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Summary Bone metastases are common in patients with breast cancer and cause con-

siderable morbidity and deterioration of the quality of life. The main patho-
genetic mechanism is stimulation of osteoclastic bone resorption by factors produced by
the cancer cells. Pamidronate given intravenously suppresses bone resorption and is an
effective treatment of malignancy-associated hypercalcemia. Recent data indicate that it
can also reduce skeletal morbidity in normocalcemic patients with breast cancer and
osteolytic metastases. In a series of studies we examined the long-term efficacy of oral
pamidronate in the prevention and treatment of skeletal metastases in patients with breast
cancer. In patients with bone metastases oral pamidronate given for a median period of
about 20 months reduced significantly skeletal morbidity and had a favourable effect on
selective aspects of the quality of life of the patients. Treatment did not alter the radiologi-
cal course of the disease or the overall survival of the patients. In contrast, oral pamidronate
given to patients with advanced breast cancer but no demonstrable bone metastases did
not prevent or delay the appearance of the first clinical or radiological manifestation of bone
metastases. This treatment is therefore very effective in patients with established meta-
static bone disease. More studies are needed to define the place of pamidronate (and of
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other bisphosphonates) in the prevention of bone metastases in patients at risk.
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Pathogenesis and morbidity of bone
metastases

The skeleton is a common site of distant
metastases from cancers of the breast, the pros-
tate, the thyroid, the kidney and the lung. About
70% of the patients with advanced breast cancer
have clinically manifest metastatic bone disease
and 85% of them at autopsy. Similar incidences
have been reported in men with prostate cancer.
Bone metastases cause severe morbidity and
deterioration of the quality of life. Pain is the domi-
nant complaint occurring in 60-75% of patients.
It was estimated that pain due to bone
metastases accounts for about 40% of all cancer-
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related pains. There is, however, no clear corre-
lation between the extent of metastatic bone dis-
ease and the severity of bone pain? Pathological
fractures occur in up to 30% of patients with bone
metastases and affect mainly the proximal femur
(50% of the cases) or the humerus (15%). Verte-
bral fractures may eventually occur in the major-
ity of patients with osteolytic metastases?®. Verte-
bral collapse, spinal angulation or dislocation and
expansion of the malignant tissue into the epidural
space can cause spinal cord compression. Such
complications occur in up to 20% of patients with
metastases in the spine and spinal cord compres-
sion. Such complications occur in up to 20% of
patients with metastases in the spine and spinal
cord compression is localized more frequently in
the thoracic spine*. Hypercalcemia occurs in about
10% of patients with bone metastases and indi-
cates excessive and rapidly progressive bone
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destruction. Hypercalcemia, however, may also
occur in the absence of demonstrable skeletal
metastases®.

Bone metastases are not indicative of termi-
nal stages of the disease and do not cause mor-
tality, unless complicated by hypercalcemia. On
the contrary, the disease often runs a protracted
clinical course and patients may live long and
suffer from the consequences of bone metas-
tases. In breast cancer, for example, the median
survival time after first recurrence in the skeleton
is 16 to 24 months, extending to several years if
the metastases are confined to the skeleton®.
Thus palliative therapy aiming at reducing skeletal
morbidity is essential.

The metastatic process is far from random and
involves a complex cascade of events. Metasta-
sis to the skeleton is a selective process and only
a limited number of neoplasms metastasize pref-
erentially to bone’. The mechanism(s) responsible
for this selectivity is not yet known. The malignant
cells are seeded in the bone marrow, they in-
crease osteoclastic bone resorption and they in-
vade the bone. The main mechanism responsible
for bone destruction is stimulation of the formation
and activity of osteoclasts by factors secreted by
the tumour cells, leading to increased bone
resorption. Some tumours, such as prostate can-
cer, secrete factors which mainly stimulate bone
formation, leading to predominantly osteos-clerotic
metastases. The features of osteolytic and
osteosclerotic metastases are probably determi-
ned by the net balance of tumour-derived factors.
Last but not least, systemic tumour-derived
humoral factors, such as parathyroid hormone-
related protein, can stimulate osteoclastic bone
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resorption but may also be found in metastatic
sites®?.

Bisphosphonates in the management of
metastatic bone disease

For most cancers there is no cure once
metastases develop. Therapy aims at reducing
symptoms and maintaining a good quality of life.
Palliative care for bone metastases with currently
available measures is far from optimal and thera-
pies which effectively control or prevent skeletal
morbidity are needed. Because enhanced osteo-
clastic bone resorption is the main pathogenetic
mechanism of the development and progression
of bone metastases, antiresorptive agents such
as bisphosphonates present an attractive thera-
peutic option.

In 1979 it was shown for the first time that
pamidronate treatment can inhibit tumour-induced
osteolysis in normocalcemic patients with bone
metastases’®. Since then a number of studies with
pamidronate or other bisphosphonates have ad-
dressed this issue. Two principal approaches have
been used with pamidronate. The first is with in-
termittent intravenous infusions and the second
with continuous oral administration of the drug. In
controlled studies of patients with breast cancer
and osteolytic metastases intravenous pamidro-
nate 45 mg every 3 weeks or 90 mg every 4
weeks was shown to reduce significantly the
progression of bone metastases as well as skel-
etal morbidity'" 3. Our experience with continuous
oral administration of pamidronate is summarized
in the following paragraphs.

TABLE 1.- Mean event rate” (total number of events) in 81 pamidronate and 80 control patients

Hypercal- Bone pain Impending Systemic Radio-

cemia fracture therapy therapy

pamidronate 0.5 (5) 2.6 (37) 0.5 (9) 4.1 (64) 2.6 (35)
p 0.003 0.004 0.02 0.005 0.002

* was calculated per patient as the occurrence of events on the basis of 100 months of follow-up

110



Oral pamidronate in patients with breast
cancer and bone metastases

Because breast cancer patients with skeletal
metastases may survive long requiring long-term
palliative therapy we decided to treat them with
oral, rather than with intravenous pamidronate'.
A final report of this study was published in
1993'%. One hundred and sixty one patients with
breast cancer and bone metastases were
randomized to receive pamidronate (81) or were
used as controls (80), for a median period of 18
and 21 months, respectively. The dose of pami-
dronate was 600 mg in the early stage of the
study and was reduced to 300 mg/d because of
gastrointestinal side effects which were attributed
to the drug. Fifty two of the 81 patients received
300 mg/d from the beginning. Decisions about
cancer therapy were left to the treating oncolo-
gists. Events of skeletal morbidity and related
therapies were recorded and bone scans and
skeletal radiographs were made. Quality of life
was assessed by a questionnaire containing items
of 4 domains relating morbidity due to bone
metastases or to pamidronate treatment, namely
bone pain, mobility impairment fatigue and
gastrointestinal side effects.

An intention to treat analysis showed significant
reduction of the overall skeletal morbidity in
pamidronate-treated patients (p = 0.02). Episodes
of hypercalcemia, bone pain and symptomatic
impending pathological fractures were reduced by
65%, 30% and 50%, respectively. These re-
sponses were associated with significant de-
creases in the need for systemic antitumour
therapy and radiotherapy by 35% (Table 1). The
number of pathological fractures was also reduced
(8 in the pamidronate group, 15 in the control
group) but the difference did not reach signifi-
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cance due to the low numbers. It should be noted
that the effect of pamidronate on skeletal morbid-
ity started early and was gradual persisting over
time. Despite the favourable clinical and biochemi-
cal responses to pamidronate therapy, there were
no differences in the radiological course of the dis-
ease between the two groups. The overall survival
was also comparable as might be expected by
a treatment which has no direct antitumour ef-
fects.

The reduction of the dose of pamidronate early
in the study allowed an analysis of dose differ-
ences and results suggested a dose-dependent
effect on events of skeletal morbidity. The effect
of pamidronate treatment on skeletal morbidity
was associated with measurable improvement in
selective aspects of the quality of life, assessed
by a questionnaire'®. There were significant fa-
vourable early responses of bone pain and mobil-
ity. There were no differences, however, in the
level of fatigue between the groups and, perhaps
surprisingly, in the frequency of gastrointestinal
complaints. As in the overall analysis these re-
sponses were also dose-dependent with better im-
provements in pain and mobility in patients treated
initially with the higher dose.

Pamidronate treatment was associated with
gastrointestinal toxicity (mainly nausea and vom-
iting) leading to withdrawal of 25% of the patients
from the trial. However, in the analysis of the qua-
lity of life survey the frequency of gastrointestinal
complaints was similar in both groups of patients.
A detailed analysis suggested that gastrointestinal
toxicity was associated more with disease and
prognosis-related factors' . Thus, although
there is primary, dose-dependent, intolerance to
oral pamidronate these results indicate that in
cancer patients other factors such as concurrent
cytotoxic therapy and disease progression should

TABLE 2.- First events” of skeletal morbidity in 65 pamidronate and 59 control patients with
breast cancer without bone metastases

Hypercal- Systemic Radiotherapy Pathological
cemia therapy fracture
pamidronate 2 12 1 0
control 2 8 4 1

* presenting events occurred simultaneously in 1 pamidronate and 3 control patients
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be also considered when interpreting gastroin-
testinal toxicity.

Oral pamidronate in patients with breast
cancer without bone metastases

The question which arises from these studies
is whether pamidronate treatment given in the
bone metastases-free stage of the disease may
prevent or delay the development of metastases
to the skeleton. We addressed this question in a
phase lll study of patients with breast cancer with
a high risk of bone metastases but no evidence
of skeletal involvement at study entry. Patients
with locally advanced breast cancer (UICC stage
111) or with extraskeletal metastases were included
in the study (33 and 91, respectively). These were
randomized to a pamidronate or to a control group
as in the previous study. It is important to note
that in the analysis we focused on the first clini-
cal and radiological manifestation of skeletal in-
volvement. A detailed report of this study was re-
cently published'’.

There were no differences in the number and
type of the first event of skeletal morbidity be-
tween the pamidronate and the control group.
After a median period of observation of 19+
months 14/65 pamidronate patients and 12/59
control patients developed signs of metastatic
bone disease (Table 2). The risk of a first event
of skeletal morbidity determined by actuarial
analysis was also similar between the groups.
Radiological evidence (bone scan and/or radio-
graphs) of bone metastases was found in 36% of
pamidronate-treated patients and in 27% of the
controls. In agreement with these results, the
quality of life evaluation failed to reveal differences
between the two groups. Thus pamidronate treat-
ment in the dose and mode of administration used
in this study, did not prevent or delay the first
manifestation of bone metastases in patients with
breast cancer at high risk but no demonstrable
bone metastases. Apart from the dose which in
patients without metastases has probably a wider
rather than a selective distribution in the skeleton,
other factors may also be contributing to the lack
of an effect. For example, it is not known whether
the production of factors by the tumour cells or
their interactions with surrounding tissues are the
same or are acquired during interactions with the
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bone marrow stroma and the bone matrix. More
information on these issues are clearly needed.
In conclusion, long-term therapy with oral pami-
dronate 300 mg/d reduces significantly skeletal
morbidity and improves certain aspects of the
quality of life of patients with breast cancer and
skeletal metastases. This mode of treatment can-
not, however, prevent or delay the first manifes-
tation of bone metastases in patients at risk but
no demonstrable skeletal involvement at the start
of therapy. This outcome may be improved with
more potent compounds, or different modes of ad-
ministration, but clearly more studies on the inter-
actions of bisphosphonates, breast cancer cells,
bone marrow and bone matrix are needed' .

Acknowledgement: Our studies were supported by
the Dutch Cancer Society (CKVO 83/09, 88/02), the Pre-
vention Fund (28-B/141) and the Dutch Organization for
Scientific Research (NWO 900-541-191).

Resumen

Uso de pamidronato oral en la prevencion y el
tratamiento de las metastasis esqueléticas de
pacientes con cancer de mama

Las metastasis o0seas son habituales en pa-
cientes con cancer de mama y causan conside-
rable morbilidad y deterioro de la calidad de vida.
El principal mecanismo patogenético es la
estimulacion de la resorcion 6sea osteoclastica
por factores originados por las células cancero-
sas. Pamidronato administrado por via intra-
venosa suprime la resorcion 6sea y es un trata-
miento efectivo para la hipercalcemia maligna
asociada. Datos recientes indican que también
puede reducir la morbilidad esquelética en pacien-
tes normocalcémicas con cancer de mama y
metastasis osteoliticas. En una serie de estudios
examinamos la eficacia a largo plazo de pami-
dronato oral en la prevencion y tratamiento de
metastasis esqueléticas en pacientes con cancer
de mama. En pacientes con metéastasis dseas,
pamidronato oral administrado por un periodo
medio de alrededor de 20 meses redujo signi-
ficativamente la morbilidad esquelética y tuvo un
efecto favorable sobre aspectos selectivos en la
calidad de vida de los pacientes. El tratamiento
no alteré el curso radiolégico de la afeccién o la
sobrevida general de los pacientes. Por el con-
trario, pamidronato oral administrado a pacientes
con cancer de mama avanzado pero sin metas-
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tasis 6seas demostrables, no previno ni demoré
la aparicion de la primera manifestacion clinica o
radioldgica de metastasis 6sea. Este tratamiento
es por lo tanto muy efectivo en pacientes con
efermedad o0sea metastatica establecida. Se ne-
cesitan mas estudios para definir el papel del
pamidronato (y de otros bisfosfonatos) en la pre-
vencion de metastasis en pacientes de riesgo.
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