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Abstract

Objective—To assess whether obesity is an independent predictor of mortality in women with
cervical cancer.

Methods—This retrospective cohort study of patients with stages IB1-1VA cervical cancer
treated with curative intent at MD Anderson Cancer Center from 1980 through 2007 categorized
these women as underweight, normal weight, overweight, obese, or morbidly obese according to
National Institutes of Health definitions. In addition to weight category, known prognostic factors
for survival after a diagnosis of cervical cancer were included in a multivariate model. These
known prognostic factors included age, smoking status, race or ethnicity (self-reported),
socioeconomic status, comorbidities, tumor histologic subtype, tumor stage, tumor size, presence
or absence of hydronephrosis, radiologic evidence of nodal metastasis, and the addition of
concurrent chemotherapy with definitive radiation.

Results—A total of 3,086 patients met the inclusion criteria. The median survival for the entire
cohort was 81 months (range, 0-365). The presence of lymph node spread and advancing stage
were the most significant predictors of survival. Compared to normal-weight women, morbidly
obese women had a significantly higher hazard ratio for both all-cause death (hazard ratio, 1.26;
95% ClI, 1.10-1.45) and disease-specific death (hazard ratio, 1.24; 95% CI, 1.06-1.47).
Underweight, overweight, and obese women did not have an increased risk for death compared to
normal-weight women.

Conclusions—After controlling for all previously known prognostic factors, morbid obesity
remains an independent risk factor for death from cervical cancer. Overweight and obese women
have the same prognosis as normal-weight women.
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INTRODUCTION

Epidemiologic studies have linked obesity with the risk of developing certain cancers,
including colorectal, postmenopausal breast, kidney, esophageal (adenocarcinoma),
pancreatic, liver, gallbladder, and endometrial cancers.[1] Many of these cancers arise as a
result of physiologically altered endocrine and/or metabolic functioning in obese people.
Large, prospective, population-based studies have demonstrated that in addition to
increasing the risk of developing cancer, obesity remains an independent risk factor for
death from malignancy in both obesity-associated and non-obesity-associated tumors.

Although these large population-based studies attempted to control for covariates such as
age, race, and smoking status, among others, they did not control for other general
confounders of mortality such as medical comorbidities or socioeconomic status. More
importantly, none of these studies attempted to account for cancer-specific prognostic
factors such as stage, histologic subtype, tumor grade, and treatment modality. For women
with cervical cancer, many of these cofactors may be related. For example, although no data
exist correlating obesity with advanced stage at diagnosis, obese women are less likely to
undergo cervical cancer screening, [2] and lack of access to screening typically correlates
with advanced stage at diagnosis.[3]

One way to determine if obesity is an independent risk factor for death after a diagnosis of
cervical cancer is to control for known prognostic factors for survival in a multivariate
analysis. The objective of this study was to assess whether obesity is an independent
predictor of mortality in women with cervical cancer. We hypothesized that after controlling
for known prognostic confounders, obesity would not remain an independent risk factor for
death from cervical cancer.

MATERIALS AND METHODS

After approval was received from The University of Texas MD Anderson Cancer Center
Institutional Review Board, data were abstracted from a database of patients with cervical
cancer treated definitively during the period from January 1, 1980, through December 31,
2007. This database was created retrospectively in 1987 and continuously updated over a
25-year period using a relational database (Filemaker Pro, version 11, Filemaker, Inc., Santa
Clara, CA). The senior author (PJE) abstracted roughly half the data while the other half was
input by data coordinators and trainees. For those patient not input by the senior author, 30%
of the cases were subsequently audited for accuracy. Furthermore, the database is
continuously tested for data consistency and errors. Patients with stages IB1-1VA primary
invasive cervical carcinoma (1994 FIGO staging) [4] treated with curative intent were
included. Patients with primary cervical melanoma, sarcoma or lymphoma or disease
metastatic to the cervix were excluded

Multiple covariates were examined including demographic variables, tumor and treatment
factors. Age, height, and weight were recorded at the time of initial diagnosis. Body mass
index (BMI) was computed for each patient by dividing her weight in kilograms by her

height in meters squared. Using definitions from the National Institutes of Health, patients
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were then classified as underweight (BMI < 18.5 kg/m?), normal weight (BMI 18.5-24.9
kg/m?2), overweight (BMI 25.0-29.9 kg/m?), obese (BMI 30.0-34.9 kg/m?2), or morbidly
obese (BMI = 35.0 kg/m?). Race/ethnicity and smoking status were recorded at initial visit.
Socioeconomic status was determined on the basis of the median household income for the
patient’s zip code according to U.S. Census data for the decade during which the patient was
diagnosed. The median household income values were then divided into quintiles. Medical
comorbidities were assigned a score in the manner described by Charlson et al.[5]

Tumor histologic subtype was categorized as squamous carcinoma or adenocarcinoma. Rare
histologic subtypes such as undifferentiated, neuroendocrine (small cell or large cell) and
clear cell carcinomas were categorized as nonsquamous carcinoma/nonadenocarcinoma.
Pretreatment tumor size was assessed clinically by a faculty gynecologic oncologist and/or a
faculty radiation oncologist who specialized in gynecologic malignancies. Tumor stage was
determined using the clinical staging system developed by the International Federation of
Gynecology and Obstetrics in 1994. [4] The presence or absence of hydronephrosis was
determined by either intravenous pyelography or computed tomography. Clinical evidence
of nodal metastases was ascertained from imaging reports. For multivariate analysis, known
prognostic factors such as tumor size > 4 cm and stage I11B, IVA or tumor size > 7 cm were
utilized.[6]

Currently, our institutional protocol is for most patients with stage 1B1 disease to undergo
radical hysterectomy with pelvic lymphadenectomy with or without postoperative adjuvant
radiation therapy; however, early in the experience included in this study, many women with
stage IB1 tumors were treated with definitive radiation therapy using a combination of
external beam and intracavitary radiation.[7] Patients with stage IB2-1VA disease typically
are treated with definitive radiation therapy. In addition, patients with early-stage disease
(stage 1B1) felt to be poor surgical candidates may be treated with definitive radiation
therapy. In the 1980s, patients treated with radiation received radiation only; in the 1990s,
patients treated with radiation received either radiation alone or chemoradiation depending
on their enrollment in an ongoing protocol at that time.[8] After 2000, the majority of
patients undergoing radiation therapy received concurrent chemotherapy. As the inclusion
period spanned 27 years, analyses of outcomes by decades (1980-1989, 1990-1999, and
2000-2007) were also performed.

Data were analyzed using STATA statistical software, version 11.1. Associations between
clinical variables were calculated using the chi-squared test. The Kruskal-Wallis test was
used to compare median age in subgroups. The rates of overall survival and disease-specific
survival were estimated using the Kaplan-Meier method with all-time intervals measured
from the date of initiation of initial treatment. For calculations of disease-specific survival,
the following were scored as events: deaths owing to disease, deaths resulting directly or
indirectly from treatment-related complications, and deaths of unknown causes that occurred
less than 5 years after completion of treatment (125 deaths). Deaths that were clearly
unrelated to cervical cancer or its treatment and deaths of unknown causes that occurred at
least 5 years after completion of treatment were censored from analyses of disease-specific
survival. Survival times were compared using the log-rank method. Forward and backward
stepwise Cox proportional hazards regression models were used to evaluate the relative
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importance of predictive factors for overall and disease-specific survival resulting in the
same model; criteria for inclusion or exclusion from the model were P < .05 and P > .051,
respectively. The following variables met inclusion for the multivariate analysis: age,
ethnicity, smoking, Charlson co-morbidity score, socioeconomic status, weight class,
histologic subtype, tumor size, presence of hydronephrosis, node status, and utilization of
concurrent chemotherapy with radiation therapy.

A total of 3,104 patients with stages IB1-1VVA cervical cancer were treated at MD Anderson
Cancer Center during the period from January 1, 1980, through December 31, 2007. Of
these, 18 patients had missing data for height, weight, or both, and were therefore excluded
from the study, leaving 3,086 patients for evaluation. The median age for the entire cohort
was 45 years (range, 13-96), and the median BMI was 26.7 kg/m? (range, 11.0-78.8). Five
percent of patients were underweight, 35.5% were normal weight, 26.2% were overweight,
18.0% were obese, and 15.2% were morbidly obese. The median survival for the entire
cohort was 81 months (range, 0-365).

Table 1 shows the demographic data for each weight category. Underweight and normal-
weight women tended to be younger, Caucasian, White, or Anglo, and smokers. Heavier
patients were more likely to have diabetes, have hypertension, have a high Charlson
comorbidity score, and live in a zip code area with a low median household income. Table 2
shows the tumor factors for each weight category. As weight class increased, so did stage
and the likelihood of nodal disease.

Table 3 shows the treatments for each weight category. Patients in higher weight classes
were more likely to be treated with initial radiation as opposed to surgery (p<.0001). For
those patients who received surgery first, patients in the higher weight classes were more
likely to get adjuvant radiation therapy (p = .002). Finally, for patients who received initial
radiation therapy, there was no difference among weight classes as to whom then underwent
a completion hysterectomy (p=.89)

The median follow-up time for patients who did not experience recurrence was 133 months
(range, 0-366). Figure 1 shows the Kaplan-Meyer curves for overall survival for each of the
five weight categories. The five-year overall survival rate was 61% for underweight patients,
67% for normal weight patients, 68% for overweight patients, 70% for obese patients, and
61% for morbidly obese patients. Figure 2 shows the Kaplan-Meyer curves for disease-
specific survival for each of the five weight categories. The five-year disease-specific
survival rate was 65% for underweight patients, 69% for normal weight patients, 70% for
overweight patients, 72% for obese patients, and 63% for morbidly obese patients.

On univariate analysis, worse overall survival was related to increased age (P < .0001),
African American race (P <.0001), smoking (P < .0001), decreased median household
income (P <.0001), increased Charlson comorbidity index score (P < .0001), weight
category (P = .003), morbid obesity (P = .0006), tumor >4 cm (P < .0001), tumor >7 cm (P
<.0001), presence of hydronephrosis (P < .0001), and node positivity (P <.0001).
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Table 4 shows the variables that remained significant for disease-specific and overall
survival in multivariate analysis. Morbid obesity remained a significant predictor of both
disease-specific (HR, 1.24; 95% ClI, 1.06-1.47) and overall survival (HR, 1.26; 95% ClI,
1.10-1.45) even after correction for other predictors of poor outcome. None of the other
weight categories was significantly correlated with disease-specific or overall survival. In
addition, there were no correlations with survival when patients were analyzed based on
decade of treatment. As we did not have median household income data for 380 (12%)
patients, this variable was not included in the multivariate analysis presented in Table 4.
However, when we did perform the analysis with median household income included, low
median household income was an independent risk factor for poor survival. All of the other
variables presented in table 4 also remained significant prognostic factors for survival.

DISCUSSION

In this study, after controlling for known confounders, morbidly obese women with cervical
cancer had a risk of death from disease that was 1.26 times the risk of death in their normal-
weight counterparts. Although underweight women also had a higher risk of death, being
underweight was not an independent risk factor for death in the multivariate analysis.
Overweight and obese women had the same mortality as normal-weight women. Finally,
known prognostic factors also remained significant on multivariate analysis, including
demographic endpoints (age, smoking, and comorbidities), tumor factors (nonsquamous
histologic subtypes, tumor size, hydronephrosis, and nodal status), and treatment paradigms
(concurrent chemoradiation).

Many investigators have found obesity and morbid obesity to be risk factors for death from
cancer in both population-based [9, 10] and site-specific studies.[11-13] For example, Calle
et al found that morbidly obese women were more likely than normal-weight women to die
from cancer in the gallbladder, liver, breast, esophagus, pancreas, kidney, ovary, uterus, and
non-Hodgkin lymphoma as well as disease in the cervix (relative risk, 3.20).[9] The
mechanism by which obesity confers a worse prognosis in virtually every malignancy is
certainly multifactorial and may differ from site to site. For patients with cervical cancer,
most likely both treatment-related and biological factors contribute to decreased disease-
specific survival for the morbidly obese.

Patients with early-stage cervical cancer typically undergo radical surgery, whereas patients
with advanced-stage cervical cancer usually are treated with initial radiation therapy. In our
study, morbidly obese patients were more likely to undergo primary radiation therapy, even
when they had relatively early disease. Surgeons may have had reservations operating on the
morbidly obese even though surgical outcomes are equivalent across weight categories in
patients who do undergo surgery.[14]

The delivery of radiation therapy can also be more challenging in morbidly obese patients.
Initial diagnostic imaging is often of poor quality, potentially leading to errors in the
assessment of the extent of disease specified for treatment planning. The computed
tomography scanners typically used for radiation treatment simulation may not provide a
full representation of a morbidly obese patient’s external contour, complicating treatment
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planning.[15] Also, in morbidly obese patients, even high-energy radiation beams may have
trouble penetrating to the center of the pelvis without overdosing peripheral soft tissues.
Furthermore, laxity of pannicular and other skin folds can lead to inaccuracies in day-to-day
set-up.[16] For example, 21% of morbidly obese men with prostate cancer have a left-right
and an anterior-posterior shift of more than 1 cm during external beam radiation therapy due
to deviations in daily set-up.[17] In some cases, the lateral movement may be over 4 cm.[18]
Although modern daily on-board imaging techniques may reduce this uncertainty, the poor
quality of images acquired in obese patients may still compromise the accuracy of set-up.

In addition to potentially receiving inadequate radiation therapy, morbidly obese patients
may receive insufficient doses of chemotherapy. There remains concern among oncologists
that utilizing actual body weight in obese and morbidly obese patients to calculate
chemotherapy prescriptions may lead to increased toxicity. In fact, as many as 40% of obese
patients receive smaller doses of chemotherapy than would be predicted by their actual body
weight.[19] For women with cervical cancer, cisplatin given as part of combination
chemotherapy may be “capped” at 70 mg weekly.[20] This correlates with a body surface
area of only 1.75 m?, significantly less than the true body surface area of obese and
morbidly obese women. Furthermore, chemotherapy given for recurrent disease is often
“capped” at a body surface area of 2.0 m2, also considerably less than the calculated body
surface area for these women. In tumor types other than cervical cancer, weight-based
reductions in the chemotherapy dose administered to obese patients have been shown to
correlate with decreased survival.[21] Furthermore, there are no data to support increased
toxicity of chemotherapy when patients are given doses based on actual body weight. For
that reason, the American Society of Clinical Oncology has recently recommended that
actual body weight be used to determine the chemotherapy dose in obese and morbidly
obese patients and has indicated that selecting reduced doses in these patients may lead to
poorer survival rates.[19]

Although compromised treatment may help to explain poorer outcomes in morbidly obese
women with cervical cancer, biological factors may also contribute to their decreased
survival. For example, obese people typically have chronic hyperinsulinemia. High
circulating levels of insulin, in turn, promote production of insulin-like growth factor 1
(IGF-1).[1] IGF-1 is a regulator of cellular proliferation and has many oncologic effects,
including stimulation of cancer cells. This peptide hormone has been shown to adversely
affect prognosis in a wide variety of tumors.[22] In cervical cancer cell cultures and mouse
models, IGF-1 has been implicated in both the development and progression of the disease.
[23] Furthermore, high levels of the IGF-1 receptor in tissue specimens have been correlated
with worse prognosis in women with cervical cancer.[24]

Although this was a retrospective study with all the bias inherent in that type of design, we
believe this study has some remarkable strengths. First, in addition to the traditional
demographic and tumor factors included in most retrospective studies, we were able to
account for socioeconomic status and medical comorbidities, both of which are important
potential confounders of mortality in women with cervical cancer. In addition, the study had
the benefit of a very large cohort of patients with 1,512 deaths. This large number of events
allowed for a vigorous multivariate analysis in an effort to determine whether BMI had an
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independent influence on mortality. This is in contrast to many of the previous studies
evaluating obesity and cancer survival. For example, in the excellent study by Calle et al, [9]
although over 900,000 people were evaluated, the analysis of mortality in women with
cervical cancer included only 164 deaths. Finally, in our study, the multivariate analysis
showed that not only was morbid obesity an adverse prognostic factor for survival; so too
were all other known risk factors for mortality in women with cervical cancer.
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Figure 1.

Overall survival by weight class.
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Disease-specific survival by weight class.
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Variables Significant for Disease-Specific and Overall Survival in the Cox Multivariate Proportion Hazards

Regression Model

Variable HR for Disease-Specific Death (95% Cl) | HR for Death (95% CI)
Morbid obesity 1.24 (1.06-1.47) 1.26 (1.10-1.45)
Age NS 1.03 (1.02-1.03)
Smoking 1.20 (1.06-1.37) 1.24 (1.08-1.43)

Charlson score > 1

1.26 (1.03-1.53)

1.37 (1.18-1.60)

Charlson score > 2

1.60 (1.06-2.40)

1.58 (1.15-2.15)

Nonsquamous histologic subtypes

1.49 (1.29-1.74)

1.18 (1.04-1.34)

Tumor >4 cm

2.49 (2.05-3.03)

1.59 (1.39-1.81)

Stage I11B, IVA or Tumor > 7 cm

1.76 (1.45-2.13)

1.61 (1.41-1.84)

Hydronephrosis

1.34 (1.06-1.68)

1.45 (1.22-1.73)

Positive nodes

2.02 (1.75-2.33)

1.75 (1.55-1.99)

Concurrent chemotherapy with radiation therapy

0.64 (0.54-0.75)

0.72 (0.62-0.84)
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