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Abstract

BACKGROUND—The association between body mass index as a measure of obesity and rectal
cancer outcomes has been inconsistent. Radiologic measures of visceral adiposity using CT scans
have not been well characterized among rectal cancer patients. The objective of this study was to
examine quantitative radiologic measures of visceral obesity compared with body mass index in
predicting patient outcomes among patients undergoing neoadjuvant chemoradiation and resection
for locally advanced rectal cancers.

STUDY DESIGN—We identified 99 rectal adenocarcinoma patients treated with neoadjuvant
chemoradiation and surgical resection. Visceral and subcutaneous fat areas, as well as perinephric
fat thickness (PNF), were recorded and categorized as obese (body mass index =30, visceral fat
area to subcutaneous fat area ratio [V/S] =0.4, or median PNF). The Kaplan-Meier method, log-
rank test, and Cox proportional hazards models evaluated overall and disease-free survival
differences by adiposity.

RESULTS—Viscerally obese rectal cancer patients (/S >0.4 or PNF) were more likely to be
older, male, and have pre-existing obesity-related conditions (eg, diabetes, hypertension, and/or
hyper-cholesterolemia). Elevated V/S or PNF was associated with shorter disease-free survival (p
=0.02) or overall survival time (p = 0.047), respectively. Among patients with well to moderately

Correspondence address: David Shibata, MD, FACS, Division of Colorectal Oncology, H Lee Moffitt Cancer Center, 12902 Magnolia
Dr, FOB-2, Tampa, FL 33612. david.shibata@moffitt.org.

Drs Clark and Siegel contributed equally to this work.

Disclosure Information: Nothing to disclose.

Abstract presented at the 97th Annual Clinical Congress of the American College of Surgeons, Surgical Forum, San Francisco CA,
October 2011.

Author Contributions

Study conception and design: Clark, Siegel, Parsons, Hernandez, Choi, Shibata

Acquisition of data: Clark, Parsons, Weber, Thareja, Choi

Analysis and interpretation of data: Clark, Siegel, Chen, Zhao, Parsons, Hernandez, Weber, Choi, Shibata
Drafting of manuscript: Clark, Siegel, Chen, Zhao, Parsons, Hernandez, Weber, Thareja, Choi, Shibata
Critical revision: Clark, Siegel, Chen, Zhao, Parsons, Hernandez, Weber, Thareja, Choi, Shibata



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Clark et al. Page 2

differentiated tumors, visceral obesity was associated with poorer disease-free survival (V/S >0.4:
adjusted hazard ratio = 5.0; 95% ClI, 1.2-22.0).

CONCLUSIONS—Visceral fat area to subcutaneous fat area ratio and PNF were strongly
associated with key preoperative metabolic comorbidities, and body mass index was not. Findings
suggests that elevated visceral adiposity was associated with an increased risk of recurrence,
which was most evident among patients with well to moderately differentiated tumors and those
with incomplete response to neoadjuvant chemoradiation treatment. Quantitative measures of
visceral adiposity warrant large-scale prospective evaluation.

Obesity is a major public health problem of epidemic proportions and is linked to the
development of a number of malignancies, including colorectal cancer (CRC).1=3 Nearly
66% of the US population is overweight or obese, as defined by body mass index (BMI)
>25.1 More than 90,000 cancer deaths per year are attributable to obesity or being
overweight in the United States, and obesity plays a role in >20% of the approximately
150,000 CRC cases diagnosed each year.*

Obesity has been associated with increased risk for CRC recurrence and death.>-10
However, there have been a number of studies that have reported no association between
BMI and CRC outcomes,}1-14 and of those with significant findings, there are
inconsistencies about level of obesity, outcomes (eg, overall survival [OS] or disease-free
survival [DFS]), and the role of sex.5-8 Factors clustering with insulin-resistance syndrome
(or metabolic syndrome) have also been associated with increased CRC mortality and
recurrence.15-17

Additionally, when focusing on the select population of patients with rectal adenocarcinoma
(rather than all CRC patients) the data become even more unclear. The most recent studies
involving rectal cancer patients reported no difference in survival in patients with higher
BMI after total mesorectal excision and neoadjuvant chemoradiation, and one study even
reported a survival advantage in obese patients.3:18 Others have reported obese men have a
significantly higher risk of locoregional recurrence; however, no associations were observed
for women or OS, regardless of sex. One explanation for these inconsistencies could be that
a majority of studies use BMI as a measure of obesity, which does not provide a consistent
or accurate measure of abdominal (eg, visceral) obesity. It is possible that visceral obesity
can have an unrecognized detrimental impact on optimal dosing and/or delivery of
chemotherapy and radiation.8:19:20 (Although increased BMI has not been associated with
increased rates of positive surgical radial margins, it is possible that visceral obesity might
better reflect greater technical challenges with total mesorectal excision.)!® In addition, from
a biological standpoint, excess abdominal adipose tissue promotes a greater degree of
obesity-related metabolic derangements, including insulin resistance, perturbations in
adipokines, and chronic inflammation compared with subcutaneous adipose tissue.21-24
Visceral adipose mass might be a more accurate measure of dysfunctional adipose tissue that
facilitates cancer development and progression than BMI.

Quantitative radiologic measures of visceral adiposity using standard CT scans have been
reported as the gold-standard method for assessing visceral adiposity.2%26 This precise and
reliable measure of abdominal fat compartments allows for the possibility of redefining
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obesity in terms of visceral fat rather than BMI. In a heterogeneous group of both colon and
rectal cancer patients, Moon and colleagues demonstrated that individuals with high visceral
adiposity had a considerably shorter DFS compared with those with low visceral adiposity,
and BMI had no influence.?’ To date, there have been no investigations focused on the
association between visceral adiposity and oncologic outcomes in patients specifically
undergoing neoadjuvant therapy and resection for locally advanced rectal cancers. In
undertaking this study, we hypothesized that quantitative CT measures of visceral adiposity
would be associated with key pre- and postoperative clinicopathologic variables and
significantly associated with patient outcomes, DFS and OS. We also hypothesized that
visceral adiposity variables might have stronger associations with patient outcomes than
BMI.

METHODS

Patient selection and chart review

A retrospective database of surgical cases performed at the Moffitt Cancer Center between
1998 and 2010 for rectal cancer was developed with IRB approval. Patients with stage Il or
I11 rectal adenocarcinoma who were treated with neoadjuvant chemoradiation followed by
radical resection (low anterior or abdominoperineal resection) were identified. Data were
collected on patient demographics, preoperative comorbidities, TNM stage, histopathologic
features, perioperative complications, disease recurrence, and survival. Chart reviews were
performed solely by experienced clinicians and data were abstracted on standardized
abstraction forms. Clinical response to neoadjuvant treatment was defined as “no response”
if there was no clinical change in the tumor; “partial response” if a residual palpable lesion
was present but with a clinical reduction in size; and “complete response” if no tumor or
very minor scar tissue was present on completion of treatment. Pathologic response was
defined as a “complete response” if tumor regressed to TONO after neoadjuvant therapy;
“partial response” if there was a reduction in tumor size and/or nodal status with residual
tumor cells; and “no response” if there was no change in the tumor or progression of stage
after neoad-juvant treatment. Data were entered into a secure Microsoft Access database.

Adiposity measures

Patients with a pretreatment CT scan archived at Moffitt were included in this study (n =
99). Radiologic measures of adiposity were obtained from routine diagnostic CT scans using
a Siemens CT Leonardo digital workstation (Siemens Medical Solutions). Visceral and
subcutaneous fat areas (VFA and SFA, respectively) were measured from a single axial slice
at the L4-L5 interver-tebral space.2”28 The CT attenuation level was set between —190 to
-30 Hounsfield units, regions of adipose tissue were delineated, and areas of total, VFA, and
SFA were calculated (Fig. 1A-D). Linear perinephric fat thickness (PNF) is defined as the
shortest distance (in mm) between the kidney and abdominal wall at the level of the renal
vein (Fig. 1E).29 The VFA to SFA ratio (V/S) was calculated to provide a single measure of
abdominal fat, as published previously.2”-30 Elevated V/S indicated higher visceral fat
compared with subcutaneous fat, and a threshold was set at /S = 0.4 to define visceral
obesity.3! Quantitative CT adiposity measurements have been validated in colon cancer,
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with a measurement error rate of 0.5%.28:32 Height and weight recorded before surgery were
used to calculate BMI (weight in kg divided by height in m?).

Statistical analysis

Adiposity-related variables were evaluated as continuous measures and also categorized
according to a priori cut points (BMI =30 and V/S >0.4)%7:31 or at the median (PNF). Linear
or nonlinear correlations among measures of obesity (BMI, VFA, SFA, V/S, and PNF) were
examined as reported previously,33 and the interaction between obesity, age, and sex was
examined using an analysis of covariance (not shown). Differences in adiposity by
clinicopathologic factors and postoperative complications were evaluated using the chi-
square or Fisher’s exact tests (categorical) or 2 sample t-tests with equal or unequal variance
(continuous), as appropriate. Survival end points were OS, defined as time from surgery to
death from any cause, and DFS, defined as time from surgery to either rectal cancer
recurrence or death. Survival time was censored if patients were lost-to-follow-up or after 7
years. The Kaplan-Meier product limit method and log-rank test were used to compare the
survival difference by categorized adiposity variables.

Multivariable Cox proportional hazard models were developed using the backward
elimination to determine clinical adjustment factors (significance level = 0.1) to include in
each model, with each of the adiposity measures forced into the models. Variables included
for backward elimination were sex, age, presurgical N-stage, presurgical T-stage, down-
staging of N- or T-stage, node positivity (positive vs negative), clinical response to treatment
(complete response vs partial response/no response), grade (well/moderate vs poorly/
undifferentiated), CEA level (<5.0 vs >5), and any complication after surgery (yes vs no).
Factors retained in the models were post-treatment grade and clinical response to treatment;
however, to increase clinical accuracy of the model, pathologic response was included
instead of clinical response in final models. Adjusted hazard ratio (AHR) and 95% CI were
estimated for each adiposity variable (ie, BMI, VFA, SFA, V/S, and PNF) and outcomes (ie,
OS and DFS). We conducted stratified analyses to investigate the impact of clinical
parameters (eg, differentiation and response to neoadjuvant treatment) on the association
between adiposity and outcomes. All statistical tests were 2-sided and considered as
statistically significant at the level of 0.05 unless otherwise specified. Analyses were
performed using SAS (SAS 9.2., SAS Institute) and Matlab R2011b (Mathwork Inc).

RESULTS

Demographics and clinical features

The study population consisted of 99 patients with stage I1/111 rectal cancer, with a mean age
of 61 £ 13 years (Table 1). Median follow-up time was 39.4 months for all patients and 41.1
months for patients who were alive (range 2.3 to 109.5 months). There were slightly more
men (n = 57) than women (n = 42), and almost all patients were white (94%). The frequency
of diabetes, hypertension, and hypercholesterolemia (ie, obesity-associated comorbid
conditions) among this population was 16%, 41%, and 19%, respectively. Before
neoadjuvant chemoradiation, most patients (92%) had disease extending beyond the
muscularis propria (T3 or T4) and had nodal disease (n = 52 [57%]). All patients included in
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this study underwent neoadjuvant chemoradiation treatment followed by either low anterior
resection (n = 77) or abdominoperineal resection (n = 22). Twenty-five percent of patients
had a complete pathological response, 49% had partial response, and 26% had no response
to neoadjuvant chemoradiation. Clinical and pathologic response to neoadjuvant treatment
were highly correlated (chi-square = 43.56; p < 0.0001). Mean number of lymph nodes in
the surgical specimen was similar, irrespective of BMI or V/S. Patients with BMI =30 had
13.3 £ 8 nodes harvested vs 12.8 £ 9 in patients with BMI <30 (p = 0.41). Similarly, patients
with V/S >0.4 had 13.3 + 7 nodes harvested vs 12.8 + 7 nodes in patients with V/S <0.4 (p =
0.84) (data not shown). Only one patient in our series had a positive radial margin.
Postoperative complications occurred in 43% of patients, which, for the most part, were
infection-related, including minor surgical site infections (n = 19), but also anastomotic
leaks (n = 4) (Table 1). There were no patients reported to have MI, pulmonary embolism, or
deep vein thrombosis.

Adiposity measures by sex

A complete characterization of BMI and abdominal adiposity variables is presented in Table
2 by sex. Overall mean BMI of these rectal cancer patients was 28.8 + 6.6 and was not
different by sex (p = 0.14). Alternatively, mean VFA, V/S, and PNF were significantly
higher among men than women (p < 0.001). Sex differences in V/S and PNF increased with
age (p < 0.001); the largest differences between men and women were observed in those
older than age 60 years (data not shown). Forty-one percent of patients had a BMI =30, the
conventional classification of obesity; and 62% of patients had a /S =0.4, the cut point for
classification as viscerally obese. A significantly higher proportion of patients were defined
as obese when using V/S vs BMI (p = 0.004).

Adiposity measures by clinicopathological characteristics

A summary of selected pre- and postoperative clinicopathologic variables as a function of
BMI, V/S, and PNF is presented in Table 3. Obese patients defined by BMI (=30) were
significantly younger than nonobese patients (BMI <30; p = 0.03). Patients with pre-existing
diabetes had significantly higher mean BMI compared with patients without diabetes (32 vs
28; p = 0.03); however, there were no significant differences in BMI among those that were
hypertensive or hypercholesterolemic. In contrast to BMI, rectal cancer patients with a /S
>0.4 were significantly older (p = 0.006), more likely to be male (p < 0.001), and have pre-
existing hypertension (50% vs 26.3%; p = 0.02) and hypercholesterolemic (26.7% vs 7.9%;
p = 0.03) than patients with /S <0.4. In addition, patients with higher visceral fat had less
down-staging of T-stage after neoadjuvant therapy (p = 0.04) (data not shown). Similar
results were observed when the V/S and BMI were evaluated as continuous variables. Mean
PNF was higher among males (18 mm vs 7 mm; p < 0.001) and those with hypertension
(16.2 mmvs 11.2 mm; p = 0.01) or diabetes (19.1 mm vs 12.1 mm; p = 0.04).

Adiposity and rectal cancer outcomes

After resection, 5-year OS rate was 83.84% and DFS rate was 74.75%. Twenty-six patients
had recurrent disease or died during follow-up. Figure 2 presents Kaplan-Meier estimates of
DFS and OS time by obesity measures (BMI, V/S, and PNF). Disease-free survival and OS
did not differ by obesity when defined by BMI (Fig. 2A). Viscerally obese patients (V/S
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=0.4) had shorter DFS (p = 0.02, Fig. 2B) and a higher number of documented recurrences
(22 vs 4) than patients that were not viscerally obese. A trend toward worse OS was
observed among those with V/S =0.4 (Fig. 2B; p = 0.14). Perinephric fat thickness higher
than the median (12 mm) was associated with worse OS (p = 0.047) but not DFS (Fig. 2C; p
=0.18).

Table 4 presents the associations among BMI, V/S, and PNF and rectal cancer outcomes. In
crude analysis, patients with elevated V/S had a significantly elevated risk of shorter DFS
(HR =3.50; 95% ClI, 1.21 -10.17). When adjusted for grade and pathologic response to
treatment (a highly correlated measure of clinical response with additional clinical
accuracy), the association became marginally significant (AHR = 2.5; 95% ClI, 0.9-7.5; p =
0.09). In the stratified analysis, patients with well to moderately differentiated tumors and
high visceral obesity (V/S =0.4) were more likely to have shorter DFS (AHR = 4.99; 95%
Cl, 1.2-21.6), after adjusting for response to treatment. Figure 3 presents the survival
probability when combining treatment response and visceral adiposity. Patients with
partial/no pathological response to neoadjuvant therapy with high visceral adiposity had the
poorest DFS compared with patients with compete pathological response or those with
partial/no response and low V/S (p = 0.02). Results were unchanged in multivariate models
when controlling for comorbid conditions (eg, diabetes, hypertension, and
hypercholesterolemia) or age (data not shown). There were no differences in DFS or OS by
BMI, overall or among patients with well to moderately differentiated tumors. Increasing
PNF appeared to be associated with worse OS in unadjusted models (HR = 1.06; 95% Cl,
1.01 - 1.11), but significance was not maintained when adjusting for grade and treatment
response (AHR = 1.04; 95% CI, 0.99-1.09; Table 4) or stratified by grade (AHR = 1.05;
95% Cl, 0.99-1.11).

DISCUSSION

This is the first report to apply multiple quantitative visceral fat measurements (ie, SFA,
VFA, and PNF) in addition to BMI to examine the associations between obesity and
nonmetastatic rectal cancer patient outcomes after neoadjuvant chemoradiation treatment.
We evaluated 2 quantitative measures of visceral adiposity, V/S, and the thickness of the
PNF. Interestingly, in our set of rectal cancer patients, 62% of patients met criteria for
obesity by V/S and only 41% of patients had BMI =30. The 2 different quantitative
measures of visceral adiposity (V/S and PNF) were strongly associated with key
preoperative metabolic comorbidities, and BMI was not. Our study suggests that elevated
visceral adiposity is associated with an increased risk of recurrence, which was most evident
among patients with well to moderately differentiated tumors and those with incomplete
pathological response to neoadjuvant chemoradiation treatment. Given the disparity in
reported data about obesity and CRC outcomes, this report helps to elucidate the relationship
between rectal cancer outcomes and obesity.

The correlations between visceral adiposity and metabolic abnormalities among rectal
cancer patients observed in this study are consistent with what has been shown among
patients with cardiovascular disease and visceral fat.3! Balentine and colleagues have shown
that quantitative measures of visceral obesity, such as VFA and SFA, were superior to BMI
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in correlating with comorbid conditions associated with obesity, such as diabetes and
hypertension.28 Similarly, we observed that both high /S and PNF had significant
associations with the conditions that contribute to metabolic syndrome, including diabetes,
hypertension, and hypercholesterolemia, and BMI did not. Males were more likely to be
viscerally obese by V/S in our study. This is consistent with the observation that central
obesity, although a less precise surrogate measure of visceral adiposity, is more common in
males.32

A unique contribution of this study is that visceral obesity was studied in the select
population of patients with rectal cancer that underwent neoadjuvant therapy. There have
been few studies evaluating adiposity and rectal cancer outcomes.32:18:34 Meyerhardt and
colleagues reported that among male patients with rectal cancer, increased BMI was
associated with an increased risk of local recurrence (HR =1.61; 95% CI, 1.00-2.59);
andnoassociations were found among women or for OS in either sex.® However, conclusions
remain inconsistent with other conflicting studies reporting no difference or superior
outcomes among obese rectal cancer patients.318:34 Similarly, this study found no
significant associations with obesity defined by BMI and rectal cancer survival.

Our findings of elevated risk of shorter DFS with visceral adiposity (eg, V/S) are consistent
with findings reported within the few studies that have examined radiologic measures of
adiposity. Using similar measures to those reported here, Moon and colleagues demonstrated
that CRC patients with high V/S had a significantly worse DFS compared with patients with
a low V/S (AHR = 1.98; 95% CI, 1.02-3.87), and BMI had no influence on outcomes.?’
Kang and colleagues, who defined visceral adiposity by VFA alone (obesity VFA >130),
reported a trend toward worse DFS among viscerally obese rectal cancer patients (3-year
DFS of 82.5% vs 74.4%, respectively), but these differences were not statistically
significant.34 In addition, among metastatic colon cancer patients, higher VFA
independently predicted poorer outcomes in patients treated with targeted bevaci-zumab
therapy, but not standard chemotherapy treatment.3® The associations between PNF and OS
in univariate models are consistent with the poorer outcomes observed with elevated PNF in
hepatobiliary,2® pancreatic,3¢ and prostate3’ cancers. Notably, very few studies have
examined whether obesity is an independent prognostic factor in multivariable models, as
thoroughly conducted in this study. In addition, we found that a higher V/S among patients
with well to moderately differentiated tumors were associated with worse DFS. We
identified a high-risk group of patients with the combination of an incomplete pathological
response to neoadjuvant therapy and high visceral adiposity who had far worse DFS
compared with patients with complete pathological response or those with incomplete
response that had low V/S. These findings suggest that after controlling for tumor grade and
response to treatment (strong prognostic factors),38 visceral obesity has a detrimental effect
on outcomes for patients with rectal cancer. A larger study using radiologic measures of
visceral adiposity is needed to confirm our findings.

The fundamental biological basis for the association between adiposity and CRC outcomes
remains largely unelucidated. Adipose tissue, which was historically considered merely an
energy storage depot, is now increasingly recognized as a complex secretory organ that
produces pro- and anti-inflammatory adipokines (eg, adiponectin, leptin, and resistin) and
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cytokines (eg, tumor necrosis factor—a, interleukin-6, interleukin-1, and monocyte
chemoattractant protein-1)2339 that can play a role locally, peripherally, or centrally in a
variety of physiological processes.23 Visceral adipose tissue has been associated with a
greater degree of obesity-related metabolic derangements than subcutaneous fat,21-23 which
is the rationale behind evaluating V//S.2731 These metabolic derangements include insulin
resistance, aberrant insulin-like growth factor—axis signaling, 4° alterations in adipokine
levels and low-level chronic inflammation, 24 all of which have been associated with
increase cell growth, tumor proliferation, and progression.2341 Given the intimate
association and proximity of visceral adipose tissue to rectal cancers, it is biologically
plausible that visceral adiposity in endocrine and/or paracrine fashion can promote poor
outcomes among patients with rectal cancer.

It could be postulated that survival differences in rectal cancer attributed to visceral obesity
might be a result of the technical challenges associated with operations on obese patients as
opposed to normal-weight individuals. In particular, pelvic dissection with optimal total
mesorectal excision can be particularly difficult in viscerally obese patients. Although
obesity (BMI) has been associated with worse short-term and perioperative outcomes;
oncologic parameters among obese patients with rectal cancer are similar to those in
nonobese patients.3,18:4243 |n fact, a recent series of almost 600 patients with rectal cancer
reported no difference in 5-year DFS or OS in obese vs nonobese patients undergoing
radical resection.18 In this current study, there were no differences in radial margin status or
number of lymph nodes removed between obese and nonobese patients. We are confident
that the differences observed in DFS and OS by visceral obesity (V/S or PNF) are not
explained by the technical differences in surgical procedures. It could also be hypothesized
that visceral adiposity can impact response to neoadjuvant chemoradiation, as evidenced by
our observation of less T down-staging in viscerally obese patients. The current dosing of
adjuvant and neoadjuvant therapy is often based on standard parameters such as body
surface area and BMI and can potentially be better formulated with consideration of more
precise measures of visceral adiposity.® Finally, we observed that visceral obesity was more
associated with pre-existing metabolic abnormalities than BMI, emphasizing the physiologic
relevance of visceral obesity and supporting its link with cancer outcomes. It is possible that
the accurate determination of visceral obesity can represent a surrogate for the multifactorial
influence of surgical and medical treatment delivery and biology that underlie potentially
worse outcomes in patients with rectal cancer.

There are limitations of this study. Body mass index and V/S were obtained at the time of
diagnosis from medical records, which might not reflect changes in BMI that occurred
before diagnosis. Weight loss is a major symptom of advanced disease; however, it is not
widely prevalent among stage Il and I11 patients and should not have impacted the results of
this study. In addition, we had a relatively small sample size that limited our power to detect
or rule out (eg, BMI) significant associations in some analyses and inhibited stratified
analyses by factors such as sex. However, unlike previous studies that have reported on
radiologically determined adiposity, this study includes a homogeneous population of
nonmetastatic rectal cancer patients that were all treated with neoadjuvant chemoradiation
followed by radical resection (low anterior or abdominoperineal resection). Although small,
this study was strengthened by the focus on a homogeneous patient population that reduced
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the possibility of outcomes differences due to stage or treatment differences. A larger
sample size in future studies will help to confirm our findings. Finally, the study population
was primarily non-Hispanic white patients and does not provide information on minority
populations. We comprehensively analyzed the association between adiposity measures and
comorbid conditions as well as outcomes using systematic statistical analyses. Overall, we
have demonstrated that there is a significant relationship between visceral adiposity and
oncologic outcomes (eg, survival), including superior DFS with lower V/S. Even when
subject to multivariate analysis, V/S but not BMI was a predictor of DFS among this group
of rectal cancer patients.

CONCLUSIONS

Given the epidemic of obesity in the United States and performance-based health care
reform, more studies are needed to precisely delineate the relationship between obesity and
cancer. It is becoming increasingly apparent that BMI alone is inadequate as a consistent
prognostic indicator. As the focus on outcomes and comparative effectiveness research
increases, the development of accurate and reliable risk and prognosis stratification
strategies are clearly necessary to better guide patient treatment decisions, such as the use of
behavioral interventions and more aggressive or accurately dosed adjuvant therapy
regimens. Radiologic visceral fat quantification with its use of existing diagnostic imaging
might ultimately represent an easily performed and more cost-effective, precise, and
reproducible instrument of clinical prognostication. Although it remains unclear which of
these quantitative measures, such as /S or PNF, is the most optimal measure, our study
represents an important proof of concept that visceral adiposity is an important determinant
of outcomes in patients with rectal cancer undergoing neoadjuvant chemoradiation and
radical resection. Additional studies that elucidate the physiologic and biologic mechanisms
(eg, endocrine/adipokine activity of adipose tissue, hyperinsulinemia, insulin-like growth
factor signaling) mediating the adiposity—CRC link are also clearly needed. The
incorporation of quantitative measures of visceral obesity and corresponding correlative
molecular studies into prospective oncologic therapeutic and epidemiologic studies is
warranted.
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overall survival
perinephric fat thickness
subcutaneous fat area
visceral fat area

visceral fat to subcutaneous fat ratio
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Figure 1.
Radiological measurement of visceral (VFA) and subcutaneous fat area (SFA) and linear

perinephric fat thickness (PNF). Measurement of VFA (A, C) and SFA (B, D) by CT
analysis software for 2 representative patients (A, B, and C, D). Visceral fat to subcutaneous
fat ratio (V/S) differences observed for patient with (A) high VFA vs (D) high SFA. Patient
in (A) and (B) is viscerally obese, with a /S of 1.55 but a body mass index (BMI) of 27.
Patient in (C) and (D) is obese when defined by BMI (BMI = 37), but is not viscerally obese
(VIS =0.23). (E) PNF measurement taken at level of the left renal vein.
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Figure 3.
Probability of (A) disease-free and (B) overall survival by response to neoadjuvant therapy

and visceral to subcutaneous fat area ratio (V/S). (A) Patients with partial/no response
(PR/NR) to neoadjuvant therapy with high V/S had the poorest disease-free survival
compared with patients with compete response (CR) or those with partial/no response
(PR/NR) that had low V/S (p = 0.03). (B) Similarly, PR/NR patients with high V/S appeared
to have the poorest overall survival compared with others, but the differences among groups
were not statistically significant (p = 0.32).
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Characteristics of Patients with Locally Advanced Rectal Cancer Treated at the Moffitt Cancer Center (n = 99)

Characteristics n* %
Age, y, mean £ SD 60.86 +12.98
Sex
Male 57 57.58
Female 42 42.42
Race
White 93 93.94
Non-white 5 5.05
Unknown 1 1.01
Comorbid conditions (yes)
Diabetes 16  16.33
Hypertension 40  40.82
Hypercholesterol 19  19.39
Pretreatment stage (overall)
Stage Il 38  43.18
Stage 111 50 56.82
Pretreatment T-stage
T1 1 1.03
T2 7 7.22
T3 79 81.44
T4 10 10.31
Pretreatment N-stage
NO 39 42.86
N1 50 54.95
N2 2 2.20
Pathologic T-stage post-neoadjuvant treatment
Tis-TO 27 27.27
T1 9 9.09
T2 30 30.30
T3 27 27.27
T4 6 6.06
Pathologic N-stage post-neoadjuvant treatment
NO 74 74.75
N1 16 16.16
N2 6 6.06
NX 3 3.03

Down-staging in T-stage
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Characteristics n* %
Yes 61  62.89
No 36 37.11

Down-staging in N-stage
Yes 39 4382
No 50 56.18

Clinical response to neoadjuvant treatment
None 44 44.44
Partial 13 13.13
Complete 42 4242

Pathologic response to neoadjuvant treatment
None 26 26.26
Partial 48 48.48
Complete 25 25.25

Histological grade
Well to moderate 88  88.89
Poorly to undifferentiated 6 6.06
Cannot be accessed 3 3.03
No tumor present 2 2.02

Adjuvant treatment
Yes 75  78.95
No 20  21.05

Any postoperative complications
Yes 42 42.86
No 56 57.14

Surgical site infection
Yes 19  19.39
No 79  80.61

*
Total number might be <99 due to missing data points.
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