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EFFECT OF NONSTEROIDAL ANTIANDROGEN
MONOTHERAPY VERSUS CASTRATION THERAPY ON

NEUROENDOCRINE DIFFERENTIATION IN
PROSTATE CARCINOMA

ALESSANDRO SCIARRA AND FRANCO DI SILVERIO

ABSTRACT
bjectives. To determine whether the administration of the nonsteroidal antiandrogen bicalutamide re-
uces the risk of an increase in chromogranin A (CgA) levels in patients with prostate cancer who experi-
nced biochemical failure after radical retropubic prostatectomy (RRP) compared with pharmacologic
astration therapy. It has been hypothesized that continuous androgen suppression for the treatment of
rostate cancer results in hyperactivation of neuroendocrine cells and an increase in CgA levels.
ethods. Forty-eight patients with pT3pN0M0 prostate cancer and biochemical (prostate-specific antigen)

rogression after RRP were randomized to bicalutamide monotherapy or pharmacologic castration. The
erum levels of CgA and prostate-specific antigen were measured at 1, 3, 6, 12, 18, and 24 months of
herapy. The changes in serum CgA levels were compared for patients who successfully responded to the first
4 months of therapy.
esults. In both treatment groups, a statistically significant trend was noted for CgA levels to increase from
aseline to 24 months. This trend was lower in the bicalutamide group (slope � 0.60, 95% confidence

nterval 0.28 to 0.92; P � 0.004) than in the castration group (slope � 0.29, 95% confidence interval 0.08
o 0.50; P � 0.01).
onclusions. The results of this study provide the first evidence to show that in patients with prostate
ancer undergoing hormonal therapy, nonsteroidal antiandrogen monotherapy produces a significantly
ower increase in serum CgA compared with castration. UROLOGY 63: 523–527, 2004. © 2004 Elsevier Inc.
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euroendocrine (NE) cell differentiation, con-
sisting of NE cells with a focal distribution,1 in

rostate cancer and its possible clinical signifi-
ance has received increasing attention. NE cells
ay play a local regulatory role in the growth and

ifferentiation of prostatic tissue through bioactive
europeptide production.2,3 The serum levels of
E cell products may reflect NE cell activity, with

hromogranin A (CgA) appearing to be the best
arker.4,5 Patients with elevated CgA levels may
ave a poor prognosis,6 and prostate cancer with
E cell differentiation tends to be more aggres-

ive.4,7 NE cells consistently lack androgen recep-
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LL RIGHTS RESERVED
ors and are resistant to hormonal therapy.8 Their
ctivity may represent an independent factor in tu-
or progression.
The NE tumor cell number9 and CgA serum lev-

ls increase during androgen deprivation.10,11 In
adical retropubic prostatectomy (RRP) specimens
rom patients randomized to 3 months of neoadju-
ant castration or surgery alone, the number of
gA-positive cells and the proportion of NE-posi-

ive tumors were greater in the neoadjuvant group
han in the control group (P �0.003).12 Similarly,
fter RRP, the serum concentration and prostatic
issue gene expression of CgA were greater in pa-
ients who received 3 months or longer of neoad-
uvant, complete androgen deprivation (CAD)
ompared with untreated patients (P �0.01).1 If
gA expression reflects NE activity, continuous
ndrogen suppression could cause NE cell hyper-
ctivation, a possible mechanism by which pros-

ate cancer progresses to androgen independence.

0090-4295/04/$30.00
doi:10.1016/j.urology.2003.10.043 523
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Different hormonal therapies may influence CgA
evels and NE differentiation to different extents.
or example, intermittent CAD significantly re-
uced the increase in serum CgA levels compared
ith continuous CAD.13 The present study, there-

ore, investigated the direct effects of nonsteroidal
ntiandrogen monotherapy and pharmacologic
astration on CgA levels.

MATERIAL AND METHODS

UBJECT SELECTION
Patients with pT3pN0M0 prostate cancer and biochemical

rogression (defined as a PSA level greater than 0.4 ng/mL)14

ithin 12 months of RRP were enrolled. The other inclusion
riteria were histologically proven prostate cancer; no preop-
rative hormonal therapy or radiotherapy; RRP with regional
ymphadenectomy performed at our institution; and negative
urgical margins.14

TUDY DESIGN
Patients were treated according to the Declaration of Hel-

inki, and all patients provided signed, informed consent.
After RRP, when serum PSA levels exceeded 0.2 ng/mL, the

SA determinations were repeated every 2 weeks. Patients
ntered the study once their PSA level progressed, defined as
hree or more consecutive elevated levels (greater than 0.4
g/mL).
Patients were randomized to bicalutamide 150 mg daily or

riptorelin 3.75 mg monthly. Serum CgA levels were analyzed
t baseline (PSA progression) and 1, 3, 6, 12, 18, and 24
onths after randomization. Total PSA levels were measured

very 4 weeks for the first 12 months of treatment and every 8
eeks thereafter. Treatment was considered to have failed
hen the PSA level increased to greater than 0.4 ng/mL or at

linical progression. Biopsy of the urethrovesical anastomosis,
bdominal-pelvic magnetic resonance imaging, and a total
ody bone scan were performed 12 and 24 months after ran-
omization or at PSA progression.
Blood samples collected in the early morning after over-

ight fasting were evaluated centrally. The serum CgA levels
ere measured by radioimmunoassay (CIS Bio International,
edex, France; detection limit 1.5 ng/mL; interassay and in-

ra-assay coefficient of variation 5.8% and 3.8%, respectively).
he same sample was used to determine the PSA level (Hy-
ritech, San Diego, Calif).

TATISTICAL ANALYSIS
The study objectives required a design that would detect a

tatistically significant difference between measures (month
4 versus baseline) of 25% at P �0.05, with a power of 90%
type II or beta error of 0.1). The effect size seemed to be
linically reasonable. Using standard power analysis methods,
sample size of 24 patients in each group was estimated. The

tatistical analyses were carried out using the Statistical Pack-
ge for Social Sciences, version 10.0.7.

Descriptive statistics were used to characterize the parame-
ers (mean � SD, median, and range). Differences were as-
essed between mean values using Student’s t test and between
reatment groups using repeated measures analysis of vari-
nce. The Machuly sphericity test was performed to test the
pherical form of the common covariance matrix and validate
he F test and associated P values for within-patient factors.
he degree of association among the variables was determined
sing Pearson’s r correlation test, validated by Spearman’s

ank and Kandal-Tou correlation tests. n

24
RESULTS

Between December 1998 and January 2001, 186
atients with clinically localized prostate cancer
nderwent RRP and bilateral pelvic lymphadenec-
omy at our institution; 59 fulfilled the inclusion
riteria and agreed to randomization. No patient
ad a history of other disorders, therapies, or con-
itions known to interfere with CgA levels.
Only the 48 patients who concluded and suc-

essfully responded to the first 24 months of treat-
ent were analyzed. All had PSA progression
ithin 12 months of RRP. In each patient, the total
ody bone scan, abdominal-pelvic magnetic reso-
ance imaging, and biopsy of the urethrovesical
nastomosis on PSA progression proved negative.
o differences were found between the groups in

he baseline characteristics or serum PSA and CgA
evels (Table I). During the first 24 months of fol-
ow-up, no patient showed evidence of clinical pro-
ression and the PSA serum levels remained at 0.4
g/mL or less.
Repeated measures of analysis of variance (F �

2.190; P � 0.001, power 0.925) supported the
ypothesis that a statistically significant difference
xists between groups on the overall CgA measure-
ents and indicated that, in our population, a
ain effect of therapy was present. In particular, a

tatistically significant trend was noted for CgA
evels to increase from baseline to 24 months
slope � 0.60, 95% confidence interval 0.28 to
.92; P � 0.004) in the castration group (Fig. 1). A
tatistically significant, but lower, trend was found
n the bicalutamide group (slope � 0.29, 95% con-
dence interval 0.08 to 0.50; P � 0.01; Fig. 2).
At 12 months of follow-up, the serum CgA levels
ere significantly lower in the bicalutamide group,

han in the castration group (P � 0.0433; Table II),
hich was greater at 24 months’ follow-up (P �
.0025). The median increase in serum CgA levels
rom baseline to 12 and 24 months was lower in the
icalutamide group (25.4%, range 1.0% to 42.8%,
nd 30.0%, range 1.0% to 48.6%, respectively)
han in the castration group (48.9%, range 27.2%
o 82.4%, and 60.2%, range 16.6% to 78.2%, re-
pectively).
In both groups, no statistically significant asso-

iation was found between CgA and PSA levels at
2 and 24 months (r �0.200; P �0.05). The in-
reases in CgA levels were independent of the vari-
tions in PSA levels.
When stratified by Gleason score (less than 7 and
or greater) at baseline, the serum CgA levels were
reater in patients with a Gleason score of 7 or
ore (bicalutamide 38.04 � 6.34 ng/mL; triptore-

in 35.22 � 6.52 ng/mL) than in those with a Glea-
on score of less than 7 (bicalutamide 24.0 � 2.41

g/mL; triptorelin 23.77 � 2.26 ng/mL) in both

UROLOGY 63 (3), 2004
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roups (P �0.0001). At 12 months’ follow-up, sta-
istically significant differences were found be-
ween the bicalutamide and triptorelin groups in
erum CgA levels in patients with a Gleason score
f 7 or greater (46.0 � 5.40 versus 50.83 � 4.92
g/mL; P � 0.0094) but not in patients with a Glea-
on score less than 7 (27.65 � 0.95 versus 27.20 �
.77 ng/mL; P � 0.6857). This was also true after
4 months’ follow-up (Gleason score of 7 or
reater, 47.37 � 5.18 versus 54.58 � 6.14 ng/mL;
� 0.0001; Gleason score less than 7, 27.0 � 1.79

ersus 29.45 � 1.10 ng/mL; P � 0.1478). The
reatest increase in serum CgA levels was in the
astration group with a Gleason score of 7 or
reater (baseline to 24 months, median increase

TABLE I. Clinical and

haracteristic
Bicalutamide Gro

(150 mg)

atients (n) 24
ge (yr) 64.2 � 3.7 (66); 54–70
athologic stage at RRP
T3aN0 18
T3bN0 6
leason score at RRP
6 (3 � 3) 4
7 (3 � 4) 8
7 (4 � 3) 10
8 (5 � 3) 2
egative surgical margins 24
re-RRP PSA (ng/mL) 12.60 � 2.85 (12.0); 7.0
SA after RRP (ng/mL) (1 mo) 0.11 � 0.04 (0.10); 0.1
ime to PSA progression
after RRP (mo)

6.30 � 1.40 (6); 3–9

SA at baseline (ng/mL)
(progression after RRP)

1.12 � 0.32 (1.0); 0.60

gA at baseline (ng/mL)
(progression after RRP)

35.70 � 7.90 (35.0); 20

EY: RRP � radical retropubic prostatectomy; PSA � prostate-specific antigen; CgA
tatistical significance of differences between the bicalutamide and triptorelin group
ata given as “mean � SD (median), range”, unless otherwise indicated.

IGURE 1. Linear regression model for castration ther-
py showing mean CgA variations during 24 months of
herapy.
4.8%, range 33.3% to 78.2%). s

ROLOGY 63 (3), 2004
COMMENT

It has been hypothesized that continuous andro-
en deprivation results in NE cell hyperactivation
n the prostate, an increase in CgA levels, and,
ltimately, a tumor unaffected by hormonal thera-
y.1,9–12 In the present study, the effects of nonste-
oidal antiandrogen monotherapy and pharmaco-
ogic castration on CgA levels and NE prostate cell
yperactivation were compared. This is important
iven the recent interest in the use of bicalutamide
n nonmetastatic disease and as adjuvant to RRP or
adiotherapy.15–17 To our knowledge, this is the
rst report to indicate that nonsteroidal antiandro-
en monotherapy has less effect on serum CgA lev-
ls in prostate cancer than does castration.
Patients who experienced biochemical progres-

hologic characteristics
Triptorelin Group

(3.75 mg) P Value

24
64.8 � 3.5 (66); 56–70 0.980

20
4

4
11
7
2

24
.40 12.32 � 2.76 (11.7); 7.5–16.0 0.730
.20 0.10 � 0.03 (0.10); 0.10–0.15 0.250

5.70 � 1.80 (6); 3–9 0.200

0 1.05 � 0.30 (1.0); 0.60–1.60 0.530

50.70 33.31 � 7.40 (33.20); 20.40–49.70 0.283

romogranin A.
ported (P values).

IGURE 2. Linear regression model for bicalutamide
reatment showing mean CgA variations during 24
onths of treatment.
pat
up

–17
0–0

–1.8

.70–

� ch
s is re
ion after RRP were admitted once their PSA level

525
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as greater than 0.4 ng/mL, a level considered in-
icative of residual disease18 and a patient type and
SA level at which significant variations in serum
gA levels during hormonal therapy can be effec-

ively analyzed.13 Only patients who responded
uccessfully to the first 24 months of therapy with-
ut additional biochemical or clinical progression
ere considered. Therefore, the direct effect of the

wo hormonal therapies on the CgA serum levels
as analyzed, regardless of the response to ther-

py. Variations in the CgA levels in relation to the
linical response to bicalutamide or castration
ere not analyzed.
Castration produced a significant and progres-

ive increase in serum CgA levels. This trend and
ate of increase was comparable to that reported in
ur previous analysis of patients with pT3pN0M0
isease and biochemical progression undergoing
AD.13 The selection of therapy-responsive pa-

ients, with PSA-only progression and with very
ow PSA levels during therapy, increases the signif-
cance of our results. Therefore, even in patients
ith a favorable prognosis and regardless of the

esponse to therapy, castration produced a statisti-
ally significant increase in CgA levels despite sta-
le and low PSA levels. Importantly, the increase in
gA level was independent of any variations in the
SA level, as previously reported.1,19 CgA may,
herefore, represent a useful index of progression
egardless of the PSA level.
After castration, a 60% median increase in serum
gA levels was observed after 24 months, which
as both statistically significant and clinically rel-

vant. In contrast, bicalutamide monotherapy pro-
uced a significantly lower increase. The difference
etween the two therapies, although lower than
hat described in a study comparing intermittent
nd continuous CAD,13 was statistically significant
ven after 12 months. As previously report-
d,1,12,13,20 the effect of androgen deprivation on
gA levels occurred rapidly and was sustained
ith time.
These different effects on the serum CgA levels
ay be related to the different mechanisms of ac-

ion of the two compounds. Castration suppresses
onadotropin secretion, producing castrate testos-
erone levels. In contrast, bicalutamide blocks the
ndrogen receptor peripherally and, by inhibiting
egative feedback of the gonadal steroids, testos-
erone and estradiol levels are maintained. One
ay speculate that castrate testosterone levels in-

uce NE cell hyperactivation and therefore signif-
cant increases in the CgA levels. In contrast, main-
enance of testosterone levels during bicalutamide
onotherapy may reduce this risk. Importantly,

astrate testosterone levels may induce a reduction
n androgen receptor expression. This mechanism
ay explain the observed differences in NE system
UROLOGY 63 (3), 2004
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ctivity; however, the opposite effect of castration
nd bicalutamide on the hypothalamic-pituitary
xis may also result in different effects on the NE
ystem and serum CgA levels.
A possible limitation of our study was that we

nly measured the serum CgA levels. We have pre-
iously reported a statistically significant correla-
ion between serum CgA levels and tissue mRNA
gA expression in prostate cancer.1 However, se-

um levels of NE markers may not be specific to
rostate gland activity and an analysis of a large,
tratified, patient population may determine
hether a prostate cancer-specific serum marker

xists. In the present study, prostatic tissue sam-
les were obtained at RRP in 15 patients and ana-
yzed by reverse transcriptase-polymerase chain
eaction for CgA and PSA mRNA expression. This
ubgroup was not well distributed between groups
samples obtained before randomization); there-
ore, these data were not presented. However, CgA

RNA was expressed in all tissue samples and was
ssociated with the serum CgA levels (r � 0.428; P

0.036). Modifications in CgA tissue expression
uring therapy were not analyzed.
In previous studies, NE differentiation and CgA

evels represented a statistically significant inde-
endent prognostic factor in patients with poorly
ifferentiated tumors.1,2,13 In the present study,
ost patients presented with a Gleason score of 7

r greater, reducing the significance of these re-
ults. However, patients with baseline Gleason
core of 7 or greater had higher CgA levels com-
ared with patients with a Gleason score of less
han 7, and, during treatment, a statistically signif-
cant difference in CgA levels between treatments
as found only in those with a Gleason score of 7
r greater.

CONCLUSIONS

Our results affirm that different methods of an-
rogen deprivation can influence the serum CgA
evels to different extents in prostate cancer. In
articular, bicalutamide produces a significantly
ower increase in serum CgA compared with cas-
ration. In light of other evidence that supports a
ignificant relationship between serum CgA levels,
issue CgA expression, and NE activity, we hypoth-
size that bicalutamide may reduce the risk of NE
ell hyperactivation in prostate cancer.
It is important to determine whether increases in
gA levels and NE cell activation are associated
ith progression toward hormone-independent
rostate cancer. Additional investigation with
onger periods of observation and analysis of pa-
ients with progression during therapy is war-
anted, in particular to determine whether a signif-

cant increase in CgA levels during therapy is t

ROLOGY 63 (3), 2004
ssociated with earlier clinical progression com-
ared with stable CgA levels.
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