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Purpose: To identify patient populations at high risk
for bone metastases at any time after diagnosis of oper-
able breast cancer, because these patients are potential
beneficiaries of treatment with bisphosphonates.

Patients and Methods: We evaluated data from
6,792 patients who were randomized in International
Breast Cancer Study Group clinical trials between 1978
and 1993. Median follow-up was 10.7 years. A total of
1,275 patients (18.7%) presented with node-negative
disease, whereas 3,354 patients (49.4%) had one to
three and 2,163 patients (31.9%) had four or more
involved axillary lymph nodes. We also assessed the
incidence of subsequent bone metastases in the cohort
of 1,220 patients who had a first event in local or
regional sites or soft tissue alone. Median follow-up for
this cohort was 7.7 years from first recurrence.

Results: For the entire population with operable dis-

any time was 8.2% at 2 years from randomization and
27.3% at 10 years. The highest cumulative incidences of
bone metastases at any time were among patients who
had four or more involved axillary nodes at the time of
diagnosis (14.9% at 2 years and 40.8% at 10 years)
and among patients who had as their first event a local
or regional recurrence or a recurrence in soft tissue,
without any other overt metastases (21.1% at 2 years
from first recurrence and 36.7% at 10 years).

Conclusion: Treatments to prevent bone metastases
may have a major impact on the course of breast cancer
and may be most efficiently studied in populations with
several involved axillary nodes at the time of presen-
tation and in populations with local or regional recur-
rence or recurrence in soft tissue.
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ease, the cumulative incidence of bone metastases at

ANY BREAST CANCER patients who are free of are the liver, lungs, and pleura, as well as soft tissues
overt metastases after initial local and regionalincluding mastectomy scars. Locoregional recurrence of
treatment eventually die from recurrence of distant diseasebreast cancer occurs in up to one third of patients after
Current thinking is that occult micrometastases, present aprimary treatment.® Breastcancer patients with locore-
the time of diagnosis and surgery, are responsible fogional recurrence have been found to have 5-year disease-
relapse-? Overt metastatic breast cancer may affect virtu free survival rates of 13% to 37% and overall survival rates
ally every organ, and the specific metastatic sites usuallypf 21% to 50%>° A 10-year estimated overall survival rate
determine the type and degree of symptoms. In patients witlof up to 26% has been reported, indicating that long-term
node-positive breast cancer, bone (either alone or with othecomplications of disease are real and should be taken into
foci of relapse) is one of the most frequent sites of overtaccount**° Adjuvant systemic therapy was found to
metastatic involvemerit? Other frequent metastatic sites reduce the risk of recurrence effectively in soft tissue. On
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3926 COLLEONI ET AL

Table 1. Characteristics of IBCSG Trials | Through VI

No. of Eligible

Trial Population Years of Accrual Patients Treatment Groups Median Follow-Up (years)

| Premenopausal women with 1-3 Pos nodes 1978-1981 491 CMF X 12v 15
CMFp x 12

1 Premenopausal women with = 4 Pos nodes 1978-1981 327 CMFp X 12 v 15
Ox + CMFp x 12

Il Postmenopausal women < 65 years old 1978-1981 463 Observation v 15
p+Tx12v
CMFp + T x 12

[\ Postmenopausal women 66-80 years old 1978-1981 320 Observation v 16
p+Tx12

\Y% Pre- or postmenopausal women with Neg nodes 1981-1985 1,275 Observation v 12
PeCMF

\ Pre- or postmenopausal women with Pos nodes 1981-1985 1,229 PeCMF v 12
CMFpT X 6 v
PeCMF + CMFpT X 6

Vi Premenopausal women with Pos nodes 1986-1993 1,475 CMF X 6 v 7
CMF X é + reint v
CMF X 3 v
CMF X 3 + reint

Vil Postmenopausal women with Pos nodes 1986-1993 1,212 Tv 7
T + delayed CMF v
T+ CMFX3v

T + CMF X 3 + delayed CMF

Abbreviations: Pos, positive; Neg, negative; C, cyclophosphamide 100 mg/m? orally (PO) days 1-14 of each cycle; M, methotrexate 40 mg/m? intravenously
(IV) days 1 and 8 of each cycle; F, fluorouracil 600 mg/m?2 IV days 1 and 8 of each cycle; p, prednisone 7.5 mg/d PO; Ox, oophorectomy; T, tamoxifen 20 mg
PO once daily; PeCMF, perioperative CMF; reint, reintroduction of 3 cycles of CMF; delayed CMF, 3 cycles of CMF 9, 12, and 15 months after randomization.

the other hand, the incidence of recurrence in bone aneéssential to identify a patient population in which there is a
viscera was less influenced by adjuvant systemic theYapy. high incidence of bone metastases and in which events of
A better description of relapse patterns may improveinterest occur in a short space of time, to allow rapid
patient outcome by permitting a better understanding ofassessment of the potential benefit of the use of bisphos-

site-specific risk, which could lead to targeted therapeutigphonates.

approaches. A strategy for prevention of bone metastases

might be implemented using a specific treatment aimed at PATIENTS AND METHODS

reducing clinical progression of disease in this site. Recent \we analyzed data from 6,792 eligible patients with breast cancer
studies have suggested that using bisphosphonates in addiro were entered onto International Breast Cancer Study Group
tion to Systemic antineop|astic therapy m|ght reduce theIBCSG; formerly the Ludwig Breast Cancer Study Group) trials |
incidence and number of bone metastases. A total of 308"0ugh VIF***between 1978 and 1993 (Tabli 1 .

. . . . Trials | through IV investigated the use of chemoendocrine therapy
patients with primary breast cancer and tumor cells in the, ;en with node-positive disease. Between 1978 and 1981, 1,601
bone marrow were randomized to receive either clodronatjigible patients were accruéd.Trial V investigated the timing and
therapy or standard follow-uls. A statistically significant  duration of chemotherapy in women with node-positive dis¥ssed
reduction of new bone (and also visceral) metastases wea§e use of a single perioperative course of chemotherapy in patients

observed with the clodronate treatm&®a study involving with node-negative diseagéBetween 1981 and 1985, 2,504 eligible

atients were enrolled onto this study (1,229 with node-positive disease

1,079 patients with metastatic disease demonstrated a Cl"i'nd 1,275 with node-negative disease). Trial VI investigated the

ically relevant reduction in the risk of progression of bony quration and late reintroduction of chemotherapy in node-positive
lesions with the use of oral clodronate compared withpremenopausal patiet$and trial VIl evaluated early and/or delayed
placebo (relative risk, 0.51; 95% confidence interval, 0.30 tochemotherapy added to tamoxifen, compared with tamoxifen alone, in
0.88:P = .012).17 However, a third study, involving 299 node-positive postmenopausal patiefitBetween 1986 and 1993,

. - . . 1,475 eligible patients were accrued to trial VI and 1,212 eligible
patients, found that administration of oral clodronate did notpatients to trial VII.

improve overall outcome and did not have a beneficial cjinical, hematologic, and biochemical assessments of each patient
effect on the incidence of bone metasta¥ds.is therefore  were required every 3 months for 2 years, every 6 months until the end
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BONE METASTASES AFTER BREAST CANCER 3927

of the fifth year, and yearly thereafter until death. All sites of diseasesubsequent event in bone, whichever occurred first. Death before
recurrence, whether first or subsequent, were recorded in the studsecurrence in bone was considered the only competing event in this
databases. In trials | through V, chest x-rays and bone scans weranalysis. Otherwise, patients’ data were censored at the time they were
required every 6 months for 2 years and once yearly up to 5 years anthst known to be alive without recurrence in bone.
were recommended beyond the fifth year only if clinically indicated. In ~ We analyzed data from two populations. The first population
trials VI and VII, chest x-rays and bone scans were required, but furtheincluded all eligible patients who were enrolled onto the trials (6,792
x-rays and scans were obtained only if clinically indicated. patients). We evaluated data relating to bone as the first site of
All patient data, including all data regarding disease- and survival-recurrence, as well as incidence of bone recurrence at any time. The
related events, were reviewed and classified by the medical studgecond population included 1,220 patients whose first recurrence was

coordinators (A.G. and M.C.-G.) local or regional or in soft tissue (including lymph nodes). Previous
analysis of data from the IBCSG database indicated that these sites of
Statistical Methods recurrence share a similar pattern of subsequent recurfefite.

cumulative incidence of subsequent recurrence in bone and subsequent

Cumulative incidence functions for competing causes of recurrencecompeting events was calculated. The time to subsequent recurrence
were estimated? These functions estimate the actual percentage ofwas measured from the time of the first local or regional event or first
patients who will experience the various competing events within theevent in soft tissue. We also analyzed the cumulative incidence of
study cohorts as opposed to the overestimated percentages obtainedbsequent recurrence in bone at any time after a local or regional event
with the Kaplan-Meier method based on the cause-specific haZaftls. or an event in soft tissue; death without subsequent recurrence in bone
Differences between the cumulative incidence functions according tovas the only competing event.
patient subgroups were tested for statistical significance using the
procedure of Gray’ Analyses were conducted to determine whether RESULTS
the risk of recurrence in bone increased according to baseline charac-
teristics and after a first local or regional recurrence or a first distant Included in the analysis were 6,792 eligible patients from
recurrence in soft tissue. A cumulative incidence function regressionBCSG Trials | through VIl. A total of 6,074 patients
model of Fine and Gr& was used for multiple regression analyses. (89.4%) had total mastectomy and axillary clearance as the

ri incl in the model were nodal hologic tumor_ . .
C_ova iates included in the model were nodal status, pathologic tu ogpnmary treatment; 10.6% had lumpectomy and axillary
size, estrogen receptor (ER) status, menopausal status, and age

Likelihood ratio tests were used to obtain the statistical significance ofClearance with irradiation of the breast. A total of 1,275
each factor, including all other factors in the model. To determine patients (18.7%) had node-negative disease at the time of
whether a first local or regional event or a first event in soft tissuepresentation, 3,354 (49.4%) had one to three positive
increased the risk of subsequent recurrence, we used Cox proportionglxi”ary lymph nodes, and 2,163 (31.9%) had four or more
hazards regression models, including a time-varying covariate for thepositive lymph nodes. Of the patients with known patho-
occurrence of such a first eveiftAll P values were two-sided. . . :

logic tumor size, 55.6% had tumors that were larger than 2
cm. For all trials, ER-positive status was defined as ER
levels= 10 fmol/mg cytosol protein based on biochemical
All first recurring breast cancer events were classified according toassay (3,724 patients were considered ER-positive), low ER

their sites, as follows: local recurrences, confined to the ipsilateral CheﬁtE‘VdS were defined as levels of 1 to 9 fmol/mg (967 patients
wall and including mastectomy scars; regional recurrences, including

ipsilateral axillary, supraclavicular, and internal mammary lymph node
metastases; distant recurrences in soft tissue; bone metastases; and
visceral metastases, including all other organ involvement and diffuse
intra-abdominal metastases. Other first events, including contralateral
breast cancer, non-breast cancer second malignancies, and deaths
without malignancies, were also recorded. Any event was considered to 0.5
be a component of a first event if diagnosed within a 2-month time g
frame. Time to first event was defined as time from randomization to§ 0.4
the occurrence of a first event of any type. 2

Because special emphasis was being placed on the incidence of g3
recurrence in bone, occurrence of bone metastases with or withouf
recurrence at any other site was classified as the event of interest. AlE
other sites of first recurrence (not bone) and any other event, such as
contralateral breast cancer, non—breast cancer second primary tumors,
and deaths without recurrence, were considered competing events. The
sum of the cumulative incidence of bone metastases plus the cumula-
tive incidence of the other competing events equals the cumulative 00
incidence of recurrence due to any cause. 0 5 10 15

In addition to evaluations according to site of first recurrence, we Years
calculated cumulative incidence of events in bone at any time (either as Fig 1, Cumulative incidence of bone metastases and other competing
first events or as subsequent recurrences). Time to recurrence in boRgents as first recurrences among 6,792 patients. Time was measured from
at any time was defined as the time from randomization to the first orthe date of randomization.

Categories of Sites of Recurrence

0.6+

A: BONE
B: ALL OTHER COMPETING EVENTS

Vi

0.24
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Table 2. Site-Specific Cumulative Incidence: First Site of Recurrence (measured from date of randomization)

Incidence (%)
No. of Events % of Patients* 2-Year 5-Year 10-Year 15-Year P
Site of 1st recurrence: bone

Total 1,158 17.0 6.6 13.7 17.8 19.0

Nodal status
Node-negative 114 8.9 3.2 6.3 8.5 9.6 <.01
1-3 positive nodes 488 14.5 4.2 11.4 16.1 17.1
= 4 positive nodes 556 25.7 12.2 21.8 26.8 28.5

Pathologic tumor size
=2cm 398 13.7 4.0 10.2 14.2 15.8 <.01
>2cm 720 19.8 8.7 16.6 20.7 21.4

ER status
ER-negative 118 13.3 7.6 11.4 13.2 14.3 <.01
Low ER levels 153 15.8 7.2 14.2 16.9 16.9
ER-positive 656 17.6 6.2 14.1 19.0 20.5

Menopausal status
Premenopausal 641 17.3 6.3 13.7 18.2 19.3 .63
Postmenopausal 517 16.7 6.8 13.7 17.2 18.5

Age
< 35 years 65 20.8 10.2 18.3 21.5 21.5 .26
35-49 years 451 16.8 6.1 13.4 17.6 19.0
50-59 years 338 16.4 6.2 13.1 17.2 18.5
= 60 years 304 17.5 7.1 14.2 18.1 19.0

Competing riskst

Total 2,556 37.6 15.6 29.0 38.5 44.9

Nodal status
Node-negative 415 32.5 10.5 21.6 30.9 34.9 < .01
1-3 positive nodes 1,123 33.5 11.9 24.9 34.9 43.1
= 4 positive nodes 1,018 471 24.3 39.7 49.2 53.1

Pathologic tumor size
=2cm 965 33.2 10.7 23.1 33.6 423 <.01
>2cm 1,516 41.6 19.8 34.1 427 47.3

ER status
ER-negative 387 43.5 23.9 37.5 432 46.2 <.01
Low ER levels 369 38.2 19.8 325 39.2 42.6
ER-positive 1,300 34.9 12.2 26.0 38.0 46.0

Menopausal status
Premenopausal 1,308 35.4 14.3 27.6 36.0 41.1 < .01
Postmenopausal 1,248 40.4 17.0 30.7 41.4 49.9

Age
< 35 years 129 41.2 20.7 36.4 42.0 43.1 <.01
35-49 years 935 34.9 13.8 27.3 358 41.2
50-59 years 764 37.2 16.5 29.0 38.1 42.6
= 60 years 728 41.8 16.1 30.2 425 52.6

Abbreviation: ER, estrogen receptor.

*The numbers of patients in the subpopulations were as follows: 6,792 overall; 1,275 node-negative; 3,354 with 1-3 positive nodes, 2,163 with = 4 positive
nodes; 2,909 with pathologic tumors = 2 cm, 3,644 with pathologic tumors > 2 cm (not shown: 239 with pathologic tumors of unknown size); 889 ER-negative,
967 with low ER levels, 3,724 ER-positive (not shown: 1,212 ER status unknown); 3,700 premenopausal, 3,092 postmenopausal; and 313 < 35 years old, 2,682
35-49 years old, 2,055 50-59 years old, 1,742 = 60 years old.

tVisceral, local, regionc1|, soft tissue, contralateral breast, second primary, death without recurrence, unknown.

were considered to have low ER levels), and ER-negativéime of study entry. A total of 313 patients (4.6%) were
status was defined as ER levels equal to zero (889 patiengounger than 35 years, 39.0% were 35 to 49, 30.0% were 50
were considered ER-negative). ER status was unknown ito 59, and 25.6% were= 60 years of age.

1,212 patients. A total of 3,700 patients (54.5%) were Ata median follow-up of 10.7 years, 54.7% of all patients
premenopausal, whereas 3,092 were postmenopausal at t{&714 of 6,792) experienced a first event, namely disease

Downloaded from jco.ascopubs.org on July 28, 2008 . For personal use only. No other uses without permission.
Copyright © 2000 by the American Society of Clinical Oncology. All rights reserved.



BONE METASTASES AFTER BREAST CANCER 3929

Table 3. Cumulative Incidence of Recurrence in Bone at Any Time (measured from date of randomization)

Incidence (%)

No. of Events % of Patients* 2-Year 5-Year 10-Year 15-Year P
Recurrence in bone at any time
Total 1,777 26.2 8.2 19.6 27.3 30.5
Nodal status
Node-negative 202 15.8 4.0 10.5 15.0 17.0 < .01
1-3 positive nodes 735 21.9 5.4 15.6 24.1 27.4
= 4 positive nodes 840 38.8 14.9 31.1 40.8 44.6
Pathologic tumor size
=2cm 597 20.5 5.0 14.2 21.2 24.6 < .01
> 2cm 1,120 30.7 10.8 24.1 32.0 35.2
ER status
ER-negative 197 222 10.5 18.4 223 24.6 .01
Low ER levels 238 217 9.4 21.3 26.5 27.2
ER-positive 983 26.4 7.2 19.4 28.7 33.2
Menopausal status
Premenopausal 991 26.8 7.9 19.9 27.8 31.8 .27
Postmenopausal 786 25.4 8.5 19.1 26.7 29.0
Age
< 35 years 110 35.1 13.7 29.7 36.3 37.4 < .01
35-49 years 699 26.1 7.7 19.6 27.0 31.3
50-59 years 513 25.0 7.8 18.7 26.0 29.5
= 60 years 455 26.1 8.4 18.8 27.6 29.6
Competing risk: death before recurrence in bone
Total 1,284 18.9 4.3 12.0 19.2 253
Nodal status
Node-negative 168 12.8 1.9 6.8 11.6 15.2 <.01
1-3 positive nodes 543 16.2 3.2 9.4 17.0 24.1
= 4 positive nodes 573 26.5 7.3 19.0 27.9 32.7
Pathologic tumor size
=2cm 469 16.1 29 9.1 15.8 24.2 <.01
> 2cm 788 21.6 55 14.6 223 26.8
ER status
ER-negative 233 26.2 8.2 20.8 25.6 30.4 <.01
Low ER levels 210 21.7 6.6 16.8 23.3 27.2
ER-positive 554 14.9 2.6 8.2 16.7 23.6
Menopausal status
Premenopausal 580 157 37 10.6 16.2 19.8 <.01
Postmenopausal 704 22.8 5.0 13.6 22.7 31.9
Age
< 35 years 58 18.5 3.8 13.7 18.5 22.8 < .01
35-49 years 404 15.1 3.5 10.1 15.7 19.4
50-59 years 394 19.2 4.9 12.4 19.9 24.2
= 60 years 428 24.6 4.9 13.9 23.7 34.9

*See the corresponding footnote in Table 2.

recurrence at known sites ¢a 3,162), contralateral breast  The site-specific cumulative incidences of bone metasta-
cancer (n= 206), recurrence at an unknown siten8), a  ses and other competing events as first recurrences are
non—breast cancer second primary tumor=n173), or  shown in Fig 1. At 10 years from study entry, the cumula-
death without recurrence (& 165). Overall, bone was a tive incidence of bone metastases as components of first
component of first recurrence in 17.1% of patients; viscerarecurrences was 17.8%, and the cumulative incidence of
and not along with bone, were components of first recur-competing first events was 38.5%. At 10 years, the total
rence in 11.5%; local or regional sites or soft tissue was aumulative incidence of recurrence due to any cause as a
component in 18.0%, and other events were components ifirst event was 56.3% (17.8% 38.5%).

8.1%. Forty-five percent of patients were alive without Listed in Table 2 are the cumulative incidences of bone
recurrence. metastases and competing events at 2, 5, 10, and 15 years
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A tive of a significantly higher incidence of bone involvement
0.6 at 10 years (20.7% 14.2%;P < .01). All three factors
retained statistical significance in the multiple regression
C: BONE AT ANY TIME analyses (results not shown).
D DEATH WITHOUT BONE RECURRENCE The cumulative incidences of recurrence in bone at any
time (whether first or subsequent recurrences) are listed in
0.3 Table 3. With a median follow-up of 10.7 years, bone was
D a site of recurrence at any time in 26.2% of patients.
Fifty-five percent of patients were still alive without bone
metastases, and 18.9% had died without bone metastases.
The 10-year incidence of bone recurrence at any time was
0.0 27.3% (Fig 2A). Among patients presenting with four or
10 15 more involved nodes, the cumulative incidence of bone
Years metastases at any time was 14.9% at 2 years from random-
B ization and 40.8% at 10 years (Fig 2B). The cumulative
06 incidence of bone metastases at any time was significantly
higher among patients with ER-positive tumors than among
0.5 C: BONE AT ANY TIME . ) .
D: DEATH WITHOUT BONE RECURRENCE ¢ patients with ER-negative tumors (28.79022.3% at 10
0.4 » 4 Nodess years,P = .01). Younger patients<( 35 years) and those
with larger tumors also had significantly higher incidences
of metastases in the bone. Again, these factors remained
statistically significant in the multiple regression analyses
| Node Negative (results not shown).
0.1 Listed in Table 4 are incidences of first subsequent
recurrence in bone among 1,220 patients whose first recur-
00 rence was local or regional or in soft tissue or nodes. Among
0 5 Vears 10 1 these patients, the incidence of recurrence in bone as the
Fig 2. Cumulative incidence of bone recurrence at any time, from the first SUbSequent event was particularly high: 18'2% 2_years
time of randomization, among 6,792 patients. (A) Overall results and (B) after the first recurrence and 25.2% at 5 years. Univariate as
results according fo nodal status (node-negative, n = 1,275; one to three  well as multiple regression analyses demonstrated that only
positive nodes, n = 3,354; = four positive nodes, n = 2,163) are shown. patients with four or more involved lymph nodes had a
significantly higher incidence of bone metastases. Figure 3
shows the cumulative incidence of first subsequent recur-
from randomization, for the overall population and for rence in bone among the 1,220 patients whose first recur-
subpopulations defined according to lymph node involve-rence was local or regional or in soft tissue or nodes.
ment, pathologic tumor size, ER status, menopausal status, The cumulative incidences of subsequent recurrence in
and age. Significant differences across categories of lymphone at any time after a first recurrence in local or regional
node status, pathologic tumor size, and ER status wersites or soft tissue are listed in Table 5. The cumulative
observed in univariate analyses among patients with recurincidence was 21.1% 2 years after the first recurrence and
rence in bone. The highest cumulative incidence of bone32.0% at 5 years. Figure 4 shows the cumulative incidence
metastases was observed among patients who presentetibone at any time among the 1,220 patients whose first
with four or more involved axillary nodes at the time of recurrence was local or regional or in soft tissue or nodes.
diagnosis. Among those presenting with four or moreBased on time-varying Cox model analysis, the risk of
involved nodes, the cumulative incidence of bone metastarecurrence in bone at any time after a first recurrence in
ses as first events was 12.2% at 2 years and 26.8% at 10cal or regional sites or in soft tissue was 3.89 times greater
years. Bone disease was significantly higher among patientfan the risk of recurrence in bone at any time before such
with ER-positive primary tumors, with a 10-year cumula- a first recurrence (95% confidence interval, 3.46 to 4.37).
tive incidence of 19.0% noted, compared with an incidence
of 13.2% among patients with ER-negative primary tumors DISCUSSION
(P < .01). However, the difference was evident only after In this study, we evaluated patterns of recurrence among
prolonged observation. Also, larger tumor size was predic6,792 patients included in IBCSG trials of adjuvant treat-

0.5

0.4

0.2

Cumulative Incidence

0.1

o
(¢l

0.3
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Table 4. Site-Specific Cumulative Incidence (measured from date of first recurrence): First Subsequent Site of Recurrence After First Local or Regional
Recurrence or First Recurrence in Soft Tissue

Incidence (%)

No. of Events % of Patients* 2-Year 5-Year 10-Year 15-Year P
Site of 1st recurrence: bone

Total 300 24.6 18.2 252 28.0 28.6

Nodal status
Node-negative 27 19.3 13.4 18.2 220 — .04
1-3 positive nodes 116 22.5 16.3 23.8 27.2 27.8
= 4 positive nodes 157 27.8 21.1 28.1 30.4 —

Pathologic tumor size
=2cm 89 21.4 17.5 22.1 25.2 — 14
>2cm 200 26.3 18.9 26.4 28.9 29.7

ER status
ER-negative 41 20.9 17.5 21.2 22.6 — .56
Low ER levels 40 22.9 19.5 24.2 24.2 —
ER-positive 154 24.6 17.8 255 28.8 30.3

Menopausal status
Premenopausal 169 25.1 18.3 25.8 29.2 — 43
Postmenopausal 131 23.9 18.2 24.5 26.7 26.7

Age
< 35 years 24 30.4 258 29.8 326 — .29
35-49 years 119 24.2 17.9 24.6 28.3 —
50-59 years 89 26.6 19.2 27.9 29.6 —
= 60 years 68 21.7 15.8 21.8 24.9 24.9

Competing risksT

Total 622 51.0 34.4 51.4 57.8 60.8

Nodal status
Node-negative 57 40.7 26.0 40.2 43.9 — < .01
1-3 positive nodes 244 47 .4 30.2 48.5 57.4 61.8
= 4 positive nodes 321 56.8 40.2 56.9 61.9 —

Pathologic tumor size
=2cm 195 46.9 31.7 48.7 54.6 — .10
> 2cm 412 54.2 36.3 53.5 59.5 61.4

ER status
ER-negative 120 61.2 50.0 64.0 67.6 — < .01
Low ER levels 102 58.3 47.2 58.8 65.4 —
ER-positive 280 44.7 26.5 459 53.3 56.5

Menopausal status
Premenopausal 329 49.0 34.0 51.0 56.2 — <.50
Postmenopausal 293 53.5 35.0 51.9 59.4 62.7

Age
< 35 years 45 57.0 34.8 60.0 61.7 — .20
35-49 years 239 48.6 35.2 50.5 55.9 —
50-59 years 160 47.8 32.1 48.3 53.6 —
= 60 years 178 56.7 35.6 53.8 63.3 68.5

*See the corresponding footnote in Table 2.
TSubsequent viscerc|, |occ1|, regionq|, soft tissue, contralateral brecst, second primary, death without recurrence, unknown.

ment and the patterns of subsequent recurrence among ttheng follow-up of study patients and recorded all sites of
1,220 patients who had a first recurrence in locoregionablisease recurrence, whether the recurrence was a first or
sites or soft tissue. Our focus was on the incidence of bonsubsequent event. The database for the IBCSG trials thus
metastases with the possibility of investigating treatmentsnakes it possible to evaluate sites of first recurrence as well
including bisphosphonates that are targeted against this sit&s sites of recurrence at any time after diagnosis. Evaluation
of recurrence. Since 1978, the IBCSG (formerly the Ludwig of sites of recurrence at any time is a major strength of the
Breast Cancer Study Group) has conducted a regular lifeeurrent analysis.
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after randomization and 26.8% at 10 years. With regard

o0 to bone metastases at any time as a possible end point for
05 future evaluations of bisphosphonates, the cumulative
g incidence was 14.9% at 2 years and 40.8% at 10 years.
g 04 Bone metastases also occur during follow-up in patients
g with high-risk node-negative disease, but the relatively
% o3 limited number of skeletal metastases in this population
g 0z (202 of 1,275 patients had recurrence in bone) did not
o A: SUBSEQUENT BONE RECURRENGE allow further definition of predisposing features for such
o1 B: ALL OTHER COMPETING EVENTS event.
Patients with larger primary tumors had a higher risk of
0.0 both bone metastases and competing events. The initial site

0 5 10 15 of recurrence differed according to ER content in the
Yers primary tumors. In fact, although patients with ER-negative
Fig 3. Cumulative incidence of recurrence in bone as the first subsequent t t ith | ER | Is had a hiah |
recurrence among the 1,220 patients whose first recurrence was local or .un:]ors or wumors with low evels X a a 9 er. early
regional or in soft tissue or nodes. Time was measured from the date of the incidence of bone metastases than did patients with ER-
first recurrence. positive tumors, ER-positive primary tumors were ulti-
mately predictive of a higher long-term incidence of recur-

rence in bone. This might be due primarily to a better

We used cumglau_ve incidence estimates _for bonecontrol of disease with endocrine treatments among patients
metastases, considering recurrences at other sites, seco

) . b t and b ‘ death with \Vvﬂh ER-positive tumors (as indicated by a lower risk of
primary tumors ( reast and non geas_)' or death wi OuEompeting events), leaving them at higher risk for later
recurrence as competing everts:® Unlike percentages

. . recurrence in the form of slow-growing tumors.
calculated using the Kaplan-Meier method, such ap- o . .
. Although the incidence of bone metastases did not differ
proaches do not lead to overestimation of the percentage

. . .Zaccording to menopausal status, there was a suggestion that
of patients developing bone metastases. The cumulative . . .
ounger patients<{ 35 years of age) were at higher risk.

incidence of competing events provides the backgroun%I . .
. . . . ultiple regression analyses showed that nodal status,
against which bone metastases might be observed; for

example, a high risk of competing events reduces thetumor size, ER status, and young age predicted statistically

chance of observing bone metastases. Thus, presentatigﬁgmf'cam differences in the incidence of bone metastases.

of both cumulative incidence of bone metastases ané)ther histologic factors, such as tumors growing in a strand
cumulative incidence of competing events is required forgrOWth pattern or with fibrotic focdS or tumors without

a comprehensive evaluation. either squamous features or diffuse involucrin expres&ion,

Considering patients in the adjuvant treatment setting,might also become useful for predicting a high risk of bone

we found the incidence of bone metastases to be higheépetastases. On the basis of routinely available features,
among those presenting with four or more positive nodeshowever, it can be said that patients with four or more nodes
Other authors recently presented a higher incidence of'® at high risk of developing a bone metastasis either as a

first recurrence in bone among patients with node-firSt recurrence or at any time. _
positive diseasé®32 The National Surgical Adjuvant  The most relevant observation concerning the patterns

Breast and Bowel Project concluded, on the basis of aiff distant metastases was the high incidence of subse-
analysis of 14,614 patients, that node-positive patient§luent bone involvement among patients with first recur-
have a higher 5-year incidence of bone metastases thai¢nce in local sites or in soft tissue or nodes. In these
do patients with node-negative disedédresults of this patients, we found a high incidence of subsequent recur-
study have been reported only in abstract form, and gence in bone within 2 years of the first recurrence
detailed analysis by number of axillary nodes involved (21.1%) and a 10-year cumulative incidence of 36.7%
was not presented, nor was the cumulative incidencavith regard to skeletal involvement at any time (Table 5).
within specific time frames. Furthermore, only the inci- There was no significant difference between premeno-
dence of bone metastases as first metastases could pausal and postmenopausal patients in terms of rates of
assessed. In our study, among patients with four or mordone metastases, nor was there any significant difference
axillary lymph nodes involved, the cumulative incidence between any other baseline features that would indicate a
of bone metastases as first metastases was 12.2% 2 yeafifferent pattern of recurrence.
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Table 5. Cumulative Incidence of Subsequent Recurrence in Bone at Any Time After a First Local or Regional Recurrence or Recurrence in Soft Tissue
(measured from date of first recurrence)

Incidence (%)

No. of Events % of Patients* 2-Year 5-Year 10-Year 15-Year P
Recurrence in bone at any time
Total 391 32.1 21.1 320 36.7 38.6
Nodal status
Node-negative 39 27.9 16.4 258 31.2 — .08
1-3 positive nodes 153 29.7 18.8 30.4 35.8 38.8
= 4 positive nodes 199 35.2 24.2 35.1 38.9 —
Pathologic tumor size
=2cm 119 28.6 20.5 29.0 34.6 — a7
>2cm 259 34.1 21.8 333 37.4 40.0
ER status
ER-negative 51 26.0 20.6 25.4 28.1 — 12
Low ER levels 51 29.1 23.2 30.5 30.5 —
ER-positive 206 32.9 20.5 337 39.0 429
Menopausal status
Premenopausal 221 32.9 21.1 33.0 38.5 — .26
Postmenopausal 170 31.0 21.1 31.1 34.8 35.4
Age
< 35 years 33 41.8 28.4 39.9 46.9 — .06
35-49 years 156 31.7 21.1 32.2 37.2 —
50-59 years 114 34.0 227 34.6 38.2 —
= 60 years 88 28.0 17.5 27.2 31.9 33.1
Competing risk: death before recurrence in bone
Total 485 39.8 21.2 38.3 46.6 50.6
Nodal status
Node-negative 41 29.3 8.9 26.1 33.0 — <.01
1-3 positive nodes 183 35.5 17.5 35.2 44.9 49.7
= 4 positive nodes 261 46.2 27.6 44.2 52.0 —
Pathologic tumor size
=2cm 150 36.1 18.4 35.5 455 — 15
> 2cm 322 42.4 227 40.1 47.6 50.8
ER status
ER-negative 109 55.6 38.0 55.5 60.4 — < .01
Low ER levels 85 48.6 33.9 49.1 56.9 —
ER-positive 193 30.8 13.1 30.2 39.9 42.5
Menopausal status
Premenopausal 244 36.3 20.5 36.7 43.8 — .07
Postmenopausal 241 44.0 22.1 40.3 49.7 54.7
Age
< 35 years 30 38.0 15.5 36.3 452 — .04
35-49 years 177 36.0 21.6 36.8 43.4 —
50-59 years 128 38.2 20.2 36.1 43.7 —
= 60 years 150 47.8 233 43.6 543 60.4

*See the corresponding footnote in Table 2.

Bisphosphonates might reduce the release of growtlinypothesized to be additive to the effect of other antineo-
factors from microfoci of bone destruction, thereby reduc-plastic drugs used in the adjuvant treatment setting. The
ing bone absorption and decreasing stimuli of micrometa-combination of bisphosphonates and other systemic treat-
static breast cancéP:*® This therapeutic pathway, which ments might be used to redefine an adjuvant stratedy.
should be distinguished from the effect on osteolytic le-addition, a specific site-related effect might be achieved
sions, is likely to influence tumor growth and progressionwith bisphosphonates, because adherence of tumor cells to
more efficiently with early rather than delayed use of thesethe bone is reduced if bisphosphonates are absorbed by the
compounds’38 The effect of bisphosphonates is thus bone matrix}®42
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06 patients with four or more involved axillary lymph nodes

o and patients who had a first recurrence in local, regional, or
o distant soft tissue sites. The second patient population had a
§ 04 steep cumulative incidence curve within the first 2 years,
g making this population particularly suitable for rapid eval-
% 08 uation of the effectiveness of treatment with bisphospho-
g 02 nates. It might be important, therefore, to study the effects
(& C: SUBSEQUENT BONE RECURRENCE AT ANY TIME . L )

D:DEATH WITHOUT SUBSEQUENT BONE RECURRENCE of bisphosphonates within both subpopulations, to take
o1 advantage of the different patterns of subsequent events and
00 because few clinical research trials are conducted in women
0 5 10 15 like those in the latter group.
Years
Fig4. Cumulative incidence of bone events at any time, from the date of ACKNOWLEDGMENT
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