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Bisphosphonate treatment in primary breast cancer: Results from a
randomised comparison of oral pamidronate versus no pamidronate in
patients with primary breast cancer
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Abstract

Purpose and patients. During the period from January 1990 to January 1996 a total of 953 patients with lymph node negative
primary breast cancer were randomised to oral pamidronate (n =460) 150 mg twice daily for 4 years or no adjuvant
pamidronate (n =493) in order to investigate whether oral pamidronate can prevent the occurrence of bone metastases and
fractures. The patients received adjuvant chemotherapy, loco-regional radiation therapy, but no endocrine treatment.
Results. During the follow-up period the number of patients with pure bone metastases was 35 in the control group and 31 in
the pamidronate group. The number of patients with a combination of bone and other distant metastases were 22 in the
control group and 20 in the pamidronate group. The hazard rate ratio for recurrence in bone in the pamidronate group
compared to the control group was 1.03 (95% confidence interval 0.75-1.40) and p =0.86. No effect was observed
on overall survival. In a small subgroup of 27 patients from the study, 12 of whom were treated with pamidronate a
significant bone preserving effect was observed on bone mineral density in the lumbar spine, but not in the proximal femur.
Conclusion. The results from the trial do not support a beneficial effect of oral pamidronate on the occurrence of bone
metastases or fractures in patients with primary breast cancer receiving adjuvant chemotherapy.

The skeleton is the most frequent site of recurrence but the results from three randomised trials until

in women with breast cancer and 70-80% of the
patients with metastatic disease develop bone me-
tastases in the course of their remaining life time [1].
The use of adjuvant therapy continues to improve
survival in breast cancer patients [2] and several
clinical trials have shown that the bisphosphonates
delay and reduce the occurrence of hypercalcaemia,
pathologic fractures, and spinal cord compression in
breast cancer patients with bone metastases [3,4].
Oral clodronate was the first bisphosphonate to be
used in an adjuvant setting in primary breast cancer,

now are conflicting [5-7]. However, very preliminary
data reported from a small study with intravenous
pamidronate seem encouraging [8]. Here we report
on the results from a randomised, open study with
oral pamidronate in patients with primary breast
cancer.

Material and methods

The present trial constituted the second part
of a trial designed to compare two chemotherapy
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regimens and pamidronate treatment with no bisp-
hosphonate treatment in the adjuvant situation. The
Danish Breast Cancer Cooperative Group (DBCG)
prepared the protocol and the trial was conducted as
an open-label, randomised phase 3 multicentre trial
recruiting patients from oncology centres all over
Denmark, from two centres in Sweden, and one
centre in Iceland. The trial was approved by ethical
committees in the participating regions and coun-
tries and it was conducted in accordance with the
Helsinki Declaration of 1975, as revised in 1983. All
patients were informed verbally and in writing and
they gave informed consent before randomisation.
The participating centres collected and transferred
data to The DBCG Registry. Before the final
analysis the DBCG Data Centre conducted an
update with the results from a data enquiry to all
participating centres.

Patients

The trial included women with resectable adenocar-
cinoma of the breast and without signs of distant
metastases according to an initial physical examina-
tion, x-ray examination of the chest, and axial x-ray
examination of the skeleton or a whole-body bone
scintigraphy confirmed by x-ray examination if
suspect for bone metastases. Due to ongoing trials
in patients with oestrogen and/or progesterone
receptor positive tumours, patients for the trial
were recruited from the following three groups: A)
premenopausal women without lymph node metas-
tases but with grade 2 or 3 malignancy and a primary
tumour <5 cm in diameter independent of hormone
receptor status, B) premenopausal women with
negative or unknown hormone receptor status and
with either axillary lymph node metastases or a
primary tumour >5 cm in diameter, C) postmeno-
pausal women with hormone receptor negative
tumours and with either axillary lymph node metas-
tases or a primary tumour >5 cm in diameter.
Tumour cells were classified as receptor positive as
defined by the laboratories in each region. A woman
was considered premenopausal if she had menostasis
for less than two months, menostasis for less than 12
months and follicular stimulating hormone levels in
the premenopausal range, or was younger than 51
years in case of hysterectomy.

Treatment

The patients received adjuvant chemotherapy i.e.
cyclophosphamide, methotrexate, and 5-fluouracil
(CMF) or cyclophosphamide, epirubicin, and 5-
fluouracil (CEF) as has been described elsewhere
[2]. Loco-regional radiotherapy was given according
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to guidelines at the participating centres. The use of
endocrine therapy was to be avoided.

Patients were randomised to either oral pamidro-
nate 150 mg twice daily for 4 years or no adjuvant
pamidronate. Each patient was recommended to
take the capsules together with one glass of tap water
while standing or sitting and at least 2 hour before a
meal.

Follow-up

Every 12 weeks for the first year the following
information was recorded: symptoms, side effects,
and results from a clinical examination. Subse-
quently the interval was increased to every 6 months
in the period 2 to 5 years and thereafter annually for
another 5 years.

Before treatment serum alkaline phosphatases,
ionised calcium, and creatinine were measured.
During follow-up these quantities were measured
after 24 and 48 weeks the first year and thereafter
half-yearly for 3 years.

Every 6 months the patients had an x-ray exam-
ination of the spine and pelvis and every year bone
scintigraphies were done for the period of 4 years. In
case the bone scintigraphy showed changes suspect
of metastases an x-ray examination of the relevant
skeletal region was done for confirmation.

All fractures were registered as prospectively
recorded in the patients’ hospital files. Systematic
reviews of spinal x-rays for fractures were not done as
the x-ray procedure was not standardized.

In a small Swedish subgroup of patients bone
mineral density of the lumbar spine and the proximal
femur was measured each year for a maximum
period of 4 years. The same Lunar DPX-L. X-ray
Bone Densitometer, Version 1.35 was used for all
scans in all patients. An estimated coefficient of
variation was in the region of 0.7%.

Staristical analyses

Treatment groups were compared using the log-rank
test, with stratification for centre and group. Multi-
variable analyses were done with Cox’s proportio-
nal hazard regression model. Factors included in
the multivariable analyses were group (A, B, C), age
(<45, 45-49, 50-59, 60-69), tumour size (<20
mm, 21-50 mm, >50 mm), nodal status (0, 1-3, 4—
10, >10 positive combined with 1-3, >3 exam-
ined), type of surgery, histologic type and grade
(ductal grade I, ductal grade II, ductal grade III,
ductal, but grade unknown, other histologic types),
hormone receptor status (oestrogene or progester-
one positive, at least one negative, both unknown),
centre and treatment regimen. Interactions between
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treatment and the covariates group, age, positive
lymph nodes, tumour size and hormone receptor
status were investigated in categories and in separate
models. Model assumptions were evaluated with
log(-log) plots of the survival function, Schoenfeld
residuals, and the inclusion of a time dependent
covariate in the model. The hazard rate of histolo-
gical type and grade as well as hormone receptor
status was not proportional and stratification was
used. Associations were tested with the ¥? test.
Reported p-values are two-sided. All the statistical
survival analyses were done using the SAS package,
version 8.2. The longitudinal structure of the alka-
line phosphatases and bone mineral density data was
analysed using R, version 2.51 (R Foundation for
Statistical Computing, Vienna, Austria) and the
add-in packages lattice and nlme.

Results

During the period from January 1990 to January
1996 a total of 953 patients were recruited into the

trial. The course of the patients in the trial appears
from Figure 1, representing the Consolidation of
Standards for Reporting Trials statement. Both
analysis according to the intention-to-treat principle
and a per-protocol analysis were done. There were
no significant differences in relation to patient chara-
cteristics between the treatment groups (Table I).
Opverall receptor status was balanced, however, there
was a small imbalance with regard to oestrogen
receptor status (p =0.04).

Skeletal events

In the control group 88 of 479 patients had bone
metastases compared to 93 of 450 patients in
the pamidronate group (Figure 2). In the multi-
variable model and analysed as per protocol the
hazard rate ratio for recurrence in bone in the
pamidronate group compared to the control group
was 1.03 (95% confidence interval 0.75-1.40) and
p =0.86. The number of patients with fractures
according to treatment and analysed as per protocol

953 patients randomised

v

493 allocated to pamidronate
493

v

460 allocated to pamidronate
460 assessed for OS

\ 4

14lost to follow-up

h 4

479
recurrence in bone

A

10 lost to follow-up

A

450 assessed for
recurrence in bone

8 patients ineligible
4 had distant metastasis
7| 1 neither group A, B or V
3 unknown

4 self-selected

7| pamidronate
v
o | 102 incomplete fracture
records
\ 4
365 assessed for
fractures

Figure 1. CONSORT diagram showing the course of the trial.
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Table I. Base line characteristics.

Control group Pamidronate
(n=493) (n =460)
Number (%) Number (%)

Group
A 117 (24) 106 (23)
B 209 (42) 202 (44)
C 167 (34) 152 (33)
Age at randomisation
<39 years 74 (15) 75 (16)
40-49 years 237 (48) 207 (45)
50-59 years 114 (23) 107 (23)
60-69 years 68 (14) 71 (15)
Menopausal status
Premenopausal 326 (66) 308 (67)
Postmenopausal 166 (34) 152 (33)
Unknown 1 (0) 0
Locoregional treatment
Lumpectomy 135 (27) 97 (21)
Mastectomy with irradiation 129 (26) 111 (24)
Mastectomy without irradiation 220 (45) 240 (52)
Mastectomy irradiation unknown 8 (2) 11 (2)
Unknown 1 (0) 1 (0)
Axillary lymph node with metastases
None 120 (24) 112 (24)
1-3 positive 204 (41) 179 (39)
>4 positive 146 (30) 149 (32)
Positive, but no. of positive 21 (4) 18 (4)
lymph nodes missing
Unknown 2 (0) 2 (0)
Primary tumour size
0-20 mm 218 (44) 190 (41)
21-50 mm 246 (50) 228 (50)
>50 mm 25 (5) 34 (7)
Unknown 4 (1) 8 (2)
Histology
Ductal adenocarcinoma 434 (88) 407 (88)
Lobular adenocarcinoma 16 (3) 16 (3)
Medullar adenocarcinoma 21 (4) 21 (5)
Other carcinomas 7 (1) 4 (1)
Unknown 15 (3) 12 (3)
Malignancy grade for ductal adenocarcinoma
Grade 1 23 (5) 35 (9)
Grade 2 202 (47) 181 (44)
Grade 3 168 (39) 151 (37)
Unknown 41 (9) 40 (10)
Oestrogen receptor status in primary tumour
Positive 85 (17) 62 (13)
Negative 261 (53) 278 (60)
Unknown 147 (30) 120 (26)
Progesterone receptor status in primary tumour
Positive 54 (11) 51 (11)
Negative 136 (28) 135 (29)
Unknown 303 (61) 274 (60)

appears from Tables II and III. Table II shows
slightly more fractures among patients treated with
pamidronate, but the difference is not significant.
Table III shows the location of fractures in the
skeleton with most of the fractures occurring in the
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Bone Metastasis — Free Survival (%)
100 A

90

80 4

70

+ PAMIDRONATE
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+ 450 359 295 254 221 128
— 479 396 327 283 235 131

Figure 2. Ten-year bone metastasis free survival in the pamidro-
nate (light grey line) and control (black line) groups. Numbers
below the X-axis show patients at risk.

spine. Four patients had more than one fracture, all
in the pamidronate group.

Pamidronate treatment

Information about duration of pamidronate treat-
ment was available for the 417 per-protocol patients
in the pamidronate arm. Median treatment duration
was 1 082 days (range 2-—2 836 days).

Side effects

Possible side effects related to pamidronate treat-
ment are shown in Table IV. However, neither
nausea, vomiting, stomatitis nor abdominal pain
occurred more frequently among pamidronate trea-
ted patients than in control patients.

Bone nuneral density, alkaline phosphatases, ionised
calcium, and creatinine

Bone mineral density was measured in 15 control
patients and in 12 pamidronate treated patients. The
linear mixed models analyses showed a significant
decrease in lumbar bone mineral density in the
control group, p =0.0001 (Figure 3) and a tendency
towards a decrease in the femur, however non-
significant at all measurement locations. Addition-
ally there was a significant interaction between time
and pamidronate treatment in the lumbar spine
(p =0.0092), but not in the femur. No significant
differences between the treatment groups were
found when analysing the biochemical parameters
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Table II. Number of patients with fractures according to ques-
tionnaire.

CMF+ CEF+
CMF CEF pamidronate pamidronate
Therapy (n=197) (n=182) (n=186) (n=161)
Fracture
None 185 (94%) 162 (89%) 167 (90%) 145 (90%)
Fracture 7 (4%) 11 (6%) 15 (8%) 10 (6%)
Unknown 5 (2%) 9 (5%) 4 (2%) 6 (4%)

X2 test for +fracture for pamidronate treatment vs. no pamidro-
nate treatment, p =0.17.

supposed to reflect bisphosphonate effects on bone
metabolism and kidney function.

Survival

No significant differences between the treatment
groups were found with regard to overall survival
(Figure 4).

Discussion

In this medium sized randomised trial, we found no
support for a beneficial effect of oral pamidronate in
patients with early breast cancer. Survival without
bone metastases and overall survival was similar in
the pamidronate and control groups. In addition,
survival without fractures was similar in controls as
compared to patients randomised to pamidronate.
Only 181 among the 953 patients randomised
developed bone metastases despite more than
10 years of potential follow-up, and the low number
of events reduced the statistical power of the current
analysis. Patients randomised in our trial were
not selected according to a high risk of bone
metastasis [10]. This may have contributed to a

Table III. Fracture locations in the skeleton.

CMF+ CEF+

Therapy CMF CEF pamidronate pamidronate

Fracture location

Rib 2 -

Leg 2 1

Arm - 2
1
4

N = N

Pelvis -
Spine 3
Spine and rib - - -
Spine and leg - - -
Spine and pelvis - - - -
Spine, arm, pelvis, and - - 1 -
leg
Unknown - 3 1 1
Total 7 11 15 10

=N W

—_—

lower occurrence of bone related events albeit in
both treatment groups.

We achieved a complete follow-up for overall
survival and less than 3% were lost to follow-up
regarding bone metastases. During the conduct of
the trial, further development of oral pamidronate
was stopped which affected the commitment of both
patients and their physicians. To evaluate the possi-
ble influence of the non-optimal compliance, we
performed a supplementary multivariable analysis of
patients treated per protocol with adjustment for
known risk factors. The results of the intention to
treat and the adjusted per protocol analysis were
identical, and it is unlikely that a closer adherence to
the pamidronate regimen would have changed the
outcome of this trial. The intestinal absorption of the
bisphosphonates is poor and perhaps even more so
with the aminobisphosphonates such as pamidronate
[11]. Poor adherence to the drug regimen resulting
in a shorter duration of treatment adds to this
problem. However, when estimated from the occur-
rence of gastrointestinal side effects pamidronate
was well tolerated. Despite this side effects may have
influenced the patient compliance to the drug in the
long run. However, a highly significant effect of oral
pamidronate in the BMD sub-study suggests an
acceptable bioavailability of oral pamidronate.
Furthermore the bisphosphonates have a wide var-
iance in potency and there may be a link between the
potency of bisphosphonates and the fracture risk
reduction. The low effect of bisphosphonates on the
risk of skeletal events in cancer suggests a difference
in the calcium metabolic and skeletal signalling
pathways affected by bone metastases compared to
the pathways affected by the bisphosphonates. As a
result development of new bone active drugs is
focused on other signalling pathways in bone meta-
bolism illustrated by the use of a human monoclonal
antibody denosumab that binds a factor (RANKL)
essential for osteoclast differentiation, activation,
and survival [12].

However, the very preliminary results from the
small Japanese study with intravenous administra-
tion of pamidronate to patients with primary breast
cancer suggest that intravenous administration is
the best way to give bisphosphonates as it ensures
a correct delivery and avoids the stringent adminis-
tration instructions required for oral bisphospho-
nates [8].

A protective effect was not established of oral
pamidronate concerning bone fractures. A long-term
follow-up was however only completed in approxi-
mately 75% of the randomized patients, and this
might have confounded the analysis. Risk factors for
fractures were not recorded systematically and we



Table IV. Side effects possibly related to pamidronate treatment.

a. Total number of patients (%)

Nausea/ CMF+ CEF+
vomiting CMF CEF  pamidronate pamidronate
None 85 (32) 35 (18) 65 (27) 24 (14)
Slight 83 (31) 59 (30) 83 (34) 69 (40)
Moderate 65 (24) 56 (28) 68 (28) 46 (27)
Severe 30 (11) 44 (22) 26 (11) 32 (19)
Unknown 6 (2) 4 (2) 3 (1) 1(1)
x? test for pamidronate vs. no pamidronate, p =0.18.
b. Total number of patients (%)
Abdominal CMF+ CEF+
pain CMF CEF  pamidronate pamidronate
None 196 (73) 157 (79) 167 (68) 123 (72)
Slight 40 (15) 21 (11) 43 (18) 28 (16)
Moderate 18 (7) 12 (6) 27 (11) 15 (9)
Severe 8 (3) 4 (2) 5(2) 5@3)
Unknown 7 (3) 4 (2) 3 (1) 1 (1)
)(2 test for pamidronate vs. no pamidronate, p =0.07.
c. Total number of patients (%)

CMF+ CEF+
Stomatitis CMF CEF  pamidronate pamidronate
None 147 (55) 83 (42) 122 (50) 79 (46)
Slight 71 (26) 175 (38) 74 (30) 64 (37)
Moderate 37 (14) 28 (14) 40 (16) 25 (15)
Severe 6 (2) 74 5(2) 2 (D)
Unknown 8 (3) 5@3) 4 (2) 2 (1)

xz test for pamidronate vs. no pamidronate, p =0.61.

are therefore unable to perform an adjusted analysis
for fractures.

Only three randomised clinical trials with adju-
vant bisphosphonate in early breast cancer have
been published. In these trials a first generation
bisphosphonate viz. clodronate was used and the
drug was given in an oral formulation. The results
however are conflicting.

In the first trial 302 patients with primary breast
cancer and histochemically detected breast cancer
cells in the bone marrow were randomised to clod-
ronate or no bisphosphonate with a treatment period
of 2 years [5]. After almost 5 years of follow-up the
recurrence rate of bone metastases was significantly
reduced, there was a trend towards reduced occur-
rence of visceral metastases, and a significant in-
crease in overall survival [9]. In the second study
299 women with primary breast cancer and axillary
lymph node metastases were randomised to clodro-
nate or control for 3 years. After 5 years bone
metastases were equally frequent in both groups,
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Figure 3. Lumbar bone mineral density profiles for individual
patients in the pamidronate and control group patients. The
symbol O indicates a measurement point.

non-skeletal metastases were significantly more fre-
quent in the clodronate group, and overall survival
was significantly lower in the clodronate group [6].
The third trial included 1 069 patients with primary
breast cancer. After 2 years of treatment with
clodronate there was a significant increase in overall
survival compared to the control group. After 2 years
of treatment the occurrence of bone metastases in

Overall Survival (%)

100
90
80
70
60
50
40
30 -
20 1 — + PAMIDRONATE
°1 " — PAMIDRONATE
O,
I I | | I I I I I I I
0 1 2 3 4 5 6 7 8 9 10
Years
+ 460 394 316 276 245 207
- 493 439 359 317 278 227

Figure 4. Ten-year overall survival in the pamidronate (light grey
line) and control (black line) groups. Numbers below the X-axis
show patients at risk.
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the clodronate group was significantly lower, but
the difference had disappeared after 5 years of
follow-up. The effect on overall survival remained
after 5 years [7].

However, even if the bisphosphonates fail in the
oncological connection a long-term beneficial effect
on bone metabolism as regards osteoporosis may be
present and could be utmost relevant due to the
increasing use of aromatase inhibitors in the adju-
vant setting [13]. The subgroup results of the bone
mineral density measurements are in accordance
with observations from large bisphosphonate osteo-
porosis studies [14] and they support a bone mineral
preserving effect of pamidronate in this small sample
of patients from the trial. Interestingly a recent
randomised trial has shown that once-yearly infusion
of the bisphosphonate zoledronic acid reduces the
occurrence of vertebral, hip, and nonvertebral frac-
tures in postmenopausal women [15].

In conclusion, data from our trial do not support a
beneficial effect of oral pamidronate on the occur-
rence of bone metastases and fractures in patients
with primary breast cancer receiving adjuvant che-
motherapy. Due to the intriguing but contradictory
results of the trials with adjuvant oral bisphospho-
nate the ability of these drugs to reduce the
incidence of bone metastases in patients with pri-
mary breast cancer remains unsolved and the results
of ongoing trials are awaited. If the bisphosphonates
prove to have antimetastatic effects it remains to be
established which drugs are optimal, which dose and
schedule should be used, and how long the duration
of treatment should be. Optimally these questions
should be studied in breast cancer patients with
axillary lymph node metastases and in patients with
local or regional recurrence or recurrence in soft
tissue [10].
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