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Purpose: We investigated the correlation between body mass index (BMI) and the prog-
nosis of castration-resistant prostate cancer (CRPC) in patients who received docetaxel 
treatment.
Materials and Methods: A retrospective study was conducted of 55 patients who were 
diagnosed with CRPC and received docetaxel treatment between 2003 and 2009 at our 
institution. Patients with a normal or lower BMI (＜23.0 kg/m2) were categorized as 
group I and patients with an overweight or greater BMI (≥23.0 kg/m2) were categorized 
as group II. Clinicopathological features and survival rates were evaluated by using 
the Kaplan-Meier method and Cox proportional hazards models.
Results: On the basis of BMI, 27 patients (49.1%) belonged to group I and 28 (50.9%) 
patients belonged to group II. Mean follow-up periods were 30 months and 34.2 months, 
respectively (p=0.381). There were no significant differences between the two groups 
in terms of age, prostate-specific antigen (PSA), Gleason score, Eastern Cooperative 
Oncology Group Performance Status, hemoglobin level, alkaline phosphatase level, 
distant metastasis, radiation treatments, or performance of radical prostatectomy (p＞
0.05). In the univariate analysis for predicting survival rates, BMI (p=0.005; hazard 
ratio [HR], 0.121), logPSA (p=0.044; HR, 2.878), and alkaline phosphatase level 
(p=0.039; HR, 8.582) were significant factors for prediction. In the multivariate analy-
sis, BMI (p=0.005; HR, 0.55), logPSA (p=0.008; HR, 7.836), Gleason score (p=0.018; HR, 
6.434), hemoglobin (p=0.006; HR, 0.096), alkaline phosphatase level (p=0.005; HR, 
114.1), and metastasis to the internal organs (p=0.028; HR, 5.195) were significant fac-
tors for prediction.
Conclusions: Better effects on the cancer-specific survival rate were observed in cases 
with higher BMI. 
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INTRODUCTION

Obesity is a major health problem throughout the world, 
including in Korea. According to the Korean Society for the 
Study of Obesity, about 30% of the Korean population is 
classified as overweight or obese [1], which has been linked 
to the development of various malignant diseases, includ-

ing colorectal cancer and breast cancer [2]. 
According to data from the Korea Central Cancer 

Registry in 2008, the onset of prostate cancer has been 
sharply increasing since 1999. In 2008, a ratio of 26.1 new 
cases of prostate cancer per 100,000 persons was reported, 
and by virtue of developments in diagnostic methods such 
as prostate-specific antigen (PSA) and transrectal ultra-
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TABLE 1. Baseline clinical and laboratory variables by body mass index

Parameter Total subject
Body mass index (kg/m2)

p-value
＜23 ≥23

No. of patients (%)
Age (yr)
Years since diagnosis
Follow-up (mo)
Gleason score 8-10
ECOG

0
1
≥2

Visceral metastasis
Hemoglobin (g/dl)
PSA (ng/ml)
Alkaline phosphatase (U/l)
Creatinine (mg/dl)
Prior radiotherapy
Prior prostatectomy

55 (100)
72.5±7.6

2.7±2.5
32.2±18.3
36 (65.5)

 
4 (7.3)

28 (50.9)
23 (41.8)
12 (21.8)
 12±1.5

209.2±424.5
226.9±313.9
1.14±0.42
23 (41.8)

9 (16.4)

27 (49.1)
73.1±7.9

2.9±2.9
30±18.5

16 (59.3)
 

2 (7.4)
12 (44.4)
13 (48.1)
6 (22.2)

11.7±1.4
285.7±536.9
305.0±402.4

1.09±0.36
10 (37.0)

5 (18.5)

28 (50.9)
71.9±7.4

2.6±2.1
34.2±18.3
20 (71.4)

 
2 (7.1)

16 (57.1)
10 (35.7)

6 (21.4)
12.3±1.6

135.5±267.3
151.5±170.9
1.19±0.46
13 (46.5)

4 (14.3)

 
0.736
0.756
0.381
0.343
0.623
 
 
 
0.943
0.070
0.233
0.418
0.785
0.480
0.729

Values are presented as number (%) or mean±SD.
ECOG, Eastern Cooperative Oncology Group Performance Status; PSA, prostate specific antigen.

sonography, the onset rate is rapidly increasing [3]. 
Obesity and prostate cancer are highly prevalent in eld-

erly men. However, the relationship between obesity and 
prostate cancer remains unclear. A recent epidemiologic 
study reported that obesity may be protective against the 
development of early stage prostate cancer [4]. On the con-
trary, other studies have shown that obesity may be asso-
ciated with an increased risk of advanced disease and death 
from prostate cancer [5,6]. Amling et al. [7] reported higher 
rates of positive surgical resection margins and bio-
chemical recurrence in obese patients with localized pros-
tate cancer undergoing radical prostatectomy than in nor-
mal-weight patients. That report is considered to be a rep-
resentative example of an association between obesity and 
localized prostate cancer. As aforementioned, most studies 
on the relationship between body mass index (BMI) and the 
prognosis of prostate cancer patients have focused on lo-
calized prostate cancer. To our knowledge, studies are lack-
ing on the relation between BMI and castration-resistant 
prostate cancer (CRPC). Thus, we proposed to analyze the 
prognostic value of BMI in Korean patients with CRPC.

MATERIALS AND METHODS

A retrospective study was conducted of 55 patients who 
were diagnosed with prostate cancer and who received hor-
monal therapy for local or distant metastasis. All patients 
received docetaxel chemotherapy owing to the develop-
ment of CRPC between January 2003 and December 2009 
at our institution. This study was approved by the 
Institutional Review Board of Seoul National University 
Bundang Hospital.

CRPC was defined as cases of an increased PSA level de-

spite a serum testosterone level in the castrate range, a 
PSA level that increased 3 consecutive times despite inter-
ruption of administrating antiandrogen agents for 4 to 8 
weeks or despite secondary hormonal treatment owing to 
advancement of the metastatic lesion, or the new develop-
ment of a measurable metastatic lesion as assessed by 
imaging or an increase in size [8].

BMI was calculated by dividing body weight (kg) by the 
square of height (m), which was measured before docetaxel 
treatment. According to the World Health Organization 
Asian-Pacific Obesity Guidelines, patients with a normal 
or lower BMI (＜23 kg/m2) were categorized as group I and 
patients with an overweight or greater BMI (≥23 kg/m2) 
were categorized as group II.

By use of the medical records of the patients, age, time 
from the diagnosis of prostate cancer, follow-up period, se-
rum PSA level, Gleason score, Eastern Cooperative Oncology 
Group (ECOG) Performance Status, serum alkaline phos-
phatase level, serum creatinine level, metastasis to the in-
ternal organs, radiation treatments, and performance of rad-
ical prostatectomy were investigated retrospectively. 

The primary clinicopathological outcomes according to 
BMI were compared by using Mann-Whitney U test and 
chi-square test. Cancer-specific survival was estimated by 
the Kaplan-Meier method, and differences between the 
groups were tested by using the log-rank test. The effect of 
BMI on cancer-specific survival was examined by using a 
Cox proportional hazards regression model, and hazard ra-
tios (HRs) and 95% confidence intervals (CIs) were 
computed. All p-values were two-sided, and values ＜0.05 
were considered to indicate statistical significance. 
Analyses were performed by using the PASW ver. 18.0 
(IBM Co., Armonk, NY, USA).
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FIG. 1. Kaplan-Meier survival curves demonstrating patients’
cancer-specific survival for castration-resistant prostate cancer 
on the basis of body mass index. BMI, body mass index.

TABLE 2. Univariate and multivariate analyses of factors influencing cancer-specificsurvival in patients with castration-resistant 
prostate cancer

Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

BMI ＜23 vs. ≥23
Gleason score 8-10 vs. 5-7
Log PSA
Hemoglobin
Age ＜65 vs. ≥65
ECOG 0, 1 vs. ≥2
Alkaline phosphatase
Visceral metastasis
Prior RRP
Prior RT

0.121 (0.027–0.537)
1.501 (0.520–4.337)
2.878 (1.029–8.048)
0.547 (0.188–1.591)
0.955 (0.124–7.356)
1.244 (0.459–3.369)
8.582 (1.116–65.990)
2.263 (0.801–6.392)
1.058 (0.392–2.854)
0.865 (0.244–3.064)

0.005
0.453
0.044
0.268
0.964
0.668
0.039
0.123
0.911
0.822

0.055 (0.008–0.408)
6.434 (1.383–29.921)
7.836 (1.716–35.773)
0.096 (0.018–0.516)
0.127 (0.009–1.863)
0.798 (0.210–3.035)

14.112 (4.235–75.045)
5.195 (1.194–22.601)
0.642 (0.100–4.114)
1.177 (0.205–6.773)

0.005
0.018
0.008
0.006
0.132
0.741
0.005
0.028
0.640
0.855

HR, hazard ratio; CI, confidence interval; BMI, body mass index; PSA, prostate specific antigen; ECOG, Eastern Cooperative Oncology 
Group Performance Status; RRP, retropublicradical prostatectomy; RT, radiation therapy.

RESULTS

On the basis of BMI, 27 patients (49.1%) belonged to group 
I (BMI＜23 kg/m2) and 28 patients (50.9%) belonged to 
group II (BMI≥23 kg/m2). Mean follow-up periods were 30 
months and 34.2 months, respectively (p=0.381). When 
subjects were categorized according to BMI, those with a 
higher BMI had a higher Gleason score (71.4% vs. 59.3%, 
p=0.343) and lower PSA (285.7±536.9 vs. 135.5±267.3, 
p=0.233), but the differences were not significant. In addi-
tion, there was no significant difference between the two 
groups in terms of age, ECOG Performance Status, hemo-
globin level, alkaline phosphatase level, metastasis to the 
internal organs, radiation treatments, or performance of 
radical prostatectomy (p＞0.05) (Table 1). 

Of 55 patients, 16 patients had died at the time of last 
follow-up of the current analysis, and the median follow-up 
among surviving patients was 24.7 months (95% CI, 19.9 
to 29.4 months). The median survival times were 17.8 

months (95% CI, 12.3 to 23.2 months) for men with a normal 
BMI and 33.2 months (95% CI, 27.9 to 38.6 months) for 
overweight men. In the normal-weight group, 14 patients 
died of prostate cancer. In the overweight group, only 2 pa-
tients died of prostate cancer, thus showing a higher pros-
tate cancer-specific death rate in the normal BMI group 
than in the overweight group (p=0.001) (Fig. 1).

In the univariate analysis for predicting prostate can-
cer-specific survival rates, BMI (p=0.005; HR, 0.121), 
logPSA (p=0.044; HR, 2.878), and alkaline phosphatase 
level (p=0.039; HR, 8.582) were significant factors for 
prediction. In the multivariate analysis, BMI (p=0.005; 
HR, 0.55), logPSA (p=0.008; HR, 7.836), Gleason score 
(p=0.018; HR, 6.434), hemoglobin (p=0.006; HR, 0.096), al-
kaline phosphatase level (p=0.005; HR, 114.1), and meta-
stasis to the internal organs (p=0.028; HR, 5.195) were sig-
nificant factors for prediction (Table 2).

DISCUSSION

According to the medical check-up data in 2008 from the 
National Health Insurance Corporation, 3.24 million per-
sons had a BMI＞25 kg/m2, comprising 32.8% of a total of 
9.88 million people who received the exam [9]. High BMI 
is a problem not only of Korea, which is experiencing rapid 
industrialization, but also of most industrialized coun-
tries, including Europe and America. In the United States 
(US), about 48 to 66 billion US dollars are invested annu-
ally in fighting obesity [10]. The severity of obesity is its as-
sociation with various systemic diseases, such as hyper-
tension, diabetes, circulatory diseases, and eye diseases, 
as reported in many studies [11-13]. 

In this study, high BMI was observed to positively affect 
the patients with CRPC who received docetaxel treatment. 
In the multivariate analysis, improvement in the can-
cer-specific survival rate was observed in the group of pa-
tients with BMI≥23 kg/m2. In addition, logPSA, Gleason 
score, hemoglobin level, alkaline phosphatase level, and 
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metastasis to internal organs were reported as significant 
prognostic factors. 

The above results contradict those of a previous study 
that reported an adverse clinical effect of obesity on lo-
calized prostate cancer. Magheli et al. [14] reported worse 
pathological results of obese patients compared with nor-
mal-weight patients in a study of 1,877 patients who under-
went radical prostatectomy. Irani et al. [15] reported that 
obesity not only raised the onset of prostate cancer with an 
odds ratio of 2.47 but significantly increased the prevalence 
rate in the resection area in the case of radical 
prostatectomy. According to Rodriguez et al. [2], obese pa-
tients have a high risk of prostate cancer death. Adams et 
al. [16] reported a linear relationship between BMI in-
crease and the prostate cancer-specific death rate. 
According to the study conducted by Freedland et al. [17] 
using Shared Equal Access Regional Cancer Hospital data 
targeting a total of 1,106 patients, obesity raised bio-
chemical recurrence rates after radical prostatectomy. 
These studies show contradictory results with those of the 
present study. However, most of the preceding studies tar-
geted patients with localized prostate cancer. According to 
the study conducted by Halabi et al. [18] of a total of 1,226 
patients with CRPC, the overall survival rate and can-
cer-specific survival rate of overweight and obese patients 
were higher than those of the normal-weight patients, 
which agrees with the results of the present study. 
Moreover, a similar correlation was reported between obe-
sity and biochemical failure in 939 patients treated with 
external beam radiotherapy [19]. On the basis of this study, 
we examined the correlation between obesity and the sur-
vival rate of patients with CRPC who received docetaxel 
treatment. 

Many studies have been reported on the correlation be-
tween BMI and prostate cancer in Korean men. Lee et al. 
[20] reported that a higher BMI was significantly asso-
ciated with extracapsular extension of tumors. However, 
most studies have focused on the effects of BMI on the prog-
nosis of localized prostate cancer. To our knowledge, there 
have been no studies of the relation between BMI and 
CRPC in Korean men. This is a strength of the current 
study relative to the other reported studies.

In contrast with previously published studies on men 
with an earlier stage of disease, our results revealed a pro-
tective effect of an elevated BMI in patients with CRPC. A 
hypothesis that thin people are vulnerable to cancer ca-
chexia, thus resulting in a poor prognosis, has been 
suggested. Cancer cachexia is considered a poor response 
to rapid progression and treatment of cancer [18]. In the 
present study, normal-weight patients showed lower he-
moglobin levels and ECOG performance status and higher 
PSA levels than did overweight patients, even though the 
difference was not significant. In comparison, high-BMI 
patients are considered to accumulate more protein and 
calories than thin patients and, accordingly, are more effi-
cient in enduring the cancer-cachetic-producing effect. 
Some studies have suggested that energy restriction ap-

pears to decrease cellular proliferation by ceasing pro-
gression through the cell cycle and enhancing apoptosis of 
cancer cells [21].

In previous studies, various hypotheses have been pre-
sented to explain the correlation between prostate cancer 
and obesity [22-24]. First, obesity, especially abdominal 
obesity, is associated with insulin resistance and hyper-
insulinemia, which contributes to a high serum insulin lev-
el and insulin-like growth factor-I level facilitating the de-
velopment of cancer. Moreover, obesity-associated high 
leptin levels adversely affect the survival of prostate cancer 
patients. Leptin is secreted from adipose cells and pro-
motes angiogenesis. Recently, adiponectin, a major adi-
pose cytokine that decreases in circulation in obesity and 
ameliorates obesity, was identified as an inhibitor of pros-
tate cancer cell growth [25]. 

The results of the present study showed that the survival 
rate was significantly high in the CRPC group having a 
BMI≥23 kg/m2. As a retrospective study, a limitation of the 
present study is the sample size of 55, which is small com-
pared with other studies. Despite this limitation, the pres-
ent study is the first such study in this field in Korea. In 
the future, prospective and large-scale multi-institutional 
studies on the pathology of the correlation are expected to 
be conducted. 

CONCLUSIONS

The findings from the current study suggest that BMI as 
well as other prognostic factors are independent prognostic 
factors in patients with CRPC who receive docetaxel 
treatment. With higher BMI, the cancer-specific survival 
rate was observed to improve more, in contrast with the cor-
relation in earlier stages of prostate cancer. In addition, 
logPSA, Gleason score, hemoglobin level, alkaline phos-
phatase level, and metastasis to internal organs were sig-
nificant prognostic factors. A large-scale, prospective 
study will be needed to elucidate the exact association be-
tween BMI and CRPC. Institutional Review Board (IRB) 
approval number: B-1207-164-114.
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