2014

338 of 2150 
planned, 
multicenter

Stage I-III, 
postmenopausal, 
on letrozole, 
BMI ≥24

2-year telephone-based 
intervention based 
on DPP (intensive, 
consolidation, and 
maintenance phases 
with focus on caloric 
deficit, increased 
physical activity, 
and behavior change 
motivation)

DFS: not different 
between groups, but 
underpowered given 
halted accrual

Weight loss: 
•  4.3 kg vs 0.6 kg at 

6 months (5.3% vs 
0.7%) 

•  3.1 kg vs 0.3 kg at 
24 months (3.6% vs 
0.4%)

ENERGY,29 
2015

692 at 4 US 
sites (San 
Diego, CA; 
Denver, CO; 
St Louis, MO; 
Birmingham, 
AL) 

Stages I-III (>1 
cm), diagnosed 
<5 years prior, 
completed initial 
therapies (not 
including HRT), 
BMI 25-45 

2-year group-based 
weekly × 4 months, 
bimonthly × 2 months, 
and monthly × 6 
months, with e-mail/
phone support, goals 
of 500-1000 calorie 
deficit, 60 min/day of 
mod physical activity, 
compared with control 
of 2 in-person diet 
counseling sessions and 
optional seminars

Weight loss:
•  12 months: 6.0% vs 

1.5% (P<.001)
•  24 months: 3.7% vs 

1.3% (P<.001)

Increased amount 
of mod/vig physical 
activity in the interven-
tion group compared 
with the control group 
at 6 and 12 months. 
Both systolic and 
diastolic blood pressure 
was also lower in the 
intervention group vs 
the control group at all 
times (P<.05, except for 
12-month diastolic)

LEAN,30 
2016

100 at a single 
institution 
(Yale)

Stage I-III, BMI 
≥25, average age 
59 years, average 
BMI 33.1, 51% 
stage I

Randomized 1:1:1 
intervention of 
in-person vs phone vs 
usual care based on 
DPP, including 11 
sessions/6 months with 
goals of caloric deficit, 
increased physical 
activity, and behavior 
change motivation 

Weight loss at 6 months:
6.4% (5.6 kg), 5.4% 
(4.8 kg), and 2.0% 
(1.7 kg), respectively 
(P=.001, P=.009), 
comparing interven-
tions with usual care, 
and no difference 
between the interven-
tion arms (P=.46) 

Physical activity change: 
+114 vs +96 vs +17 min 
of mod/vig activity; 
+1847, +948, –330 
steps/day
Serum markers: 
30% vs 1% decrease in 
CRP for intervention vs 
usual care

BMI, body mass index; CRP, C-reactive protein; DFS, disease-free survival; DPP, Diabetes Prevention Program; ENERGY, Exercise and Nutrition to 
Enhance Recovery and Good Health for You; HRT, hormone replacement therapy; LEAN, Lifestyle, Exercise, and Nutrition; LISA, Telephone-Based 
Weight Loss Intervention in Postmenopausal Women with Breast Cancer Receiving Letrozole; min, minutes; mod/vig, moderate or vigorous.

on breast cancer events, based on self-report with medical 
records verification. Secondary measures include hormonal 
and metabolic blood testing and anthropometric measures. 
Patient recruitment was completed in 2010. The average 
age of randomized participants is 51 years, and the average 
BMI is 26.

The BWEL Study 
The BWEL study (Breast Cancer Weight Loss) is a phase 
3 randomized trial sponsored by the National Cancer 
Institute and the Alliance for Clinical Trials in Oncology 
that will evaluate the impact of a telephone-based weight 
loss intervention on invasive disease–free survival in over-
weight and obese women with stage II or III breast can-
cer in the United States and Canada (NCT02750826). 
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The trial will enroll 3136 women. Key eligibility criteria 
include diagnosis of breast cancer within the past 12 
months and BMI of at least 27. The intervention will be 
delivered over the course of 2 years, with individualized 
weight loss goals attained through caloric restriction and 
increased physical activity. The trial opened to enrollment 
in the summer of 2016. 

Conclusions

Obesity is a growing problem worldwide. The relationship 
between obesity and cancer has been well-defined. Obese 
postmenopausal women are at increased risk of developing 
breast cancer, and obesity at the time of breast cancer diag-
nosis is a poor prognostic factor in both premenopausal 
and postmenopausal women. Obesity has additional 
ramifications for breast cancer patients, including an 
increased risk of second primary cancers and of morbidity 
resulting from breast cancer treatment. A number of trials 
have demonstrated the feasibility of implementing weight 
loss interventions in breast cancer populations. Ongoing 
studies will evaluate whether purposeful weight loss after 
breast cancer diagnosis could mitigate the poor outcomes 
seen in obese women, hopefully reducing the number of 
women who succumb to this disease each year. 
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