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Abstract
BACKGROUND—Several studies have recently suggested an association between body mass
index (BMI) and disease progression after radical prostatectomy. In the current study, the authors
examined this association and that between the reciprocal of BMI (INVBMI, 1/BMI) and
progression-free probability in men treated with radical retropubic prostatectomy (RRP) for clinically
localized prostate carcinoma.

METHODS—The authors retrospectively studied 2210 patients who underwent RRP at Memorial
Sloan-Kettering Cancer Center between September 1986 and May 2003. Clinicopathologic variables
analyzed included BMI (kg/m2), preoperative serum prostate-specific antigen level (ng/mL), clinical
T classification, year of surgery, race, biopsy-derived primary and secondary Gleason grades, and
INVBMI, known to better correlate with percent body fat than BMI. Cox regression analysis was
used to examine the possible association between BMI or its reciprocal with disease progression after
controlling for the effects of common prognostic factors. The areas under the receiver operating curve
(AUC) for models with and without INVBMI were calculated

RESULTS—Of the 2210 patients analyzed, 251 experienced disease progression in a median
follow-up time of 25.9 months (range, 0-143 months). After adjusting for all clinical variables, both
BMI (P = 0.071; hazards ratio [HR] = 1.027) and INVBMI (P = 0.041; HR < 0.001) were associated
with disease progression. However, the areas under AUC for models with and without INVBMI were
similar (range, 0.794 - 0.798).

CONCLUSIONS—Although conflicting evidence has been reported regarding the link between
obesity and an increased risk of developing prostate carcinoma, as well as an increased risk of
developing aggressive disease and prostate carcinoma-related mortality, the authors found weak
associations with disease progression for both BMI and INVBMI. These variables were of negligible
prognostic value in men who received surgery. Studies with longer follow-up, that examine
alternative end points, and that follow treatment(s) besides surgery are needed. Cancer 2005;103:
2030-4.
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Obesity has become increasingly prevalent in the United States over the past several decades.
Recent data report the age-adjusted prevalence of obesity in the United States to have increased
from 22.9% between 1988 and 1994 to approximately 30.5% between 1999 and 2000, with
27.7% of men between the ages of 20 and 74 classifiedas being obese (body mass index [BMI]
≥ 30).1 BMI is a reasonable, but not perfect, surrogate predictor of obesity.2 Its wide utility
stems from the finding that it is calculated from simple and inexpensive measurements of height
and weight (BMI = kg/m2). The reciprocal of BMI (INVBMI, 1/BMI) is known to improve
the linearity of the relation between BMI and percent body fat (PBF).3-5

Obesity increases the risk of certain types of cancers, such as those involving the
gastrointestinal tract,6 and hormone-dependent neoplasms, including endometrial carcinomas.
7 However, its association with prostate carcinoma remains unclear. The incidence of prostate
carcinoma has grown rapidly, with an estimated 230,110 newly diagnosed cases in the United
States alone in 2004, making it the most commonly diagnosed neoplasm overall, and the second
most common cause of cancer deaths among males.8 In general, studies analyzing a link
between obesity (or BMI) and prostate carcinoma risk and/or disease progression have yielded
inconsistent results.7,9-16

Radical retropubic prostatectomy (RRP) is the most common primary definitive therapy for
treating clinically localized prostate carcinoma.17 Considering the increasing trend of obesity
among men in the United States and the likely association between prostate carcinoma risk and
obesity, it is of paramount importance to identify risk factors for disease progression for men
diagnosed with prostate carcinoma and treated with RRP.

MATERIALS AND METHODS
Patient Selection

A prospective database was queried for men with clinically localized prostate carcinoma treated
with RRP as the initial definitive treatment for prostate carcinoma between September 1986
and May 2003 performed by all surgeons at the Memorial Sloan-Kettering Cancer Center
(MSKCC; New York, NY). Because androgen deprivation therapy is known to influence body
fat,18 747 of 3796 consecutive patients were excluded due to previous neoadjuvant therapy.
In addition, 839 patients were excluded due to missing preoperative serum prostate-specific
antigen (PSA) values (n = 34), race information (n = 48), biopsy-derived Gleason grade data
(n = 436), clinical stage values (n = 25), and height and/or weight information (n = 296).This
left 2210 consecutive men with complete clinical information.

Serum PSA levels were measured either at MSKCC using the Hybritech Tandem R assay
(Hybritech Inc., San Diego, CA) or at an outside institution. Clinical stage was obtained solely
from digital rectal examination using the 2002 American Joint Committee on Cancer TNM
classification. Neoadjuvant therapy was defined as receipt of hormonal or chemical treatment
before RRP. Height and weight information was obtained from objective measurements at the
time of initial consultation or at the time of hospital admission for surgical management. BMI
was calculated by dividing the weight (kg) by the square of the height (m2), and INVBMI was
calculated as 1/BMI.

Patients were stratified into the following BMI categories according to the World Health
Organization (WHO) classification19: Category 1, acceptable (BMI < 25 kg/m2); Category 2,
overweight (BMI ≥ 25.0 but < 30 kg/m2); Category 3, obese (BMI ≥ 30.0 but < 40 kg/m2); and
Category 4, morbidly obese (BMI ≥ 40.0 kg/m2). Disease progression was defined as the first
occurrence of the following states: biochemical recurrence (BCR), receipt of secondary therapy
in the form of radiotherapy, antineoplastic or hormonal agents, biopsy-proven local disease
recurrence, evidence of distant metastatic progression by bone scan or other tests, or prostate
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carcinoma-related death. BCR was defined as a serum PSA level ≥ 0.2 ng/mL followed by an
increase.

Statistical Methods
Freedom from disease progression was calculated with the Kaplan-Meier method, and the log-
rank test was used to compare BMI strata. A Cox proportional hazards regression analysis was
conducted. The areas under the receiver operating characteristic (ROC) curve for models with
and without INVBMI were calculated. Prognostic factors included biopsy-derived primary and
secondary Gleason grades, pretreatment serum PSA level (ng/mL), clinical T classification,
race, BMI, and INVBMI. The clinical stage and race were treated as categorical variables,
whereas the other factors were treated as ordinal variables. PSA level was analyzed as its natural
log. Statistical analysis was performed using S-PLUS (Insightful Corp., Seattle, WA) and SPSS
(SPSS, Inc., Chicago, IL) computer software packages.

RESULTS
In the current study, 2210 patients with a median follow-up of 25.9 months (range, 0-143
months) were analyzed. Table 1 shows the clinicopathologic characteristics of the patients. Of
the 2210 patients, 251 patients demonstrated disease progression after RRP, 206 demonstrated
BCR as the first evidence of disease progression, 1 developed local disease progression, 2
developed distant metastatic disease, and 42 received secondary treatment (radiotherapy, n =
29; antineoplastic agents, n = 5; and hormones, n = 8). No patients demonstrated disease-
specific mortality as the first evidence of disease progression. The 2 and 5-year progression-
free probabilities for the WHO-derived BMI categories are shown in Table 2. There was no
difference among the WHO-derived BMI categories in predicting disease progression (P =
0.143) (Figure 1).

In the univariate analysis of our cohort, BMI and INVBMI as continuous variables were
associated with disease progression (P = 0.027 and P = 0.044, respectively). Similarly, all other
risk factors were significant. In the multivariate analysis, and after adjusting for all clinical
variables, BMI as a continuous variable demonstrated a trend towards significance (P = 0.071)
and INVBMI was significant (P = 0.041). These findings as well as the hazard ratios (HR) for
the variables are summarized in Table 3.

After further analysis, the areas under the receiver operating curve for models with and without
INVBMI were similar (range, 0.794 - 0.798).

DISCUSSION
Obesity has been linked to the increased risk of cancer-related death for many cancers, with ≤
14% of all cancer deaths due to obesity in men > 50 years.6 Data examining the association
between prostate carcinoma risk and obesity have been inconsistent. Although several series
have refuted a link between obesity and the increased risk of developing prostate carcinoma,
7,10-12 much data also exist that provide evidence in support of this association.9,20,21
Subsequently, several studies have assessed the association between obesity and the
development of more aggressive tumors.9,13,15,22

Andersson et al.20 performed a retrospective analysis of 135,006 Swedish construction
workers to evaluate the relation between prostate carcinoma-specific death and obesity. Of
2368 men diagnosed with prostate carcinoma, they observed 708 cancer-related deaths during
a mean follow-up period of 18 years. They found a positive association between increasing
BMI and mortality rates when compared with the reference BMI group (BMI < 22.1). However,
they used a nonstandard BMI grouping.19
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Chang et al15 analyzed the association between leptin, an adiposity-related hormone, and
prostate carcinoma and found that the former was involved in clinically significant prostate
carcinoma. Although leptin levels are usually increased in obese subjects, a considerable 5-10%
of obese humans have relatively low levels of leptin.23 The effect of leptin on disease
progression or prostate carcinoma-related mortality after RRP is yet to be determined.

Amling et al.14 studied the association between BMI and prostate carcinoma recurrence after
RRP. In univariate analysis, BMI ≥ 30 was associated with BCR (P = 0.028). It is unclear
whether the particular cutoff point used would affect the findings. In multivariate analysis,
which included race, BMI was no longer associated with BCR (P = 0.146).

Freedland et al.16 analyzed the impact of obesity on disease progression after RRP. In their
multivariable analyses, BMI, whether categorical (BMI ≥ 35 relative to normal weight, P =
0.002) or continuous (P = 0.05), was a significant predictor of BCR. However, the analysis of
the categorical BMI variable did not control for the testing of multiple cutoff points in
univariable analysis,24 in addition to categorizing patients with BMI < 35 as normal weight.
Furthermore, both multivariable analyses were performed using a stepwise approach, which
results in P values that are biased low.25

In our multivariate analysis, BMI was weakly associated with disease progression. This finding
is consistent in the literature. None of the previous studies to date has shown BMI to be strongly
associated with disease progression after controlling for all common pretreatment predictors
without the use of stepwise variable selection. Our study is unique in that it utilizes INVBMI,
which has been shown to improve the linearity of BMI to PBF. However, the effects of BMI
and INVBMI are very slight, as judged by their trivial effects on the areas under the ROC
curves of the models. To complement previous studies,14,16 we tested an interaction between
INVBMI and race, but found no such effect (P = 0.718).

Our results should not be interpreted as condemning weight loss. Clearly, obesity is associated
with a variety of health problems, which are not the focus of the current study. Our results only
suggest that obesity is not an incremental prognostic factor when determining whether prostate
carcinoma will recur after surgery. Clearly, this does not suggest that weight loss for somone
who is obese would not be valuable.

Our study has several limitations. Our patient group was composed only of patients who elected
to undergo surgical treatment for prostate carcinoma. Because morbidly obese patients with
obesity-related complications (e.g., diabetes mellitus, cardiac illness, pulmonary disease, etc.)
may have been excluded, as they were not deemed appropriate surgical candidates, our
spectrum of BMI patients can be constrained relative to the general population of all patients
diagnosed with prostate carcinoma.

Another limitation pertains to our chosen end point. BCR, as a measure of disease progression,
is of uncertain survival significance, although D’Amico et al.26 reported that patients with a
higher risk of PSA recurrence are more likely to die of prostate carcinoma.26 Studies that
examine subsequent end points, such as metastasis and death, and have a longer follow-up, are
needed.

Although obtained from a prospective database, our study is retrospective in nature and, in
addition, was unable to adjust for other risk factors that may play a role in the progression of
prostate carcinoma (e.g., family history of prostate carcinoma), or the correlation of INVBMI
to PBF (e.g., history of smoking and level of exercise).5 The use of dual-energy X-ray
absorptiometry is reported to be more accurate than INVBMI in assessing PBF.5 However, we
did not have this information available. Moreover, the finding that these patients were not on
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a specific treatment protocol suggests the potential for bias for the patients for whom we have
data. Thus, our results may not generalize to patients followed in cohort protocols.

Several series have attempted to demonstrate a positive association between BMI and an
increased risk of developing prostate carcinoma, as well as an increased probability of higher-
grade disease and disease progression after RRP. Our study found that INVBMI and BMI were
weakly associated with disease progression and were of trivial prognostic value.
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FIGURE 1.
Progression-free probability is stratified by World Health Organization body mass index
categories. Numerals above months indicate number of patients at risk for disease progression.
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TABLE 1
Patient Cohort (n = 2210)

Patient characteristics No. of patients (%)

Clinical stage
  T1C 1205 (54.5)
  T2A 459 (20.8)
  T2B 363 (16.4)
  T2C 146 (6.6)
  T3 37 (1.7)
Race
  Asian 36 (1.6)
  Black 132 (6.0)
  White Hispanic 92 (4.2)
  White non-Hispanic 1950 (88.2)
BMI (kg/m2)
  Minimum 17.7
  First quartile 25.2
  Median 27.4
  Mean 27.8
  Third quartile 29.9
  Maximum 65.6
Preoperative PSA (ng/mL)
  Minimum 0
  First quartile 4.5
  Median 6.0
  Mean 7.6
  Third quartile 8.6
  Maximum 78.4
Biopsy primary Gleason grade
  Minimum 1
  First quartile 3
  Median 3
  Mean 3.1
  Third quartile 3
  Maximum 5
Biopsy secondary Gleason grade
  Minimum 1
  First quartile 3
  Median 3
  Mean 3.2
  Third quartile 3
  Maximum 5

BMI: body mass index; PSA: prostate-specific antigen.
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TABLE 2
The 2- and 5-Year Progression-Free Probabilities (PFP) for WHODerived BMI Categories

Patient cohort (n = 2210) 2-yr PFP (95% CI) 5-yr PFP (95% CI)

BMI < 25 (n = 512) 92.1% (89.5-94.7) 83.8% (79.5-88.4)
25 ≤ BMI < 30 (n = 1158) 93.7% (92.1-95.3) 82.6% (79.3-86.0)
30 ≤ BMI < 40 (n = 519) 90.3% (87.3-93.3) 78.0% (72.3-84.0)
BMI ≥ 40 (n = 21) 81.0% (62.9-100)
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TABLE 3

Factor P Value Hazard ratio (CI)

Multivariate with BMI
BMI (continuous variable) 0.071 1.027 (0.998-1.058)
Pretreatment serum PSA level < 0.001 2.198 (1.793-2.696)
Biopsy-derived primary Gleason grade < 0.001 2.478 (1.973-3.109)
Biopsy-derived secondary Gleason grade < 0.001 1.546 (1.263-1.891)
Clinical T stage < 0.001
  T1c versus T3 < 0.001 0.245 (0.140-0.430)
  T2a versus T3 < 0.001 0.250 (0.136-0.460)
  T2b versus T3 0.011 0.480 (0.272-0.848)
  T2c versus T3 0.001 0.347 (0.106-0.666)
Yr of surgery 0.134 0.963 (0.918-1.012)
Race 0.042
  Asian versus White non-Hispanic 0.327 1.568 (0.638-3.856)
  Blacks versus White non-Hispanic 0.01 1.861 (1.163-2.978)
  White Hispanics versus White non-Hispanics 0.248 1.383 (0.797-2.398)
Multivariate with (1/BMI) Instead of BMI
1/BMI (continuous variable) 0.041 < 0.001 (< 0.001-0.343)
Pretreatment serum PSA level < 0.001 2.204 (1.797-2.702)
Biopsy-derived primary Gleason grade < 0.001 2.503 (1.991-3.150)
Biopsy-derived secondary Gleason grade < 0.001 1.549 (1.263-1.898)
Clinical T Stage < 0.001
  T1c versus T3 < 0.001 0.248 (0.141-0.435)
  T2a versus T3 <0.001 0.254 (0.138-0.468)
  T2b versus T3 0.012 0.484 (0.275-0.853)
  T2c versus T3 0.002 0.348 (0.181-0.669)
Yr of surgery 0.110 0.961 (0.915-1.009)
Race 0.041
  Asian versus White non-Hispanic 0.306 1.600 (0.650-3.930)
  Blacks versus White non-Hispanic 0.010 1.856 (1.159-2.970)
  White Hispanics versus White non-Hispanics 0.246 1.385 (0.799-2.403)

CI: Confidence interval.
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