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Introduction: 
Weight Gain in Breast Cancer Patients on Chemotherapy 
It is estimated that over 182,800 new cases of female breast cancer will be diagnosed in the 
United States in 2000 and 41,200 will die of this disease.1 Most of these patients will be 
diagnosed with stage I or II disease, and a significant proportion of these women will be treated 
with chemotherapy in addition to surgery and/or radiation therapy. Although the benefits of 
adjuvant chemotherapy and radiation therapy are well established, and although several side 
effects such as cancer cachexia challenge the health professionals, one of the most distressing 
side effect as reported by patients is weight gain.2"8 Weight gain in this population may prove to 
be a more serious side effect than others, since it can not only decrease quality of life but may 
potentially increase rate of recurrence and threaten long-term survival.7' "" The impact of 
weight gain may be even more profound, because it may predispose women to heart disease, 
diabetes, gall bladder disease, endometrial cancer and orthopedic disturbances. These chronic 
illnesses may pose a greater concern, since women with early stage breast cancer will be cured of 
the disease but may suffer long term negative consequences as a result of treatment. 
Prevalence and Magnitude of Weight Gain in Breast Cancer Patients During 
Chemotherapy: Weight gain, anywhere from 5-501bs in breast cancer patients receiving 
adjuvant therapy has now been documented consistently for the past two decades.12"13 

Significant weight gain occurred in 50-96% of all breast cancer patients receiving adjuvant 
chemotherapy3 irrespective of stage of disease, more so among premenopausal women compared 
to post menopausal women.9 In addition, significant gain in weight has been observed in 
patients receiving prednisone as a chemotherapeutic regimen14"15 or when multiple agents are 
used10'12 compared to single agent therapies. Bonadonna et al found that longer duration of 
chemotherapy increased the total amount of weight gained16 and oral agents produce greater 
weight gains than infusion-based therapies.17 

Consequences of Weight Gain: More recent findings suggest that obesity at time of diagnosis 
is an adverse prognostic indicator even after the administration of chemotherapy.18 We and other 
have observed that obesity in postmenopausal node positive patients was a negative prognostic 
indicator15,19 and the risk for disease recurrence among obese patients was 1.33-1.5 times that of 
the non-obese population.9'18 Camoriano, in addition reported 1.6 times greater risk of death in 
premenopausal women who gained weight.9 

Possible Mechanisms: While the cause of weight gain in breast cancer patients remains 
unknown it, is most likely a result of several contributing factors. Some proposed explanations 
include psychological factors such as change in coping mechanisms leading to a change in eating 
behavior, change in activity level due to fatigue or disruption of normal lifestyle, hormonal 
changes, and the metabolic effects of chemotherapy or radiotherapy. 

Purpose: 
The purpose of this study is to prospectively and systematically observe the relative contribution 
of each viable mechanism such as nutritional intake, activity levels, body composition, 
hormonal function, thyroid function, coping mechanisms and fatigue scores on weight gain in 
breast cancer patients on chemotherapy. 
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Objectives 
Specific Aim 1: To characterize the severity and course of weight gain among women 
undergoing adjuvant chemotherapy. 
Specific Aim 2: To examine the impact of chemotherapy-induced change in activity levels on 
weight gain among women undergoing adjuvant chemotherapy. 
Specific Aim 3: To examine the effect of chemotherapy-induced hyperphagia on weight gain 
among women undergoing adjuvant chemotherapy. 
Specific Aim 4: To examine the effect of chemotherapy-induced sex-hormone level changes on 
weight gain among women undergoing adjuvant chemotherapy. 
Specific Aim 5: To examine the effect of chemotherapy-induced change in thyroid function on 
weight gain among women undergoing adjuvant chemotherapy. 
Specific Aim 6: To systematically investigate the relative contribution of thyroid function, sex- 
hormonal levels, physical activity, body composition, psychological state and nutritional intake 
on changes in body weight in a group of pre-menopausal and post-menopausal stage I-III breast 
cancer patients, receiving adjuvant chemotherapy. 

Key Research Accomplishments: 
As planned and described in the Statement of Work, Task 1 of recruitment and data collection 
and Task 2 - abstraction of Medical record data during months 1-30, of which moths 0-23 is 
currently reported, has been successful, thus far.. The first two months of the study was spent 
organizing (a) Instruments and procedures to be used in the study, (b) Consent form and 
procedures, (c) establishing procedures for recruitment from various medical oncology clinics at 
the cancer Center, (d) timely, safe blood draws thus preventing duplication of draws, (d) 
preventing any additional patient visit to the center, (e) collaboration with lab to plan for safe, 
accurate and timely handling of blood and transport. 

Task 1: Subject Recruitment: The patient sample selected for the study is to include a total of 
200 consecutive pre-menopausal and post-menopausal patients recruited over a 36 month period, 
with primary, operable, Stage I to IIIB, axillary lymph node positive and negative breast cancer 
patients who have consented to be treated using one of two adjuvant or systemic chemotherapy 
protocols at the H. Lee Moffitt Cancer Center & Research Institute during the study period. 
Women, of all races and ethnicity, between ages 25 and 75, and breast cancer patients who will 
receive at least 75% Cytoxan, Methotextrate, 5FU (CMF), Cytoxan, Cytoxan, Adriamycin and 
5FU(CAF) or Cytoxan and Adriamycin (CA) chemotherapy regimens with or without radiation 
therapy at first screening contact will be admitted to the study. Currently 115 subjects have been 
recruited, of whom 77 have completed the 6 month treatment/observation phase of the study, and 
an additional 26 subjects are currently active in this protocol. As predicted we had twelve (12) 
dropouts in the study, six (6) were unable to complete their activity records, three(3) of whom 
did not wish to participate, one (1) too ill to complete monitors and 2 were eliminated from the 
study as the final treatment plan did not include adjuvant chemotherapy. We have thus 
successfully recruited almost 60% of the sample planned for the study, in a period of 20 months. 
Data Collection: Upon recruitment, and upon receiving consent from subjects, the following 
data were collected, as planned: 
1 .Confirmation of the accuracy of eligibility information, including the using an initial screening 
form. 
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2.Demographic information, personal and medical history, hormonal and reproductive history, 
exercise, smoking and alcohol use history will be obtained by an RD using the Epidemiological 
Questionnaire. 
3.Anthropometric measurements such as subject's height, weight, skinfolds and circumference 
measurements. 
4.Twenty (20) ml of blood will be drawn into heparinized tubes in a non-fasting state at the same 
time of day, between 7:00 AM and 12:00 noon, for each individual to obtain 10 ml of serum for 
analysis of total and free estradiol, sex-hormone binding globulin, T4 and thyroid binding 
globulin assessment for T3 uptake. 
5. Subjects will be asked to complete a self-administered version of the Stanford-five city Project 
Questionnaire to monitor Activity Levels. 
6. Standard 4-day diet record(FDFR). 
7. Menstrual histories will be obtained from all peri- and pre-menopausal subjects. This 
information will be recorded on the FDFR. 
8.The Profile of Mood States Fatigue Subscale (POMS-F), a scale to measure fatigue (Appendix 
6) will be used to quantify fatigue in these subjects.37 

9.The Ways of Coping Checklist (WOCC) consists of 66 items that describe a broad range of 
cognitive and behavioral strategies people use to manage internal and/or external demands in 
specific stressful encounters defined here as breast cancer treatment, will be used.38 

We have observed that several patients have had difficulty completing the 4-day food records 
during the 3 to 4 chemotherapy treatments. During those situations, the research team has been 
able to obtain a 24-hour recall or a 2-day record of intake from the patient or a family member. 
Apart from this instrument, we have had excellent compliance to completion of serial 
information from our breast cancer patients. 

Task 2: Abstraction of Medical Record Data: 
Upon completion of the study, data regarding patient's disease related prognostic indicators is 
currently being extracted from their medical chart. Quality control procedures for data 
collection and abstraction have been ongoing. We are currently continuing to obtain information 
on tumor size, ER/PR positivity, DNA ploidy status and proliferative indices such as Ki-67, 
which are routinely available for this group of patients. Abstraction of medical records data has 
been completed for 77/115 patients, who have completed the observational period of the study. 

Nutritional Intervention in Patients post completion of the study period: 
As reported in our initial report, upon completion of the study, we have felt the need for and have 
had several requests from medical oncologists and patients for continued follow-up of patients 
who have gained weight during chemotherapy. We have established a structured "Moffitt 
Weight Management Program", which is currently offered as a pilot program, specifically for 
this post-treatment Breast Cancer Patient group to enable them to successfully manage weight, 
post-treatment. The program includes 8-1 hour sessions and incorporates body composition and 
nutritional analysis, Behavior Management, Assessing fitness and incorporating physical activity 
and improving food choices towards long-term weight management. This program has also 
included clientile from the Lifetime Cancer Screening Program, include those women who have 
been genetically screened as high risk for breast cancer. 
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Data Entry & Analysis: 
Data entry has been initiated since November 1999 and all pertinent data with regard to patients 
who have completed the study to date have been entered into this data bank. Quality control 
procedures for data entry continues to be applied, as planned. Preliminary results were analyzed 
in May 2000. We plan perform the second preliminary data analysis in October 2000. 

Results: 
To date, 115 subjects have been recruited, of whom 77 have completed the 6 month 
treatment/observation phase of the study, and an additional 26 subjects are currently active in 
this protocol. Preliminary data analysis of fifty-three (53) subjects who were recruited during 
the first 15 months of the study was completed. 

Preliminary results indicate the following: 

The average age of this cohort is 48.96 years 
43.9% were smokers 
48% had a family history of breast cancer 
56% reported increased fatigue 
55% gained weight during chemotherapy. 
Hyperphagia was observed during treatment with increase in calories and fat intake 
Percent fat intake increased from a baseline intake of 26% of total calories to 30.2% 
by the end of therapy in this breast cancer patient group. 
A significant decrease in the average hours worked from 33.4 hours per week to 12.7 
hours by the end of therapy was observed 
100% of subjects reported fatigue 
Fifty five percent of the subjects were pre-menopausal at baseline 
All patients were amenorrheic at the completion of therapy 
72.5% showing a significant decrease in serum total estradiol levels post therapy 
Thyroxine-binding-globulin levels were elevated in 68.8% of the subjects after 
therapy 
Triiodothyronine-3 uptake levels were decreased indicative of lowered thyroid 
function. 

Based on the preliminary observations, as hypothesized, weight gain in breast cancer patients 
may be a phenomenon resulting from hormonal and lifestyle changes and offers an opportunity 
for prevention and improved prognosis. We observed hyperphagia, lowered physical activity, 
amenorrhea, fatigue in this patient population, which may all contribute to weight gain. Android 
obesity and adult weight gain are known risk factors of survival in breast cancer patients. As the 
cause of weight gain is preventable, by educating and counseling patients during treatment, 
weight gain in breast cancer patients can be prevented, thereby improving prognosis. 
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Reportable Outcomes: 
Preliminary results of this study has been presented as an abstracts (Appendix 1), poster session 
(Appendix 2) and will be presented in a plenary session (Appendix 3) in the following National 
and International Meetings: 

1. Kumar NB, Riccardi D, Allen K, Cantor A, Jacobsen P. Horton J, Minton S, Balducci & 
LymanGH. Weight Gain in Breast Cancer Patients on Chemotherapy: Exploring 
Hormonal, Body Composition and Behavioral Mechanisms. Proc of the US Army Breast 
Cancer research Program Meeting, Era of Hope, 2000.        (Appendices 1 & 2) 

2. Kumar NB, Riccardi D, Allen K, Cantor A, Jacobsen P. Horton J, Minton S, Balducci L 
& Lyman GH. Weight Gain in Breast Cancer Patients on Chemotherapy: Exploring 
Hormonal, Body Composition and Behavioral Mechanisms. Abstract accepted for 
Podium Presentation, Proceedings of the 5th International Symposium on Predictive 
Oncololgy & Therapy. November 2-5, 2000. (Appendix 3) 

Conclusions: 
Definitive prospective studies such as ours, that systematically observes the relative contribution 
of each viable mechanism such as nutritional intake, activity levels, body composition, 
hormonal function, thyroid function, coping mechanisms and fatigue scores during 
chemotherapy on weight gain are needed. While it is important to initiate action to prevent the 
problem of weight gain in breast cancer patients, an essential first step to intervention or 
rehabilitation is to identify the mechanisms by which weight gain occurs which may hasten the 
development of effective intervention strategies for weight management for specific regimens. In 
our current longitudinal research study, we are exploring the impact of adjuvant chemotherapy 
for breast cancer treatment on these clinical and psychological outcomes and identify 
systematically the mechanisms and offer opportunities for delivering effective care to prevent 
and facilitate recovery from breast cancer. 

In a recent study that was published by our group (Appendix 4), eighty-three of 166 breast 
cancer patients with up to 10 years of follow-up failed to survive. Android body fat distribution, 
as indicated by higher suprailliac: thigh ratio was a statistically significant (PO.0001) prognostic 
indicator for survival after controlling for stage of disease, with a hazard ratio of 2.6 (95% CI, 
1.63 - 4.17). Adult weight gain, as indicated specifically by weight at age 30, was a statistically 
significant (PO.05) prognostic indicator for survival with a hazard ratio of 1.15 (95% CI, 1.0 - 
1.28). In addition, we observed Quatelet Index, a negatively significant (PO.01) prognostic 
indicator for survival with a hazard ratio of 0.92 (95% CI 0.87 - 0.98). Based on the relevant 
literature and the preliminary results of our study, we hypothesize that weight gain will occur in 
a significant number of breast cancer patients on adjuvant chemotherapy and in addition that this 
weight gain will be a result of hyperphagia, significant lowering of activity level, decrease in free 
and total estradiol levels, similar to the hormonal milieu of menopause which is known to alter 
body composition and appetite and lowering of thyroid function resulting in decreased activity 
levels, all contributing to weight gain in this population. As weight gain in this population is a 
risk factor for survival, it is critical to explore the impact of adjuvant chemotherapy for breast 
cancer treatment on these clinical and psychological outcomes and identify systematically the 
mechanisms and offer opportunities for delivering effective care to prevent and facilitate 
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recovery from breast cancer, which will further the programmatic goals of the BCRP of the 
Department of Defense. Our research may in addition lead to the elucidation of hormonal 
markers that predict the probability of disease recurrence. This may also establish the 
mechanisms by which weight gain has an impact on the neoplastic process. If changes in body 
weight, body composition, hormonal levels, psychological health, dietary and other lifestyle 
factors alter prognosis, manipulation of these variables by intervention and counseling may 
improve prognosis, facilitate recovery from breast cancer and the credibility of such 
interventions will be enhanced. 
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APPENDIX  1 

WEIGHT GAIN IN BREAST CANCER PATIENTS ON CHEMOTHERAPY. 
EXPLORING HORMONAL, BODY COMPOSITION AND BEHAVIORAL 

MECHANISMS. 

Nagi Kumar, Diane Riccardi, Kathy Allen, Alan Cantor, Paul Jacobsen,, John 
Horton, Susan Minton, Lodivicco Balducci, Gary Lyman. 

H. Lee Moffitt Cancer Center & Research Institute. University of South Florida. 
Tampa, FL 33612-9497 

KumarfrTjmoffitt.usf.edu 

The purpose of the study is to observe the relative contribution of thyroid function, sex- 
hormonal levels, physical activity, psychological state and nutritional intake on changes 
in body weight in a group of breast cancer patients, receiving adjuvant chemotherapy. 
Women scheduled to receive adjuvant chemotherapy were assessed prior to their first 
infusion and followed until the end of treatment and changes in weight, body 
composition, physical activity, nutritional intake, fatigue, sex-hormones, thyroid 
hormones and ways of coping were observed. 
Fifty-three subjects completed the study during the first year. Preliminary results indicate 
that the average age of this cohort is 48.96 years, 43.9% were smokers, 48% had a family 
history of breast cancer, 56% reported increased fatigue and 55% gained weight during 
chemotherapy. Hyperphagia was observed during treatment, with percent fat intake 
increasing from 26% to 30.2% by the end of therapy. However, we observed a significant 
decrease in the average hours worked from 33.4 hours per week to 12.7 hours by the end 
of therapy. Fifty five percent of the subjects were pre-menopausal at baseline, but all 
patients were amenorrheic at the completion of therapy with 72.5% showing a significant 
decrease in serum total estradiol levels post therapy. Thyroxine-binding-globulin levels 
were elevated in 68.8% of the subjects after therapy while Triiodothyronine-3 uptake 
levels were decreased indicative of lowered thyroid function. 
Based on the preliminary observations, weight gain in breast cancer patients may be a 
phenomenon resulting from hormonal and lifestyle changes and offers an opportunity for 
prevention and improved prognosis. 

The U.S. Army Medical Research and Material Command under DAMD-17-98-1-8240 
supported this work. 
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APPENDIX  2 

Weight Gain in Breast Cancer 
Patients on Chemotherapy 

NB Kumar, Ph.D., K Allen, R.D., A Cantor, 
Ph.D., P Jacobsen, Ph.D., J Horton, M.D., 

S Minton, M.D., & L Balducci, M.D. 

H. Lee Moffitt Cancer Center & Research 
Inst, Tampa, Florida 

Prevalence and Magnitude of Weight 
Gain in Breast Cancer Patients 

During Chemotherapy 

i Between 5-50 lbs weight gain has been consistently 
reported by patients during treatment 
50-95% patients reported weight gain 

More common in pre-menopausal than post- 
menopausal patients 

Common in patients receiving multi-agent therapies 
The longer the duration of therapy - the greater the 
weight gain 
Weight gain is observed irrespective of stage of 
disease 

Consequences of Weight Gain 

Obesity at diagnosis - adverse prognostic indicator 

Obesity in node positive postmenopausal Breast 
Cancer patients - adverse prognostic indicator 

Risk of recurrence -1.33-1.5 times higher - obese vs 
non-obese 

1.6 times greater risk of death in gainers vs non- 
gainers 

Specific Aim: 

i The purpose of the study is to observe 
the relative contribution of thyroid 
function, sex-hormonal levels, physical 
activity, psychological state and 
nutritional intake on changes in body 
weight in a group of breast cancer 
patients, receiving adjuvant 
chemotherapy. 

Research Design: 

1200 Women scheduled to receive 
adjuvant chemotherapy were assessed 
prior to their first infusion and followed 
until the end of treatment and changes 
in weight, body composition, physical 
activity, nutritional intake, fatigue, sex- 
hormones, thyroid hormones and ways 
of coping were observed. 

Preliminary Results: Demographic and 
Lifestyle Variables (n = 53/Year 1) 

Variables 

Average Age 

Smokers 

Percentage/Number 

48.9 Years 

43.9% 

Family Hx of Breast Cancer 48% 

Patients reporting fatigue    56% 
during treatment 
Patients reporting weight     55% 
gain during treatment 
Patients reporting 100% 
hyperphagia during 
treatment 
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Preliminary Results: Changes in lifestyle 
and hormonal variables from baseline to 

post treatment 

Variables Baseline Post 
Treatment 

Average fat 
intake 

26% 30.2% 

Average number 
of hours worked 

33.4 hours 12.7 hours 

Number of 
subjects 
menstruating 

22 0 

Preliminary Results: Changes in 
hormonal levels from baseline to 

post-treatment 

Variables Percentage of pati 
indicating change 

Decrease in serum total 
estradiol 

72.5% 

Increase in Tyroxine- 
binding globulin 

68.8% 

Decrease in 68% 
Triiodothyronine-3 uptake 

Conclusions: 

i Based on the preliminary observations, 
weight gain in breast cancer patients 
may be a phenomenon resulting from 
hormonal and lifestyle changes and 
offers an opportunity for prevention and 
improved prognosis. 

■ Research Funded by: The U.S. Army Medical 
Research and Material Command under DAMD-17-98- 
8240 
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WEIGHT GAIN IN BREAST CANCER PATIENTS ON CHEMOTHERAPY. 
EXPLORING HORMONAL, BODY COMPOSITION AND BEHAVIORAL 

MECHANISMS. 

Nagi Kumar, Diane Riccardi, Kathy Allen, Alan Cantor, Paul Jacobsen,, John 
Horton, Susan Minton, Lodivicco Balducci, Gary Lyman. 

H. Lee Moffitt Cancer Center & Research Institute. University of South Florida. 
Tampa, FL 33612-9497 

The purpose of the study is to observe the role of hormonal function, physical activity, 
mental state and nutritional intake on changes in body weight in a group of breast cancer 
patients, receiving adjuvant chemotherapy. 
Women scheduled to receive chemotherapy were evaluated prior to their first treatment 
and followed until the end of treatment and changes in weight, body composition, 
physical activity, nutritional intake, fatigue, hormones and ways of coping were 
observed. 
Fifty-three subjects completed the study during the first year. Preliminary results show 
that the average age of this group was 48.96 years, 43.9% were smokers, 48% had a 
family history of breast cancer, 56% reported increased fatigue and 55% gained weight 
during chemotherapy. Patients increased their consumption of food, specifically fat, with 
percent fat intake increasing from 26% to 30.2% by the end of therapy. However, the 
average hours worked decreased from 33.4 hours per week to 12.7 hours by the end of 
therapy. Fifty five percent of the subjects were pre-menopausal at baseline, but all 
patients stopped having their menses at the completion of therapy with 72.5% showing a 
decrease in sex-hormone levels post therapy. Thyroid hormone levels were decreased 
indicative of lowered thyroid function. 
Based on the preliminary observations, weight gain in breast cancer patients may be a 
result of hormonal and lifestyle changes that occur as a result of treatment. As the cause 
of weight gain is preventable, by educating and counseling patients during treatment, 
weight gain in breast cancer patients can be prevented, thereby improving prognosis. 
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BACKGROUND. Although a large body of research exists concerning pathologic 

prognostic indicators of the rate of incidence and survival from breast carcinoma, 

to the authors' knowledge very few studies have examined the effects of anthro- 
pometric variables such as height, obesity, weight gain in adulthood, timing of 
weight gain, and body composition to survival, although these variables are related 
to the incidence rate. 

METHODS. The survival status of 166 patients diagnosed with primary breast 
carcinoma and followed for at least 10 years was obtained from the Cancer Center's 
registry, and significant anthropometric and other known prognostic indicators 

regarding survival after diagnosis were determined by Cox proportional hazards 
analysis. 

RESULTS. Eighty-three of 166 breast carcinoma patients (50%) with up to 10 years 
of follow-up died of disease. Android body fat distribution, as indicated by a higher 

suprailiacrthigh ratio, was a statistically significant (P < 0.0001) prognostic indica- 
tor for survival after controlling for stage of disease, with a hazards ratio of 2.6 (95% 

confidence interval [95% CI], 1.63-4.17). Adult weight gain, as indicated specifically 
by weight at age 30 years, was a statistically significant (P < 0.05) prognostic 
indicator for survival with a hazards ratio of 1.15 (95% CI, 1.0-1.28). In addition, the 
authors observed the Quatelet Index, a negatively significant (P < 0.01) prognostic 
indicator for survival with a hazards ratio of 0.92 (95% CI, 0.87-0.98). Other 
markers of general obesity such as weight at diagnosis, percent body fat, and body 
surface area were not significant markers influencing survival. Similarly, height; 
triceps, biceps; subscapular, suprailiac, abdominal, and thigh skinfolds; waist and 
hip circumferences; family history; and reproductive and hormonal variables at the 
time of diagnosis showed no apparent significant relation to survival. 

CONCLUSIONS. The results of the current study provide some evidence that android 
body fat distribution at diagnosis and increased weight at age 30 years increases a 
woman's risk of dying of breast carcinoma. Cancer 2000;88:2751-7. 
© 2000 American Cancer Society. 

KEYWORDS: breast carcinoma, survival, android obesity. 

It is estimated that more than 175,000 new cases of female breast 
carcinoma will be diagnosed in the United States in 1999, and 

43,900 persons will die of this disease.1 Most of these patients will be 
diagnosed with Stage I or II disease, and a significant proportion of 
these women will be treated with chemotherapy in addition to sur- 
gery and/or radiation therapy. Although more women are diagnosed 
at earlier stage of disease and research has provided numerous treat - 

© 2000 American Cancer Society 
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ment options, significant international differences in 
survival rates from breast carcinoma exist, with 
greater survival rates observed in Japanese women2 as 
compared with women in Western civilizations, which 
cannot be explained by extent of disease nor therapies 
used.3 

Although a large body of research exists in the 
area of pathologic prognostic indicators of inci- 
dence rate, prognosis, and survival from breast car- 
cinoma, very few studies have examined compre- 
hensively the effects of anthropometric variables on 
survival. Anthropometric variables such as height, 
obesity,4-9 weight gain in adulthood, timing of 
weight gain, and body composition10"15 have been 
known to increase risk of breast carcinoma inci- 
dence. Whereas several researchers have reported 
poor prognosis in obese breast carcinoma pa- 
tients1116-25 with a risk of disease recurrence 1.33- 
1.5 times higher in obese than nonobese,24,25 others 
have not observed this relation,26-28 specifically 
among premenopausal breast carcinoma patients.29 

Possible mechanisms for the association of indica- 
tors of obesity to breast carcinoma risk include el- 
evated levels of endogenous estrogen, which has 
been associated with efficient conversion andro- 
stenedione to estrone in peripheral adipose tis- 
sue,1618 insulin resistance,29,30 or subnormal levels 
of progesterone. Although obese women may be at 
higher risk for developing breast carcinoma, we and 
others have shown that women with a predominant 
android body fat distribution are a subset of women 
who are at a significantly higher risk for this dis- 
ease.1213'15'18'30'31 We and others also have shown 
that women who progressively gain weight during 
adulthood, which is predominantiy android,101415'30-32 

are at higher risk for breast carcinoma. Although it 
may be critical to examine risk factors that contrib- 
ute to breast carcinoma incidence rates, it may, in 
addition, be important to consider the theory that 
factors influencing the occurrence of breast carci- 
noma also may affect subsequent course of the dis- 
ease and thus survival. In the current study, our 
specific objective was to evaluate the effects of an- 
thropometric variables at diagnosis, including body 
composition and body fat distribution as measured 
by skinfold and circumference measurements, in 
addition to obesity and survival from breast carci- 
noma. In addition, we investigated the association 
of history of weight and weight gain from adoles- 
cence to adulthood, before diagnosis, and its effect 
on disease survival in this cohort of breast carci- 
noma patients. 

SUBJECTS AND METHODS 
The subjects in our cohort included a total of 166 
primary breast carcinoma patients consecutively re- 
cruited and followed in a case-control study at the H. 
Lee Moffitt Cancer Center and Research Institute. All 
patients admitted to the study were diagnosed within 
3 months of entry to the study and had not been 
treated with adjuvant hormonal therapy or chemo- 
therapy. The criteria for exclusion of patients were as 
follows: pregnancy, weight loss of more than 10% of 
usual weight, having engaged in a dietary or therapeu- 
tic regimen for weight loss during the year preceding 
the study, being on a cholesterol lowering therapeutic 
regimen, or having a medical condition or physical 
stature (weight > 220 lbs) that limited or prevented 
the researchers from obtaining accurate skinfold mea- 
surements. After receipt of informed consent, infor- 
mation regarding subjects medical history; clinical 
and pathologic diagnosis; previous and current med- 
ications taken; hormonal histories, including exoge- 
nous and endogenous events, such as hormonal sup- 
plement use, timing of menopause and menarche and 
reproductive history; cigarette and alcohol use; and 
family history of cancer were obtained using an epi- 
demiologic questionnaire. We obtained anthropomet- 
ric measurements from all 166 subjects admitted to 
this study. The anthropometric measures obtained at 
diagnosis included height (inches), weight (lbs), skin- 
fold measurements (mm) in predetermined sites such 
as biceps, triceps, subscapular, midaxillary, suprailiac, 
abdomen and thigh, and circumference measure- 
ments (inches) such as waist and hip. These standards 
and methods previously were described, and the re- 
sults were published.18 Weight histories from all 166 
patients in the cohort at ages 16, 20, 30, and 40 years 
were obtained using methods previously described 
and published.11 The study cohort was followed for 10 
years through annual or more frequent contact by the 
Cancer Center. Recurrence of cancer was confirmed 
by clinical or pathologic assessment, and survival sta- 
tus date of last contact was obtained from the cancer 
center's tumor registry between March and July 1997. 
The demographic and pathologic characteristics of 
this cohort are outlined in Tables 1 and 2, respectively. 

Statistical Analysis 
The distributions of known risk factors for breast car- 
cinoma such as age at menarche, menopause, age at 
first childbirth, family history of cancer, cigarette and 
alcohol use, and parity were assessed in addition to 
anthropometric variables, such as weight history, obe- 
sity, and body fat distribution at diagnosis. Significant 
prognostic indicators of survival after diagnosis were 
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TABLE 1 
Demographic Data for Patients with Breast Carcinoma 

TABLE 3 
Proportional Hazards Regression Analysis Body Mass Indices and 
Breast Carcinoma Survival 

Variables 

Breast carcinoma 
patients (n = 166) (%) 

Age 
<40 
41-50 
51-60 
>60 

Race 
White 
Black 
Hispanic/other 

Age at menarche (yrs) 
8-11 
12-14 
> 14 

Menopausal status 
Premenopausal 
Postmenopausal 

Number of children 
0 
1-3 
>4 

Smoker 
Yes 
No 

13 
26 
23 
38 

92 
4 
4 

24 
65 
11 

17 
83 

20 
60 
20 

40 
60 

TABLE 2 
Pathologic Data for Patients with Breast Carcinoma 

Variables 
Breast carcinoma 
patients (n = 166) (%) 

Stage of disease 
Not available 
Stage I 
Stage II 
Stage III 
Stage IV 

Lymph nodes 
Positive 
Negative 

Site of recurrence 
Bone 
Chest wall 
Liver 
Lung 
Other 

14 
33 
41 
9 
3 

36 
64 

43 
16 
14 
9 
27 

determined by Cox proportional hazards analysis. Af- 
ter stratifying for stage, all covariates were evaluated 
univariately. Then, a stepwise selection method was 
used with entry and staying criteria of 0.05. Significant 
covariates then were categorized to evaluate adjusted 
risk ratios compared with a baseline group by using 
Cox proportional hazards. 

Variable Risk ratio 95% CI P value 

Suprailiac: thigh ratio 
Weight at age 30 yrs 
Quatelet index 

2.61 
1.15 
0.92 

(1.63-4.17) 
(1.01-1.28) 
(0.87-0.98) 

< 0.001 
0.036 
0.07 

Cl: confidence interval. 

RESULTS 
Eighty-three of 166 breast carcinoma patients with up 
to 10 years of follow-up failed to survive. The final 
model of the multivariate analysis of survival determi- 
nants is shown in Table 3. Android body fat distribu- 
tion, as indicated by higher suprailiacthigh ratio, was 
a statistically significant (P < 0.0001) prognostic indi- 
cator for survival after controlling for stage of disease, 
with a hazards ratio of 2.6 (95% confidence interval 
[CI], 1.63-4.17 Adult weight gain, as indicated specif- 
ically by weight at age 30 years, was a statistically 
significant (P < 0.05) prognostic indicator for survival 
with a hazards ratio of 1.15 (95% CI, 1.0-1.28). Esti- 
mated breast carcinoma survival rates by suprailiac: 
thigh ratio and weight at age 30 years were plotted 
(Figures 1 and 2). In addition, we observed Quatelet 
Index [weight(kgs)/height(m)2], a negatively signifi- 
cant (P < 0.01) prognostic indicator for survival with a 
hazards ratio of 0.92 (95% CI 0.87-0.98). Other mark- 
ers of general obesity such as weight at diagnosis, 
body fat percentage, and body surface area were not 
significant markers influencing survival. Similarly, 
height, triceps, biceps, subscapular, suprailiac, abdo- 
men, thigh skinfolds, waist and hip circumferences, 
family history, and reproductive and hormonal vari- 
ables at diagnosis showed no significant relation to 
survival. 

DISCUSSION 
This study clearly indicates that a predominant an- 
droid body fat distribution at diagnosis and weight at 
age 30 years, which is indicative of adult weight gain 
and which is predominantly android in distribution, 
are two factors that are as important as predictors of 
survival as they are to risk of breast carcinoma. Quate- 
let Index, which is an indicator of body size, including 
the variables of height and weight, was negatively 
correlated with survival. The results of our study thus 
indicate that anthropometric factors influencing the 
occurrence of breast carcinoma may, in fact, also af- 
fect subsequent course of the disease and thus sur- 
vival. To our knowledge, our study was the first of its 
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kind to systematically examine the association of fat 
distribution, as measured by the distribution of skin- 
fold (suprailiacthigh) and circumference (waist:hip) 
measures, with survival of breast carcinoma patients, 
in addition to indicators of obesity. Only one other 
study,27 previous to our current work, addressed the 
association between body fat distribution and breast 
carcinoma survival. However, as the investigators ob- 
serve, the study found no association because they did 
not measure any lower body fat distribution parame- 
ters and recommend the use of these measures to 
determine if the patient had a predominantly android 
or gynoid body fat distribution. In two other stud- 
ies27,33 examining the contribution of anthropometric 
measures to survival, higher premorbid triceps skin- 

fold and subscapular27 skinfold measurements in- 
creased a woman's risk of dying from breast carci- 
noma. However, the ratio of upper:lower body fat 
distribution, which would be indicated by the ratio of 
upper and lower body skinfold or circumference mea- 
surements, was not addressed nor measured. Al- 
though it may be argued that high triceps and sub- 
scapular measurements may be correlated with 
increased android body fat distribution,2733 it would 
be important to determine the relative ratio of upper 
and lower skinfold (suprailiacthigh) or circumference 
(waist:hip) measurements to show the predominance 
of gynoid or android distribution more accurately. As 
with results obtained in our previous study with tim- 
ing of weight gain and breast carcinoma risk,11 these 
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results indicate that weight at age 30 years, indicative 
of adult weight gain, was a variable correlated with not 
only increased risk for developing breast carcinoma, 
but in addition, a higher risk for mortality in breast 
carcinoma patients. Although we examined the vari- 
ables of weight at ages 16, 20, 30, and 40 years and 
weight gain between these ages in this cohort, the 
variable of weight at age 30 years was the only statis- 
tically significant variable contributing to risk of sur- 
vival in our study. Again, this is the first study to our 
knowledge to examine the effect of adult weight and 
subsequent risk of breast carcinoma and death. 
Weight gain during periods of hormonal change, such 
as puberty, pregnancy, lactation, and menopause may 
have different biologic effects, perhaps because of dif- 
ferences in the location of body fat during these peri- 
ods. Weight gain during pubescent years is primarily 
in the hips and buttocks (gynoid); however, weight 
gain during adult years including during pregnancy 
and menopause has been characterized by central 
body fat distribution (android)1415,29-32,34-36 In addi- 
tion, as lean body mass decreases with age,37 adult 
weight gain largely reflects gain in body fat. Hence, 
adult weight gain largely reflects gain in body fat and, 
unlike the gain in gynoid body fat distribution in pu- 
berty, is predominantly android1415,30-32 and has sim- 
ilar implications as with women having a predomi- 
nant android body fat distribution, thus theoretically 
posing a higher risk of breast carcinoma and survival. 

The physiologic mechanism of the two indicators 
observed—android obesity at diagnosis and weight at 
age 30 years—in our study is related to and is most 
likely a consequence of adult weight gain. The meta- 
bolic and hormonal abnormalities noted in obesity are 
more pronounced in individuals with upper body pre- 
dominance. Although chronic disease is most com- 
monly found in obese women, women with android 
obesity have been noted to have a higher risk of breast 
and endometrial carcinomas ,1838-40 longer menstrual 
cycles, and an increased incidence rates of hirsutism, 
gall bladder disease, hypertension, atherosclerosis, in- 
sulin resistance, and noninsulin-dependent diabetes 
mellitus, than women of the same weight with a gy- 
noid obesity.1729,30-41-49 We and others have shown 
elevated nonprotein bound estradiol and lower sex 
hormone binding globulin (SHBG) levels in patients 
with breast carcinoma compared with age-matched 
controls.50-53 The SHBG levels decreased with increas- 
ing abdominal body fat localization or android obe- 
sity. Conversely, studies have reported significant rise 
in SHBG levels and a decrease in unbound biologically 
active estrogens with decrease in weight in both51-53 

pre- and postmenopausal women. It can be theorized 
that, just as in increasing risk of breast carcinoma, 

android body fat predominance results in increased 
exposure to biologically active unbound fractions of 
estrogens even after diagnosis of breast carcinoma 
and may stimulate growth of preexisting neoplastic 
lesions,54 thus increasing the risk of death from breast 
carcinoma. In Western populations, evidence of ab- 
dominal obesity associated with hyperinsulinemia in- 
creases progressively after age 40 years. It has been 
demonstrated that weight gain leading up to meno- 
pause mainly involves android body fat distribution 
that is associated with insulin resistance that may act 
as late stage promoters of mammary carcinogene- 
sis 29.30 In addition, the results of the study indicated a 
negative correlation of Quatelet Index, which takes 
into consideration both variables of height and 
weight, with survival. Of note, these are two variables 
that previously have been positively correlated with 
survival from breast carcinoma, which may indicate 
that android body fat distribution and not obesity is a 
more critical prognostic anthropometric indicator re- 
lated to survival from breast carcinoma. Thus, the 
specific population of women who progressively gain 
weight during their adult years and whose body fat 
distribution is predominantly android are not only at 
greater risk for breast carcinoma but, in addition, at 
risk of death from breast carcinoma. 

FUTURE DIRECTIONS 
Our study was the first to our knowledge to thoroughly 
examine and determine the association between body 
fat distribution and adult weight gain at diagnosis as 
risk for survival from breast carcinoma. Android obe- 
sity and weight gain in adulthood are all modifiable 
risk factors and thus present the greatest implication 
for prevention of recurrence and thus death in this 
population. Android obesity is most conducive to re- 
duction by simply modifying lifestyle factors such as 
diet and exercise.52,55,56 Reduction in android obesity 
produced increases in SHBG levels and decreases in 
free estradiol.53 Because android obesity is a conse- 
quence of adult weight gain, guidelines from the 
American Institute of Cancer Research57 recommend- 
ing that adult weight gain must not exceed 11 pounds 
must be taken more seriously. Family practitioners 
and gynecologists are in an ideal position to recom- 
mend aggressive interventions with weight loss and 
management, specifically for those patients who 
present with risk factors for breast carcinoma. Incor- 
porating a simple, reliable waistrhip circumference 
measurement in breast carcinoma screening centers 
and family practitioners' and gynecologists' offices 
may enable us to identify this subgroup of women. In 
addition, once breast cancer is diagnosed, it may be 
ideal to identify this subgroup of breast carcinoma 
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patients and provide intervention strategies to control 
or reduce weight gain thus influencing hormonal sta- 
tus and survival. Certainly, future prospective inter- 
vention studies aimed at reducing android obesity in 
breast carcinoma patients and examining prognosis 
and survival are well justified. Interventions directed 
at weight control may have a substantial effect not 
only on breast carcinoma mortality but may have a 
substantial effect on mortality associated with other 
chronic illnesses such as heart disease and diabetes. 
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