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Background—Obesity is associated with an increased risk of biochemical recurrence (BCR)
after radical prostatectomy (RP). It is unclear whether this is due to technical challenges related to
operating on obese men or other biologic factors.

Objective—To examine whether obesity predicts higher prostate-specific antigen (PSA) nadir
(as a measure of residual PSA-producing tissue) after RP and if this accounts for the greater BCR
risk in obese men.

Design, setting, and participants—A retrospective analysis of 1038 RP patients from 2001
to 2010 in the multicenter US Veterans Administration–based Shared Equal Access Regional
Cancer Hospital database with median follow-up of 41 mo.

Intervention—All patients underwent RP.

Outcome measurements and statistical analysis—We evaluated the relationship between
body mass index (BMI) and ultrasensitive PSA nadir within 6 mo after RP. Adjusted proportional
hazards models were used to examine the association between BMI and BCR with and without
PSA nadir.

Results and limitations—Mean BMI was 28.5 kg/m2. Higher BMI was associated with higher
PSA nadir on both univariable (p = 0.001) and multivariable analyses (p < 0.001). Increased BMI
was associated with increased BCR risk (hazard ratio [HR]: 1.06; p = 0.007). Adjusting for PSA
nadir slightly attenuated, but did not eliminate, this association (HR: 1.04, p = 0.043). When
stratified by PSA nadir, obesity only significantly predicted BCR in men with an undetectable
nadir (p = 0.006). Unfortunately, other clinically relevant end points such as metastasis or
mortality were not available.

Conclusions—Obese men are more likely to have a higher PSA nadir, suggesting that either
more advanced disease or technical issues confound an ideal operation. However, even after
adjusting for the increased PSA nadir, obesity remained predictive of BCR, suggesting that tumors
in obese men are growing faster. This provides further support for the idea that obesity is
biologically associated with prostate cancer progression.
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1. Introduction
Obesity is an increasing global concern. Obesity rates increased in the United Kingdom
from 6.2% in 1982 to 22.7% in 2002 and in the United States from 13.7% in 1993 to >30%
in 2008 [1,2]. Although obesity has been linked with multiple cancers including breast and
colon, the relationship with the incidence of prostate cancer (PCa) remains unclear [3–5].
Some studies suggest obesity may be associated with decreased PCa risk; others suggest an
increased risk of diagnosis, larger tumors, more aggressive disease, and PCa-related
mortality [6–9].

We previously found obese men have an increased risk for developing biochemical
recurrence (BCR) and positive margins after radical prostatectomy (RP) [10,11]. One
possible explanation for the higher BCR risk in the absence of pathologic differences may
relate to technical difficulties in dissecting the prostate in obese men, leading to greater
positive margins and residual tumor. Indeed, one study found that even experienced
surgeons were more likely to have a capsular incision in obese men, a sign of a less than
perfect operation [12]. To address this, we previously examined men undergoing RP with
negative margins where obesity remained predictive of BCR [13].
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A more accurate way of assessing the amount of residual tumor is to measure postsurgical
prostate-specific antigen (PSA) nadir rather than relying on margin status. Residual PSA can
result from either advanced disease or poor surgical technique. Regardless, in men
undergoing RP, persistently elevated PSA is linked to BCR, disease progression, and overall
mortality [14–17]. Importantly, we previously showed that higher BMI predicts higher PSA
nadir [15]. As such, obese men have a “headstart” toward developing BCR. Therefore, the
purpose of our present study was to evaluate whether higher PSA nadirs among obese men
explain the higher BCR rates or whether obesity remains predictive of BCR after adjusting
for PSA nadir, which would suggest that tumors in obese men grow faster.

2. Methods
2.1. Study population

Following institutional review board approval, data were collected from men undergoing RP
from 1988 to 2010 at four US Veterans Administration hospitals in West Los Angeles and
Palo Alto (CA), Augusta (GA), and Durham (NC) and compiled into the Shared Equal
Access Regional Cancer Hospital (SEARCH) database [18]. Men treated with preoperative
androgen deprivation or radiation therapy were excluded. Within SEARCH, ultrasensitive
PSA nadir (detection limit <0.01 ng/ml) was available as of 2001 in two centers, as of 2002
in one center, and as of 2004 in the fourth center. Using these cut-offs, we identified 1224
eligible men. We excluded men missing data for BMI (n = 14), PSA nadir (n = 68),
preoperative PSA (n = 11), pathologic prostatic weight (n = 77), Gleason score (n = 2),
margin status (n = 4), seminal vesicle invasion (n = 4), and extracapsular extension (n = 6),
resulting in a final population of 1038.

2.2. Statistical analysis
BMI was abstracted from preoperative height and weight and categorized as normal (<25
kg/m2), overweight (25.0–29.9 kg/m2), and obese (≥30 kg/m2). The association between
BMI as a categorized variable and baseline clinical and pathologic features were tested using
chi square for categorical variables, analysis of variance (ANOVA) for normally distributed
continuous variables, and Kruskal-Wallis for non-normally distributed continuous variables.
Normally distributed variables are presented as mean plus or minus standard deviation (SD),
and non-normally distributed variables are presented as median and interquartile range.

To determine the p trend, BMI was entered into models as a continuous variable with each
patient assigned the median BMI of his category to limit undue influence of extreme BMI
values. Similarly, PSA nadir within 6 mo after RP was evaluated as a continuous variable of
the median nadir within each of the following categories: undetectable, 0.01–0.09, 0.10–
0.19, and ≥0.2 ng/ml. Age, RP year, PSA, and prostate weight were evaluated as continuous
variables. PSA and prostate weight were logarithmically transformed. Center, race (black,
white, other), Gleason scores (2–6, 3 + 4, ≥4 + 3) were analyzed as categorical variables.
BCR was defined as a single postoperative PSA value >0.2 ng/ml, two values of 0.2 ng/ml,
or secondary treatment for elevated PSA.

The association between BMI and PSA nadir was compared using univariable and
multivariable linear regression adjusting for clinical (age, PSA, center, RP year, race) and
pathologic variables (Gleason, prostate weight, extracapsular extension, margin status,
seminal vesicle invasion, and lymph node status). We tested the relative risk for BCR
associated with BMI using a Cox proportional hazards regression model, adjusting for
clinicopathologic characteristics with and without PSA nadir. Data were examined as a
whole and stratified by PSA nadir (undetectable vs 0.01–0.19 vs ≥0.2 ng/ml). Statistical
analyses were performed using Stata v.11.0 (StataCorp, College Station, TX, USA).
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3. Results
3.1. Patient demographics

The mean plus or minus SD BMI was 28.5 ± 4.7 kg/m2, and mean age was 60 ± 6 yr. Of the
1038 men in the study, 591 (57%) had an undetectable PSA nadir, 336 (32%) had a nadir
between 0.01 and 0.09, 43 (4%) had a nadir between 0.1 and 0.19, and 68 (7%) had a nadir
≥0.2 ng/ml.

Patients with a higher BMI were younger (p < 0.001), more likely to be treated in recent
years (p = 0.019), and had about a 4-mo shorter median follow-up (p = 0.007) as determined
by either the ANOVA or Kruskal-Wallis test (Table 1). Additionally, men with a higher
BMI had lower PSA levels (p = 0.022) despite larger prostate sizes (p = 0.0003). Finally,
there were nonsignificant trends for higher BMI to be associated with higher Gleason scores
and seminal vesicle invasion.

3.2. Obesity and prostate-specific antigen nadir
When grouped by categories, there was a nonsignificant trend for higher BMI to be
associated with higher PSA nadir (p = 0.055; chi square) (Table 1). However, when BMI
and PSA nadir were treated as continuous variables using the median of each category, there
was a clear association between higher BMI and greater PSA nadir using linear regression (p
= 0.001) (Table 2). This association remained after adjustment for multiple demographic and
clinicopathologic characteristics (p < 0.001).

3.3. Biochemical recurrence
Mean and median follow-up in men without BCR was 44 and 41 mo, respectively. During
this time, 262 patients (25%) developed BCR with a median recurrence time of 10 mo.
Using Cox proportional hazard models, increased BMI was associated with increased BCR
risk (hazard ratio [HR]: 1.06; p < 0.007; Fig. 1) on multivariable analysis when not adjusted
for PSA nadir (Table 3). Adjusting for PSA nadir mildly attenuated, but did not eliminate,
this association (HR: 1.04; p = 0.043).

When stratified by PSA nadir, increasing BMI was most strongly associated with higher
BCR risk in men with an undetectable PSA nadir (Table 4; Fig. 2a). For men with a
detectable PSA nadir, higher BMI trended toward increased recurrence risk for those with a
PSA nadir of 0.01–0.09 (Table 4; Fig. 2b), but not among men with a nadir of 0.10–0.19 ng/
ml (Table 4; Fig. 2c).

4. Discussion
Obese men are at a higher BCR risk following RP [10,19,20]. This may be due, in part, to
poor surgical technique and a greater risk of positive margins [11,12]. However, in men
undergoing RP with negative margins, obesity remained a predictor of BCR [13]. Thus the
degree to which technical difficulties of operating on obese men lead to higher BCR rates is
unknown. In this study, we used ultrasensitive PSA nadir rather than margin status as a more
accurate way of evaluating the effect of obesity on our ability to remove all PSA-producing
tissue, accounting for both more advanced disease and poor technique. Although we found
obesity predicted higher PSA nadirs, increased PSA nadir does not completely account for
the higher BCR risk in men with higher BMI. These data support the idea that obesity is
associated with faster growing tumors and more aggressive PCa.

Obesity affects >30% of adults in the United States. In 2010, it was estimated that >217 000
new cases of PCa would be diagnosed, translating to approximately 64 000 obese men with
PCa, assuming no major effect of obesity on PCa incidence [21]. Likewise, >380 000 new
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cases of PCa were diagnosed in Europe in 2008, with obesity rates >20% in the United
Kingdom [22]. There are reasons to suspect obesity may hinder an ideal operation: Excess
abdominal and pelvic fat may interfere with the surgeon’s ability to visualize and remove
the entire prostate and tumor. If obesity does present a technical challenge to an ideal
operation, it potentially has an impact on thousands of obese patients diagnosed with PCa
annually.

Obesity is associated with higher rates of positive margins in the absence of other adverse
pathologic features [11,20]. Although surgical skill is known to have an impact on outcomes
[23], obesity was also shown to be positively associated with capsular incision, a pathologic
surrogate of a technically inferior operation, even in experienced hands [12]. This suggests
the greater likelihood of a less ideal operation in obese patients.

We examined whether obesity was associated with a technically inferior operation and/or
more advanced disease using ultrasensitive PSA nadir, a more accurate way of measuring
residual tumor after surgery. In men undergoing RP from 2001 to 2008 in the SEARCH
database, we previously reported that higher BMI was significantly predictive of PSA
persistence (PSA nadir ≥0.03 ng/ml) [15]. Using data updated through 2010, we confirmed
that when evaluated as a continuous variable, higher BMI predicts increased PSA nadir.
Various studies, including results from SEARCH, found that persistently elevated PSA is
associated with BCR and overall mortality [14,24]. We found that being obese compared
with normal weight predicts an approximately 0.05 ng/ml increase in PSA nadir.
Comparatively, Eisenberg et al [25] and Moreira et al [15] reported that PSA levels
persistently >0.05 and ≥0.03 ng/ml, respectively, were associated with increased BCR risk.
Others have also linked persistently detectable PSA with other markers of high-risk disease
including higher Gleason scores, positive margins, extracapsular extension, seminal vesicle
invasion, and even increased PCa-specific mortality [14,26]. Thus simply being obese
increases the risk for poor prognostic disease due to the increased likelihood of higher PSA
nadirs compared with patients with normal BMI. Consistent with prior studies, we also
found that obesity was associated with BCR [10,19]. However, given the association
between obesity and higher PSA nadir and between elevated PSA nadir and BCR, it is not
known whether the higher nadir accounts for the increased BCR rates. We tested this by
subsequently controlling for PSA nadir in our model, which attenuated but did not eliminate
the association between BMI and increased BCR risk. This suggests that although obesity
may present technical challenges during surgery or be associated with more advanced
disease (ie, micrometastases) as evidenced by higher PSA nadir levels, it does not fully
explain the greater BCR rates among men with higher BMI. As such, these data provide
further support for the idea that obesity is biologically associated with faster tumor growth
and PCa progression.

Interestingly, when stratified by PSA nadir, increasing BMI was most strongly associated
with higher BCR risk in patients with an undetectable PSA nadir. Meanwhile, in men with a
detectable nadir, higher BMI trended toward increased recurrence risk for men with a PSA
nadir of 0.01–0.09 (p = 0.09) but not among men with a nadir of 0.10–0.19 ng/ml. We
previously noted that men with a PSA nadir of 0.10–0.19 ng/ml are ≥11 times more likely to
develop BCR than men with an undetectable nadir [15]. Recurrence rates for these men
approached 80% by 4 yr. Thus it is possible that with such a high-risk group, the addition of
obesity, a modest risk factor for aggressive disease, adds little to risk. Alternatively, men
with an undetectable nadir have a favorable prognosis with a 5-yr recurrence risk <20%. For
these men, the addition of even a modest risk factor like obesity can lead to significantly
poorer outcome. In other words, although obesity is indeed associated with aggressive
disease, the association is less strong than other risk factors such as nadir PSA. However,
this does not negate the importance of BMI because >55% of men had an undetectable
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nadir, and for these men, BMI predicts poor outcome. Ultimately, longer follow-up will be
intriguing to determine whether BMI increases risk of more distant events such as
metastases and PCa-related death even for the so-called high-risk group. Several
mechanisms have been proposed to account for the increased risk of aggressive PCa in
obese patients. One hypothesis suggests that excess adipose tissue affects the hormonal axis
by decreasing free testosterone and sex hormone-binding globulin, which has been
associated with worse pathologic stage in men with PCa [27,28]. Elevated blood insulin
levels and insulin growth factors secondary to increased abdominal obesity may facilitate
PCa growth [29]. Delayed diagnosis in obese men may lead to higher grade disease at
diagnosis. Given the modern dependence on PSA-based screening, lower PSA levels due to
PSA hemodilution in obese men is one possible mechanism for delayed diagnosis [30].
Obese men also have larger prostates, which may make it more difficult to find the PCa on
biopsy [7]. Ultimately, the fact that obesity has been linked with PCa mortality since the
1960s [9], which predates PSA screening and the widespread use of RP, provides
compelling data for a biologic link, although the exact mechanisms by which obesity exerts
its effects are not fully understood.

Our study has several limitations including the retrospective nature of the cohort. Our
analysis was limited to patients who underwent RP, who represent a selected group of men
with PCa. Thus we cannot assess the relationship between obesity and advanced PCa. Also,
the rate of positive margins was high. How this may have influenced our results is unknown,
but it requires validation in centers with lower positive margin rates. Furthermore, although
we correlated PSA nadir and obesity to BCR, not all patients who develop recurrence will
metastasize and die from PCa. Future studies should be directed at using other clinically
relevant end points including metastasis, PCa-specific mortality, and overall mortality.
Finally, these results, like all results, are subject to type 1 error and residual confounding,
and thus they require validation in other data sets. These limitations, however, are balanced
by a key strength of limiting our sample to men who were managed using ultrasensitive PSA
nadir, with a sensitivity limit <0.01 ng/ml, allowing us to detect even modest associations
between BMI and PSA nadir.

5. Conclusions
Obese men are more likely to have higher PSA nadir, suggesting either more advanced
disease or technical issues confounding an ideal operation. However, even after adjusting for
the increased PSA nadir, obesity remained predictive of BCR, suggesting tumors in obese
men are growing faster and providing further support for the idea that obesity is biologically
associated with PCa progression.
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Take-home message

Obesity appears to be related to either more advanced disease or inferior operative
technique. Despite these factors, tumors are likely faster growing in obese men,
supporting a biological association between obesity and prostate cancer progression.
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Fig. 1.
Time until biochemical recurrence stratified by body mass index (BMI). Obese men with
BMI ≥ 30 kg/m2 (solid line) and overweight men with BMI 25.0–29.9 kg/m2 (dashed line)
had a greater risk of biochemical recurrence compared with normal weight men with BMI
<25 kg/m2 (dotted line).
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Fig. 2.
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Time until biochemical recurrence in men stratified by prostate-specific antigen nadir: (a)
undetectable, <0.01 ng/ml; (b) 0.01–0.09 ng/ml; (c) 0.10–0.19 ng/ml; normal weight (dotted
line), overweight (dashed line), obese (solid line). BMI = body mass index.
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Table 2

Linear regression: predictors of prostate-specific antigen nadir relative to normal weight

Factor Coefficient 95% CI p trend

Univariable 0.001†

 Overweight (BMI 25.0–29.9 kg/m2) 0.018 −0.002 to 0.039

 Obese (BMI ≥30 kg/m2) 0.038 0.016–0.060

Multivariable* <0.001†

 Overweight (BMI 25.0–29.9 kg/m2) 0.023 0.003–0.043

 Obese (BMI ≥30 kg/m2) 0.048 0.026–0.069

CI = confidence interval; BMI = body mass index.

*
Adjusting for year of surgery, center, age, race, prostate-specific antigen, pathologic prostatic weight, Gleason score, extracapsular extension,

seminal vesicle invasion, margin status, and nodal status.

†
p trend calculated using median BMI of each category as a continuous variable.
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Table 3

Multivariable models of time to biochemical recurrence after radical prostatectomy by body mass index
relative to normal weight

Cox proportional hazards HR 95% CI p trend

Multivariable model not including PSA nadir 0.007*

 Normal weight (BMI ≤25 kg/m2) 1.00 –

 Overweight (BMI 25.0–29.9 kg/m2) 1.21 0.81–1.79

 Obese (BMI ≥30 kg/m2) 1.73 1.12–2.66

Multivariable model including PSA nadir 0.043*

 Overweight (BMI 25.0–29.9 kg/m2) 1.10 0.74–1.64

 Obese (BMI ≥30 kg/m2) 1.49 0.97–2.30

HR = hazard ratio; CI = confidence interval; BMI = body mass index; PSA = prostate-specific antigen.

All analyses adjust for age, race, PSA, surgical center, year of surgery, pathologic prostatic weight, Gleason sum, margin status, extraprostatic
extension, and seminal vesicle invasion.

*
p trend calculated using median BMI of each category as a continuous variable.
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Table 4

Hazard ratio of time to biochemical recurrence after radical prostatectomy stratified by prostate-specific
antigen nadir and body mass index

Cox proportional hazards HR 95% CI p trend

PSA nadir 0 (undetectable) (n = 591) 0.006*

 Overweight, BMI 25.0–29.9 kg/m2 1.23 0.57–2.65

 Obese, BMI ≥30 kg/m2 2.62 1.18–5.83

PSA nadir 0.01–0.09 (n = 336) 0.090*

 Overweight, BMI 25.0–29.9 kg/m2 1.48 0.82–2.67

 Obese, BMI ≥30 kg/m2 1.80 0.94–3.42

PSA nadir 0.10–0.19 (n = 43) 0.914*

 Overweight, BMI 25.0–29.9 kg/m2 0.43 0.09–2.20

 Obese, BMI ≥30 kg/m2 0.85 0.19–3.81

HR = hazard ratio; CI = confidence interval; BMI = body mass index; PSA = prostate-specific antigen.

All analyses adjust for age, race, PSA, surgical center, year of surgery, pathologic prostatic weight, Gleason sum, margin status, extraprostatic
extension, and seminal vesicle invasion.

*
p trend calculated using median BMI of each category as a continuous variable.
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