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Purpose: To examine the effect of 2-year androgen suppression (AS) on the pattern and extent of hemoglobin
(Hb) change.
Methods and Materials: The basis of this report was a Phase II study evaluating a combined treatment of salvage
radiotherapy plus 2-year AS for a rising prostate-specific antigen level after surgery. Patients had laboratory
tests performed, including Hb and serum testosterone, and answered a quality-of-life questionnaire (European
Organization for Research and Treatment of Cancer Quality-of-life Questionnaire 30 item) at regular intervals
during the AS and post-AS period. The pattern and extent of the change in Hb was analyzed in relation to the
testosterone level. The clinical significance of the Hb change was evaluated with a correlation analysis between
Hb and the three specific domains of the questionnaire (Global Health Status, Physical Functioning, and Fatigue).
Results: Of a total of 74 accrued patients, 69 were identified as eligible for this report. The median patient age
was 70 years. The median follow-up was 38.6 months. The mean Hb was 150.7 g/L at baseline and declined with
radiotherapy by 5.9 g/L. The maximal Hb drop during AS was 16.0 g/L (p <0.0001), occurring at 16 months after
the initiation of AS. Hb recovery in the post-AS period was slow. The decline and recovery of the mean Hb and
hematocrit followed that of testosterone. The three quality-of-life domains did not show any significant corre-
lation with the change in Hb.
Conclusion: Two-year AS resulted in a statistically significant drop in the mean Hb, but had no clinically
apparent adverse effect. The pattern of Hb change was similar to that of testosterone change. © 2005 Elsevier
Inc.
Prostate cancer, Erythropoiesis, LHRH agonists, Hemoglobin, Androgen suppression.
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INTRODUCTION

ndrogen suppression (AS) has been increasingly used for
he management of prostate cancer in recent years. In ad-
ition to its traditional role in the management of metastatic
isease, its indication has been expanded to the adjuvant
nd/or neoadjuvant setting. Because patients receiving AS
s an adjuvant to definitive therapy are usually long-term
urvivors, it is important to evaluate the potential adverse
ffects of prolonged AS.

The erythropoietic effect of androgens has been known
or the past half century or more (1, 2). Androgens have
een used to treat anemia due to chronic disease such as
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plastic anemia (3) and renal failure (4). Molinari (5) de-
cribed the erythropoietic mechanism of androgens in his
etailed review of the subject. No difference in serum
rythropoietin levels is apparent between normal men and
omen, even though the difference in their respective he-
oglobin (Hb) levels is significant (6, 7). Several studies

ave suggested that the physiologic level of testosterone in
en is responsible for this gender difference in Hb level

8–11). Thus, any therapeutic maneuver leading to AS
arries a potential risk of anemia.

The aim of this report was to examine the pattern and
xtent of Hb change in prostate cancer patients undergoing
combined approach of salvage radiotherapy (RT) plus

nc.
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-year AS for prostate-specific antigen (PSA) relapse after
adical prostatectomy.

METHODS AND MATERIALS

The group of patients we examined for this report were from a
hase II study evaluating the efficacy of a combined approach of
alvage RT plus 2-year AS for prostate cancer patients with PSA
elapse after radical prostatectomy. PSA relapse after surgery was
efined as a PSA level �0.2 ng/mL, with two or more consecutive
SA increases during a minimum of 6 months. The local research
thics committee approved the study, and it was open for accrual
etween 1998 and 2002.
All the patients were treated with salvage RT to the prostate bed

lus 2 years of AS. The radiation dose and fractionation schedule
as 6600 cGy in 33 fractions within 6.5 weeks. RT was delivered
ith a four-field technique and 18-MV photons. The target volume
f RT was limited to the prostatic bed and periprostatic tissue, and
o attempt was made to treat the regional pelvic lymph nodes. The
adiation field sizes ranged from 8 � 8 � 8 cm to 11 � 11 � 10
m. AS was started within 2 weeks after completion of RT. It
onsisted of oral nilutamide 100 mg three times daily for 4 weeks
nd subcutaneous buserelin acetate 6.3 mg depot every 2 months
or 2 years. Nilutamide was given 1–2 weeks before the first
njection of buserelin acetate depot. Buserelin acetate is a synthetic
eptide analog of gonadotrophin-releasing hormone, similar to
euprolide acetate or goserelin acetate. Chronic administration of
userelin acetate ensures continuous suppression of testosterone
ecretion.

The baseline laboratory investigations before the therapeutic
ntervention included complete blood count, alkaline phosphatase,
spartate aminotransferase, alanine aminotransferase, prostate-spe-
ific antigen, and testosterone. These tests were repeated 2–4
eeks after the completion of RT (just before the initiation of
userelin acetate), and then every 4 months during the 2 years of
S, and every 6 months thereafter. The parameters we analyzed

or this report were hemoglobin (Hb), hematocrit, mean cell vol-
me (MCV) of erythrocyte, platelet, and testosterone levels. We
arefully examined the patient records to determine whether any
omorbidity or medical event was present or had occurred that
ould have influenced the baseline or subsequent Hb levels. Pre-
xisting medical conditions, surgical interventions, or posttreat-
ent complications such as rectal and/or urethral bleeding were

ecorded, and their nature and severity were assessed. When a
atient was judged to have a confounding factor significantly
ffecting Hb level for the long term, he was excluded from the
nalysis. However, when the confounding event was temporary,
ffecting only the laboratory results at the time of the event (e.g.,
nee arthroplasty), we excluded only those affected results and
ept the patient and his remaining data for analysis. For patients
ho received �12 injections of buserelin acetate (8 patients), the

ntire laboratory results up to the date of the last buserelin injec-
ion were included for analysis.

Quality-of-life parameters were also collected with a question-
aire (European Organization for Research and Treatment of Can-
er quality-of-life questionnaire 30-item, version 3.0) at each visit.
o assess the impact of Hb change on the quality of life, we
xamined the changes in the scores of the three specific domains of
his questionnaire in relation to Hb. These domains are Global
ealth Status, Physical Functioning (Functional Scales), and Fa-
igue (Symptom Scales). The details of the survival outcomes,
uality-of-life evaluation, and other endpoints of the study are
eyond the scope of this article and will be reported separately.

tatistical Analysis
The mean Hb, MCV, hematocrit, platelet, and testosterone val-

es were calculated for each visit. The two-tailed t test was used to
est for the significance of the changes of these laboratory param-
ters with RT and AS. The mean scores of the three quality-of-life
omains were calculated at each visit, and the changes in these
ean scores from the baseline were computed for each domain.
he potential impact of the Hb change on the quality of life was
ssessed by Pearson’s correlation coefficient between the scores of
he three domains and the Hb values at each visit and for each
atient individually.

RESULTS

The study was closed in April 2002 and had accrued a
otal of 74 patients. For the analysis of the effect of 2 years
f AS on Hb, 69 patients were identified as eligible. Five
atients were excluded: 1 each for bladder cancer, sickle
ell anemia, and gastrointestinal stromal tumor and 2 with
ersistent and heavy RT-related rectal bleeding. Four pa-
ients each had Grade I-II rectal bleeding and Grade I-II
ematuria respectively. However, because these RT-related
ide effects did not appear to have a significant effect on Hb
r hematocrit at any time, these patients were included in
his study. At the last follow-up, only 1 patient had had
iochemical relapse with a rising PSA level. This patient
as also included in the analysis up to the time of additional
ormonal manipulation with the addition of Casodex. None
ad received Epoetin Alfa for a low Hb. The median age of
he 69 assessable patients was 70 years at salvage RT. The
edian interval from radical prostatectomy to salvage RT
as 3.5 years. The median follow-up time was 38.6 months

s of March 2004.
Figures 1 and 2 show the patterns of decline and recovery

f the mean Hb, hematocrit, and testosterone. The mean Hb
t baseline was 150.7 g/L (range, 109–181 g/L). At the
econd visit, which was after RT completion and just before
he start of AS, the mean Hb had dropped to 144.8 g/L, a
tatistically significant decrease from baseline (p � 0.001).
T appears to have resulted in a mean drop of 5.9 g/L. Of
3 assessable patients, 45 had a Hb drop ranging from 1 to
9 g/L after RT. During the 2 years of AS, the Hb nadir drop
ccurred at 16 months after beginning AS. The drop in
ean Hb to the nadir was 16.0 g/L from baseline and 10.1

/L from the post-RT reading, both of which were statisti-
ally significant declines (p � 0.0001). Of the 62 patients,
1 and 50 recorded a Hb decline from baseline to nadir
range, 3–48 g/L) and from the post-RT value to the nadir
range, 0–24 g/L), respectively. The decline in Hb was not
niform throughout the AS phase. The Hb drop was greater
t the start of AS than during the subsequent period of AS.
he Hb drop was 5.1 g/L during the first 4 months of AS
ompared with 1.5, 1.3, and 2.0 g/L during the subsequent
-month intervals.

The pattern of change in the mean Hb and hematocrit was
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ery similar to that of the testosterone level. The initial
hase of rapid fall, followed by a gradual decline in Hb and
ematocrit was to some extent similar to the pattern of
hange of testosterone, which decreased rapidly initially
ith the start of AS and then remained at the castrate level
uring the subsequent period. The rise in Hb and hematocrit
n the postsuppression phase also followed the pattern of

Fig. 1. Variation in mean hemoglobin (Hb) with standa
Follow-up intervals vary along x-axis as depicted.
Fig. 2. Variation in mean hematocrit and mean testosterone a
estosterone recovery. The number of patients in the post-
uppression phase was small, resulting in wider standard
rror bars (Fig. 1) and limited evaluation of the pattern of
hange. However, as shown in Fig. 1, the recovery of both
b and testosterone to pretreatment levels was slow and

ould take up to �2 years.
A gradual drop occurred in the mean MCV throughout

r bars and mean testosterone at serial follow-up visits.
rd erro
t serial follow-up visits. AS � androgen suppression.
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he AS phase, followed by a rapid recovery in the postsup-
ression phase. The maximal drop in the mean MCV from
aseline was only 1.1 fL (statistically significant, p �
.0007), occurring 24 months after beginning AS. The mean
latelet count declined by 11 � 109/L with RT; this, how-
ver, was not statistically significant (p � 0.2). The mean
latelet count did not show any significant change or par-
icular pattern during the AS and postsuppression phase.

uality of life
Figure 3 shows the changes in the mean scores of the

hree domains, represented by 0 to 100 scale, during the 2
ears of AS. A change in the mean score of about 5–10 is
onsidered a “little” change in the quality of life and 10–20
nd �20 change as “moderate” and “very much” change,
espectively (13).

To assess for any correlation between the change in Hb
nd the change in the three domains, the scores for each of
he three domains were correlated with Hb for each visit, as
ell as for every patient individually. Table 1 describes
earson correlation coefficients between the scores of these

hree domains and absolute Hb values at each visit and their
orresponding p values. At baseline, Hb had a weak, but
tatistically significant, positive correlation with Global
ealth Status and Physical Functioning. It did not, however,

how a significant correlation with Fatigue. During the 2
ears of AS, no consistent correlation was found between
b and the scores of the three domains. Nor was a trend

ound in the correlation coefficients in either the positive or
egative direction. These findings suggest that the magni-
ude of Hb change observed during the AS phase was not

Fig. 3. Change in quality-of-life parameters from baselin
� Physical Functioning; QoL � quality of life.
ignificant enough to affect the three domains of quality of n
ife. When the correlation between Hb and the scores of the
hree domains at each visit was analyzed for each individual
atient (data not shown), only 1, 8, and 3 patients showed a
tatistically significant correlation of Hb with Fatigue,
lobal Health Status, and Physical Functioning, respec-

ively.

DISCUSSION

A statistically significant decline was observed in Hb
uring the 2 years of AS in our study. Our data suggested
hat AS was a major contributory factor for Hb decline,
lthough both RT and AS played a role in the Hb drop. The
aximal drop in the mean Hb from baseline was 16.0 g/L,

ccurring about 16 months after beginning AS. This mag-
itude in Hb decline was similar to that reported with
rchiectomy. Hamilton (14), describing the effect of invol-
ntary bilateral orchiectomy in 6 healthy prisoners, reported
n 1948 that the mean Hb fell by 10 g/L in 40 days and
estosterone fell to castrate levels in 10 days. In another
tudy by Fonseca et al. (11), bilateral orchiectomy resulted
n a median decrease in Hb by 12 g/L within 90 days of
urgery in 64 patients with metastatic prostate cancer.

Other studies have reported a greater Hb decline when
omplete androgen blockade, consisting of a luteinizing
ormone-releasing hormone (LHRH) analog and a nonste-
oidal antiandrogen, was used. Asbell et al. (10) reported
hat Hb decreased by 28 g/L at 4 months after the start of
oserelin acetate plus flutamide. Similarly, Strum et al. (12)
bserved a 25 g/L decline at 5.6 months after the initiation
f complete androgen blockade. This difference in the mag-

rial follow-up visits. GHS � Global Health Status; PF
e at se
itude of Hb decline between monotherapy (using orchiec-
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omy or luteinizing hormone-releasing hormone analog
lone) and complete androgen blockade is likely because
rchiectomy or LHRH alone does not block the effect of
drenal androgens on erythropoiesis. Molinari (5) suggested
hat a small, but constant, amount of androgen would be
ufficient enough to stimulate the erythropoietic process.

The decline in Hb was not uniform throughout the AS
hase in our study. The Hb drop was greater in the begin-
ing of AS than during the subsequent period. This may
ave been a reflection of either a more rapid fall in serum
estosterone at the beginning of AS or the effect of complete
ndrogen blockage brought on by the nilutamide that was
sed for 4 weeks at the beginning of AS.
On the basis of our preliminary data, the recovery of Hb

eemed slow and might take up to �2 years after the
essation of AS. This slow recovery of Hb appears directly
elated to the slow recovery of testosterone (to the pretreat-
ent level) in the postsuppression phase. In our study, it

ook at least 16 months for testosterone to achieve a mean-
ngful recovery, and it had not return to the pretreatment
evel by 22 months after the discontinuation of AS. Another
otential factor contributing to a slow recovery of testoster-
ne is the direct effect of radiation on the testicular produc-
ion of testosterone. However, Pickles et al. (16) reported
hat a radiation-related testosterone decline typically re-
olved by 18 months after RT. Thus, it is very unlikely that
he direct effect of radiation on testicular production of
estosterone played a major role for the sustained testoster-
ne suppression beyond 24 months after RT in our cohort.
trum et al. (12) reported a similar, prolonged, AS in the
ostsuppression phase after 12 months of combined andro-
en blockade. The pathophysiologic mechanism for this
low recovery of testosterone in the postsuppression phase
as been, in recent years, the subject of additional investi-
ation (15). In other studies in which LHRH analogs were
sed for the management of benign prostatic hyperplasia for
shorter duration (around 6 months), the recovery period

or Hb and testosterone was 6 months (8, 9). These studies
nd our data suggest that the length of AS dictates the time
o recovery for testosterone and Hb.

The important question to address is the clinical signifi-
ance of Hb decline secondary to AS. However, this is very
ifficult to answer because of other confounding factors.
estosterone is an anabolic hormone and is responsible for
aintaining the energy levels and libido in men. Lowering

he testosterone levels is known to reduce libido, muscle
ass, and energy levels, among other effects. Thus, it is

ifficult to determine how much of an effect the reduction in
b itself has on the change in quality of life. Nevertheless,
e postulated that Fatigue, Physical Functioning, and
lobal Health Status in the questionnaire would be the

elevant domains that would be affected if the drop in Hb
as producing a clinical effect. In our study, “little” to “no

hange” in Global Health Status, Physical Functioning, and
atigue was observed at the end of 2 years of AS. Very few
atients showed a significant correlation of these domains
with the Hb levels. The correlation did not grow stronger orD
o

Fa G
H

PF
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etain significance throughout the AS phase. Thus, it ap-
ears, in our study, that the magnitude of Hb drop brought
n by AS did not result in any significant adverse effect on
he three domains of the quality-of-life questionnaire.

Our series is unique in several aspects compared with
ther published studies evaluating the effect of AS on Hb.
irst, our study examined the effect of AS on Hb for a much

onger period. All previous studies reported the change in
b during the first 6–12 months after beginning AS. In

ontrast, our series examined the pattern of change of Hb
uring a minimum of 2 years. Second, our study targeted a
pecific, well-defined, nonmetastatic group of prostate can-
er patients who underwent a finite period of reversible AS
sing a LHRH analog as monotherapy. The classes of

atients assessed in other published studies were those that g
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