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ABSTRACT

Background Bisphosphonates are effective against
the increased bone resorption caused by certain dis-
eases because they inhibit the activity of osteoclasts.
In patients who have breast cancer and metastatic
bone disease, the bisphosphonate clodronate (clo-
dronic acid) reduces the frequency of skeletal com-
plications. Experiments in animals and preliminary
clinical observations indicate that early clodronate
therapy reduces the incidence of new bony me-
tastases in breast cancer. We investigated the effects
of clodronate on the incidence and extent of new
metastases in patients with breast cancer.

Methods Between 1990 and 1995, 302 patients with
primary breast cancer and tumor cells in the bone
marrow (the presence of which is a risk factor for the
development of distant metastases) were randomly
assigned to receive clodronate at a dose of 1600 mg
per day orally for two years (157 patients) or stand-
ard follow-up (145 patients). The median length of
observation was 36 months. All patients in both
groups received standard surgical treatment and cus-
tomary hormonal therapy or chemotherapy.

Results Distant metastases were detected in 21
patients in the clodronate group and in 42 patients in
the control group (P<0.001). The incidence of both
osseous and visceral metastases was significantly
lower in the clodronate group than in the control
group (P=0.003 for both osseous and visceral me-
tastases). Six patients in the clodronate group died,
as did 22 in the control group (P=0.001). The mean
number of bony metastases per patient in the clo-
dronate group was roughly half that in the control
group (3.1 vs. 6.3).

Conclusions Clodronate can reduce the incidence
and number of new bony and visceral metastases in
women with breast cancer who are at high risk for
distant metastases. (N Engl J Med 1998;339:357-63.)
©1998, Massachusetts Medical Society.

ISPHOSPHONATES are pyrophosphate an-
alogues that inhibit the formation and dis-
solution of calcium phosphate crystals in vi-
tro. In vivo, bisphosphonates bind strongly
to hydroxyapatite on the bone surface. Used thera-
peutically, bisphosphonates inhibit osteoclast-medi-
ated bone resorption by mechanisms that are not
fully understood.}? Clinical trials have demonstrated
the anti-osteolytic effect of bisphosphonates in pa-
tients with breast cancer and bone metastases. In
such patients, bisphosphonates significantly reduced
the incidence of hypercalcemia, bone pain, and path-
ologic fractures, but overall survival was not pro-
longed.*¢ In experiments in animals, bisphosphonates
have been shown to produce a significant reduction
in the appearance of new metastases to bone.”® Clo-
dronate (clodronic acid), a bisphosphonate, was also
shown to reduce the number of new skeletal metas-
tases in patients with breast cancer who had ad-
vanced local or distant disease without preexisting
bony metastases.®
In the present study, we evaluated the effect of
treatment with oral clodronate (Ostac, Boehringer
Mannheim, Mannheim, Germany) during a period
of two years in patients with primary breast cancer.
The primary end points were the incidence and
number of new bony and visceral metastases and the
length of time to their appearance; skeletal compli-
cations were not included in these end points. Only
patients in whose bone marrow tumor cells were
found at the time of surgery were enrolled in the
study. Even if there is no involvement of the axillary
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lymph nodes, the presence of tumor cells in the
bone marrow (minimal residual cancer) portends a
high risk of subsequent metastasis.0-1

METHODS
Patients

This prospective, randomized, and non-placebo-controlled
study was carried out at the University Hospital Heidelberg be-
tween February 1990 and April 1997 (enrollment of patients
ended in November 1995). The criteria for inclusion were pri-
mary breast cancer that was classified as being at stage T1, T2,
T3, or T4 and histologically classified as stage NO, N1, or N2
(i.e., tumor size ranged from less than 2 cm to more than 5 cm,
and ipsilateral lymph-node metastases were either absent or
present and, if present, either movable or fixed) (Table 1); immu-
nocytochemical detection of at least one tumor cell in a bone
marrow aspirate; and provision of written informed consent. Cri-
teria for exclusion were confirmed distant metastasis, previous or
simultaneous secondary malignant disease, neoadjuvant chemo-
therapy or hormone therapy, skeletal disease, serious functional
disorders of the liver or kidneys, and pregnancy. The study design
was reviewed and approved by the ethics board of the Faculty of
Clinical Medicine of the University of Heidelberg.

The inclusion criteria were met by 302 patients, who were ran-
domly assigned either to treatment with clodronate or to the con-
trol group. Randomization was carried out postoperatively after
the results of the histologic examination, assessment of prognos-
tic factors, and tumor-cell immunocytologic studies had been re-
ceived, but before a decision was made regarding adjuvant sys-
temic treatment. No stratification according to the type of adjuvant
treatment was undertaken. The control group consisted of 145
patients, 3 of whom refused to undergo follow-up examinations,
leaving 142 patients who could be evaluated. Of the 157 patients
in the bisphosphonate group, 13 were excluded because therapy
was stopped for unknown reasons (4 patients), because of side ef-
fects (7), or because there was insufficient compliance with ther-
apy in the first two to three months (2). Two additional patients
were lost to follow-up, leaving 142 patients in the bisphosphonate
group who could be evaluated. All 302 patients were included in
the intention-to-treat analysis.

Therapy

The primary surgical therapy consisted of either mastectomy or
breast-conserving surgery (lumpectomy or segmental resection
plus 50 Gy of radiotherapy to the breast). Axillary lymphadenec-
tomy (levels I and IT) and iliac-crest bone marrow aspiration were
carried out in all patients. The marrow was processed, stained,
and evaluated according to a standardized procedure, as de-
scribed elsewhere.%!! Tumor cells in bone marrow were identified
immunocytologically by the presence of the tumor-associated
glycoprotein TAG 12.

Adjuvant systemic therapy was based on the recommendations
of the German Adjuvant Breast Cancer Group and the guidelines
of the St. Gallen Consensus Conferences. All patients with axil-
lary-lymph-node involvement and all node-negative patients with
other factors indicating a poor prognosis received adjuvant sys-
temic treatment. Menopausal status, steroid hormone-receptor
status, and tumor size were taken into account in making thera-
peutic decisions, but the presence or absence of tumor cells in
bone marrow was not a factor in the decision. Patients were treat-
ed with 30 mg of tamoxifen daily for 2 years (92 patients); stand-
ard cyclophosphamide (500 mg per square meter of body-surface
area), methotrexate (40 mg per square meter), and fluorouracil
(600 mg per square meter) on day 1 and day 8 of every 28-day
cycle for six cycles (63 patients); six cycles of cyclophosphamide
(600 mg per square meter) and epirubicin (90 mg per square
meter) every 21 days, with or without 600 mg of fluorouracil per
square meter (17 patients); 3.6 mg of goserelin monthly for
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TABLE 1. CLINICAL AND PATHOLOGICAL FACTORS IN THE
302 PATIENTS WITH BREAST CANCER IN WHOM TUMOR CELLS
WERE DETECTED IN BONE MARROW.

ALl CLODRONATE ConTROL
PATIENTS GRrouP GRroup
FAcTOR* (N=302) (N=157) (N=145)
no. (%)
Tumor staget
T1 113 59 (38) 54 (37)
T2 138 71 (45) 67 (46)
T3 35 17 (11) 18 (12)
T4 16 10 (6) 6 (4)
Nodal statust
NO 143 77 (49) 66 (46)
N1 or N2 159 80 (51) 79 (54)
Estrogen-receptor status§
Positive 188 104 (75) 84 (71)
Negative 69 35 (25) 34 (29)
Progesterone-receptor status§
Positive 157 85 (62) 72 (63)
Negative 93 51 (38) 42 (37)
Menopausal status
Premenopausal 113 56 (36) 57 (39)
Postmenopausal 189 101 (64) 88 (61)
Histologic gradeq
Torll 185 93 (68) 92 (73)
111 78 44 (32) 34 (27)
S-phase fraction||
<5% 111 59 (50) 52 (51)
=5% 109 60 (50) 49 (49)

*There were no significant differences between groups for any of the fac-
tors listed.

tTumors and axillary lymph nodes were staged according to criteria of
the Union International contre le Cancer. T1 denotes tumor <2 c¢m in
greatest dimension, T2 tumor >2 c¢m to 5 cm in greatest dimension, T3
tumor >5 cm in greatest dimension, and T4 tumor of any size with direct
extension to chest wall or skin.

$NO denotes no regional lymph-node metastasis, N1 metastasis to one
or more movable ipsilateral axillary lymph nodes, and N2 metastasis to one
or more ipsilateral axillary lymph nodes fixed to another node or to other
structures.

§Positive status was defined as =20 fmol of protein per milligram, and
negative status as <20 fmol of protein per milligram. A total of 257 tumors
were tested for estrogen-receptor status, and 250 for progesterone-receptor
status.

YA total of 263 tumors were graded histologically. Tumors were graded
according to the Scarf-Bloom—Richardson classification. Grade I indicates
a well-differentiated tumor, grade IT a moderately well differentiated tumor,
and grade IIT a poorly differentiated tumor.

| The S-phase fraction was measured in 220 tumors.

2 years (27 patients); or a combination of tamoxifen plus cyclo-
phosphamide, methotrexate, and fluorouracil (47 patients). Fifty-
six patients received no further systemic treatment.

Patients assigned to the clodronate group received 1600 mg of
oral clodronate per day for two years. They were instructed to
take four capsules of clodronate (400 mg each) every morning at
least one hour before breakfast and were instructed to take the
capsules only with water and never with meals containing calcium.

Various endocrine therapies (antiestrogen agents, luteinizing
hormone-releasing hormone analogues, aromatase inhibitors,
and progestins) were used in patients with confirmed metastases.
Antineoplastic agents were given in the event of rapid progression
or extensive metastases. Clodronate therapy was continued in all
patients with metastatic disease in the clodronate group and was
started in patients in the control group in whom metastases to
bone were identified. Osteolytic lesions were irradiated in the
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event of bone pain or the threat of pathologic fractures. Intrave-
nous clodronate (1500 mg over a period of two hours) was ad-
ministered to patients with hypercalcemia.

Follow-up

Follow-up investigations were carried out in the University
Women’s Hospital for all patients according to a standard proto-
col. The interval between investigations was three to four months
during the first two years. At every visit, a history was taken and
a physical examination was performed; chest radiography, bone
scanning, ultrasonographic examination of the liver, and mam-
mography were performed yearly. Laboratory tests (blood counts
and measurements of tumor antigens in serum) were carried out
every three months. If there was evidence of metastases to bone,
additional x-ray films were obtained of the affected areas. The
pattern of metastasis was analyzed at the end of the study. Bone
lesions seen on radiographs were assessed by two independent ra-
diologists. Skeletal complications were recorded as events, but
they were not included in the statistical analysis.

Statistical Analysis

The initial statistical projection was that, after 36 months of
follow-up, there would be a difference of 10 percent between the
groups in the rate of bony metastasis. This assumption was based
on our previous studies of tumor-cell detection. The planned size
of the sample was 300 patients. The data were last updated in
March 1997. The chi-square test was used to assess differences in
the frequency of individual prognostic factors between the groups.
Kaplan—Meier analyses and the log-rank test were used to inves-
tigate differences in overall and metastasis-free survival. All P val-
ues were two-sided. Statistical data processing was carried out
with SAS software (SAS Institute, Cary, N.C.) and Systat software
(Systat, Evanston, IIL.).

RESULTS
Characteristics of the Patients

The median age of the patients was 51 years
(range, 24 to 78). Tumors in stage T2 were most
common (46 percent of patients), followed by tu-
mors smaller than 2 cm (37 percent) and stage T3
or T4 tumors (17 percent) (Table 1). The nodal sta-
tus was negative in 143 patients (47 percent), where-
as the axillary lymph nodes were involved in 159 (53
percent). Of 257 primary tumors tested, 188 (73 per-
cent) were estrogen-receptor—positive; 157 of 250
tumors tested (63 percent) were progesterone-recep-
tor—positive. A total of 113 patients (37 percent)
were premenopausal, and 189 (63 percent) were
postmenopausal. With regard to grading, 185 of the
263 primary tumors we assessed were grade I or II
(70 percent) and 78 were grade III (30 percent)
(Table 1). The chi-square test showed that there were
no significant differences in the distribution of the
individual characteristics and prognostic factors be-
tween the clodronate and control groups.

Adjuvant Systemic Treatment

Of the 302 patients who were initially enrolled,
246 (81 percent) received adjuvant systemic treat-
ment (Table 2). There was no significant difference
in the proportion of patients receiving adjuvant ther-
apy between the control and clodronate groups.

Downloaded from www.nejm.org on December 1, 2009 .

TABLE 2. ADJUVANT SYSTEMIC TREATMENT
IN PATIENTS WITH BREAST CANCER.*

ALl CLODRONATE ConTRoOL
PATIENTS Grour Grour
THERAPY (N=302) (N=157) (N=145)
no. (%)
CMF (standard) 63 (21) 31 (20) 32 (22)
EC or FEC 17 (6) 8(5) 9 (6)
Tamoxifen 92 (30) 49 (31) 43 (30)
Goserelin 27 (9) 16 (10) 11 (8)
Chemotherapy and endocrine 47 (16) 25 (16) 22 (15)
therapyt
No adjuvant treatment 56 (19) 28 (18) 28 (19)

*CMF denotes cyclophosphamide, methotrexate, and fluorouracil; EC,
epirubicin and cyclophosphamide; and FEC, fluorouracil, epirubicin, and
cyclophosphamide. See the Methods section for details of all regimens.

tChemotherapy and endocrine therapy consisted of tamoxifen plus stand-
ard CME

TABLE 3. INCIDENCE OF METASTATIC DISEASE AND DEATH
IN THE CLODRONATE AND CONTROL GROUPS AFTER A MEDIAN
FoLLow-uP OF 36 MONTHS.

ALL CLODRONATE  CONTROL
PATIENTS GRrouP GroupP P
OuTcoME (N=302) (N=157) (N=145) VALUE*
no. (%)
Distant metastasis 63 21 (13) 42 (29) <0.001
Bony metastasist 37 12 (8) 25 (17) 0.003
Visceral metastasist 40 13 (8) 27 (19) 0.003
Death 28 6 (4) 2 (15) 0.001
mean
No. of bony metastases 3.1 6.3 0.004%

per patient

*P values were derived by the log-rank test, unless otherwise specified.

tPatients with synchronous visceral and bony metastases are included in
both groups.

1The P value was derived by the Mann—-Whitney—Wilcoxon test.

Follow-up and Pattern of Metastasis

During the median observation period of 36
months, distant metastases (bone or visceral) were
detected in 21 women in the clodronate group and
in 42 women in the control group (Table 3). In the
clodronate group, metastases to bone developed in
12 women and visceral metastases in 13 women,
whereas in the control group there were 25 women
with bony metastases and 27 with visceral metasta-
ses. Twenty-two patients (15 percent) in the control
group died, as compared with six patients (4 per-
cent) in the clodronate group. Furthermore, the mean
number of bony metastases per patient was about
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Figure 1. Kaplan—Meier Curves for Metastasis-free Survival and Overall Survival after Primary Surgery
among 157 Patients Treated with Clodronate and 145 Controls.

P values were derived with the log-rank test. The numbers of patients below the panels are the num-

bers at risk.

twice as high in the control group (6.3) as in the
clodronate group (3.1, P=0.004).

The Kaplan—Meier curves showed significant dif-
ferences between the two groups in metastasis-free
survival (P<<0.001) and overall survival (P=0.001)
Fig. 1). The differences were also significant with re-
gard to the proportion of patients with bony metas-
tases (P=0.003) and visceral metastases (P=0.003)
(Fig. 2).

DISCUSSION

In this study of women with breast cancer, we
found that oral treatment with 1600 mg of clodro-
nate per day for two years in addition to standard
surgical and systemic therapy significantly reduced
the incidence of osseous and nonosseous metastases.
There was an even distribution of possible confound-
ing factors such as the receipt of chemotherapy, en-
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docrine therapy, or no therapy, in the two groups of
patients, perhaps because of the randomization pro-
cedure. After a median follow-up of 36 months, the
number of metastatic bony lesions per woman was
twice as high in the control group as in the clo-
dronate group. All the women in this study had a
high risk of distant metastases, as indicated by the
presence of tumor cells in the bone marrow. We and
others have shown that the presence of tumor cells
in the bone marrow is a strong predictor of early
hematogenic metastasis.!''13 Tumor cells were found
in the bone marrow in 55 percent of node-positive
patients with breast cancer and 31 percent of node-
negative patients, and their presence was significant-
ly associated with larger tumors, positive lymph
nodes, and other unfavorable prognostic factors.
There was a strong correlation between the presence
of tumor cells in the bone marrow and the subse-
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Figure 2. Kaplan—-Meier Curves for Survival Free of Bony Metastases and Survival Free of Visceral Me-
tastases among 157 Patients Treated with Clodronate and 145 Controls.

P values were derived with the log-rank test. The numbers of patients below the panels are the num-

bers at risk.

quent detection of distant metastasis. Indeed, the
presence of tumor cells in the marrow was found to
be the most powerful predictor of outcome, supe-
rior even to nodal status in predictive value.!!

In about three quarters of women who eventually
die of breast cancer, bony metastases develop. Pa-
tients with skeletal metastases have relatively favor-
able survival times, but the course of their diseases
is complicated by bone pain, pathologic fractures,
spinal cord compression, and hypercalcemia.!4-16

Bisphosphonates such as clodronate are potent in-
hibitors of bone resorption. They have been used for
years to reduce skeletal complications of manifest
bony metastasis, both in patients with breast cancer
and in those with other types of solid tumor. Al-
though only 4 to 5 percent of clodronate is ab-
sorbed when it is given orally, the efficacy of the
drug in disease with metastases to bone is very good.

Downloaded from www.nejm.org on December 1, 2009

Furthermore, oral therapy is safe and has a low rate
of side effects.®1719

In the early phase of the metastasis of breast can-
cer to bone, osteolytic factors produced by the met-
astatic cells, such as parathyroid hormone-related
protein, activate osteoclasts. There is evidence that
growth factors, such as transforming growth factor
and insulin-like growth factor, are released when
bone matrix is degraded. These growth factors may
promote the proliferation of tumor cells.20.21 Bis-
phosphonates can influence this interaction between
tumor cells and bone cells at a very early stage. Like
other bisphosphonates, clodronate inhibits bone de-
struction by inhibiting the activity of osteoclasts.
The therapeutic effect of the bisphosphonates is more
likely to be due to a protective effect on uninvolved
skeleton than to recalcification of existing lytic le-
sions.19:22
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In experiments in animals, the timely use of eti-
dronate, clodronate, pamidronate, and risedronate
markedly reduced both the extent of tumor-induced
osteolysis and the metastatic tumor burden.2328 In
rats that were simultaneously inoculated with tumor
cells and treated with risedronate, significantly fewer
bony metastases developed than was the case in un-
treated control animals.”

Elomaa et al.” reported that the use of clodronate
in patients with breast cancer who already had me-
tastases to bone led to a reduction in the number of
new metastases. This observation was confirmed by
Kanis et al.? in a study of patients with advanced
local or distant breast cancer but without skeletal in-
volvement. In their study, Kanis et al. found that
oral treatment with 1600 mg of clodronate per day
for three years significantly reduced the number of
new bony metastases.

Our results also show that clodronate significantly
reduces the incidence of new skeletal metastases in
women with breast cancer. The mechanism of this
effect is uncertain. There are no reports of cytotoxic
effects of bisphosphonates at therapeutic doses, but
these compounds can induce apoptosis, at least in
osteoclasts and macrophage-like cells, and they can
suppress the paracrine activity of macrophages.29-31
There are also reports that adhesion molecules on
breast-cancer cells and the surface of the bone ma-
trix are altered by bisphosphonates.32:33 Yoneda et
al.3* showed that the combination of the bisphos-
phonate ibandronate (ibandronic acid) and the tis-
sue inhibitor of matrix metalloproteinase 2 reduced
bony metastases when human breast-cancer cells were
inoculated into immunodeficient mice.

Because the observation period was only 36
months in the present study, the results may simply
have been due to a drastic reduction in the growth
of bony metastases, rendering them undetectable by
conventional means. Later follow-up will show wheth-
er clodronate merely prolonged bony-metastasis—
free survival or whether bony metastases were actu-
ally prevented from developing.

The reduction in nonosseous metastases in the
group of women given clodronate was unexpected.
This effect has never been seen in experiments in
animals. In fact, some investigators feared that bis-
phosphonates could lead to a shift in the pattern of
metastasis toward a greater frequency of visceral me-
tastases. The processes relevant to osseous metastasis
(apoptosis and alteration of adhesion molecules and
proteases) could, however, also have a role in the de-
velopment of visceral metastasis. Another factor may
be synergy between cytotoxic agents and bisphos-
phonates. There is little evidence of such synergy,
but investigations in animal models have shown that
combinations of paclitaxel and alendronate® and of
ibandronate and doxorubicin (Yoneda T, Mundy GR:
personal communication) are more effective than
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the compounds given individually in preventing the
occurrence and development of new osseous and
nonosscous metastases. We assume that bisphospho-
nates interfere with the adhesion and invasiveness
of tumor cells by changing the microenvironment,
whereas cytotoxic drugs suppress cell proliferation.
We suggest that by attacking tumor cells and chang-
ing the microenvironment at the metastatic site, the
combination of bisphosphonates and cytotoxic agents
produces a “two-hit” effect that reduces the devel-
opment of metastases in patients with breast cancer.

Supported by a grant from Bochringer Mannheim.
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