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T
he current obesity epidemic is a major pub-
lic health concern in the United States and 
many other developed countries, afecting 

more than 66 million American adults and 400 mil-
lion people worldwide.1 Obesity is related to high 
mortality and high risk for the development of 
many diseases, including cardiovascular disease, dia-
betes, and cancer.1,2 Breast cancer is the most com-
mon cancer among women in the world. About 4.4 
million women worldwide are currently living with 
breast cancer, 2 million of whom are in the US, and 
this population is growing.3 Obesity and weight gain 
after diagnosis are profound issues for women with 
breast cancer. Weight gain is a well-documented 
side efect of adjuvant chemotherapy in breast can-
cer patients.4-9 Gains in weight usually range from 
2-12 lb (1-5 kg) during the frst year after diagnosis 
of breast cancer,10-18 although gains exceeding 22 lb  
(10 kg) have not been uncommon.19 Numerous 
reasons have been suggested for this postdiagno-
sis weight gain, such as decreased physical activ-

ity, depression, decreased basal metabolic rate, 
decreased serum estradiol, adjuvant treatment (espe-
cially chemotherapy), being or becoming postmeno-
pausal after treatment, and a higher total caloric 
intake.10,12,14

A number of factors including tumor size, stage of 
breast cancer, hormone receptor status, and human 
epidermal growth factor receptor 2-status (HER2/
neu) are known to infuence the prognosis of 
breast cancer.20,21 Obesity has been associated with 
increased incidence and mortality of breast cancer22 
and may be considered one of the prognostic fac-
tors. Te role of third-generation chemotherapy reg-
imens on weight gain is not well reviewed and the 
precise relationship between obesity and breast can-
cer remains to be determined. Given the increasing 
number of women living with breast cancer and the 
growing prevalence of obesity, understanding the 
efect of obesity and weight gain on breast cancer 
prognosis is important. Terefore, we examined the 
body weight changes and their association with vari-
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Background Studies have shown that breast cancer treatment can cause an increase in weight. Weight gain during chemotherapy is usu-
ally signifcant and may be associated with poor survival. However, the role of third- generation chemotherapy regimens and weight gain is 
not well reviewed. 
Methods We retrospectively analyzed the mean percentage weight change during the frst year after breast cancer diagnosis in 246 pa-
tients at West Virginia University during September 2007 and October 2010. Kruskal-Wallis test and post hoc pairwise comparisons were 
used to assess the infuence of age, histology, stage, ER/PR/HER2/neu status, menopausal status, and types of therapeutic modalities re-
ceived on the percentage weight change. Kaplan-Meier method with log-rank test was used to evaluate recurrence-free survival (RFS). Local 
or distant recurrence and disease progression were events for RFS analysis and disease-free patients were censored at last follow-up. 
Results Mean weight gain was 0.39% (SD, 0.40) of baseline body weight, 1 year after diagnosis of breast cancer. Premenopausal status 
was the only factor associated with signifcant weight gain (+1.67% vs -0.10% for postmenopausal patients; P = .02). Stages ≥ III was as-
sociated with signifcant weight loss (-1.64% for stages III, IV vs +0.85% for stages 0, I, II; P = .02) and a lower RFS at 3 years and 5 years 
(P < .0001). Higher baseline weight (> 90th percentile) did not have any signifcant impact on RFS (0.84 vs 0.91; P = .19). There was no 
signifcant change in weight relative to other factors.
Conclusion Our study in patients receiving third-generation adjuvant chemotherapy regimens did not show any signifcant change in per-
centage weight with chemotherapy. Premenopausal status was the only signifcant factor associated with weight gain. As expected, stage III 
or higher disease was associated with signifcant weight loss and lower RFS.
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ous factors in a sample of women who had been diagnosed 
with breast cancer and who were treated with third-gener-
ation chemotherapy regimens.

Methods

Patient population and data collection
Patients with newly diagnosed breast cancer treated at 
Mary Babb Randolph Cancer Center at West Virginia 
University during September 2007-October 2010 were 
included in our study. In all, 306 patient charts were retro-
spectively reviewed, of which 246 charts were included in 
this analysis. Charts were not included if they had incom-
plete information, a single clinic visit for second opinion, 
longer than 6 months follow-up, and not enough weights 
had been recorded. Patients with all stages of breast cancer 
were included in the analysis (stages 0-IV). Patients with 
history of previous cancers including breast cancer were 
excluded from the study. 

We retrospectively analyzed the mean percentage weight 
change during the frst year after breast cancer diagnosis 
in 246 patients. Data on weight included baseline weight 
in pounds at the time of diagnosis and at every clinic visit  
3 (± 2)-month clinic visit  for the frst 12 months after their 
diagnosis. We chose 3 months plus or minus 2 months 
because it was a retrospective chart review and not every 
patient had a clinic visit every 3 months.

We also collected data on the patient’s age, menstrual 
status, pathology of tumor ie, histology, grade, 
diferentiation, receptor status (ER, PR, or HER2/neu), 
disease stage, and types of previous treatments including 
surgery, radiation, chemotherapy, and/or endocrine therapy.

Te primary objective of this study was to evaluate the 
weight change in patients during their treatment of breast 
cancer with third-generation chemotherapy regimens. 
Primary outcome was the percentage weight change before 
treatment (baseline) and after treatment (12 months). 
We also assessed the association of weight change and 
recurrence-free survival (RFS) as a secondary objective. 
Recurrence was defned as ipsilateral, contralateral (both 
invasive and noninvasive) or distant metastatic disease. 
Local or distant recurrence and disease progression were 
events for RFS analysis and disease-free patients were cen-
sored at last follow-up. 

Systemic treatment in neoadjuvant and adjuvant setting
Most commonly used chemotherapeutic regimens for 
node-positive or high-risk node-negative HER2/neu-
negative tumors include dose-dense doxorubicin 60 mg/m2 

intravenously (IV) on Day 1 (D1) and cyclophosphamide 
600 mg/m2 IV D1, every 2 weeks for 4 cycles, followed 
by paclitaxel 80 mg/m2 IV weekly for 12 weeks, docetaxel 
75 mg/m2 IV D1, doxorubicin 50 mg/m2 IV D1, and 
cyclophosphamide 500 mg/m2 IV D1 every 3 weeks for 6 

cycles, docetaxel 75 mg/m2 IV D1 and cyclophosphamide 
600 mg/m2 IV D1 every 3 weeks for 4 cycles.

HER2/neu-positive tumors are usually treated with 
docetaxel 75 mg/m2 IV D1 every 3 weeks for 6 cycles, 
carboplatin AUC6 IV D1 every 3 weeks for 6 cycles, 
and trastuzumab 4 mg/kg loading dose, followed by  
2 mg/kg IV weekly during chemotherapy; then 6 mg/
kg IV every 3 weeks, for a total of 1 year; or dose-dense 
doxorubicin, cyclophosphamide, and paclitaxel regimen 
with trastuzumab. Endocrine therapy includes tamoxifen 
20 mg daily (at least 5 years) for premenopausal women 
and aromatase inhibitors for postmenopausal women  
(5 years).

Statistical analysis
Descriptive statistics and exploratory data analyses were 
performed to summarize patient characteristics. Categorical 
data are described using contingency tables. Continuously 
scaled measures were summarized by mean and standard 
error, median and interquartile range. Kruskal-Wallis test 
and post hoc pairwise comparisons were used to assess 
the infuence of age; histology; stage; ER, PR, or HER2/
neu status; menopausal status; and types of therapeutic 
modalities received on the percentage weight change. 
Kaplan-Meier method with log-rank test was used to 
evaluate RFS. In addition, multivariate (multiple covariates) 
linear regression was used to identify an appropriate subset 
of independent variables/covariates with a signifcant 
impact on weight changes. Covariates included disease 
type or diagnosis, histology, stage, treatments, and other 
medical conditions. All statistical tests with two-sided  
P < .05 were considered statistically signifcant.

Results

Patient characteristics 
Baseline characteristics of the patients included in  
this chart review and the details on their chemotherapy 
regimens are shown in Table 1. Of 246 patients,  
143 were between 40 and 60 years old. More than half 
of the patients (n = 174) had invasive ductal carcinoma 
and 141 patients were ER/PR-positive and HER2/
neu-negative.

Weight change during treatment
Mean weight gain was 0.39% (±0.40) at 1 year after the 
diagnosis of breast cancer. Premenopausal status was the 
only factor associated with signifcant weight gain (+1.67% 
vs -0.10% for postmenopausal patients; P = .019). Stage 
of III or higher was associated with signifcant weight 
loss (-1.64% for stages III/IV vs +0.85% for stages 0/I/II;  
P = .018). Menstrual status and stage were the only 2 factors 
associated with signifcant weight change – there was 
no signifcant change in weight relative to age, histology, 
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receptor status, type of surgery, and chemotherapy or 
endocrine therapy (Table 2). 

Recurrence-free survival

Recurrence-free survival analysis showed that stages III 
and IV disease was associated with signifcantly lower RFS 
at 3 years and 5 years (P < .0001), which is an expected 
fnding because node-positive and higher-stage patients 
have a higher risk of local and distant recurrence and poor 
prognosis. Per the Kaplan-Meir analysis, higher baseline 
weight (> 90th percentile) did not have any signifcant 
impact on RFS (P = .19). 

Discussion
Tere has been signifcant interest in weight change in 
regard to breast cancer treatment, and its association with 
the risk of breast cancer recurrence and breast cancer mor-
tality. Adjuvant chemotherapy ofers considerable bene-
fts in terms of improvement in overall survival in patients 
with breast cancer. However, in addition to the expected 
side efects of chemotherapy, such as nausea, alopecia, 
fatigue, and cytopenias, weight gain is also known to occur 
in many patients. Te reasons for weight gain are likely 
multifactorial, including changes in activity level, meno-
pausal status, endocrine manipulation, diet, metabolism, 

TABLE 1  Baseline patient characteristics

Characteristic

No. of patients, 
n (%)

(N = 246)

Age, y

   < 40   12 (4.8)

   40-60 143 (58.1)

   > 60   91 (37.1)

Histology

   DCIS 47 (19.1)

   IDC 174 (70.7)

   ILC 22 (8.9)

   Others 3 (1.22)

Stage

   0 45 (18.3)

   I 84 (34.1)

   II 72 (29.3)

   III 33 (13.4)

   IV 12 (4.9)

ER/PR and HER2-neu

   Positive and negative 141 (57.3)

   Positive and positive 19 (7.7)

   Negative and negative 32 (13.0)

   Negative and positive 8 (3.3)

Differentiation/grade

   Poor/high 121 (49.2)

   Moderate/intermediate 96 (39.0)

   Well/low 24 (9.7)

Menstrual status

   Postmenopausal 178 (72.4)

   Premenopausal 68 (27.6)

Characteristic

No. of patients, 
n (%)

(N = 246)

Chemotherapy

   No 109 (44.3)

   Yes 137 (55.7)

Neoadjuvant 36 (14.6)

   AC—>T 19

   AC—>T+H 7

   TAC+ Av 7

   TCH 2

   TC 1

Adjuvant 101 (41.1)

   AC 6

   AC—>T+ Av 8

   AC—> T 10

   AC—>T + H 4

   TC 27

   TAC 12

   TCH 14

   Others 20

Surgery

   Lumpectomy 120 (48.8)

   Mastectomy 117 (47.6)

Radiation therapy

   No 107 (43.5)

   Yes 136 (55.3)

Endocrine therapy

   Aromatase inhibitors 122 (50.1)

   Tamoxifen 54 (22.1)

DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; AC—>T; doxorubicin, cyclophosphamide, paclitaxel; H, trastuzumab; 
TAC, docetaxel, doxorubicin, cyclophosphamide; TCH, docetaxel, carboplatin, trastuzumab; Av, bevacizumab; TC, docetaxel, cyclophosphamide.
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and mood. Studies generally suggest 
that greater prediagnosis body mass 
index and weight gain during treat-
ment is associated with an increased 
risk of mortality risk and of recur-
rence, particularly in premenopausal 
women.23-31

A meta-analysis of 43 studies 
examining the relationship between 
weight at the time of breast cancer 
diagnosis and prognosis in women 
with early-stage breast cancer dem-
onstrated a 33% increase in the risk 
of breast cancer related and over-
all mortality in obese compared 
with non-obese women.32 A recent 
analysis of 3 ECOG (Eastern 
Cooperative Oncology Group) 
trials evaluated the relationship 
between body mass index and clini-
cal outcomes in women with stages 
I-III breast cancer who were treated 
with adjuvant doxorubicin-con-
taining chemotherapy. Obesity was 
associated with inferior disease-free 
survival and overall survival specif-
cally in hormone receptor-positive, 
HER2/neu-negative disease.33 It is 
however important to mention that 
all of those trials were completed 
before trastuzumab was approved as 
adjuvant therapy for HER2-positive 
disease. One hypothesis that might 
explain the poor survival seen in 
obese breast cancer patients is that 
adipose tissue and adipose stem cells 
are associated with the up-regula-
tion of a number of cellular prolif-
eration pathways that in turn infu-
ence breast cancer tumor genesis and 
tumor progression.34 Consequently, 
obese patients may have increased 
tumor cell proliferation and metas-
tasis because of an undefned adipo-
kine efect on tumor cells.25 

Unlike previous studies, our 
study of patients using third-gen-
eration chemotherapy regimens did 
not show any signifcant change in 
mean percentage weight with che-
motherapy. Premenopausal status 
was the only factor associated with 
weight gain. Stages III and IV dis-

TABLE 2  Mean and median of weight change percentages by 12 months

Weight percentage  
change by 12 months, %

No. of 
patients,

n (%) Mean  (SD) Median  (IQR) P value

Overall 246 0.39 (0.40) 0.54 (5.49)

Age, y

   < 40 12 (4.8) 3.62 (1.77) 2.60 (9.34) .213

   40-60 143 (58.1) 0.46 (0.58) 0.60 (5.84)

   > 60 91 (37.1) -0.14 (0.56) 0 (5.15)

Histology .392

   DCIS 47 (19.1) 0.44 (0.82) 0.30 (5.13)

   IDC 174 (70.7) 0.14 (0.51) 0.45 (5.46)

   ILC 22 (8.9) 1.59 (0.87) 1.16 (4.75)

Stage     .018

   0/I/II 201 (81.7) 0.85 (0.41) 0.83 (4.64)  

   III/IV 45 (18.3) -1.64 (1.22) -1.63 (10.54)  

ER/PR and HER2-neu .815

   Positive and negative 141 (57.3) 0.20 (0.58) 0.63 (5.56)

   Positive and positive 19 (7.7) 0.38 (1.29) -0.62 (4.76)

   Negative and negative 32 (13.0) 0.93 (1.00) 1.48 (6.19)

   Negative and positive 8 (3.3) 1.25 (2.21) -0.24 (8.97)

Differentiation/grades     .974

   Poor/high 121 (49.2) 0.75 (0.54) 0.54 (5.55)  

   Moderate/ 
   intermediate/well/low

120 (48.8) 0.15 (0.61) 0.56 (4.81)

Menstrual status 0.019

   Postmenopausal 178 (72.4) -0.10 (0.48) 0.12 (5.04)

   Premenopausal 68 (27.6) 1.67 (0.74) 2.23 (6.87)

Chemotherapy     .801

   No 109 (44.3) 0.46 (0.48) 0.52 (5.23)  

   Yes 137 (55.7) 0.33 (0.62) 0.60 (5.51)  

Surgery .654

   Lumpectomy 120 (48.8) 0.59 (0.56) 0.48 (5.28)

   Mastectomy 117 (47.6) 1.28 (0.80) 1.08 (4.57)

Radiation therapy .297

   No 107 (43.5) 0.64 (0.57) 0.83 (4.69)

   Yes 136 (55.3) 0.20 (0.57) 0.39 (5.90)

Endocrine therapy .532

   Aromatase inhibitors 122 (50.1) 0.25 (0.58) 0.54 (4.94)

   Tamoxifen 54 (22.1) 0.92 (0.76) 0.97 (5.13)

DCIS, ductal carcinoma in situ; ER, estrogen receptor; HER-neu, human epidermal growth factor receptor 2; IDC, invasive duc-
tal carcinoma; ILC, invasive lobular carcinoma; IQR, interquartile range; PR, progesterone receptor; SD, standard deviation
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ease was associated with signifcant weight loss and lower 
RFS. In contrast to the published literature, our study did 
not show a signifcant increase in weight with chemother-
apy, and most women who gained weight during treatment 
were able to lose it within frst year after diagnosis, result-
ing in only 0.39% mean weight change. We also found that 
higher baseline weight was not associated with worse prog-
nosis in our patients and had no signifcant efect on RFS. 
Tis is in contrast to fndings in the Nurses Health Study, 
which reported positive association between obesity at 
diagnoses and breast cancer recurrence and all-cause mor-
tality.35 Tese diferences in results are most likely related 
to the smaller sample size of our study. Longer follow-up 
may be needed to confrm the RFS results of our study and 
the association of higher baseline weights and prognosis. 
Given the limitations of our study, we think it is impor-
tant to continue encouraging women to maintain a healthy 
weight after breast cancer diagnosis.

Tere is some evidence that postdiagnosis weight reduc-
tion modifes and improves prognosis. Te efect of dietary 
fat reduction in early-stage breast cancer has been evalu-
ated in 2 clinical trials, WINS (Women’s Intervention 
Nutrition Study)36 and WHEL (Women’s Healthy 
Eating and Living).37 A reduction in dietary fat was asso-
ciated with modest average weight loss of 6 lb (13.2 kg) 
and with reduced recurrence in the WINS trial, but was 
not observed in the WHEL trial, in which dietary inter-
vention did not produce weight loss. Recently, at least 3 
RCTs designed to evaluate the impact of weight loss inter-
ventions and counseling for obese breast cancer patients 
(NCT01482702, NCT00869466, NCT00872677 clini-
caltrials.gov) have been completed. Further studies tailored 
to the unique psychological, nutritional and physical needs 
of breast cancer survivors by providing them with lifestyle 
and behavioral interventions are ongoing (NCT01630499, 
NCT01871116 clinicaltrials.gov). Te results of these 
studies will give us further insight into the association of 
weight changes and breast cancer prognosis.

In summary, our study showed no signifcant change in 
mean percentage weight with third-generation chemother-
apy agents in our study population as a whole. However, 
weight gain was observed in premenopausal women. 
Menopausal status was the only signifcant factor asso-
ciated with weight gain whereas obesity at diagnosis was 
not associated with worse prognosis. Prospective studies to 
evaluate the weight changes with third-generation chemo-
therapy regimens are warranted to determine relationships 
between chemotherapy, weight change and breast cancer 
prognosis. 
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