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Abstract
Objective—Platinum/paclitaxel-based chemotherapy is a current treatment for advanced epithelial
ovarian cancer. We sought to explore the association between weight change during treatment and
survival, as well as the association between pre-chemotherapy body mass index (BMI) and survival.

Methods—A retrospective data review was conducted of 792 advanced ovarian cancer patients
who participated in a phase III randomized trial of cisplatin/paclitaxel versus carboplatin/paclitaxel.
Pre-chemotherapy BMI was calculated following surgery. Weight change was defined as the ratio
of body weight at completion of protocol therapy to pre-chemotherapy body weight. Progression-
free survival (PFS) and overall survival (OS), classified by BMI or relative weight change, were
estimated by Kaplan-Meier, and associations were assessed using a Cox model controlled for known
prognostic variables (age, race, performance status, histology, tumor grade, tumor residual and
treatment group).

Results—There was no association between pre-chemotherapy BMI and survival. There was a
significant relationship between median OS and weight change as follows: >5% decrease=48.0
months; 0-5% decrease=49.3 months; 0-5% increase=61.1 months; and >5% increase=68.2 months.
Adjusted for covariates, the relative risk of death increased by 7% for each 5% decrease in body
weight (HR=0.93, 95% CI=0.88-0.99; p=0.013)

Conclusions—Change of body weight during primary chemotherapy was a strong prognostic
factor for overall survival. Loss of body weight during primary therapy is an indicator for poor OS;
weight gain is an indicator for improved survival. This study supports the development of strategies
to minimize weight loss that can be assessed in a prospective, randomized study to improve patient
outcomes.
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Introduction
Obesity is implicated as a risk factor in the incidence and mortality due to cancer, and is
implicated as being responsible for 14% and 20% of all cancer deaths for men and women,
respectively.1 This may in part be due to higher levels of circulating estrogens among those
with a higher proportion of adipose tissue that contributes to an increased risk of hormone-
dependent cancers.2 Population-based studies have shown increasing risk for cancer mortality
with higher body mass index (BMI), which assesses body weight in relation to height, for
stomach and prostate cancers in men and breast, endometrial, cervical and ovarian cancers in
women.1 Large cohorts of ovarian cancer patients have demonstrated that the risk of ovarian
cancer mortality is increased among those with higher BMI.3,4,5 However, there remains
conflicting evidence about these findings, primarily because of the lack of control for potential
confounding variables, such as surgical or treatment-related factors.

Women who are diagnosed and treated for ovarian cancer are known to experience a variety
of chemotherapy-related side effects that can affect quality of life. Ovarian cancer patients may
experience cachexia as a result of advanced disease (e.g., bowel obstruction, metabolic
changes) and therefore suffer loss of body weight.6 Cachexia has been associated with reduced
survival and quality of life in patients with advanced cancers.7 There is also some evidence of
weight gain following diagnosis of breast cancer that is largely due to the significant decrease
in physical activity following cancer diagnosis.8,9 Furthermore, paclitaxel-based
chemotherapy has been associated with patient weight gain in studies of both breast and lung
cancer.10,11 Although there has not been a systematic analysis to date, there is some evidence
that carboplatin combined with paclitaxel can cause weight gain in ovarian cancer patients.
12,13 Therefore, there may be potential risk-factors related to survival related to either high
BMI or weight loss.

It is unclear, however, if either an increase or decrease in body weight during chemotherapy
could potentially impact survival. Understanding the nature of the problem will enable us to
develop future cancer control research that can positively impact the quality of life, and
potentially the survival, of ovarian cancer patients during treatment. Nutritional support,
dietary intervention, or other interventions to reduce symptoms that may negatively impact
appetite or physical activity could decrease any risks associated with weight change if applied
appropriately to the problem.

Little is known about the incidence of weight change among ovarian cancer patients. In 2006,
Gil and colleagues demonstrated that weight loss occurs after surgery, and weight is regained
gradually over the year following surgery, and that the weight regained tended to be body fat,
not muscle mass.14 Due to the fact that excess adipose tissue can impact circulating estrogens,
weight change may impact disease progression. However, the impact of weight change on
survival in this population is unknown. To our knowledge, there have been no studies of ovarian
cancer patients that have evaluated weight change during primary chemotherapy as related to
survival outcomes among ovarian cancer patients. Few studies have yet assessed BMI and
ovarian cancer survival in a randomized trial setting, where potentially confounding therapeutic
and patient-related variables may be controlled. Therefore, this study was designed to perform
a retrospective examination of the association of pre-chemotherapy BMI and body weight
change during chemotherapy with survival from ovarian cancer.
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Methods
From April, 1995 through January, 1998, the Gynecologic Oncology Group (GOG) enrolled
792 ovarian cancer patients to GOG-158, “a phase III randomized study of cisplatin and
paclitaxel (24-hour infusion) versus carboplatin and paclitaxel (3-hour infusion) in optimal
stage III epithelial ovarian carcinoma.” Briefly, GOG-158 was designed to compare the
efficacy and toxicity of carboplatin plus paclitaxel with that of cisplatin plus paclitaxel among
women with optimal stage III ovarian cancer (tumor residual ≤1cm). Eligible patients were
randomly assigned to one of two treatment groups: Arm I: cisplatin 75 mg/m2 plus a paclitaxel
135 mg/m2 (24-hr infusion) (n=400); or Arm II: carboplatin (AUC=7.5) plus paclitaxel 175
mg/m2 (3-hr infusion) (n=392). The final results of the trial were published by Ozols and
colleagues in 2003.15 There were no differences in either PFS (hazard ratio for death [HR]
=0.88; 95% confidence interval [CI]=0.75 to 1.03) or OS (HR=0.84; 95% CI=0.70 to 1.02)
between treatment groups; however, cisplatin/paclitaxel treatment was associated with a
statistically significant greater incidence of grade 3-4 leukopenia, gastrointestinal, renal and
metabolic toxicity. Throughout the study treatment period, information was collected at each
treatment visit (every 21 days for 6 cycles) regarding body weight, side effects and other
treatment-related factors. All patients provided written informed consent consistent with all
federal, state and local institution requirements prior to receiving protocol therapy.

BMI was calculated using body weight (in kilograms) divided by height squared (in meters).
Patients were classified into three groups based on BMI: less than 25.0; 25.0 to 29.9; and greater
than or equal to 30.0. These categories correspond with the World Health Organization
classification for normal weight, overweight and obese individuals. Mean BMI by patient
characteristics (age group, race, performance status, histology, and tumor grade) were assessed
by ANOVA. The Tukey-Kramer method was used for pair-wise comparisons. Change in body
weight during the treatment period and comparison between treatment groups were assessed
using a Mixed model procedure, treating body weight as repeated measures. Only patients who
completed the prescribed six cycles of chemotherapy were included in assessment of changes
in weight over time. This strategy was taken due to a concern that those patients with missing
time point data were likely those with poorer outcomes (e.g., unable to complete therapy), and
a random pattern of missing data cannot be assumed. While maintaining homogeneity in the
study population, this strategy does limit the inference of study results to patients completing
six cycles of primary therapy (86% of all patients in GOG-158 completed six cycles of
chemotherapy).

The extent of weight change during therapy was determined by comparing body weight
measured pre-treatment (W1) with body weight reassured at the time of the sixth cycle of
chemotherapy (W6), and a relative change in body weight was calculated as: [(W6/W1)-1] ×
100%. For categorical analyses, patients were classified into four groups based on relative
change in body weight: decrease < 5%, decrease 0-5% (0% not included), increase 0-5% (0%
included), and increase > 5%. PFS and OS were defined as reported in the parent clinical trial.
15 PFS and OS were calculated by the Kaplan-Meier method and the log-rank test was used
to compare the survival distribution. Multivariate analysis was conducted with a Cox model
adjusted for covariates (age, race, performance status, histology, tumor grade, tumor residual
and treatment). The linearity between weight change and risk of death was assessed using a
graphical method as suggested by Homer and Lemeshow.16 All reported p values were two
sided and the statistical analyses performed on SAS (Statistical Analysis System) version 9.1
(SAS Institute, Cary, NC).
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Results
Body Mass Index (BMI) and Clinical Outcomes

Of the 792 patients enrolled to GOG-158, 790 were included in this analysis (two patients had
missing height or weight records at study enrollment). Median BMI at study enrollment (pre-
chemotherapy) was 24.9 (range 13.7 – 52.9). Of the 790 patients, 404 (51.1%) were normal
weight (BMI <25.0), 242 (30.6%) were overweight (BMI 25.0-29.9), and 144 (18.2%) were
obese (BMI ≥30.0) before chemotherapy. Average BMI was statistically different by race and
tumor grade. African-American patients and patients with well-differentiated tumors (grade 1)
had statistically significantly higher BMI (Table 1). Within a median follow-up period of 48
months, 629 disease recurrences and 559 deaths were identified. Median PFS was estimated
to be 19.5, 21.4 and 18.7 months and median OS was 54.3 months, 54.1 months and 48.4
months for the BMI<25.0, 25.0-29.9 and ≥30.0 groups, respectively. There was no evidence
that BMI was associated with either PFS (p=0.56) or OS (p=0.62). Figure 1 shows the estimate
of OS by BMI group. These results remained consistent with multivariate analysis after
controlling for covariates. The causes of death by BMI group were also examined. Of 559
deaths, 87% were ovarian cancer-related, 1% caused by treatment and 12% from other causes.
This distribution was consistent across the three groups. Furthermore, 685 (86%) patients
completed all six prescribed chemotherapy cycles. There were no differences in cycle
completion rates by BMI group.

Body Weight Change during Chemotherapy and Clinical Outcomes
Of the 685 patients who completed all six cycles of chemotherapy, 645 (94%) had complete
weight data available for analysis (e.g. body weight recorded at each course of therapy). The
pattern of weight change during the chemotherapy period differed by treatment group (Figure
2). Body weight changes were significantly different over the treatment period between the
cisplatin/paclitaxel and carboplatin/paclitaxel treatment groups (p<0.001). Patients treated on
both treatment arms experienced a decrease in body weight after the first cycle of chemotherapy
(-2.2 kg for the cisplatin/paclitaxel arm versus -1.2 for the carboplatin/paclitaxel arm). Patients
on the cisplatin/paclitaxel regimen did not tend to regain the initial weight lost, but maintained
a lower, stable body weight throughout the treatment period, whereas patients on the
carboplatin/paclitaxel regimen tended to increase body weight again after the second cycle
until returning to pre-treatment body weight. Of all patients, 51% lost weight on the cisplatin/
paclitaxel arm as compared to 35% on the carboplatin/paclitaxel arm. There were no differences
in OS and PFS related to pre-treatment body weight or related to end-of-treatment body weight,
as examined individually. However, increasing body weight during therapy was associated
with improved OS (Figure 3). When patients were classified into four groups: decrease by >
5% (n=169); decrease by >0 - 5% (n=110); increase by 0 - 5% (n=231); and increase by > 5%
(n=135), median OS was estimated to be 48.0, 49.3, 61.1 and 68.2 months, respectively. Based
on the survival curves, the difference in survival distribution across groups was statistically
significant (p=0.006). Multivariate analysis, controlling for age, race, performance status,
histology, tumor grade, tumor residual and treatment group, supported a linear relationship
between weight change and risk of death (Figure 4), with an estimate that a 5% increase in
body weight during chemotherapy was associated with a 7% decrease in risk of death
(HR=0.93; 95% CI= 0.88-0.99, p=0.01) (Table 2). This association was consistent for both
treatment groups. The causes of death were identical for the four groups, suggesting the
increased risk for death for patients who had body weight loss during treatment was unlikely
to be caused by non-cancer related co-morbidities. There was no evidence that the change in
body weight during chemotherapy was related to disease progression.
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Discussion
In this study, increase in body weight during primary therapy for advanced ovarian cancer was
a positive prognostic factor in stage III epithelial ovarian cancer patients (p=0.006). Patients
who experienced a loss of body weight during chemotherapy experienced poor overall survival
(median 48.0 months); whereas weight gain during the treatment period was associated with
improved overall survival (median 68.2 months). The relative risk of death increased by 7%
with each 5% decrease in body weight (HR=0.93, 0.88-0.99, p=0.013). There was no evidence
that body weight change during therapy was associated with progressive disease, as reasons
for death were similar among patients in all weight change categories. When controlling for
prognostic factors (age, race, performance status, histology, tumor grade, tumor residual and
treatment group), body weight change during chemotherapy was significantly associated with
overall survival.

Although some trials have documented shorter OS from ovarian cancer associated with BMI,
there was no corresponding association between pre-treatment BMI and survival in this study.
17,18,19 However, this finding could be in part due to the low prevalence of obesity among
those enrolling to GOG-158 (e.g., more than half of all patients were already in the lowest BMI
category at study enrollment). This discrepancy may also be related to the fact that prior work
has utilized retrospective hospital chart review or did not standardize patient care, so there may
have been important differences in therapeutic regimens and dose between obese and normal
or under-weight women that were not accounted for in these analyses. This study may help
clarify this inconsistency due to the homogeneous population (e.g., optimal stage III disease
with minimal co-morbidity) standardized therapy (e.g., paclitaxel + platinum) and assessment
methods used (e.g. patients followed on a scheduled basis for survival endpoints). Other
prospective trials with standardized treatment regimens and methodology should be evaluated
to confirm this finding.

The findings of this study also contradict what has been reported in some other cancers. For
example, excess body weight and BMI are established risk factors for both the initiation and
progression of breast cancer. This is largely due to the epidemiologic and clinical data
demonstrating that increased or prolonged circulating estrogen promotes the initiation and
progression of breast cancer. Nearly 80% of breast cancers are estrogen receptor (ER) positive.
20 Excess adipose tissue enhances circulating estrogens, which in turn contributes to the
increased risk. Ovarian cancer, on the other hand, has not been shown to be hormone dependent,
with less than 40% of these cancers demonstrating ER positivity.21 Therefore, it is very likely
this is one potential mechanism of ovarian cancer initiation and progression that differs from
the BMI and body weight data in breast cancer that has shown increased risk for both higher
BMI and increased body weight.

In this study, there was also no association between body weight change and PFS. This is not
surprising due to the fact that the decision to undergo second-look surgery was made by the
patient, and was not required as part of the study protocol. Less than half (41%, n=325) of
patients underwent surgical restaging or had progressive disease at the time restaging was to
occur. Therefore, assessment of PFS was not consistent among all patients.

There are limitations to the interpretation of this study to the overall ovarian cancer patient
population. This was a retrospective analysis of data collected for a large phase III clinical trial.
Although there are strengths in the use of clinical trial data (e.g. control of potential
confounding variables), data were not collected prospectively for the purpose of this analysis.
Furthermore, body weight data were not collected indefinitely on these patients following the
completion of six cycles of protocol chemotherapy. Therefore, it is unclear what changes in
body weight or future treatment regimens may have occurred following the sixth course of
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therapy that could have impacted survival. Nevertheless, this exploratory study provides initial
evidence of the potential impact of change in body weight during primary chemotherapy on
OS.

There is an estimated mean body weight loss of 3.1 kg pre- to post-surgery.14 This study was
limited to changes during the chemotherapy administration period, specifically to exclude the
effect of surgery on body weight changes. Therefore, it is not possible to differentiate between
weight gain as a result of recovery of pre-surgery body weight or as a result of increased food
intake or other reasons. However, body weight change has been reported in other cancers that
do not involve major surgery.9 In these cases, body weight change has been shown to be related
to changes in physical activity and diet that take place during cancer treatment. 9,22 Future
trials should take into account the relationship between body weight loss at the time of surgery
and the amount of weight gain during treatment, as patients undergoing extensive resection
may have a different pattern of weight change than those with less extensive disease. Data
related to bowel resection from GOG-158 were unavailable for analysis, as these data were not
routinely collected as part of the study record. Therefore, it is unclear what role bowel resection
may have with body weight changes and survival in this study. However, a study of advanced
ovarian cancer patients optimally debulked at primary cytoreduction surgery did not find
survival differences between those who did or did not undergo bowel resection, although bowel
resection was associated with improved PFS.23 Performance status data were also not available
throughout the treatment period and could not be compared with changes in body weight.
Similarly, serial CA-125 values, used to determine CA-125 nadir, an established prognostic
indicator for recurrence and survival, were not available for comparison.24

Interventions to prevent or reduce weight loss during primary chemotherapy should be
examined in a prospective trial to assess their ability to improve survival among ovarian cancer
patients. Future research should include prospective assessments of body weight,
gastrointestinal toxicity, physical activity, and measures of frailty and dietary intake, as well
as social support and quality of life, to understand the variety of lifestyle and concomitant
factors that may be associated with body weight changes during primary therapy.9,22,24 These
assessments may certainly be combined with efforts to improve patient nutrition, lifestyle and
eating habits, as well as to manage toxicity, in an effort to reduce weight loss during primary
chemotherapy. Although only through prospective randomized trials can definitive statements
be made, this exploratory trial suggests that minimizing weight loss during chemotherapy may
improve patient survival.
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Figure 1.
Kaplan-Meier estimate of overall survival (OS) by body mass index (BMI) prior to
chemotherapy
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Figure 2.
Mean body weight during chemotherapy period by treatment group
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Figure 3.
Kaplan-Meier estimate of overall survival (OS) by body weight change
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Figure 4.
Risk of death (Log HR) versus weight change (%), adjusted for covariates (smoothed); negative
value in weight change indicating weight loss and positive value indicating weight gain.
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