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This study evaluated the effects of low-dose cisplatin plus 89Sr
versus 89Sr alone in the treatment of painful bone metastases
from prostate cancer, addressing both pain palliation and cyto-
static effects. Methods: Seventy patients with metastatic hor-
mone-refractory prostate cancer were randomized into 2
groups: One group (arm A) received 148 MBq 89Sr plus 50
mg/m2 cisplatin, and the other group (arm B) received 148 MBq
89Sr plus placebo. After treatment, the patients were followed up
until death to evaluate the outcome variables: grade and dura-
tion of pain palliation, onset of new painful sites, changes in
bone disease, global survival, serum prostate-specific antigen
and alkaline phosphatase changes, and hematologic toxicity.
Results: Overall pain relief occurred in 91% of patients in arm A
and 63% of patients in arm B (P � 0.01), with a median duration
of 120 d in arm A and 60 d in arm B (P � 0.002). New painful
sites on previously asymptomatic bone metastases appeared in
14% of patients in arm A and in 30% of patients in arm B (P �
0.18). The median survival without new painful sites was 4 mo in
arm A and 2 mo in arm B (P � 0.04). Bone disease progression
was observed in 27% of patients in arm A and in 64% of
patients in arm B (P � 0.01). Median global survival after therapy
was 9 mo in arm A and 6 mo in arm B (P � 0.30). Transient and
moderate hematologic toxicity, as determined by World Health
Organization criteria, was apparent in both arms without signif-
icant differences. Conclusion: The addition of a low dose of
cisplatin enhances the effect of a standard dose of 89Sr without
significant side effects, producing a significant improvement in
pain palliation and a cytostatic effect on bone disease.
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Painful bone metastases are a challenging problem in the
management of patients with hormone-refractory prostate
cancer because of its high prevalence and high morbidity
(1,2). Effective palliative treatment of painful bone metas-
tases is a key therapeutic goal in these patients, aiming at

improving their quality of life. External-beam irradiation,
although effective on localized lesions, cannot routinely be
used in the treatment of diffuse or multifocal bone disease
because hemibody irradiation is associated with significant
marrow toxicity (3). Chemotherapy has not shown encour-
aging results in metastatic prostate cancer (4), and the
efficacy of the pharmacologic approach with analgesics is
limited by drug tolerance and adverse effects when drugs
are used at high doses and for prolonged periods (5).

Radionuclide therapy with 89Sr-chloride (89Sr) is an ef-
fective alternative for bone pain in prostate cancer, produc-
ing a palliation rate of 51%–96% (6–9). Despite these
encouraging results some problems remain to be clarified,
such as the significant percentage of unresponsive patients
(up to 30%), the low complete response rate (up to 20%),
and the effect on bone disease progression (6). Although
total target doses for 89Sr are quite high, up to 5,000 cGy
using a standard dose of 148 MBq (10,11), the dose rate at
which the radiation is delivered is low, �4 cGy/h (12), and
may limit 89Sr efficacy by allowing repair of sublethal
radiation injury and being insufficient to counteract prolif-
eration of tumor cells (13).

Preliminary strategies for increasing the response rate to
89Sr have been devised using platinum-mediated radiosen-
sitization of cancer cells, but these preliminary encouraging
results have not yet been validated in a randomized clinical
trial (12,14,15). This article reports a randomized phase III
clinical trial evaluating the effects of low-dose cis-diam-
minedichloroplatinum (II), or cisplatin, plus 89Sr versus the
effects of 89Sr alone in the treatment of 70 prostate cancer
patients with painful bone metastases.

MATERIALS AND METHODS

Study Design
The study was a phase III prospective clinical trial. It was

controlled, randomized, and masked and was approved by the local
Ethic Committee. Eligible patients were randomized into 2 groups
receiving different treatment: One (arm A) received the treatment
to be tested (89Sr plus cisplatin); the other (arm B) received 89Sr
plus placebo and served as the control group. Each patient gave
written informed consent.
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A data manager randomly allocated patients to either arm by
applying a previously established algorithm to a set of random
numbers. Patients were also randomized separately into 2 strata to
avoid confounding effects from different baseline clinical condi-
tions. Subdivision of patients into the 2 strata was based on their
general condition and their performance status score on the
Karnofsky Scale. Stratum 1 included patients with a mildly im-
paired general condition and a Karnofsky score of 60–100. Stra-
tum 2 included patients with a strongly impaired general condition
and a Karnofsky score of 10–50. Neither patients nor clinicians
knew the group to which patients had been assigned, ensuring a
correct double blinding of the study and avoiding confounding
factors during follow-up. Pain palliation, cytostatic effect, and
marrow toxicity were the endpoints addressed.

Patients
Seventy patients (age range, 51–89 y; mean age, 69 y) with

bone metastases from histologically proven prostate cancer entered
the study after a baseline clinical examination and were random-
ized into the 2 arms, each containing 35 patients. Eleven patients
had been treated by chemotherapy, 20 by local external-beam
radiotherapy, and 6 by both. A minimum of 6 mo had elapsed after
the completion of previous chemotherapy or radiotherapy. Hor-
mone therapy had not been altered in the previous 3 mo and was
continued without change during the study. All patients had hor-
mone-resistant disease that was progressing after being treated
with at least 2 hormone schedules.

Patients were enrolled into the study according to the usual
eligibility criteria, as previously defined (16). Patients were ex-
cluded if they had difficulty complying with the follow-up sched-
ule or had suspected disseminated intravascular coagulation or
evidence of spinal cord compression.

Baseline Evaluation
Before randomization, all enrolled patients underwent a com-

plete clinical evaluation to measure baseline pretherapy variables:
age, hematologic and renal function, serum alkaline phosphatase
(AP) level, prostate-specific antigen (PSA) level, and performance
status score on the Karnofsky Scale. Pain was evaluated by a
5-point score assigned using a modified Wisconsin test (16) and by
a pain map illustrating the number and topography of painful sites.
Bone disease was assessed by 99mTc-methylene diphosphonate
bone scanning, with assignment of a 5-point scintigraphic score
based on the number or extent of metastases according to the
criteria of Soloway et al. (17). All bone scanning was performed,
and the results classified, by well-trained nuclear physicians at our
institute.

Treatment Protocol
Arm A. Two short hospitalizations, at an interval of 10 d, were

required for each patient. In the first hospitalization, a slow intra-
venous cisplatin infusion (Cisplatino Teva; Teva Pharma, Milan,
Italy) of 18 mg/m2 in 1,000 mL 0.9% sodium chloride solution
plus 20 mg furosemide was administered over 3 h. At the end of
the infusion, 148 MBq 89Sr (Metastron; Nycomed-Amersham In-
ternational, Buckinghamshire, U.K.) were injected as a bolus (day
0). In the second hospitalization, an intravenous cisplatin infusion
of 16 mg/m2 in 1,000 mL 0.9% sodium chloride solution plus 20
mg furosemide was administered over 6 h (day 10) and repeated
the day after (day 11), for a total cisplatin dose of 32 mg/m2

infused over 48 h. Standard support consisting of intravenous

hydration, steroids, and antiemetic drugs was used during both
treatments.

Arm B. The protocol was the same as for arm A, except that a
placebo infusion (1,000 mL 0.9% sodium chloride solution plus 20
mg furosemide) was administered in place of the cisplatin infusion.

Patient Follow-Up
After treatment, follow-up continued until the patient’s death,

and the following variables were monitored at predetermined
intervals: hematologic and renal function, AP and PSA serum
levels, pain score, pain map, bone scan findings, and Karnofsky
performance score.

Data Analysis
Pain Palliation. This outcome was evaluated 2 mo after 89Sr

administration and was defined as positive (responders) if the pain
score improved or negative (nonresponders) if it did not (16). A
positive outcome was characterized on the basis of grade and
duration of pain palliation. Grade was classified as complete re-
sponse, partial response, or minimal response (16). Duration (sur-
vival time free of pain relapse) was determined by considering a
worsening of the pain score to be a marker of the end of the
palliative effect. The onset of new painful sites on previously
asymptomatic bone metastases was also considered a pain pallia-
tion variable. Accordingly, the following factors were evaluated:
for both arms of the study, the prevalence of patients presenting
with new painful sites; for each arm of the study and each patient,
the number of observed sites; and the survival time without onset
of new painful sites.

Cytostatic Effect. This outcome was evaluated by classifying
changes in bone disease and global survival. Bone disease was
classified as showing a partial response, stability, or progression
according to the National Prostate Cancer Project criteria for stage
D2 prostate cancer (18). Global survival after therapy was evalu-
ated as survival free of pain relapse plus survival after pain relapse
and was illustrated by Kaplan–Meier curves. All deaths, both
tumor related and tumor unrelated, were included in the analysis.
In addition, changes in AP and PSA serum levels were evaluated
as indirect measures of cytostatic effect.

Marrow Toxicity. This outcome was evaluated by measuring
changes in platelets, leukocytes, and hemoglobin during the first 3
mo of follow-up and was classified by a 5-point toxicity score
according to World Health Organization (WHO) criteria (19).

Statistical Analysis
Outcome variables (responders and response grade, new painful

sites, and bone disease progression) were compared by the �2 test.
Survival times (survival free of pain relapse, survival without new
painful sites, survival after pain relapse, and global survival after
therapy) were assessed by Kaplan–Meier curves and compared by
the log-rank test. Differences in pretherapy variables between the
2 arms were assessed by the t test for paired data or by the �2 test,
as appropriate, whereas differences between pretherapy and post-
therapy variables in each arm were evaluated by the t test with
Bonferroni adjustment and by the Wilcoxon signed rank test, as
appropriate.

For ease of analysis, exact P values are reported. The level of
significance was set at the conventional value of P � 0.05, and
probability values just slightly greater than the � value of 0.05
were considered marginally significant (20). Confidence intervals
(CIs) were also evaluated.
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RESULTS

Patient baseline characteristics for each arm of the study
are presented in Tables 1 and 2. No significant differences
were observed in baseline variables between the 2 arms.

Pain Palliation
Overall pain relief occurred in 32 patients of arm A and

in 22 patients of arm B (91% and 63%, respectively; P �
0.01). The grade of pain palliation in the 2 arms is reported
in Table 3. Clinically evident pain relief occurred within 1
mo, with a median onset at 15 d in both arms. Survival free
of pain relapse ranged from 1 mo to 1 y in arm A and from
1 to 7 mo in arm B (Fig. 1A). The mean duration of pain
palliation was 134 d in arm A and 68 d in arm B, with a
median of 120 and 60 d, respectively (P � 0.002).

The percentage of patients presenting with new painful sites
on previously asymptomatic bone metastases in arm A was
less than half that in arm B (14% and 30%, respectively),
without, however, reaching statistical significance (P � 0.18).
The global number of new painful sites was 7 in arm A and 22
in arm B, with a mean of 1.4 sites for patients in arm A and 2.2
sites for patients in arm B. Survival without new painful sites
was significantly different in the 2 arms, at a median of 4 mo
in arm A and 2 mo in arm B (P � 0.04) (Fig. 1B).

Cytostatic Effect
Because 13 patients died too soon (�6 mo) to undergo

follow-up scanning, bone disease changes were evaluable
for only 30 of 35 patients in arm A and only 28 of 35 patients
in arm B. Bone disease progressed during the 6 mo after

TABLE 1
Baseline Variables in Patients Enrolled in Arm A

Patient no. Age (y) Stratum KS PS SS PSA* AP†

1 62 1 60 3 3 292 2,556
2 61 2 50 3 4 110 83
3 65 1 70 3 2 847 392
4 71 2 50 3 4 359 8,527
5 67 1 90 1 3 140 689
6 63 1 80 3 2 31 427
7 69 1 70 3 3 42 1,580
8 58 1 80 2 4 45 1,481
9 76 1 60 3 3 352 1,888

10 65 2 50 3 3 732 416
11 78 2 50 3 3 20 688
12 78 2 50 2 3 541 3,739
13 64 1 70 3 2 256 141
14 68 2 50 3 3 1,435 1,150
15 69 2 40 4 4 52 1,255
16 70 1 70 3 2 517 822
17 67 1 70 3 3 259 191
18 80 1 80 2 2 532 1,405
19 75 1 70 3 4 182 2,879
20 76 2 40 3 2 504 788
21 69 1 70 2 3 275 1,070
22 72 1 70 3 3 148 1,445
23 59 1 80 3 2 134 768
24 71 1 70 2 3 645 1,777
25 73 1 50 3 2 250 750
26 72 2 50 3 2 450 844
27 79 2 90 3 3 568 1,900
28 73 1 80 4 2 836 690
29 77 1 100 1 1 369 320
30 66 1 90 2 2 79 980
31 66 1 80 3 2 617 940
32 71 1 90 4 2 329 1,100
33 57 1 80 3 3 482 2,500
34 62 1 90 1 3 81 1,300
35 62 1 90 3 1 360 1,380

KS � performance status score using Karnofsky Scale (score
value, 0–100); PS � pain score using Wisconsin test (score value,
0–4); SS � scintigraphic score using criteria of Soloway et al. (17)
(score value, 0–4).

*Reference range, 0–4 ng/mL.
†Reference range, 98–279 U/L.

TABLE 2
Baseline Variables in Patients Enrolled in Arm B

Patient no. Age (y) Stratum KS PS SS PSA* AP†

1 51 1 90 3 2 16 2,277
2 72 1 80 3 2 550 429
3 64 1 70 2 2 400 482
4 61 1 70 3 3 382 907
5 52 1 60 3 2 13 480
6 68 1 80 1 3 90 340
7 71 2 50 3 2 49 191
8 60 1 70 3 3 224 858
9 65 1 60 3 2 690 491

10 64 2 50 3 2 294 595
11 76 1 70 2 1 26 402
12 65 1 70 3 3 400 359
13 75 2 40 3 4 274 4,049
14 66 1 80 1 1 15 232
15 80 1 60 3 1 20 2,500
16 80 2 50 3 4 121 457
17 75 1 80 3 4 562 953
18 58 1 60 1 2 34 890
19 73 1 70 2 2 156 485
20 57 1 80 2 3 1,118 984
21 69 2 40 3 4 2,370 2,812
22 81 2 40 3 2 13 1,110
23 65 1 70 3 4 1,300 1,882
24 61 1 70 2 3 2,048 817
25 75 1 60 3 3 87 1,089
26 89 1 70 2 3 1,273 492
27 59 2 50 3 3 126 1,280
28 64 1 70 3 1 562 430
29 66 1 70 2 1 40 943
30 66 1 100 1 2 156 1,000
31 65 1 60 4 2 1,200 495
32 70 1 80 4 3 2,370 994
33 68 1 80 3 2 15 960
34 67 2 50 3 2 1,320 1,200
35 59 2 50 3 3 1,048 2,400

KS � performance status score using Karnofsky Scale (score
value, 0–100); PS � pain score using Wisconsin test (score value,
0–4); SS � scintigraphic score using criteria of Soloway et al. (17)
(score value, 0–4).

*Reference range, 0–4 ng/mL.
†Reference range, 98–279 U/L.
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therapy in 27% of patients in arm A and 64% of patients in arm
B (P � 0.01). Bone disease was stable in 70% of patients
in arm A and 36% of patients in arm B (P � 0.02). Bone
disease showed a partial response in only 1 patient in arm A
(Fig. 2).

Survival after therapy is illustrated in Figure 1 by
Kaplan–Meier curves. To date, 59 of 70 patients that had
been enrolled in the study have died (29 in arm A and 30 in
arm B). Three patients in arm A died of causes unrelated to
the tumor. Global survival after therapy ranges from 2 to 24
mo (median, 9 mo) in arm A and from 2 to 23 mo (median,
6 mo) in arm B (P � 0.3).

Changes in PSA and AP serum levels after therapy are
illustrated in Figure 3.

Marrow Toxicity
Changes in platelets, leukocytes, and hemoglobin during

follow-up are illustrated in Figure 4. No significant differ-
ences were observed in pretherapy platelet, leukocyte, or
hemoglobin values between the 2 arms.

Arm A. WHO grade 1 platelet toxicity was apparent in
only 1 patient, in whom a 26% decrease in the mean platelet
count at 4 wk slowly returned to normal within 3 mo after
therapy. WHO grade 1–2 leukocyte toxicity was observed in
8 patients, who had a transient 26% decrease in the mean
leukocyte count at 4 wk. Fourteen patients showed hemo-
globin toxicity, which was WHO grade 4 in 2; WHO grade
3 in 1, and WHO grade 1–2 in 11. The mean hemoglobin
values decreased 10% from baseline levels at 4 wk after
therapy and remained mildly impaired for 2 mo.

Arm B. WHO grade 1–2 platelet toxicity was apparent in
only 2 patients, in whom a 22% decrease in the mean
platelet count at 4 wk slowly returned to normal within 3 mo
after therapy. WHO grade 2 leukocyte toxicity was ob-
served in 2 patients, who had a 19% decrease in the mean
leukocyte count at 6 wk. Thirteen patients showed hemo-
globin toxicity, which was WHO grade 4 in 1, WHO grade
3 in 3, and WHO grade 1–2 in 9. The mean hemoglobin
values decreased 6% from baseline levels at 2 mo after
therapy and returned to normal within the following month.

Other Results
No side effects were clinically evident after cisplatin

infusion. Ten patients (14%), 6 in arm A and 4 in arm B,
experienced a mild, transient increase in pain, that is, a flare
response, within 7 d after 89Sr injection. This response
resolved within 24–48 h. No patient showed neurologic
signs from nerve compression or renal function impairment.
The Karnofsky performance score improved in 23 patients
in arm A and 9 patients in arm B (66% and 26%, respec-
tively; P � 0.002), remained the same in 6 patients in arm
A and 11 patients in arm B (17% and 31%, respectively;
P � 0.2), and worsened in 6 patients in arm A and 15
patients in arm B (17% and 43%, respectively; P � 0.03).

TABLE 3
Response Rates in Arms A and B

Response Arm A Arm B P

Complete 28% 14% �0.25
(15%–46%) (5%–30%)

Partial 46% 32% �0.3
(29%–63%) (16%–50%)

Minimal 17% 17%
(6%–33%) (6%–33%)

None 9% 37% �0.01
(1%–23%) (21%–55%)

Values in parentheses are 95% CIs.

FIGURE 1. Kaplan–Meier curves illus-
trating survival times in the 2 arms: survival
free of pain relapse (A), survival without
new painful sites (B), survival after pain
relapse (C), and global survival after ther-
apy (D).
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DISCUSSION
89Sr has widely been used for more than 50 y to relieve

pain caused by bone metastases, the first clinical use dating
to 1942 (21). Although the clinical efficacy of 89Sr is evident
in 51%–96% of patients, only a small percentage of these
patients experiences complete pain relief and only occasion-
ally does objective evidence of tumor regression occur
(7–9,22–25).

Cisplatin, a potent cytotoxic agent for a wide range of
tumors, has radiosensitizing properties through several

mechanisms when used at low doses (26–28). Preclinical
data are available on the efficacy of cisplatin as a radiosen-
sitizer in prostate cancer (29–31). The only available clin-
ical experience with low-dose cisplatin plus �-emitter ra-
dionuclides is a preliminary report of Mertens et al. (12) on
18 patients with prostate carcinoma. That study, using a
cisplatin schedule of 35 mg/m2 infused over 2 d, 1 wk, and
4 wk after 89Sr administration, showed good pain relief,
mild toxicity, improvement in tracer uptake on posttreat-
ment bone scans, and promising survival data. Unfortu-

FIGURE 2. Pretherapy (left) and post-
therapy (right) bone scintigraphy of patient
18 of arm A with bone disease and partial
response. (A) Whole-body scan shows in-
tense tracer uptake in right pelvis and in 1
left rib before therapy, with evident reduc-
tion in uptake after therapy. (B) Planar
views of pelvis.
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nately, the small sample size and single-arm design of the
study made correlations between baseline variables and
outcome difficult and did not support firm conclusions.

This study, being a randomized, controlled trial of a
rational schedule of combined low-dose cisplatin and 89Sr in
a relatively large sample of patients with advanced prostate
cancer, addresses the question in a more structured way. A
cumulative cisplatin dosage of 50 mg/m2 was chosen be-
cause doses of 20–100 mg/m2 ensure tissual drug levels
high enough for biochemistry-based enhancement of radia-
tion sensitivity in mammalian cells, that is, 0.5–2 ppm
(27,32–34), avoiding the myelotoxic effects of the usual
chemotherapeutic doses (�100 mg/m2).

The double administration of cisplatin (a few hours be-
fore and after 10 Gy 89Sr irradiation) was chosen on the
basis of previous experience (27,35,36) to maximally en-
hance radiation damage. In fact, an enhancement ratio of
1.23–1.45 after 10 Gy continuous low-dose-rate irradiation
and concurrent cisplatin infusion was reported by Fu et al.
(35,36) for murine models, whereas other studies have
suggested that cisplatin could be given before radiation
because cisplatin–DNA adducts can take some hours to
reach and then remain for several days (27,29).

The schedule of this study effectively enhanced the effect
of 89Sr as addressed by all endpoints. In fact, the use of a

low dose of cisplatin plus a standard dose of 89Sr signifi-
cantly increased (P � 0.01) the prevalence of overall pain
relief. This increase stemmed entirely from effects on the
complete and partial response rates, with a true doubling of
patients who had complete pain relief (10 patients in arm A
vs. 5 patients in arm B). The current results confirm the
preliminary results of Mertens et al. (12). Unfortunately,
data on the prevalence of pain palliation from most trials
using 89Sr alone are not comparable either with one another
or with this study because of the small number of accrued or
evaluable patients, the different or poorly defined criteria for
evaluating responses, and the different inclusion criteria
(7–9,22–25).

FIGURE 4. Platelet (A), leukocyte (B), and hemoglobin (C)
basal values and weekly values during 3 mo after therapy.
Values are reported as mean � SEM. } � arm A; � � arm B.

FIGURE 3. PSA (A) and AP (B) basal values and monthly
values during 6 mo after therapy. Values are reported as
mean � SEM. } � arm A; � � arm B.
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Pain palliation in this study was also significantly pro-
longed by the use of low-dose cisplatin plus 89Sr, with a
doubling of the median duration of survival free of pain
relapse (Fig. 1A). In addition, the relative risk of pain
relapse in patients treated with 89Sr plus cisplatin was nearly
half that in patients treated with 89Sr alone, with a hazard
ratio (arm B to arm A) of 1.82 (95% CI, 1.40–4.45). These
data fully agree with those of Mertens et al. (12), who
reported a median duration of 4 mo for pain relief.

Both the number of patients presenting with new painful
sites on previously asymptomatic metastases and the global
number of new painful sites were consistently lower in arm
A. In fact, in only 5 of 35 patients in arm A, versus 10 of 35
in arm B, did new painful sites develop on previously
asymptomatic metastases, and onset was significantly later
(P � 0.04) in arm A than in arm B. When the corresponding
survival curves were analyzed (Fig. 1B), the hazard ratio for
development of new painful sites for arm B was more than
double that for arm A (ratio, 2.12). This finding could have
important clinical significance well beyond the strictly pal-
liative effect. In fact, only a small proportion of bone
metastases become painful, and the factors that convert a
painless lesion into a painful one are unknown (37). Pain
onset may represent an increase in neoplastic bone invasion
and be an early marker of bone disease progression.

Considering the second endpoint of the study, the cyto-
static effect of using cisplatin plus 89Sr, the likelihood of
such an effect on bone disease is confirmed by the changes
in bone scan findings observed during follow-up. In fact, a
significantly lower proportion of patients had disease pro-
gression in arm A (27%; 95% CI, 12%–45%) than in arm B
(64%; 95% CI, 44%–81%). Objective measures of the
response of bone disease to treatment with 89Sr alone have
only occasionally been reported, with most patients exhib-
iting either stable disease (24) or progressive disease (23) on
bone scans. In addition, comparison of trials is difficult
because of differences in the extent of disease in the patients
enrolled, when that extent has been adequately described
(38). The response of osteoblastic bone metastases to treat-
ment remains, however, difficult to quantify accurately (39).
The National Prostate Cancer Group conducted a series of
randomized phase II trials in the 1970s and established
criteria for quantifying the response of measurable lesions
(18). Our study reports for the first time the results of an
objective evaluation of the response of bone disease to 89Sr,
using strict, established criteria. However, consideration of
other changes in scan findings, not strictly included in the
established criteria, could also be worthwhile. In 2 arm A
patients who were considered to have progressive disease
because of the appearance of new metastases, previously
evident metastases (in the pelvis and femur) disappeared,
whereas 2 arm A patients who were classified as having
stable disease showed a marked and diffuse decrease in
tracer uptake in all metastatic sites. On the contrary, in no
arm B patients did metastases previously detected on bone
scans disappear, and only 1 patient showed a diffuse de-

crease in tracer uptake after therapy. A retarding effect of
cisplatin on bone disease progression was also confirmed by
changes in serum AP levels after therapy in the 2 arms. In
fact, a significant decrease in AP levels was evident in arm
A (P � 0.001), whereas only a marginally significant de-
crease was observed in arm B (P � 0.06). In addition, this
effect was more prolonged in arm A (median, 4 mo) than in
arm B (median, 2 mo).

This study did not show significant differences in global
survival between the 2 arms, even though bone disease
progressed more slowly in arm A. In fact, survival after pain
relapse was quite similar in the 2 arms, with a median value
of 4 mo in arm A and 3 mo in arm B (P � 0.40), whereas
global survival after therapy increased in arm A without
reaching statistical significance (P � 0.30) (Figs. 1C and
1D). Accordingly, PSA values had not significantly changed
after therapy in either arm. The hazard ratio of arm B to arm
A for global survival was 1.26, showing that the relative risk
of dying was moderately higher in arm B than in arm A.
Further investigation of these results in a larger number of
patients could be worthwhile to firmly rule out the chance of
a �-error. Another question for future studies to address is
whether enrolling patients with less advanced cancer or
using more aggressive cisplatin schedules may affect global
survival.

Marrow toxicity was only slightly increased by the addi-
tion of cisplatin, without significant differences between the
2 arms.

CONCLUSION

A low dose of cisplatin enhances the effect of a standard
dose of 89Sr without significantly increasing marrow toxic-
ity. Combined treatment not only significantly improves
pain palliation, increasing the response rate and prolonging
pain-free survival, but also has a cytostatic effect on bone
disease, decreasing the risk of progression.
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