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Abstract

Introduction: Herein, we examined the association between adi-
posity, as measured by computed tomography (CT), and biochemi-
cal recurrence (BCR) after radical prostatectomy (RP).

Methods: Using axial CT images, preoperative fat mass index (FMI)
was calculated for 698 men who underwent RP from 2007-2010
by using measurements of total surface area of adipose tissue at
the L3 level. Obesity was classified according to National Health
and Nutrition Examination Survey (NHANES) standards for obesity
(FMI >9 kg/m?). The associations between obesity and the dis-
tribution of adiposity (visceral vs. subcutaneous) with BCR were
examined using the Kaplan-Meier method and Cox proportional
hazards regression analyses.

Results: Obese men were older than non-obese men (63.0 vs. 60.7
years; p<0.001), but were similar with regards to all other clinical
and pathological characteristics. With a median followup of six
years, 152 patients were diagnosed with BCR. Five-year BCR-free
survival was similar between obese and non-obese patients (80.6%
vs. 82.1%; p=0.27). Furthermore, in multivariable analyses, obesity
was not independently associated with the risk of BCR (hazard
ratio [HR] 1.02; 95% confidence interval [Cl] 0.73-1.43). Similar
results were obtained when analyzing FMI as a continuous variable
(HR 1.02; 95% Cl 0.94-1.09 for each 1 kg/m? increase in FMI).
Additionally, neither visceral adiposity, subcutaneous adiposity, or
visceral-to-subcutaneous adiposity ratio were associated with BCR
(all p>0.05) in multivariable analyses.

Conclusions: Neither total abdominal adiposity nor the distribution
of adiposity were independently associated with BCR after RP in
this study. As such, the presence of obesity may not be a marker
of increased oncological risk after RP.

Introduction

The association between obesity and malignancy is a major
public health concern, with obesity being recognized as a
significant risk factor for the development of several human
cancers.? However, obesity appears to have a variable
effect on oncological aggressiveness and survival.®> Specific
to prostate cancer, obesity is associated with an increased
incidence of clinically significant prostate cancer,>*> but
there are conflicting reports on whether obesity is indepen-
dently associated with biochemical recurrence (BCR) and
cancer-specific outcomes among men treated for localized
prostate cancer.®™

Currently available studies investigating the association
between body composition and prostate cancer outcomes
are limited by the abundant use of body mass index (BMI).
BMl is a crude measure of obesity that does not account for
differences in body composition and is not linearly associ-
ated with adiposity.’>'® Indeed, more accurate measures of
body composition are available, with cross-sectional imag-
ing being considered the gold standard.'”'® Cross-sectional
imaging can accurately quantify adiposity and also allows
for the measurement of fat distribution.

Recognizing the conflicting results and limitations of
currently available studies, we examined the association
between both total abdominal adiposity and the distribution
of adiposity (visceral and subcutaneous adipose tissue), as
measured using axial computed tomography (CT), and BCR
in men undergoing radical prostatectomy (RP) for localized
prostate cancer.

Patient selection and data collection

After institutional review board approval, we identified all
men who underwent open or robot-assisted RP between
2007 and 2010 at a single institution and had an available
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CT scan of the abdomen performed within the six months
preceding surgery. Patients were excluded if they had previ-
ously received prostate radiation or androgen-deprivation or
if they had metastatic disease at the time of RP. In addition,
men were excluded if their preoperative CT scan was of
insufficient quality for body composition analysis.

Clinical and pathological data were collected from our
institutionally maintained RP registry. Clinical data included
age, height, weight, clinical T and N stage, preoperative
prostate-specific antigen (PSA), receipt of adjuvant radia-
tion, and receipt of adjuvant androgen-deprivation therapy.
Pathological data included pathological T and N stage, biopsy
and prostatectomy Gleason grade, and surgical margin status.

The primary outcome of interest was BCR after RP, defined
as a postoperative PSA >0.4 ng/ml." Secondary outcomes
of interest included systemic progression (SP) and all-cause
mortality after RP. SP was defined as any demonstrable
metastasis on postoperative imaging or on biopsies outside
of the surgical bed. Followup was not standardized after
surgery, but in general, patients undergo PSA testing every
3-4 months for the first two years after RP, every six months
for three additional years, and then annually. For patients
followed outside of our institution, outcomes are collected
annually by registry data abstractors using patient and phy-
sician correspondence. Vital status is obtained from either
death certificates or physician correspondence.

Body composition analysis

Using a representative axial CT image from the L3 level, the
cross-sectional area of visceral, intramuscular, and subcuta-

neous adipose tissue was measured for each patient using
attenuation thresholds specific to these areas (Hounsfield
units =-190 to -30 for subcutaneous and intramuscular adi-
pose tissue and -150 to -30 for subcutaneous adipose tissue)
(Fig. 1). Following this, the total fat mass was calculated for
each patient using the equation proposed by Mourtzakis et
al, which was developed to convert measurements of cross-
sectional adipose area at the L3 level to fat mass (FM).2° The
fat mass index (FMI) was then calculated for each patient by
dividing FM by height squared (m?). In addition, the visceral
adiposity index (VAI) and subcutaneous adiposity index (SAI)
were calculated by dividing the surface area of these tissues
at the L3 level by height squared.

All body composition analyses were performed by a sin-
gle investigator (RJM) using Slice-O-Matic software (version
5.0, Tomovision, QC, Canada).

Statistical analysis

The association between adiposity measures and BCR-free
survival, SP-free survival, and overall survival (OS) were
investigated using the Kaplan-Meier method and Cox pro-
portion hazards regression. FMI was analyzed as a continu-
ous and as a binary variable, with patients being classified
as obese or non-obese according to the National Health
and Nutrition Examination Survey (NHANES) standards for
obesity (FMI >9kg/m?)." In addition, the potential impact
of the distribution of adiposity was examined by evaluat-
ing the association between VAI and SAI, as well as the
ratio of visceral adiposity to subcutaneous adiposity and
BCR (analyzed as continuous variables). Clinical and path-

Fig. 1. Axial computed tomography (CT) showing a patient (A) with and (B) without obesity. The yellow, teal, and green areas represent visceral, subcutaneous, and

intramuscular adipose tissue, respectively, and the red represents skeletal muscle.
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ological variables significant at the alpha=0.05 level in uni-
variable analysis were included in the multivariable models,
along with the adiposity measure of interest.

Pre-planned subgroup analyses were performed accord-
ing to National Comprehensive Cancer Network (NCCN)
risk categories (very low/low, intermediate, high/very high).??
In addition, one-way sensitivity analyses were performed to
determine whether class of obesity was associated with BCR
and to determine the effect of varying the binary FMI cutoff.
Statistical analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, U.S.) and R version 3.3.2 (R Foundation
for Statistical Computing, Vienna, Austria). All tests were two-
sided, with p values <0.05 considered statistically significant.

Results

and 2010 and who had a preoperative CT scan available

Link between adiposity and BCR after prostatectomy

Table 1. Preoperative body composition characteristics
n 698
Mean FMI 9.1(SD 2.2)

Non-obese (FMI <9 kg/m?) 354 (50.7%)
Obese (FMI >9 kg/m?) 344 (49.3%)
Class 1 obesity (FMI >9-12 kg/m?) 273 (39.1%)
Class 2 obesity (FMI >12-15 kg/m?) 63 (9.0%)
Class 3 obesity (FMI >15 kg/m?) 8 (1.1%)

FMI: fat mass index; SD: standard deviation.

for analysis. Body composition characteristics for the entire
cohort are shown in Table 1. Overall, 344 (49.3%) patients
were classified as obese according to their FMI.

Clinical characteristics according to adiposity classifica-
tion are shown in Table 2. Obese patients were older than
non-obese patients (mean age 63.0 years vs. 60.7 years;
p<0.001), but otherwise had similar preoperative PSA, clini-
cal Gleason grade, and clinical T and N stage. Similarly,

Table 2. Clinical characteristics according to obesity classification

Overall Non-obese (FMI <9 kg/m?) Obese (FMI >9 kg/m?) p
N 698 355 (50.8%) 344 (49.2%)
Mean age at surgery (years) 61.8 (SD 7.1) 60.7 (SD 7.3) 63.0 (SD 6.8) <0.001
cT stage 0.49
1 402 (57.6%) 194 (54.8%) 208 (60.5%)
2 261 (37.4%) 138 (39.0%) 123 (35.8%)
34 21 (3.0%) 10 (2.8%) 11 (3.2%)
Unknown 14 (2.0%) 12 (3.4%) 2 (0.6%)
cN stage 0.97
0—x 690 (99.0%) 351 (99.2%) 340 (98.8%)
1 7 (1.0%) 3(0.8%) 4 (1.2%)
Mean preoperative PSA (ng/ml) 8.7 (9.3%) 8.2 (8.3%) 9.3 (10.2%) 0.1
Clinical Gleason grade 0.21
6 276 (39.5%) 145 (41.0%) 131 (38.1%)
7 274 (39.3%) 144 (40.7%) 130 (37.8%)
8-10 136 (19.5%) 60 (16.9%) 76 (22.1%)
Unknown 12 (1.7%) 5 (1.4%) 7 (2.0%)
pT stage 0.99
2 496 (71.1%) 251 (70.9%) 245 (71.2%)
34 202 (28.9%) 103 (29.1%) 99 (28.8%)
pN stage 0.81
0—x 659 (94.4%) 333 (94.1%) 326 (94.8%)
1 39 (5.6%) 21 (5.9%) 18 (5.2%)
Pathological Gleason grade 0.13
6 194 (27.8%) 108 (30.5%) 86 (25.0%)
7 384 (55.0%) 193 (54.5%) 191 (55.5%)
8-10 118 (16.9%) 52 (14.7%) 66 (19.2%)
Unknown 2 (0.3%) 1(0.3%) 1(0.3%)
Surgical margin status 0.09
Negative 532 (76.2%) 280 (79.1%) 252 (73.3%)
Positive 166 (23.8%) 74 (20.9%) 92 (26.7%)
Receipt of adjuvant radiation 23 (3.0%) 10 (2.8%) 13 (3.8%) 0.65
Receipt of adjuvant ADT 63 (9.0%) 34 (9.6%) 29 (8.4%) 0.37

ADT: androgen-deprivation therapy; PSA: prostate-specific antigen; SD: standard deviation.
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Fig. 2. Kaplan-Meier analysis depicting biochemical recurrence (BCR)-free
survival for obese and non-obese men.

there were no significant differences in pT stage, nodal sta-
tus, pathological Gleason grade, or positive surgical margin
rate between obese and non-obese patients. Additionally,
there was no significant difference in the receipt of adjuvant
radiation among obese and non-obese patients.

With a median followup after RP of 6.0 years (interquar-
tile range [IQR] 5.0-7.0), a total of 152 patients were diag-
nosed with BCR. In addition, 57 patients were diagnosed
with SP and 50 patients died during followup. Among the
patients who died from any cause, there were 16 (32%) who
had previously experienced BCR. On Kaplan-Meier analysis,
there was no significant difference in the five-year BCR-free
survival between obese and non-obese patients (80.6% vs.
82.1%; p=0.27) (Fig. 2). Furthermore, on multivariable Cox
analysis, obesity was not independently associated with the
risk of BCR (hazard ratio [HR] 1.02; 95% confidence interval
[CI] 0.73-1.43) (Table 3). The results remained unchanged
when FMI was analyzed as a continuous variable (HR 1.02;
95% Cl 0.94-1.09 for each 1 kg/m? increase in FMI).

Similarly, neither increasing visceral adiposity index (HR
1.00; 95% Cl 0.99-1.01 for each Tcm?*/m?) nor subcutane-
ous adiposity index (HR 1.00; 95% Cl 0.99-1.01 for each
1cm?/m?) were found to be associated with BCR. Finally, the

Table 3. Multivariable Cox proportional hazards regression
models assessing the association of obesity and the
distribution of adiposity and clinical/pathological variables
with BCR

Multivariable HR P

(95% ClI)
Obesity
Obesity (> vs. <9 kg/m2) 1.02 (0.73-1.43) 0.90
Age 1.00 (0.98-1.03) 0.68
Pathological Gleason grade (ref=7)
6 0.09 (0.03-0.28)  <0.001
8-10 1.98 (1.39-2.84)  <0.001
pT stage (ref = pT2)
pT3/4 1.87 (1.29-2.70)  <0.001

pN1 disease (ref = NO/x)
Pre-operative PSA*
Positive margins
Adjuvant ADT

0.74 (0.38-1.42) 0.36
1.18 (1.01-1.38) 0.04
1.49 (1.05-2.11) 0.03
0.89 (0.52-1.49) 0.65
Visceral adiposity
1.00 (0.99-1.01) 0.35
Subcutaneous
adiposity
1.00 (0.99-1.01) 0.95
Visceral to
subcutaneous
ratio
VAI/SAI** 1.01 (0.99-1.03) 0.37

Variables included in multivariable model included the variable of interest and variables
significant at the p <0.05 level in univariable analysis. *PSA modeled as log, (PSA).
**Models also adjusted for the same variables as the obesity model. ADT: androgen-
deprivation therapy; BCR: biochemical recurrence; Cl: confidence interval; HR: hazard ratio;
PSA: prostate-specific antigen; SAI: subcutaneous adiposity index; VAI: visceral adiposity
index

VAI** (for each 1 cm?m? increase)

SAI** (for each 1 cm?¥m? increase)

ratio of visceral to subcutaneous adiposity was likewise not
significantly associated with BCR after RP (HR 1.01; 95%
Cl 0.99-1.03 for each 0.1 increase in ratio).

Subgroup and sensitivity analyses

In a subgroup analysis according to NCCN risk categories,
obesity was not significantly associated with BCR in any of
the risk categories on multivariable analyses (all p>0.05).
The results of this subgroup analysis are shown in Table 4.

In sensitivity analysis, we found that patients with class
2 obesity (FMI >12-15 kg/m?) or class 3 obesity (FMI >15
kg/m?) were not at an increased risk of BCR compared with
non-obese patients (both p>0.05). In addition, using differ-
ent binary FMI cutoffs (= or >6, 12, and 15 kg/m?) did not
significantly alter the results (all p>0.05). The results of these
sensitivity analyses are shown in Table 5.

Secondary endpoints

On Kaplan-Meier analysis, obesity was not significantly
associated with either SP-free survival or OS (p=0.64 and
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Table 4. Multivariable Cox regression assessing the
association of obesity with BCR according to NCCN risk
category

Table 5. Sensitivity analysis showing the association
between varying FMI cutpoints and BCR and class of
obesity and BCR

Multivariable HR (95% Cl) p
Very low-/low-risk 0.80 (0.23-2.81) 0.73
Intermediate-risk 1.11 (0.63-1.98) 0.70
High-/very high-risk 1.05 (0.66-1.68) 0.82

BCR: biochemical recurrence; Cl: confidence interval; HR: hazard ratio; NCCN: National
Comprehensive Cancer Network.

0.43, respectively). In addition, in multivariable Cox analy-
sis, obesity was not significantly associated with SP or OS
(Supplementary Table 1). Again, these results remained
unchanged when analyzing FMI as a continuous variable.

Discussion

measured using axial CT, and oncological outcomes in men
undergoing RP. We found that neither total abdominal adi-
posity nor the distribution of adiposity were independent-
ly associated with BCR after RP. Importantly, these results
remained unchanged in subgroup analyses according to
prostate cancer risk categories. Furthermore, the severity of
obesity was not predictive of BCR after RP. Additionally, in a
secondary exploratory analysis, we found no significant asso-
ciation between adiposity and either SP or OS after RP. We
conclude that obesity itself is not an independent risk factor
for adverse oncological outcomes among men undergoing
RP after accounting for other well-known prognostic factors.

The complex relationship between obesity and prostate
cancer remains controversial. At the population level, obe-
sity appears to be associated with an increased incidence
of advanced prostate cancer.?** In addition, several obser-
vational studies have identified that obese men undergoing
treatment for localized prostate cancer have higher Gleason
scores, pathological stage, and positive margin rates com-
pared with non-obese men,'%'* Nonetheless, although obe-
sity appears to be associated with more advanced disease
at diagnosis, previous studies investigating whether obesity
confers a higher risk of adverse oncological outcomes among
men with similar disease characteristics have had conflict-
ing results.>' In a meta-analysis by Hu et al examining the
association between obesity and BCR in men with localized
prostate cancer, a small increased risk of BCR was noted
after RP (HR 1.17; 95% Cl 1.07-1.28)."* However, among
the 18 studies included, there was significant heterogeneity
in the outcomes, with eight of the included studies report-
ing an association between obesity and BCR and 10 studies
reporting no association. Overall, whether an association
between obesity and oncological outcomes after RP exists
remains uncertain.

The majority of currently available studies examining
obesity and outcomes after RP are limited by the use of

Multivariable HR P
(95% Cl)

According to obesity categories
(ref = non-obese)

Class 1 obesity
Class 2 obesity
Class 3 obesity

According to different FMI cutpoints
FMI >6 kg/m? (ref <6 kg/m?)
FMI >12 kg/m? (ref <12 kg/m?) 1.35 (0.84-2.17) 0.21
FMI >15 kg/m? (ref <15 kg/m?) 0.64 (0.09-4.67) 0.67

Class 1 obesity=FMI >9-12 kg/m?, Class 2 obesity=FMI >12-15 kg/m?, Class 3 obesity=FMI
>15 kg/m?. Cl: confidence interval; FMI: fat mass index; HR: hazard ratio.

0.94 (0.66-1.35) 0.75
1.38 (0.83-2.31) 0.21
0.66 (0.10-4.80) 0.68

0.93 (0.49-1.78) 0.82

BMI as the measure of obesity, which is unable to ade-
quately characterize body composition. Specifically, BMI
does not separate skeletal muscle from adiposity and does
not measure the distribution of adiposity'>'® Several more
accurate methods are available for measuring body com-
position, including waist to hip circumference ratio, dual
energy X-ray absorptiometry, and bioelectrical impedance
analysis. However, cross-sectional imaging with CT or mag-
netic resonance imaging (MRI) is largely considered the gold
standard.''® Furthermore, cross-sectional imaging is often
performed as part of routine staging for cancer patients,
allowing for body composition analysis to be performed
without the need for additional testing. To our knowledge,
only one previous study has used CT to investigate the asso-
ciation between adiposity and outcomes after RP.* In a study
including 283 men undergoing RP, Ohwaki et al found no
association between visceral adiposity and BCR.?* However,
their study had a small number of patients with BCR (n=41),
had a short median followup (2.5 years), and did not inves-
tigate the potential association between total body adiposity
and BCR.% Thus, the current study represents the most com-
prehensive assessment to date on the association between
adiposity and BCR after RP.

Several mechanisms have been proposed to explain the
potential link between obesity and prostate cancer oncogen-
esis, including the effects of decreased circulating androgen
levels,?#?5 chronic inflammation,?® and alterations in the insu-
lin/insulin-like growth factor (IGF-1) axes.?” Interestingly,
visceral adipose tissue is more metabolically active than sub-
cutaneous adipose tissue and visceral obesity is associated
with greater alterations in all of these proposed pathways.*
Thus, we hypothesized that the distribution of adiposity
may be associated with the risk of BCR after RP. However,
we again found no association between increasing visceral
adiposity or the ratio of visceral to subcutaneous adiposity
and BCR, strengthening our conclusion that adiposity is not
independently associated with oncological control after RP.
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Several limitations to the current study warrant men-
tion. The retrospective nature of this study makes it sub-
ject to the selection biases inherent in this type of research.
Additionally, the median followup is intermediate at 5.9
years, limiting the ability to conclude definitively whether
SP or OS are impacted by adiposity. Finally, this study only
measured adiposity at a single point in time and, thus, does
not account for potential changes that could occur through-
out followup. These limitations notwithstanding, we feel our
results provide evidence that obesity may not play an inde-
pendent role in BCR among men undergoing RP.

Conclusion

adiposity was independently associated with BCR after RP
in this study. After accounting for other known prognostic
factors, the presence of obesity may not be associated with
worse oncological outcomes after RP.
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Supplementary Table 1. Cox proportional hazards regression assessing the association of obesity with systemic progression
and overall survival

Systemic progression P Overall survival p
Multivariable HR (95% Cl) Multivariable HR (95% ClI)

Obesity 0.79 (0.46-1.34) 0.38 1.06 (0.60-1.86) 0.84
Age 1.09 (1.04-1.14) <0.001
Pathological Gleason grade (ref=7)

6 - - 1.42 (0.66-3.07) 0.37

8-10 2.50 (1.43-4.38) 0.001 1.46 (0.72-2.94) 0.28
pT stage (ref = pT2)

pT3/4 2.99 (1.60-5.58) <0.001 1.50 (0.75-3.01) 0.26
pN1 disease (ref = NO-x) 2.06 (0.82-5.14) 0.12 2.47 (1.09-5.60) 0.03
Preoperative PSA* 0.95 (0.73-1.23) 0.70
Positive margins 1.39 (0.80-2.42) 0.24
Adjuvant ADT 0.60 (0.26-1.38) 0.23

Variables included in multivariable model included the variable of interest (obesity) and variables significant at the p <0.05 level in univariable analysis. *PSA modeled as log,PSA. ADT:
androgen-deprivation therapy; Cl: confidence interval; HR: hazard ratio; PSA: prostate-specific antigen.
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