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Summary. Alkylating agents have been reported to yield 
response rates of up to 20% in hormone-refractory prostate 
cancer. Melphalan was studied in four small trials in which 
the drug was given orally. In this phase II trial, melphalan 
(30 mg/m2) was given intravenously every 28 days to 
27 patients with hormone-refractory prostate cancer. Phar- 
macokinetic sampling was performed so as to describe the 
clearance of melpbalan in this population and in an attempt 
to catxy out pharmacodynamic modeling for toxicity and 
response. Prostate-specific antigen (PSA) was also 
assessed prospectively. No objective responses to this reg- 
imen were documented. The median survival for patients 
on this trial was 11.5 months. There was no correlation 
between drug clearance and measured creatinine clearance 
and no relationship between systemic exposure and toxici- 
ty. A decrease of >50% in serum PSA that was sustained 
for >6 weeks was documented in two patients, most no- 
tably in one patient who has survived for more than 
29 months. Intravenous melphalan is not an active agent in 
hormone-refractory prostate cancer. 

Introduction 

Prostate cancer is the second most common malignancy 
affecting men in the United States, with the estimated 
annual incidence being 122,000 cases [7]. Almost one- 
third of patients will present with regionally metastatic or 
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disseminated disease requiring systemic therapy [45]. 
Local palliative therapies and testicular androgen ablation 
are the primary treatments for disseminated prostate 
cancer. Approximately 80% of symptomatic patients bene- 
fit from hormonal therapy, with the median time to treat- 
ment failure after primary endocrine manipulation being 
14-18 months [9, 14, 26]. Although a number of second- 
ary hormonal manipulations have been investigated, re- 
sponses to such maneuvers are infrequent (<20%), and no 
benefit for survival is evident [21, 49, 50]. 

Despite decades of study, the role of cytotoxic chemo- 
therapy in the management of advanced prostate cancer is 
unclear. Little benefit, if any, has been shown in numerous 
studies [ 11, 18, 22, 24, 29, 32]. In randomized studies using 
response criteria that include "stabilization" as a treatment 
effect, the National Prostate Study Project found cyclo- 
phosphamide, 5-fluorouracfl, estramustine phosphate, and 
dacarbazine to be active [35, 36]. In phase II trials, doxoru- 
bicin [44] and several combinations, including cyclo- 
phosphamide/doxorubicird5-fluorouracil [13] and doxoru- 
bicird5-fluorouracil/mitomycin C [27], have also been re- 
ported to be active. However, the difficulty in defining 
objective response criteria and the inability to demonstrate 
a convincing survival advantage or consistent palliative 
effect have led many investigators to conclude that cyto- 
toxic chemotherapy has no role in the standard therapy of 
advanced prostate cancer [16, 42, 43, 52]. 

Alkylating agents may have activity in prostate cancer. 
Single-agent studies of cyclophosphamide [10], nitrogen 
mustard [10], estramustine phosphate [46], prednimustine 
[11], and diazoquinone [29] suggest response rates of 
10%- 20%. Despite the long history of alkylating agent use 
in prostate cancer, melphalan has not been adequately stud- 
ied. Four groups of investigators have reported trials of 
melphalan given either alone or in combination [ 18, 22, 24, 
32]. All of these trials used oral melphalan and studied 
small numbers of patients. The absorption of melphalan 
following oral administration is erratic and incomplete [3, 
8, 51 ]. It has been estimated that intravenous melphalan 
yields up to a 4-fold higher systemic exposure as compm'ed 
with the same dose given orally [3]. Intravenous adminis- 
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t ra t ion  o f  m e l p h a l a n  m a y  the re fo re  d e m o n s t r a t e  ac t iv i ty  for  
this agen t  in s i tuat ions  in w h i c h  n o n e  has b e e n  seen  af ter  
oral  dos ing .  In  addi t ion ,  the  tox ic i ty  o f  m e l p h a l a n  is l im i t ed  
to m y e l o s u p p r e s s i o n ,  m a k i n g  it an  a t t rac t ive  agen t  for  
dose - e sca l a t i on  s tudies  in se l ec ted  pa t ien ts  or  in c o m b i n a -  
t ion wi th  h e m a t o p o i e t i c  g r o w t h  fac tors  i f  ac t iv i ty  can  be  
demons t r a t ed .  F ina l ly ,  m e l p h a l a n  is be ing  s tud ied  in c o m -  
b ina t ion  wi th  a n u m b e r  o f  m o d u l a t o r y  agents  such  as 
b u t h i o n i n e  s u l f o x i m i n e  and the n i t r o i m i d a z o l e s  [5, 25]. 

To  e s t ima te  the s ing l e - agen t  ac t iv i ty  o f  i n t r avenous  
m e l p h a l a n  in a d v a n c e d  pros ta te  c a n c e r  and  to p r o v i d e  a 
basis  for  subsequen t  trials in this d isease ,  w e  u n d e r t o o k  a 
phase  II tr ial  o f  this agen t  in pat ients  wi th  h o r m o n e - r e -  
f rac to ry  disease .  T h e  s e c o n d a r y  goa l s  o f  this s tudy  w e r e  to 
cha rac t e r i ze  fur ther  the  p h a r m a c o k i n e t i c s  o f  i n t r avenous  
m e l p h a l a n  in pa t ien ts  w i th  pros ta te  c a n c e r  and to a t t empt  to 
de f ine  re la t ionsh ips  b e t w e e n  drug  exposure ,  as r e f l ec t ed  in 
the  area  under  the  c u r v e  o f  p l a s m a  m e l p h a l a n  concen t r a -  
t ions ve r sus  t i m e  ( A U C ) ,  and the  o b s e r v e d  tox ic i ty  and 
r e s p o n s e  to this agent .  F ina l ly ,  w e  a t t emp ted  to assess  the  
co r re l a t ion  b e t w e e n  the r e c o g n i z e d  pa rame te r s  o f  r e s p o n s e  
in this d i s ease  and the changes  in s e r u m  p ros t a t e - spec i f i c  
ant igen.  

Patients and methods 

Patients. From April 24, 1989, through October 4, 1990, 27 patients with 
advanced prostate cancer were enrolled and treated on this study at three 
institutions: Duke University Medical Center (17 patients), Florida 
Hospital (8 patients), and North Shore University Hospital (2 patients). 
Eligible patients had a histologic diagnosis of prostate cancer with evi- 
dence of progressive measurable or evaluable disease following initial 
testicular androgen ablation (orchiectomy, diethylstilbestrol, luteinizing 
hormone-releasing hormone agonists). Patients were allowed no more 
than one prior cytotoxic drug regimen, and any prior cytotoxic or radia- 
tion therapy must have been completed at least 28 days prior to the 
initiation of melphalan treatment (8 weeks for mitomycin C or nitro- 
soureas). Eligible patients had a performance status of 0 - 2  on the East- 
eru Cooperative Oncology Group (ECOG) scale, an expected survival of 
at least 8 weeks, and adequate bone marrow (WBC, >3,999/gl; platelet 
count, >99,999/gl), renal (serum creatinine, <2.1 mg dl), and hepatic 
(bilirubin, <2.0 mg/dI) function. Written informed consent was obtained 
from all patients. 

Treatment plan. Prior to treatment, all patients underwent a complete 
physical examination and a laboratory evaluation consisting of a 
complete blood count and determinations of serum electrolytes, liver 
transaminases, bilirubin, alkaline phosphatase, calcium, phosphorus, 
creatinine, acid phosphatase, and prostate-specific antigen. Creatinine 
clearance was measured and a chest X-ray, an abdominal/pelvic comput- 
erized tomographic (CT) scan, and a bone scan were obtained to docu- 
ment the extent of disease. 

Melphalan (30 mg/m 2) was given intravenously in a 5% dex- 
trose/water solution over exactly 30 rain. Plasma samples for pharmaco- 
kinetic assay (see below) were obtained preinfusion, at 15 minutes into 
the infusion, at the end of the infusion, and at 5, 10, 15, 30, and 45 rain 
and 1, 2, 3, 4, 6, and 8 h following the end of the 30-rain infusion. The 
plasma was immediately separated and stored at -20 ~ C until analyzed. 
Thawed samples were stored on ice and processed as quickly as possible 
to minimize ex vivo decay. 

A complete blood count, serum electrolytes, transaminases, bilirubin, 
alkaline phosphatase, calcium, phosphorus, and creatinine were obtained 
weekly while the patient was on study. A physical examination, determi- 
nations of acid phosphatase and prostate-specific antigen, and a chest 

X-ray were repeated prior to each cycle of therapy, and a bone scan and 
an abdominal/pelvic CT scan were obtained every 3 months. 

Chemotherapy was repeated every 28 days until evidence of progres- 
sive disease or intolerable toxicity developed. Radiation therapy given 
for pain control or for a severe or life-threatening condition was taken as 
evidence of progressive disease sufficient to result in removal of the 
patient from the trial. 

Assessment of toxicity and dose modification. The dose of melphalan was 
modified for subsequent cycles of therapy if severe toxicity developed. 
If nadir counts showed a WBC of <1,500/gl or a platelet count of 
<50,000/~tl, subsequent doses were reduced to 75% of the initial dose of 
melphalan. If day-of-therapy counts were not sufficient to meet the entry 
criteria (WBC, >3,999/gl; platelet count, >99,999/~ti), therapy was 
delayed and weekly counts were obtained. If after a 2-week delay the 
counts remained suppressed, the following dose modification was em- 
ployed: doses were reduced by 50% for patients with platelet counts of 
>74,999/~tl and WBCs of 2,000-3,499/gl or if the platelet count was 
50,000-74,999/gl and the WBC, >3,499/gl; patients whose counts did 
not meet these criteria were removed from the study. Doses were also 
reduced by 50% for any grade 3 (NCI common toxicity criteria) nonhe- 
matologic toxicity or renal toxicity as manifested by a doubling of the 
baseline serum creatinine value or a rise above 2.0 mg/dl. Any grade 4 
toxicity other than myelosuppression resulted in the removal of the 
patient from the study. Patients who received any melphalan were evalu- 
able for toxicity. 

Assessment of response. Patients who were followed for 28 days after 
receiving melphalan were evaluable for response. A complete response 
was defined as the disappearance of all evidence of disease for a period 
of >28 days. A partial response was defined as continued evidence of 
tumor but a reduction of > 50% in the sum of the perpendicular diame- 
ters of all measurable masses. In the case of evaluable nonosseous 
disease, a partial response was defined as a reduction of >75% in the 
amount of disease and required the agreement of two independent ob- 
servers. Progression was defined as an increase of >25% in the sum of the 
perpendicular diameters of measurable lesions, an increase of 30% in 
evaluable nonosseous lesions, or the development of new lesions. Evalu- 
able osseous disease on bone scans was scored only as a response 
(>  50% reduction in the area of bone involvement), stable disease, or 
progression (>25% increase in the area of bone involvement) based on a 
comparison of scans obtained at least 3 months apart. Stable disease was 
defined as lesions meeting none of the criteria for response or progres- 
sion in each type of disease. Patients were also evaluated for performance 
status, with improvement being defined as a decrease of one level in their 
ECOG performance status (from 1 to 0, from 2 to 1). Deterioration was 
defined as a decline in performance status of two levels or a weight toss 
of >10% during the first 12 weeks of therapy or as a decline of one level 
or a weight loss of >5% after 12 weeks of therapy. Any evidence of 
progression or clinical deterioration was grounds for removal from the 
study. Prostate-specific antigen (PSA) was not used as a criteria for 
response but was assessed prospectively for its correlation with any 
measurable response. 

Pharmacokinetics studies 

Chromatographic analysis of  melphalan in plasma. T h e  
h i g h - p e r f o r m a n c e  l iqu id  c h r o m a t o g r a p h i c  ( H P L C )  ana ly-  
sis u sed  to m e a s u r e  concen t r a t i ons  o f  m e l p h a l a n  in p l a s m a  
was  a m o d i f i c a t i o n  o f  the  m e t h o d  p r e v i o u s l y  desc r ibed  by  
C h a n g  et al. [12]. Br ie f ly ,  1 ml  p l a s m a  was  m i x e d  wi th  
10 g l  o f  a 1 . 5 - m g / m l  s o l u t i o n  o f  dansy lp ro l ine  ( S i g m a  
C h e m i c a l  Co. ,  St. Louis ,  Mo . )  and then  app l i ed  to a 1-ml  
S P E E D  so l id -phase  ex t r ac t ion  d e v i c e  ( A p p l i e d  Separa -  
t ions,  B e t h l e h e m ,  Pa.) that  had  b e e n  p r e c o n d i t i o n e d  wi th  
2 m l  m e t h a n o l  and 2 ml  d is t i l led  water .  T h e  c o l u m n s  w e r e  
then  w a s h e d  t w i c e  wi th  1-ml  a l iquots  o f  d is t i l led  wa te r  
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before melphalan and internal standard were eluted with 
two 200-pl washes of absolute methanol. Of this methanol 
eluate, 200 pl was injected into a Hewlett-Packard (Palo 
Alto, Calif.) 1090L HPLC fitted with a Brownlee (Applied 
Biosystems, Inc., San Jose, Calif.) RP 18 guard column 
and a Brownlee Spheri-5 RP 18 HPLC column. The 
isocratic mobile phase, consisting of methanol:distilled 
water: 1% acetic acid (75:24: 1, by vol.), was pumped at 
2 ml/min. Column ehiate was monitored at 254 nm, and 
areas under absorbing peaks were integrated with a 
Hewlett-Packard 3393A integrator. Melphalan concentra- 
tions were calculated by comparing the ratio of the area 
under the melphalan peak to that under the internal stan- 
dard peak in each respective sample with a concomitantly 
prepared and analyzed standard curve. 

Population pharmacokinetic modeling 

Table 1. Patients' characteristics 

Number of patients enrolled 27 

Median age (range) 68 (48- 81) years 

Prior radiation 21 

Prior hormonal therapy a 
Orchiectomy 21 
Flutamide 14 
Diethylstilbesterol 7 
Leuprolide 7 
Aminoglutethamide 5 
Megesterol acetate 5 
Ketoconazol 1 

Prior chemotherapy b 3 

a Most patients had undergone combination or multiple prior hormonal 
therapies 
b One patient had been treated with 5-FU/cisplatin; one with cyclo- 
phosphamide/5-FU; and one, with chtorambucil/prednisone 

Standard two-stage analysis. A two-compartment, linear, 
open structural model involving drug elimination from the 
central compartment was fitted to the melphalan pharma- 
cokinetic data. Four model parameters were defined: 
(1) Vc, the volume of the central compartment; (2) Vp, the 
volume of the peripheral compartment; (3) CLd, a distribu- 
tional clearance; and (4) CLtb, the total body clearance. 
Curve fitting was initially performed using the maximal 
likelihood function of ADAPT II [15] running under 
UNIX on a Hewlett-Packard HP9000/835 minicomputer. 
In all analyses, the model was described using a state 
matrix. The maximal likelihood algorithm estimated both 
structural and residual variance models. The variance mod- 
el assumed that the standard deviation of the observation 
was linearly related to plasma concentration. Therefore, the 
error variance could be described using two parameters, 
SDslope and SDintercept. 

lterative two-stage analysis. The results of the standard 
two-stage analysis were used as initial prior values in a 
maximal a posteriofi (MAP)-Bayesian estimator for the 
iterative two-stage analysis [39]. Iterative two-stage analy- 
sis used MAP-Bayesian regression as implemented in 
ADAPT II [15] to refine individual estimates and the popu- 
lation model recursively until means and covariances were 
stable. The updating and reanalysis was an automated 
process using a computer program, PopIT [17], which al- 
lowed multiple iterations to be performed. The recursive 
process was continued until convergence at the third signif- 
icant figure was reached, i.e., <1% variation in both the 
parameter means and the variance estimates. The residual 
variance model remained fixed at that which was derived 
from the standard two-stage analysis. Where two pharma- 
cokinetic data sets were obtained from one patient, each 
was given a weight of 0.5 in the population analysis to 
avoid bias. 

Results 

The characteristics of the 27 patients enrolled on this pro- 
tocol are summarized in Table 1. The age distribution was 

typical of patients with prostatic malignancy. Most patients 
had experienced progression of their disease despite multi- 
ple hormonal manipulations. In all, 21 had previously been 
treated with radiation and 3 had received prior chemother- 
apy. The 27 patients received a total of 85 cycles of mel- 
phalan, with the range being 1 -6  cycles/patient (median, 
3 cycles/patient). 

As expected, the primary toxicity of this regimen was 
bone marrow suppression. Seven cycles of treatment were 
complicated by grade 4 leukopenia (WBC, < 1,000/gtl) and 
eight, by grade 4 thrombocytopenia (platelets, <25,000/gl). 
Three patients were admitted with febrile neutropenia and 
two additional patients received red cell transfusions (one 
on two occasions). There were no treatment related deaths. 
In all, 25 cycles (29%) were given at reduced doses due to 
toxicity on prior cycles. In all patients the therapy was 
discontinued due to progression of disease. 

According to the criteria defined in the protocol, there 
were no objective responses to this therapy. With 
27 patients enrolled, the 95% confidence interval for the 
response rate ranges from 0 to 12.8%. It is therefore highly 
likely that the true rate of response of hormone-refractory 
prostate cancer to intravenous melphalan is < 15%. Several 
patients did have stable disease and tolerated multiple 
courses of therapy; seven patients received four or more 
cycles of treatment. In addition, several patients reported a 
reduction in bone pain along with an improvement in their 
activity levels; however, this was typically of brief dura- 
tion and there was no significant change in performance 
status. The median survival of patients as determined from 
the date of enrollment on the study was 11.5 months; one 
patient is presently alive (>29 months). 

PSA was assessed prospectively and, in most cases 
(67%), increased during therapy. In five patients, there was 
a decline of _> 50% in PSA with therapy. In two of these 
patients the decline was sustained for >6 weeks (8 and 
>52 weeks, respectively). Three of these patients were re- 
moved from the study due to evidence of disease progres- 
sion despite the decline in PSA. In one striking case the 
PSA value fell from 508 to 76.9 ng/ml over two cycles of 
therapy. This decline of >50% in PSA lasted for 
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Fig. 1. Relationship between creatine clearance and total body clearance 
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Fig. 3. Relationship between melphalan exposure and the percentage of 
reduction in platelet count 
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Fig. 2. Relationship between melphalan exposure and the percentage of 
reduction in WBC 

>12 months and was observed in the patient who remains 
alive today at >29 months after his enrollment on the study. 

Pharmacokinetic data were available from 21 courses of 
therapy in 17 patients. The median SDslope and SDinter- 
cept from the standard two-stage analysis were 0.135 and 
2.05 x 10 -6, respectively. These values were used in the 

subsequent iterative two-stage population analysis. The 
final results of the iterative two-stage analysis gave the 
following population estimates and coefficients of varia- 
tion (CV%): Vc, 10.5 l/m2 (55%); Vp, 17.7 l/m2 (62%); 
Vdss = Vc+Vp, 28.2 l/m2; CLa, 385 ml min-1 m-2 (61%); 
and CLtb, 293 ml min-1 m-2 (50%). 

Parameter estimates for individual patients were used to 
calculate cz- and [3-half-life values for the disappearance of 
melphalan from the plasma in the population studied 
(n = 17 patients). The mean + SD a-half-life was 
9.3+5.9 min (range, 2.7-19.6 min), and the mean + SD 
~-half-life was 105 +78 min (range, 40-368 min). Indi- 
vidual CLtb values did not correlate with creatinine clear- 
ance values in the 12 patients for whom this measurement 
was available (Fig. 1). Neither could pharmacodynamic 
relationships be demonstrated between the development of 
leukopenia or thrombocytopenia and the melphalan AUC 
in the 20 patients for whom these data were available 
(Figs. 2, 3). 

Discuss ion 

This study demonstrates that melphalan is not an active 
agent in hormone-refractory prostate cancer. The number 
of patients studied provides substantial confidence that this 
is a reasonable estimate of the true response rate. The 
toxicity of melphalan at these doses was significant in 
these older men, whose disease typically involves the bone 
m a r r o w .  

The pharmacokinetic parameters calculated to describe 
the disappearance of melphalan from the plasma of patients 
enrolled in the current study agree well with those deter- 
mined in a number of earlier studies of the pharmacokinet- 
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ics o f  intravenous melphalan [1, 2, 4, 8, 20, 28, 31, 34, 40, 
51, 53], despite the single patient with an extreme value for 
the [3-half-life (368 rain). Although a number  o f  studies 
have claimed a relationship between the clearance of  mel- 
phalan and renal function [1, 31, 53], no such relationship 
was apparent in the current study population. Other studies 
of  melphalan pharmacology  have also failed to define a 
relationship between renal function and melphalan clear- 
ance [4, 30, 40, 41]. 

An  even greater disappointment was the inability to 
define a relationship between the pharmacokinetics of  mel- 
phalan and myelosuppression.  On the initiation o f  the cur- 
rent trial, it was anticipated that a relationship between 
melphalan exposure, as reflected in the area under the 
curve o f  plasma melphalan concentrations versus time, and 
the percentage of  reduction in leukocytes or platelets 
would  be seen. This expectation was based on the finding 
that the in vitro survival o f  cells exposed to non-cell cycle- 
specific agents is best correlated with exposure [38] and on 
the observation that such relationships have been defined 
for a number  o f  antineoplastic agents [33]. The utility o f  
such a pharmacokinet ic /pharmacodynamic relationship in 
optimizing doses for individual patients is obvious. The 
reasons for the inability to define such a relationship are 
unknown,  al though other investigators have alluded to the 
importance o f  plasma concentrations of  amino acids, such 
as leucine and glutamine, that may  compete with mel- 
phalan for transport into cells and thereby modulate cyto- 
toxicity [6, !9, 31, 34, 47, 48]. Alternatively, the variability 
of  this population in terms of  marrow involvement,  prior 
irradiation, and previous therapy may have contributed to 
the lack o f  a clear pharmacodynamic  effect. 

Our analysis o f  changes in serum PSA values also failed 
to reveal any indication o f  an anti tumor effect. This corre- 
lates with the lack o f  objective evidence of  response ac- 
cording to the standard criteria. The one patient who 
showed a striking and sustained decline in PSA remains 
alive and has survived longer than any of  the other patients 
enrolled in this trial. Sustained declines in PSA of  _> 50% 
with therapy have been correlated with a statistically sig- 
nificant improvement  in survival [23, 37]. Our single 
patient may  be an example o f  this category of  responsive 
patients. 
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