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Abstract

Background—Body mass index (BMI) is a risk factor for comorbid illnesses and cancer
development. We hypothesized that obesity status affects disease outcomes and treatment-related
toxicities in esophageal cancer patients treated with chemoradiotherapy (CRT).

Methods—From March 2002 to April 2010, we retrospectively analyzed 405 patients with non-
metastatic esophageal carcinoma at MD Anderson Cancer Center, treated with either definitive or
neoadjuvant CRT. Patients were categorized as either obese (BMI = 25 kg/m?2) or non-obese (BMI
< 25 kg/m?2). Progression-free survival (PFS) and overall survival (OS) times were examined using
the Kaplan-Meier method and Cox proportional hazards regression analysis.

Results—One hundred fifteen (28.4%) patients were classified as non-obese and 290 (71.6%) as
obese. Obese patients were more likely than others to have several comorbid diseases (p < 0.001),
adenocarcinoma located distally (p < 0.001), and have undergone surgery (p = 0.004). Obesity was
not associated with either worse operative morbidity/mortality (p > 0.05) or worse positron
emission tomography (PET) tumor response (P = 0.46) on univariate analysis, nor with worse
pathologic complete response (pCR) (P = 0.98) on multivariate analysis. There was also no
difference in OS, locoregional control, or metastasis-free survival between obese and non-obese
patients (P = 0.86). However, higher BMI was associated with reduced risk of chemoradiation-
induced high-grade esophagitis (P = 0.021), esophageal stricture (P < 0.001), and high-grade
hematologic toxicity (P < 0.001).

Conclusions—In esophageal cancer patients treated with CRT, obesity is not predictive of
poorer disease outcomes or operative morbidities; instead, our data suggest it may be associated
with decreased risk of acute chemotherapy and radiotherapy-related treatment toxicities.
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INTRODUCTION

The prevalence of obesity in the Western world has been rising over the last quarter

century (1. Up to 120 million Americans are now estimated to be overweight or obese, a
figure that represents 65% of the adult population (2). Adiposity is linked to an increased risk
of many cancers, including cancers of the endometrium, kidney, gallbladder, breast, and
colon ). Moreover, excess weight is an established risk factor for death from cancer (). In
breast cancer, for example, the risk of recurrent breast cancer in women who are 20% to
25% over their ideal body weight is approximately 1.3 times that in non-obese women ©®);
moreover, obesity has been associated with lower rates of pCR and worse OS ©).

For esophageal cancer, the relationship between obesity and oncologic outcomes is less
clear. Although some studies have reported increased postoperative morbidity and duration
of hospital stay in esophageal cancer patients with high BMI (7: 8), others have found no
difference © 10). Similarly, while several studies have reported no difference in survival
between obese and non-obese patients € 10), others (11.12) have reported better survival
outcomes in patients with high BMI.

The other challenge is that in the past 10 years, combined modality therapy (CMT) with
radiotherapy, chemotherapy, and surgery have become the new standard of care (13),
However, previous studies (11 14, 15) have predominantly focused on esophageal cancer
patients treated with surgery as primary therapy. Little remains known how BMI interacts
with chemoradiation to affect acute treatment-related toxicities and long-term clinical
outcomes. In this study, we hypothesize that obesity status affects disease outcomes and
treatment-related toxicities in esophageal cancer patients treated with chemoradiotherapy.

PATIENTS AND METHODS

Patient Selection

Treatment

MD Anderson Cancer Center’s tumor registry was used to identify 405 patients between
March 2002 and April 2010 with biopsy-confirmed, non-metastatic esophageal cancer who
received radiotherapy, chemotherapy, +/- surgery. Disease stage was determined based on
the American Joint Committee on Cancer system (16). Patients were categorized into two
groups, obese (BMI = 25 kg/m?) and non-obese (BMI < 25 kg/m?). The study was approved
by the MD Anderson institutional review board.

While surgery is the standard of care at MD Anderson for stage | esophageal cancer, CMT is
used for stage 11-111 disease. Patients are typically treated with neoadjuvant chemoradiation
to 50.4 Gy. Chemotherapy is administered in combinations of 5-flurouracil, taxanes, and
platinum-based compounds. Five to 6 weeks after completion of neoadjuvant therapy, most
patients are restaged using CT, PET/CT, and/or esophagogastroduodenoscopy (EGD) with
biopsy of the primary disease site, and then evaluated for surgery. Surgical procedures
included Ivor-Lewis, transhiatal, left thoracotomy, or minimally invasive esophagectomy
using small incisions and laparoscopic instruments.
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Outcome Measures

We defined pCR as the absence of disease in both the esophagus and lymph nodes in the
resected specimen and pathologic near-complete response as <1% viable tumor cells in the
resected specimen with negative lymph nodes.

Dates of death were determined by reviewing clinical follow-up information in the patients’
medical records and Social Security Death Index. OS was calculated from the date of
diagnosis to the date of death or last follow-up. Data from radiographic studies, follow-up
clinical examinations, surgical explorations, and endoscopy were used to assess locoregional
and distant failure. PFS was calculated from the date of diagnosis to the date of documented
progression. Patients who had not experienced progression or who had died by the last
follow-up were censored.

Statistical Analysis

Data were collected retrospectively. BMI was examined as a binary variable, as noted
above. The chi-square test or Fisher’s exact test was used to compare differences between
BMI groups with respect to categorical variables. Wilcoxon rank-sum tests or Kruskal-
Wallis tests were used to assess associations between BMI group and continuous variables.
A multivariate logistic regression model was used to examine associations between BMI and
pCR. Survival curves were constructed using the Kaplan-Meier method and compared
between BMI groups with the log-rank test. Associations between BMI and patient time to
event outcomes were examined by the Cox proportional hazards model. The clinical
variables for the multivariable logistic regression model and the Cox proportional hazards
model were selected by the backward selection procedure with an adjusted P-value < 0.05.

RESULTS

BMI and Patient Characteristics

Patient characteristics are summarized in Table 1. One hundred fifteen (28.4%) patients
were classified as non-obese and 290 (71.6%) as obese. Nearly all patients received
radiation and concurrent chemotherapy (six patients received radiation alone). A total of 199
(49.1%) patients received definitive chemoradiation and 206 (50.9%) underwent
neoadjuvant therapy followed by surgery.

BMI and Surgical Complications

A total of 206 patients underwent neoadjuvant therapy followed by surgery. There was no
significant difference noted in postoperative complications between obese (n = 162) and
non-obese patients (n = 44), with the exception that gastrointestinal complications, such as
anastomotic leaks and ileus, were significantly lower in obese patients (P = 0.011) (Table 2).
In the subgroup of patients who received induction chemotherapy prior to preoperative
chemoradiotherapy (n = 89), there was again no significant difference noted between obese
and non-obese patients with regard to readmission within 60 days, length of hospital stay,
30-day mortality, or surgical complications (with the exception of gastrointestinal
complications, which were significantly lower in obese patients, P = 0.004).

Treatment-Related Toxicities and BMI

The prevalence of radiation-/chemotherapy-related treatment toxicities for the overall patient
cohort (n = 405) as grouped by BMI is shown in Table 3. Obese patients (n = 290) were less
likely than non-obese patients (n = 115) to have high-grade esophagitis (P = 0.021), any
stricture toxicity (P < 0.001), and hematologic toxicity (P < 0.05). These results were nearly
identical when the analysis was restricted to the subset of patients (n = 158) who also
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received induction chemotherapy. Obese patients were again significantly less likely to have
any stricture toxicity (P = 0.008), = grade 2 hematologic toxicity (P = 0.012), = grade 1
anemia (P = 0.001), or = grade 1 neutropenia (P = 0.032).

Influence of BMI on PET Tumor Response and pCR to Neoadjuvant Therapy

For patients who received definitive chemoradiation (n = 199), there was no significant
difference in PET-determined tumor response between obese (n = 128) and non-obese
patients (n = 71) on univariate analysis (P = 0.46). For patients who received surgery (n =
206), a 41% (n = 85) had a pCR or near-complete pathologic response to neoadjuvant
therapy. In the univariate model, significant predictors of pCR included white race (P =
0.026), T1 or T2 disease (P = 0.003), and lack of residual tumor on post-treatment EGD (P
< 0.001). High tumor grade (P = 0.083) trended towards a decreased likelihood of pCR. In
the multivariate model, there was no significant difference in pCR or near-complete
pathologic response between obese and non-obese patients (P > 0.05).

Influence of BMI on Patterns of Failure and OS

On multivariate analysis, locoregional PFS and metastasis-free survival were not associated
with BMI (Table 5, Fig 1). The clinical factor most strongly associated with an increased
risk of locoregional or distant progression was lack of definitive surgery. Median OS time
was 42.3 months in the overall cohort, and 40.2 and 43.5 months for non-obese and obese
patients, respectively. The 5-year OS rates were 41.9% for non-obese patients and 40.5% for
obese patients. On both univariate and multivariate analyses, BMI was not significantly
associated with OS (Table 5, Fig 1). On univariate analysis, disease stage 3 (P <0.001), T
stage 3 or 4 (P = 0.039), tumor location (P = 0.023), nodal involvement (P < 0.001),
definitive chemoradiotherapy (P < 0.001), readmission within 60 days of surgery (P =
0.019), = grade 2 dysphagia (P = 0.014), any anorexia (P = 0.020), = grade 2 hematologic
toxicity (P = 0.030), and any treatment-related anemia (P = 0.010) were significantly
associated with shorter survival. Tumor location, node-status, and treatment with surgery vs.
definitive CRT remained as independent prognostic factors for survival, after adjusting for
covariates (Table 5).

DISCUSSION

As the rise in obesity rates has become a public healthcare crisis, accurate assessments of the
impact of obesity on cancer-related outcomes have become critical. The current analysis
represents an initial large-scale attempt to examine the effect of BMI on postoperative
complications, CRT-related treatment toxicities, and long-term survival outcomes in
esophageal cancer patients.

In previous studies, high BMI was found to be a risk factor for increased surgical
complications (7-8). Theoretically, although one may expect higher postoperative
complication rates with higher BMI due to associations of obesity with existing medical
complications and the complexity/duration of anesthesia, our results support the bulk of
more recent evidence (912 14) demonstrating that obesity does not increase the risk of
surgical complications despite obese patients having significantly more co-morbid illnesses
(p < 0.001). Obese patients were actually less likely to have GI complications (p = 0.011),
perhaps as a paradoxical result of more careful dissection by the surgeons because of the
patients’ obesity status. Another hypothesis may be that obese patients in our study were
significantly more likely to have distal GEJ cancers (as related to reflux), whereas non-obese
patients were more likely to have mid/upper thoracic tumors. Because the anastomosis is in
the radiation treatment field for mid/upper thoracic tumors, leak rates may be higher than for
GEJ tumors where the anastomosis is above the radiation field. This hypothesis has not been
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tested in previous literature and warrants further investigation. Nevertheless, our results
suggest that patients who are otherwise oncologically eligible for esophagectomy should not
be denied surgery based on BMI alone. A caveat to this conclusion is that the risk of
complications may be evident only in extreme obese patients (BMI > 40 kg/m?2) and our
study included only 10 (2.5%) patients in that category. This study is also based on the
experiences of high-volume esophageal surgeons, whose overall rates of post-operative
complications may be too low to discern differences between the two BMI groups.

Our data also differ from that previously published by our institution in terms of the patient
population analyzed. While previous studies (11 15) have focused on patients treated with
surgery as primary therapy, our study focused on patients primarily treated with
chemoradiotherapy with or without surgery. Despite comparable doses of radiation delivered
and no differences in radiation modality used, high-BMI patients were significantly less
likely to have high-grade esophagitis, stricture, and hematologic toxicities such as anemia,
leukopenia, and neutropenia. To our knowledge, no other study has examined the influence
of BMI on treatment toxicities in esophageal cancer patients treated with CRT. However,
our findings validate studies in other disease sites which report lower rates of grade 3-4
leukopenia and any grade > 3 toxicity in obese vs. non-obese patients with colon cancer 7).
Similarly, in breast cancer patients, obesity has been independently associated with lower
likelihood of hospitalization for febrile neutropenia and less tendency to experience cycle
delays due to prolonged myelosuppression (8). There are no previous reports on the
incidence of radiation-induced esophagitis or stricture in relation to BMI; however, our
findings suggest that fat may act like natural tissue separation from visceral organs,
protecting normal tissue (including the normal esophagus) from radiation effects. Because
low BMI may be prognostic of higher treatment-related complication rates, pre-treatment
interventions to improve patient tolerance of treatment may be needed in non-obese patients.
The decreased complication rate among our obese patients also suggests that achieving a
higher weight before treatment may be of benefit.

Our study also adds more comprehensive data to existing evidence on the influence of BMI
on prognostic outcomes. Studies of esophageal cancer patients have shown tumor stage and
chemoradiation sequence as significant predictors of pCR (19). In our study, we not only
validate advanced tumor stage as a poor prognostic factor for pCR, and therefore reinforce
the need for early diagnosis, but also demonstrate white race and lack of residual tumor on
post-treatment EGD as independent prognostic factors for improved odds of pCR.
Furthermore, we demonstrate that BMI is neither a significant predictor of pCR, nor of
patterns of failure or OS. These results validate a number of previous studies & 20) which
similarly found no differences in OS or PFS between obese and non-obese esophageal
cancer patients. While Melis et al 12) demonstrated longer OS/PFS for high-BMI patients,
their study used pre-surgery BMI rather than pre-neoadjuvant treatment BMI, which may
have been a confounding factor.

This lack of relationship between BMI and prognosis in esophageal cancer contrasts to
findings in breast cancer and colon cancer, where high BMI is a more established negative
prognostic factor ®: 6 17) This disparity may be related to gender interactions and effects of
estrogen. Most breast cancer patients are women, and several colon cancer studies have
shown that while BMI had no significant influence in men, obese women experienced worse
OS and increased risk of disease recurrence relative to non-obese women (7). A study by
Calle et al @) similarly demonstrated that the positive association between BMI and death
from any cancer, including esophageal cancer, became stronger when the analysis was
restricted to women. Thus, because most (84%) of the patients in our study were men,
reflecting the general esophageal cancer population, it may be that any differential effect of
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BMI on outcomes in women were not detectable. Unfortunately, the low number (n = 65) of
women in our study prohibits this subgroup analysis.

Further limitations of our study include weaknesses common to retrospective reviews, such
as selection/sample bias and heterogeneity of treatment. Also, there were relatively small
numbers of extremely obese and female patients. Nevertheless, we limited the heterogeneity
of our patient population by examining only those patients with non-metastatic esophageal
carcinoma treated with either definitive chemoradiotherapy or neoadjuvant CRT followed
by surgery.

In conclusion, this is a large single-institution study of the effect of BMI on clinical
outcomes in esophageal cancer patients treated primarily with chemoradiotherapy +/-
surgery. Obesity was not predictive for poorer disease outcomes, such as pCR, OS, or PFS.
Despite more comorbidities, higher BMI patients were not found to experience increased
risk of surgical complications. Furthermore, obesity was associated with reduced risk of
several radiation/chemotherapy-related treatment toxicities.
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Figure 1.

Kaplan-Meier curves of disease outcomes in the total patient cohort. Patients with BMI < 25
kg/m?2 (“underweight/normal”) were compared to patients with BMI = 25 kg/m?
(“overweight/obese”) in terms of (A) locoregional failure, (B) distant failure, and (C) overall
survival outcomes.
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Table 1
Patient Characteristics by BM1 (N=405)

All Patients
Characteristic (N=405) Non-Obese(N =115 Obese(N=290) P-Value
Age 0.8449
64.48
Median (range) (22.81, 87.33) 64.5(22.8,87.3)  64.6 (30, 85.6)
Mean (SD) 63.7 (11.13) 63.7 (12.5) 63.7 (10.6)

Gender (%) <0.001
Female 65 (16%) 32 (27.8%) 33 (11.4%)

Male 340 (84%) 83 (72.2%) 257 (88.6%)

Race (%) 0.035
Caucasian 353 (87.8%) 93 (82.3%) 260 (90%)
Non-Caucasian 49 (12.2%) 20 (17.7%) 29 (10%)

Current Smoker (%) 0.006
No 327 (80.7%) 83 (72.2%) 244 (84.1%)

Yes 78 (19.3%) 32 (27.8%) 46 (15.9%)

Heavy Alcohol History (%) 0.022
No 325 (80.2%) 84 (73%) 241 (83.1%)

Yes 80 (19.8%) 31 (27%) 49 (16.9%)

Sum Comorbid Disease (%) <0.001
0 139 (34.3%) 57 (49.6%) 82 (28.3%)

1 151 (37.3%) 33 (28.7%) 118 (40.7%)
2 or greater 115 (28.4%) 25 (21.7%) 90 (31%)

Histology (%) <0.001
Adenocarcinoma 318 (78.5%) 67 (58.3%) 251 (86.6%)

Squamous 79 (19.5%) 48 (41.7%) 31 (10.7%)
Other 8 (2%) 0 (0)% 8 (2.8%)

Tumor Location (%) <0.001

Cervical 16 (4%) 9 (7.8%) 7 (2.4%)
Upper Thoracic 15 (3.7%) 7 (6.1%) 8 (2.8%)
Mid Thoracic 36 (8.9%) 22 (19.1%) 14 (4.8%)

Distal 338 (83.5%) 77 (67%) 261 (90%)

Overall Stage 0.301
1-2 161 (41.4%) 41 (37.3%) 120 (43%)

3 228 (58.6%) 69 (62.7%) 159 (57%)

Typeof Surgery (n = 231) 0.28
Transhiatal 3(1.7%) 1(2.6%) 2 (1.4%)

Ivor-Lewis 176 (97.2%) 36 (94.7%) 140 (97.9%)
Others 2 (1.1%) 1(2.6%) 1(0.7%)

Definitive Chemor adiation 0.001
No 206 (50.9%) 44 (38.3%) 162 (55.9%)

Yes 199 (49.1%) 71 (61.7%) 128 (44.1%)
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All Patients
Characteristic (N=405) Non-Obese(N =115) Obese(N=290) P-Value
Induction Chemotherapy 0.674
No 247 (61%) 72 (62.6%) 175 (60.3%)
Yes 158 (39%) 43 (37.4%) 115 (39.7%)
Total Radiation Dose 0.2729
Median (range) 50.4 (25, 66) 50.4 (25, 66) 50.4 (25, 66)
Mean (SD) 50.32 (4.32) 50.9 (5.1) 50.1 (4)
Radiation M odality 0.779
3D Conformal 76 (18.8%) 21 (18.3%) 55 (19%)
IMRT 280 (69.1%) 82 (71.3%) 198 (68.3%)
Protons 49 (12.1%) 12 (10.4%) 37 (12.8%)
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Table 2
Operative Morbidity and Mortality by BM1 (N=206)
Variable Total (N=206) Non-Obese(N=44) Obese(N=162) P-Value
Sum Operative Complications 0.514

0 75 (37.3%) 13 (31%) 62 (39%)

1 80 (39.8%) 17 (40.5%) 63 (39.6%)

2 or greater 46 (22.9%) 12 (28.6%) 34 (21.4%)
Pulmonary Complications 0.736

No 139 (68.8%) 28 (66.7%) 111 (69.4%)

Yes 63 (31.2%) 14 (33.3%) 49 (30.6%)
Gastrointestinal 0.011
Complications

No 147 (72.8%) 24 (57.1%) 123 (76.9%)

Yes 55 (27.2%) 18 (42.9%) 37 (23.1%)

Other Complications 0.574

No 137 (67.8%) 30 (71.4%) 107 (66.9%)

Yes 65 (32.2%) 12 (28.6%) 53 (33.1%)
Re-Admission within 60 Days 0.249

No 173 (89.6%) 33 (84.6%) 140 (90.9%)

Yes 20 (10.4%) 6 (15.4%) 14 (9.1%)

30 Day Mortality 0.381

No 200 (99%) 42 (97.7%) 158 (99.4%)

Yes 2 (1%) 1 (2.3%) 1 (0.6%)

Length of Hospital Stay 0.2395

Median (range) 10 (4, 60) 11 (7, 55) 10 (4, 60)

Mean (SD) 13.72 (9.49) 16 (11.6) 13.1(8.8)
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Table 3
Treatment-Related Toxicitiesby BMI (N=405)

Treatment Toxicity All Patients (N=405) Non-Obese (N =115) Obese(N=290) P-Value
Esophagitis 0.021
grade 0 152 (37.5%) 33 (28.7%) 119 (41%)
grade 2 or greater 253 (62.5%) 82 (71.3%) 171 (59%)
Nausea 0.177
grade 0 162 (40%) 52 (45.29%) 110 (37.9%)
grade 1 or greater 243 (60%) 63 (54.8%) 180 (62.1%)
Pneumonitis 0.519
grade 0 388 (95.8%) 109 (94.8%) 279 (96.2%)
grade 2 or greater 17 (4.2%) 6 (5.2%) 11 (3.8%)
Fistula Toxicity 0.284
grade 0 404 (99.8%) 114 (99.1%) 290 (100%)
grade 1 or greater 1(0.2%) 1(0.9%)
Stricture Toxicity <0.001
grade 0 347 (85.7%) 83 (72.2%) 264 (91%)
grade 1 or greater 58 (14.3%) 32 (27.8%) 26 (9%)
Max Hematologic Toxicity <0.001
grade 0 263 (66.1%) 61 (53%) 202 (71.4%)
grade 2 or greater 135 (33.9%) 54 (47%) 81 (28.6%)
Anemia <0.001
grade 0 217 (54.5%) 43 (37.4%) 174 (61.5%)
grade 1 or greater 181 (45.5%) 72 (62.6%) 109 (38.5%)
Anemia Treatment Break or
Dose Reduction 0.136
No 388 (97.5%) 110 (95.7%) 278 (98.2%)
Yes 10 (2.5%) 5 (4.3%) 5 (1.8%)
L eukopenia 0.064
grade 0 308 (77.4%) 82 (71.3%) 226 (79.9%)
grade 2 or greater 90 (22.6%) 33 (28.7%) 57 (20.1%)
WBC Treatment Break or
Dose Reduction 0.039
No 375 (94.2%) 104 (90.4%) 271 (95.8%)
Yes 23 (5.8%) 11 (9.6%) 12 (4.2%)
Neutropenia 0.01
grade 0 317 (80.3%) 83 (72.2%) 234 (83.6%)
grade 1 or greater 78 (19.7%) 32 (27.8%) 46 (16.4%)
ANC Treatment Break or
Dose Reduction 0.005
No 374 (94%) 102 (88.7%) 272 (96.1%)
Yes 24 (6%) 13 (11.3%) 11 (3.9%)
Thrombocytopenia 0.02
grade 0 220 (55.3%) 74 (64.3%) 146 (51.6%)
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Treatment Toxicity All Patients (N=405) Non-Obese (N =115) Obese(N=290) P-Value
grade 1 or greater 178 (44.7%) 41 (35.7%) 137 (48.4%)
Platelet Break or Dose
Reduction 0.035
No 371 (93.2%) 112 (97.4%) 259 (91.5%)
Yes 27 (6.8%) 3(2.6%) 24 (8.5%)

Dis Esophagus. Author manuscript; available in PMC 2015 February 01.

Page 13



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Wang et al.
Table 4
Clinical Factorsand Odds of pCR (N=199)

Factor Odds Ratio 95% Cl  P-Value
BMI

Non-Obese 1

Obese 0.994 0.454 t0 2.175 0.9879
Race

Non-White 1

White 4.373 1.174t0 16.292 0.0279
T-stage

T1/2 1

T3/4 0.403 0.173t0 0.942 0.036

EGD Biopsy Response
No Tumor

Residual Tumor

0.109 0.03210 0.376 0.0004
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