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A

 

BSTRACT

 

Background

 

Bisphosphonates such as pamidro-
nate disodium inhibit osteoclast-induced bone re-
sorption associated with cancer that has metasta-
sized to bone.

 

Methods

 

Women with stage IV breast cancer who
were receiving cytotoxic chemotherapy and had at
least one lytic bone lesion were given either placebo
or pamidronate (90 mg) as a two-hour intravenous
infusion monthly for 12 cycles. Skeletal complications,
including pathologic fractures, the need for radiation
to bone or bone surgery, spinal cord compression,
and hypercalcemia (a serum calcium concentration
above 12 mg per deciliter [3.0 mmol per liter] or el-
evated to any degree and requiring treatment), were
assessed monthly. Bone pain, use of analgesic drugs,
performance status, and quality of life were assessed
throughout the trial.

 

Results

 

The efficacy of treatment was evaluated in
380 of 382 randomized patients, 185 receiving pami-
dronate and 195 receiving placebo. The median time
to the occurrence of the first skeletal complication
was greater in the pamidronate group than in the
placebo group (13.1 vs. 7.0 months, P

 

�

 

0.005), and
the proportion of patients in whom any skeletal com-
plication occurred was lower (43 percent vs. 56 per-
cent, P

 

�

 

0.008). There was significantly less increase
in bone pain (P

 

�

 

0.046) and deterioration of per-
formance status (P

 

�

 

0.027) in the pamidronate group
than in the placebo group. Pamidronate was well tol-
erated.

 

Conclusions

 

Monthly infusions of pamidronate as
a supplement to chemotherapy can protect against
skeletal complications in women with stage IV breast
cancer who have osteolytic bone metastases. (N Engl
J Med 1996;335:1785-91.)
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ONE metastases occur in most women
with advanced breast cancer. The destruc-
tion of bone in these lesions results from
osteoclast-induced bone resorption that may

be stimulated by osteoclast-activating factors released
by tumor cells.

 

1,2

 

 Cytotoxic chemotherapy or hor-
mone therapy is the preferred treatment for sympto-
matic bone disease, but progressive skeletal destruc-
tion ultimately leads to increased pain, immobility,
and deterioration in the quality of life.

Bisphosphonates are potent inhibitors of osteo-
clastic bone resorption and are effective in treating
cancer-related hypercalcemia.

 

3,4

 

 Pamidronate disodi-
um, a second-generation bisphosphonate, inhibits
the resorption of bone at doses that do not affect
bone mineralization.

 

5

 

 The results of several open-
label trials suggest that pamidronate may reduce
skeletal complications

 

6-10

 

 and biochemical markers
of bone resorption

 

9,10

 

 in patients with bone lesions
due to metastatic breast cancer.

 

6-10

 

 At least half the
patients treated with intravenous pamidronate at

B
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regular intervals, ranging from weekly to every three
months, had relief of bone pain and evidence of
healing or stabilization of lytic bone lesions. In one
of these studies, a 90-mg dose of pamidronate ad-
ministered every four weeks was more effective than
lower doses in reducing pain.

 

9

 

 Even a single 90-mg
dose of intravenous pamidronate relieved pain effec-
tively in approximately half of patients with progres-
sive bone metastases of breast cancer.

 

11

 

 We conduct-
ed a randomized, double-blind study to compare
monthly infusions of pamidronate (90 mg) with
placebo (5 percent dextrose in water) for the pre-
vention of skeletal complications in patients with
such metastases. The drug was given in addition to
chemotherapy.

 

METHODS

 

Patients

 

We enrolled women with stage IV breast cancer who were re-
ceiving cytotoxic chemotherapy and had at least one predomi-
nantly lytic, metastatic bone lesion at least 1 cm in diameter. Pa-
tients were enrolled at 97 study sites (constituting the Protocol
19 Aredia Breast Cancer Study Group) in the United States, Can-
ada, Australia, and New Zealand from January 1991 through
March 1994. All the patients had Eastern Cooperative Oncology
Group (ECOG) scores for performance status

 

12

 

 of 0 to 3 at the
time of enrollment and an estimated life expectancy of at least
nine months. In each patient, the presence of a lytic lesion that
could be evaluated was confirmed by the central radiologist.

Patients were ineligible for the study if they had a skeletal com-
plication (a pathologic fracture, the need for radiation to bone or
bone surgery, or spinal cord compression due to vertebral col-
lapse) or a corrected serum calcium concentration (corrected for
serum albumin concentration) above 12.0 mg per deciliter
(3.0 mmol per liter) during the two weeks before enrollment, a
serum creatinine concentration above 2.5 mg per deciliter (220

 

m

 

mol per liter), ascites or a serum total bilirubin concentration
above 2.5 mg per deciliter (43 

 

m

 

mol per liter), or a New York
Heart Association (NYHA) ranking

 

13

 

 of class III or IV. Patients
were also excluded from the study if they were treated with a bis-
phosphonate (except as part of the study) during the 60 days be-
fore enrollment or at any time during the trial or if they had been
treated for bone pain with radiation, corticosteroids (except as
part of the patient’s chemotherapeutic regimen), calcitonin, or pli-
camycin during the 2 weeks before enrollment. If a bone lesion
had been treated with radiation during the three months before
enrollment, it was disqualified from evaluation in this study. Dur-
ing the trial, the chemotherapy regimen (but not the study drug)
received by an individual patient could be changed or discontin-
ued at the discretion of the attending oncologist.

 

Study Design

 

Before randomization, eligible patients were stratified accord-
ing to their ECOG scores for performance status, so that stra-
tum 1 contained patients with scores of 0 or 1 and stratum 2 con-
tained patients with scores of 2 or 3. Within each stratum the
patients were randomly assigned (in equal numbers) to receive ei-
ther 90 mg of pamidronate disodium (Aredia, Ciba–Geigy,
Summit, N.J.; administered in 250 ml of 5 percent dextrose in
water) or placebo (250 ml of 5 percent dextrose in water), ad-
ministered 12 times as a two-hour infusion at intervals of four
weeks, although the patients were allowed to receive the study
drug every three weeks if they were receiving chemotherapy on a
three-week schedule. A site-specific, computer-generated random-
ization list was provided in advance to the study pharmacist at
each site, who prepared the medication within 24 hours before

 

*Plus–minus values are means 

 

�

 

SD. ECOG denotes Eastern Coopera-
tive Oncology Group.

†Patients were stratified before randomization according to whether
they had ECOG performance-status scores of 0 or 1 (stratum 1) or 2 or
3 (stratum 2).

‡Pain was scored by multiplying the severity of pain by the frequency of
pain, with each of these measures graded from 0 to 3. Thus, a score of
0 denoted no pain, whereas a score of 9 denoted severe, constant pain.
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C

 

HARACTERISTIC

 

P

 

AMIDRONATE

 

(N

 

�

 

185)
P

 

LACEBO

 

(N

 

�

 

195)

 

Age — yr 57

 

�

 

12 56

 

�

 

12

Stratum — no. of patients (%)†
1
2

121 (65)
64 (35)

128 (66)
67 (34)

Estrogen- and progesterone-receptor status
— no. of patients (%)

Positive for either or both
Other

116 (63)
69 (37)

120 (62)
75 (38)

Metastases in addition to bone — 
no. of patients (%)

Lung
Liver
Brain
Other
None, bone only

25 (14)
30 (16)
6 (3)

18 (10)
115 (62)

30 (15)
29 (15)

1 (1)
27 (14)

117 (60)

Time from primary diagnosis to bone 
metastases — yr

4.3

 

�

 

4.6 3.8

 

�

 

4.5

Time from bone metastases to study 
entry — yr

1.9

 

�

 

2.5 1.6

 

�

 

1.7

Bone lesions 

 

�

 

1 cm in diameter — 
no. of patients (%)

1 lesion
2 lesions

 

�

 

3 lesions

80 (43)
69 (37)
36 (19)

82 (42)
71 (36)
42 (22)

Skeletal complications during the 
3 mo before study entry — 
no. of patients (%)

Need for radiation
Fracture

41 (22)
30 (16)

57 (29)
35 (18)

Pain score — no. of patients (%)‡
0
1–3
4–9

31 (17)
74 (40)
80 (43)

27 (14)
76 (39)
92 (47)

No. of prior chemotherapy regimens — 
no. of patients (%)

0 or 1
2 or 3

 

�

 

4

84 (45)
87 (47)
14 (8)

80 (41)
104 (53)

11 (6)

No. of prior hormone treatments — 
no. of patients (%)

0 or 1
2 or 3

 

�

 

4

90 (49)
77 (42)
18 (10)

102 (52)
77 (39)
16 (8)

ECOG performance score —
no. of patients (%)

0
1
2
3

34 (18)
87 (47)
37 (20)
27 (15)

30 (15)
98 (50)
52 (27)
15 (8)
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its use. Other study personnel, as well as the patients and inves-
tigators, remained unaware of the treatment assignments.

The study was conducted in accordance with the Declaration
of Helsinki and was approved by the ethics review board at each
institution. All the patients provided written informed consent.
The results obtained during the 12 cycles of treatment are report-
ed here. Several patients required up to 14 months for the assess-
ment of skeletal complications to be completed because of delays
in the infusion of the 12 cycles of study drug related to the sched-
uling of chemotherapy.

 

Study Assessments

 

At each monthly visit, patients were evaluated for the occur-
rence of skeletal complications, including pathologic fractures, spi-
nal cord compression with vertebral compression fracture, the
need for surgery to treat or prevent pathologic fractures or spinal
cord compression, or the need for radiation to bone. Patients were
also assessed for hypercalcemia, defined as a documented correct-
ed serum calcium concentration above the normal range that re-
quired treatment or a corrected serum calcium concentration of
12 mg per deciliter (3.0 mmol per liter), with or without treat-
ment. The assessments at 3, 4, 6, 9, 10, and 12 months included
evaluations of bone pain and analgesic-drug use, as previously
described

 

14

 

; determinations of ECOG performance status; scoring
on the Spitzer quality-of-life index

 

15

 

; and physical examination.
Radiographic surveys of the skeleton were performed before

entry into the study and after 3, 6, and 12 cycles of treatment. Of
the pathologic fractures observed in the study, 46 percent were
in the ribs, 41 percent were vertebral, 7 percent were in the long
bones, and 6 percent were pelvic. Twenty-one percent of patients
had at least one vertebral fracture, 19 percent had at least one rib
fracture, 7 percent had at least one fracture of a long bone, and
4 percent had at least one pelvic fracture. The response of bone
lesions was assessed by the central radiologist according to a
modification of the criteria of the International Union against
Cancer for the classification of patients with breast cancer,

 

16

 

 with
recalcification used as a marker of the healing of osteolytic le-
sions. Pathologic fractures were not considered evidence of pro-
gressive disease in bone. A vertebral fracture was defined as a loss
of at least 25 percent of vertebral-body height between evalua-
tions. The central radiologist evaluated all x-ray films and was un-
aware of each patient’s treatment regimen.

Studies performed in the clinical laboratory before study entry
and periodically during treatment included a complete blood
count, with differential and platelet count; serum chemical analy-
sis; measurements of serum bone alkaline phosphatase (after 6 and
12 cycles of treatment) and serum carcinoembryonic antigen (after
2, 4, 6, 9, and 12 cycles); and urinalysis. Two-hour urine samples
were collected in fasting patients before study entry and after
6 and 12 cycles for the determination of calcium, hydroxyproline,
and creatinine concentrations. Data on efficacy and safety were an-
alyzed for the 12 months of the trial, and each patient was fol-
lowed for survival until the patient’s death, the last date of contact
or loss to follow-up, or February 1, 1995, whichever occurred first.

 

Statistical Analysis

 

Kaplan–Meier estimates of the time from randomization to the
first occurrence of a skeletal complication were calculated for each
study group; the log-rank test was used for comparisons between
groups. The proportions of patients who had a first skeletal com-
plication by the end of 3, 6, 9, and 12 cycles of treatment (up to
126, 210, 294, and more than 400 days, respectively) were esti-
mated from the Kaplan–Meier curves of the time to the first
event. In addition, the actual proportion of patients in each study
group who had a skeletal complication by the end of 3, 6, 9, and
12 cycles was calculated as the cumulative number of patients
who had an event by the end of that time period divided by the
total number of patients in the study group. The chi-square test
was used to compare these proportions between groups.

Changes from base line in bone pain, scores for the use of an-

algesic drugs, ECOG performance status, and the quality-of-life
index and percent changes from base line in serum concentrations
of carcinoembryonic antigen and bone metabolic markers were
compared between groups by the Wilcoxon rank-sum test. The
chi-square test was used to compare the response rates of bone
lesions on the basis of radiologic assessments. Kaplan–Meier esti-
mates of the time from randomization until death (with the data
censored as of February 1, 1995) were calculated for each study
group, and the groups were compared by the log-rank test. All
tests were two-sided. Primary analyses of the aggregate data were
planned after 12 cycles.

 

RESULTS

 

We enrolled 382 women in the study; 185 women
were randomly assigned to receive pamidronate, and
197 to receive placebo. All the patients were includ-
ed in the safety assessments and analyses of survival.
Two patients in the placebo group did not have
bone metastases that could be evaluated, and they
were excluded from all the efficacy analyses.

The clinical features at entry into the study were
similar in the two groups (Table 1). There were no
differences between the groups in the number of prior
chemotherapy regimens or hormonal treatments, the
use of analgesic drugs, or quality-of-life scores (data
not shown). During the trial, 23 percent of the pam-
idronate group and 22 percent of the placebo group
received megestrol acetate; 19 and 21 percent, respec-
tively, received tamoxifen; and 6 and 4 percent re-
ceived aminoglutethimide. The chemotherapy regi-
mens and hormonal treatments used in the two
groups were similar at study entry and throughout the
trial. Specifically, there was no difference between the
groups in the percentage of patients who were treated
with doxorubicin-containing regimens or tamoxifen.

Forty-eight percent of the patients completed all
12 cycles of pamidronate or placebo. The most com-
mon reasons for premature discontinuation of the
study treatment were adverse clinical side effects,
death, and refusal to continue therapy; all these rea-
sons were equally distributed between the groups.
The mean duration of participation in the study was
9.6 months in the pamidronate group and 8.9

 

*The two patients who were enrolled in the study but ex-
cluded from the efficacy analyses because they did not have
bone metastases that could be evaluated are included here.
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185)
P

 

LACEBO

 

(N

 

�

 

197)*

no. of patients (% of group)

0 to �3 14 (8) 19 (10)

3 to �6 22 (12) 39 (20)

6 to �9 32 (17) 29 (15)

9 to �12 18 (10) 26 (13)

�12 99 (54) 84 (43)
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months in the placebo group. Table 2 shows the du-
ration of participation in the trial. The median du-
ration of follow-up in the assessments of efficacy (re-
garding skeletal complications) and safety was 11.9
months in the pamidronate group and 10.2 months
in the placebo group. In the survival analyses, the
median duration of follow-up was 25.7 months in
the pamidronate group and 27.8 months in the pla-
cebo group. Six patients were lost to follow-up.

Skeletal Complications

The median time to the first skeletal complication
(Fig. 1) was significantly less in the placebo group
than in the pamidronate group (7.0 vs. 13.1 months,
P�0.005 by the log-rank test). The times to the

*P values were determined by the unadjusted Pearson chi-square test.

†P values were determined by the log-rank test.

‡Hypercalcemia was not included among the skeletal complications studied here.

TABLE 3. SKELETAL COMPLICATIONS AFTER THE COMPLETION OF 3, 6, 9, AND 12 CYCLES 
OF TREATMENT.

TYPE OF COMPLICATION PATIENTS WITH A COMPLICATION

KAPLAN–MEIER ESTIMATES OF THE

PROPORTION WITH A COMPLICATION

PAMIDRONATE 
(N�185)

PLACEBO

(N�195)
P 

VALUE*
PAMIDRONATE 

(N�185)
PLACEBO

(N�195)
P 

VALUE†

no. (%) %

All skeletal complications‡
3 cycles
6 cycles
9 cycles
12 cycles

50 (27)
65 (35)
68 (37)
79 (43)

59 (30)
91 (47)

102 (52)
110 (56)

0.49
0.02
0.002
0.008

29
39
41
62

34
54
63
75

0.005

Pathologic fracture, 
nonvertebral

3 cycles
6 cycles
9 cycles
12 cycles

24 (13)
31 (17)
34 (18)
37 (20)

29 (15)
47 (24)
51 (26)
59 (30)

0.59
0.08
0.07
0.02

14
19
21
25

17
29
33
62

0.01

Pathologic fracture,
vertebral

3 cycles
6 cycles
9 cycles
12 cycles

26 (14)
35 (19)
36 (19)
42 (23)

16 (8)
24 (12)
33 (17)
37 (19)

0.07
0.08
0.52
0.37

15
21
22
38

9
15
23
30

0.49

Radiation to bone
3 cycles
6 cycles
9 cycles
12 cycles

21 (11)
28 (15)
30 (16)
36 (19)

30 (15)
48 (25)
61 (31)
65 (33)

0.25
0.02
0.001
0.002

12
17
18
24

17
29
40
44

0.001

Surgery on bone
3 cycles
6 cycles
9 cycles
12 cycles

5 (3)
5 (3)
6 (3)
7 (4)

8 (4)
12 (6)
17 (9)
19 (10)

0.45
0.10
0.02
0.02

3
3
4

14

5
8

12
29

0.01

Hypercalcemia
3 cycles
6 cycles
9 cycles
12 cycles

2 (1)
9 (5)

10 (5)
11 (6)

11 (6)
15 (8)
22 (11)
24 (12)

0.02
0.26
0.04
0.03

1
6
7
8

7
9

15
17

0.02

Figure 1. Kaplan–Meier Estimates of the Time to the First Skel-
etal Complication.
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