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ABSTRACT

Background We conducted a randomized trial in
which we compared high-dose chemotherapy plus
hematopoietic stem-cell rescue with a prolonged
course of monthly conventional-dose chemotherapy
in women with metastatic breast cancer.

Methods \Women 18 to 60 years of age who had
metastatic breast cancer received four to six cycles
of standard combination chemotherapy. Patients who
had a complete or partial response to induction che-
motherapy were then randomly assigned to receive
either a single course of high doses of carboplatin,
thiotepa, and cyclophosphamide plus transplantation
of autologous hematopoietic stem cells or up to 24
cycles of cyclophosphamide, methotrexate, and fluo-
rouracil in conventional doses. The primary end point
was survival.

Results The median follow-up was 37 months. Of
553 patients who enrolled in the study, 58 had a com-
plete response to induction chemotherapy and 252
had a partial response. Of these, 110 patients were as-
signed to receive high-dose chemotherapy plus hem-
atopoietic stem cells and 89 were assigned to receive
conventional-dose chemotherapy. In an intention-to-
treat analysis, we found no significant difference in
survival overall at three years between the two treat-
ment groups (32 percent in the transplantation group
and 38 percent in the conventional-chemotherapy
group). There was no significant difference between
the two treatments in the median time to progres-
sion of the disease (9.6 months for high-dose chemo-
therapy plus hematopoietic stem cells and 9.0 months
for conventional-dose chemotherapy).

Conclusions As compared with maintenance che-
motherapy in conventional doses, high-dose chemo-
therapy plus autologous stem-cell transplantation
soon after the induction of a complete or partial re-
mission with conventional-dose chemotherapy does
not improve survival in women with metastatic breast
cancer. (N Engl J Med 2000;342:1069-76.)
©2000, Massachusetts Medical Society.

OST women with metastatic breast can-

cer have a response to various combina-

tions of conventional-dose chemother-

apy, but less than 5 percent of them are
alive 10 years after the detection of metastatic spread.!
Several phase 2 trials performed in the late 1980s re-
ported promising results for high-dose chemothera-
py followed by autologous hematopoietic stem-cell
transplantation in patients with chemotherapy-respon-
sive metastatic breast cancer.2¢ These trials consistent-
ly reported high overall rates of response (combined
complete and partial responses), ranging from 73 to
100 percent. Despite a median survival of only 10 to
24 months, 7 to 18 percent of patients in these studies
remained free of progressive disease for up to 5 years
after the treatment. This result was perceived to be
an improvement as compared with that in historical
controls. The incidence of severe adverse effects, how-
ever, was thought to be greater than that reported in
historical controls; the transplantation-related mor-
tality ranged from 0 to 22 percent, but improved sup-
portive care and better patient selection promised
reduced toxicity in the future.”
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By the late 1980s, interest in hematopoietic stem-
cell transplantation increased quickly among patients
and physicians. Demands on insurers for financial cov-
erage increased, and breast cancer became the most
common indication for such transplantations in North
America,? despite the lack of studies comparing stem-
cell transplantation with conventional-dose chemo-
therapy.

The unresolved question about what constituted
optimal therapy for women with metastatic breast
cancer led the Philadelphia Bone Marrow Transplant
Group to design and conduct a study of postremission
therapy. Later, to increase the accrual rate, the Eastern
Cooperative Oncology Group (ECOG), the South-
west Oncology Group (SWOG), and the North Cen-
tral Cancer Treatment Group (NCCTG) joined the
study, which had been designated a high priority by
the National Cancer Institute. Patients who had not
received prior chemotherapy for metastatic disease
were first given conventional-dose chemotherapy, and
patients with an objective response were randomly as-
signed to receive a prolonged course of cyclophospha-
mide, methotrexate, and fluorouracil in conventional
doses or high-dose chemotherapy with carboplatin,
thiotepa, and cyclophosphamide plus autologous
stem-cell transplantation. The primary objective of
this study was to compare the overall survival, the time
to progression, and the toxicity associated with these
two treatment regimens.

METHODS
Patients

Enrollment began in Philadelphia in December 1990 and end-
ed in December 1997. The NCCTG joined the study in 1990, and
ECOG and SWOG joined in 1994. The coordination of the study
was transferred to ECOG in 1995, the same year it was designat-
ed a high-priority study by the National Cancer Institute. To be
eligible, women had to be 18 to 60 years old; to have adequate re-
nal and hepatic function, a normal cardiac ejection fraction, and
an ECOG performance status of 0 or 1; to have locally recurrent
or distant metastatic breast cancer; and to have received no pre-
vious chemotherapy for metastatic disease. If a patient had received
adjuvant chemotherapy after surgical treatment of the primary tu-
mor, the adjuvant therapy had to have been concluded more than
six months before enrollment in the study. Patients could be pre-
menopausal or postmenopausal, and if they had a positive estro-
gen-receptor assay, they must have had at least one prior hormo-
nal treatment unless life-threatening visceral disease was present.
Patients were excluded if they had metastases to the central nerv-
ous system, an uncontrolled infection, or any illness that would
preclude the possibility of subsequent stem-cell transplantation.
All patients provided written informed consent.

Induction Chemotherapy

For patients who had previously received a total dose of less than
400 mg of doxorubicin per square meter of body-surface area, in-
duction chemotherapy consisted of oral cyclophosphamide (100
mg per square meter per day for 14 days), intravenous doxorubi-
cin (30 mg per square meter on day 1 and day 8), and intravenous
fluorouracil (500 mg per square meter on day 1 and day 8) (Fig. 1).
For patients who had previously received a total dose of 400 to
500 mg of doxorubicin per square meter, induction chemothera-
py consisted of oral cyclophosphamide (100 mg per square meter
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per day for 14 days), intravenous methotrexate (40 mg per square
meter on day 1 and day 8), and intravenous fluorouracil (600 mg
per square meter on day 1 and day 8), with optional treatment with
prednisone (40 mg per square meter orally for 14 days), given at
the discretion of the treating physician. Four to six cycles of che-
motherapy were given at intervals of 28 days.

Randomization

After receiving induction chemotherapy, patients were reevalu-
ated. Patients were eligible to undergo randomization if they had
had a complete remission (defined as no evidence of discase), a par-
tial remission (defined as a reduction of at least 50 percent in the
size of all measurable tumor areas in more than 50 percent of in-
volved organ sites), or a partial remission restricted to bone (defined
as bone lesions that remained stable on bone scans and x-ray films
for a period of at least eight weeks in association with an improve-
ment in the ECOG performance status, a decrease in the require-
ment for analgesia, or both). Patients were withdrawn if they had
new lesions or progression (defined as an increase of more than 25
percent in the size of measurable lesions). Eligible patients had to
have no detectable involvement of bone marrow by the tumor; ad-
equate hematopoietic function; normal renal, cardiac, pulmonary,
and hepatic function; and no severe medical or psychiatric problems.

All patients again provided written informed consent at the trans-
plantation center. Randomization had to occur within eight weeks
after the last dose of induction chemotherapy. Patients who did not
have a complete or partial remission after six cycles of therapy were
withdrawn from the study.

High-Dose Chemotherapy and Stem-Cell Transplantation

Hematopoietic stem cells were harvested from the blood before
the start of high-dose chemotherapy in all patients who were to
undergo autologous stem-cell transplantation. In the initial stage
of the protocol, granulocyte—macrophage colony-stimulating fac-
tor was administered to stimulate the mobilization of stem cells
from the bone marrow. A minimum of 2X108 nucleated cells per
kilogram of body weight was also harvested from the bone mar-
row and cryopreserved.® The bone marrow and blood stem cells
were combined and infused after high-dose chemotherapy. Later
in this investigation, the protocol was amended to allow stimula-
tion with granulocyte colony-stimulating factor, with an optional
bone marrow harvest. If only stem cells from the blood were used,
a minimum of 6X108 nucleated cells per kilogram was harvested.

The preparative regimen for autologous stem-cell transplanta-
tion lasted four days and consisted of a continuous infusion of cy-
clophosphamide (1500 mg per square meter; total dose, 6000 mg
per square meter), carboplatin (200 mg per square meter; total
dose, 800 mg per square meter), and thiotepa (125 mg per square
meter; total dose, 500 mg per square meter).!? Stem cells were in-
fused on day 0, approximately 48 hours after the completion of che-
motherapy, and granulocyte—macrophage colony-stimulating factor
(250 mg per square meter) was administered to stimulate hema-
topoietic recovery (i.e., until the absolute neutrophil count exceed-
ed 1000 per cubic millimeter for a period of three days).

Conventional-Dose Chemotherapy

Patients who were randomly assigned to receive maintenance
therapy received cycles of cyclophosphamide, methotrexate, and
fluorouracil in the same doses as those used for induction chemo-
therapy and according to the same schedule. Treatment continued
until treatment-limiting toxic effects or disease progression occurred
or until 24 cycles had been administered (Fig. 1).

Statistical Analysis

The study was originally designed to have a power of 90 per-
cent to detect a doubling of the median survival with high-dose
chemotherapy and stem-cell transplantation within the complete-
response subgroup and the partial-response subgroup. The orig-
inal design required the randomization of 99 eligible patients with
a complete response and 247 eligible patients with a partial re-
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Enrollment
(553 patients)

/

4-6 Cycles of cyclophosphamide,
doxorubicin, and fluorouracil
for patients who had previously
received a total dose of less
than 400 mg of doxorubicin/m?

(507 patients)

N

4-6 Cycles of cyclophosphamide,
methotrexate, and fluorouracil, with
optional prednisone, for patients who
had previously received a total dose
of 400-500 mg of doxorubicin/m?

(46 patients)

/

Reevaluation for
response and eligibility

Withdrawal from randomization
(354 patients)
Less than a partial response

(208 patients)

Ineligible for randomization
(567 patients)

Withdrawal of consent

Randomization of 199 patients

(48 patients)
Other reasons (41 patients)

/

Conventional-dose chemotherapy with
cyclophosphamide, methotrexate,
and fluorouracil for up to 2 years
(89 patients, 6 of whom were
found to have been ineligible)

N

Bone marrow harvest (optional)

1

Administration of GM-CSF or G-CSF
followed by stem-cell harvest

!

High-dose chemotherapy with
cyclophosphamide, carboplatin,
and thiotepa followed by
stem-cell transplantation
(110 patients, 9 of whom were
found to have been ineligible)

Figure 1. Enrollment of Patients, Induction Chemotherapy, and Randomization to High-Dose Chemotherapy plus Autologous Hem-
atopoietic Stem-Cell Transplantation or Conventional-Dose Chemotherapy.

GM-CSF denotes granulocyte—macrophage colony-stimulating factor, and G-CSF granulocyte colony-stimulating factor.

sponse. In the fall of 1996, the design was modified due to low
enrollment. In the revised design, there were no longer separate
accrual goals or analyses planned on the basis of response status.
Instead, the analysis was to be stratified according to the response
to induction chemotherapy (complete response or partial response).
The revised design required the randomization of 164 eligible pa-
tients. For design purposes, we assumed the following: one third
of the randomized patients who had a response to induction che-
motherapy would have a complete response, and two thirds of the
randomized patients would have a partial response; for the patients
who were randomly assigned to receive conventional-dose chemo-
therapy, median survival would be 2.5 years for those with a com-
plete response and 1 year for those with a partial response; 10
percent of all patients would be found to be ineligible after ran-
domization; and 10 percent of each group would be noncompliant
with treatment. Two interim analyses were planned — the first after

66 randomized patients had died and the second after 96 patients
had died — and a final analysis was scheduled after 120 patients
had died. The stopping boundaries used at each interim analysis
for decision making were calculated from the O’Brien—Fleming
use function.!! This design gave the study a power of 85 percent
to detect a doubling of the median survival with a two-sided al-
pha level of 0.05, with use of a stratified log-rank test.

The primary analysis was conducted on an intention-to-treat ba-
sis and included eligible randomized patients. Randomization was
stratified according to five factors: the type of response to induc-
tion chemotherapy (complete or partial), the predominant site of
distant metastasis (visceral or other), age (<42 years or >42 years),
estrogen-receptor status (positive or negative), and cooperative
group. Overall survival was measured from the time of randomiza-
tion until death from any cause. Progression was measured from
the time of randomization until progression of the disease. Data
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on one patient who died without progression were censored when
she was last known to be in remission.

The first interim analysis was conducted in November 1997 af-
ter 65 deaths had occurred, and the second was conducted in No-
vember 1998 after 93 deaths had occurred. At the time of the sec-
ond interim analysis, the data-monitoring committee recommended
that the study be unblinded because the likelihood that the study
would show a significant difference in favor of stem-cell transplan-
tation at the final analysis was very low (a conditional-power cal-
culation showed that the likelihood was less than 1 percent). The
unadjusted 95 percent confidence interval of the hazard ratio for
the likelihood of survival with conventional-dose chemotherapy as
compared with high-dose chemotherapy plus stem-cell transplan-
tation was 0.52 to 1.22. On the basis of the method of Jennison
and Turnbull,’2 the 95 percent repeated confidence interval for
the hazard ratio with use of the O’Brien—Fleming use function
was 0.48 to 1.32. Given the actual rate of noncompliance, a true
hazard ratio of 2.0, the target alternative hypothesis, equates with
an observed hazard ratio of approximately 1.72. Since 1.72 is out-
side the repeated confidence interval, the data at the second in-
terim analysis were inconsistent with the alternative hypothesis.

At the time of the final analysis, after 114 deaths had occurred,
the 95 percent repeated confidence interval for the hazard ratio
for the likelihood of survival after conventional-dose chemotherapy,
as compared with high-dose chemotherapy plus stem-cell trans-
plantation, was 0.53 to 1.17. Given the actual rate of noncompli-
ance, a true hazard ratio of 1.25, for example, would equate with
an observed hazard ratio of 1.19. Since 1.19 is outside the repeated
confidence interval, even a 25 percent improvement in survival as
a result of transplantation is inconsistent with our data.

RESULTS
Enrollment of Patients

A total of 553 patients were enrolled for induction
chemotherapy. The accrual rate was 70 patients per
year before June 1994, and it subsequently increased
to 88 patients per year after ECOG and SWOG
joined the study. Of the 553 patients, 58 had a com-
plete response and 252 had a partial response. Of
these, 110 were randomly assigned to receive high-
dose chemotherapy and autologous stem-cell trans-
plantation and 89 were assigned to receive conven-
tional-dose chemotherapy. The skewed assignment
resulted from an attempt to balance the randomiza-
tion for numerous stratification factors.

The remaining 354 patients did not undergo ran-
domization. A total of 208 patients had less than a
partial response to induction chemotherapy: 105 had
stable disease, 74 had disease progression, and in 29
the disease or its status could not be evaluated. Thirty-
two patients were found to have been ineligible for
induction therapy: in 11 the laboratory evaluation
before enrollment was inadequate, 6 were estrogen-
receptor—positive and had received no prior hormonal
therapy or had no visceral disease, the disease could
not be evaluated in 4, 3 had received prior chemother-
apy for metastatic breast cancer, 2 had central nervous
system involvement, 2 had an ECOG performance
status of more than 1, 1 had undergone oophorectomy
less than four weeks before entry into the study, 1 had
received prior radiotherapy to the pelvis and lower
spine, 1 had inadequate data, and 1 had no metastatic
disecase. Among the remaining 114 patients with a
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complete or partial response after induction chemo-
therapy, 48 declined to undergo randomization or
withdrew from the study, 21 had breast-cancer cells
in the bone marrow, 4 were not eligible for other rea-
sons, 3 died or had disease progression in the interim
before randomization, and 38 did not undergo ran-
domization for unknown or other reasons. The group
of eligible patients who did not undergo randomiza-
tion was not significantly different from those who
did undergo randomization (data not shown).

Characteristics of Patients

Of the 199 randomized patients, 15 were found
to be ineligible and were not included in the primary
analysis: 9 did not have a documented response to
induction chemotherapy, 3 were estrogen-receptor—
positive and had received no prior hormonal therapy
or had no visceral disease, 2 had disease progression
in the interval before randomization, and 1 had no
data other than documentation of a response. Nine
of the 15 ineligible patients were assigned to receive
high-dose chemotherapy and to undergo stem-cell
transplantation, and 6 to receive conventional-dose
chemotherapy with cyclophosphamide, methotrexate,
and fluorouracil. Nine additional randomized patients
were ineligible according to eligibility criteria speci-
fied in the protocol but were included in the primary
analysis. In the case of these patients the reasons for
ineligibility were minor: inadequate laboratory evalu-
ation before registration in four; bone marrow cellu-
larity of less than 30 percent but adequate stem-cell
collection in two; receipt of a course of appropriate
induction chemotherapy before registration, a prac-
tice that was allowed early in the course of the study,
in one; prior radiotherapy to the pelvis or lower spine
but subsequent adequate stem-cell collection in one;
and prior chemotherapy for locally recurrent disease
in one. Of these nine patients, five were assigned to
the transplantation group and four to the conven-
tional-chemotherapy group.

Therefore, of the 199 randomized patients, 184
were included in the primary analysis; 101 had been
assigned to autologous stem-cell transplantation and
83 to conventional-dose chemotherapy (Table 1). Af-
ter induction chemotherapy, 24 percent of these 184
patients were in complete remission. No significant
differences between the two treatment groups were
found with respect to demographic and stratification
factors, including age, predominant site of metasta-
sis, or estrogen-receptor status. In addition, the two
groups were well balanced with respect to prior treat-
ment with adjuvant chemotherapy, adjuvant hormo-
nal therapy, and hormonal therapy for metastatic
disease. The numbers of patients with complete or
partial responses did not differ significantly between
the treatment groups; however, the number of pa-
tients who underwent randomization while in com-
plete remission was small.
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TABLE 1. CHARACTERISTICS OF THE PATIENTS.

HigH-Dose
CHEMOTHERAPY ~ CONVENTIONAL-
PLUS STEM-CELL Dose
TRANSPLANTATION CHEMOTHERAPY
CHARACTERISTIC (N=101) (N=83)
Response to induction chemotherapy
— no. (%)

Complete 29 (29) 16 (19)

Partial 72 (71) 67 (81)
Age at randomization

<42 yr — no. (%) 36 (36) 25 (30)

>42 yr — no. (%) 65 (64) 58 (70)

Median — yr 46 47

Range — yr 30-60 32-61

25th percentile — yr 40 42

75th percentile — yr 52 53
Predominant site of metastatic disease

— no. (%)

Visceral 58 (57) 43 (52)

Other 43 (43) 40 (48)
Sites of metastatic disease — no. (%)

Soft tissue and nodes 52 (51) 42 (51)

Bone 37 (37) 44 (53)*

Bone only 9(9) 8 (10)

Lung and pleura 37 (37) 26 (31)

Liver 26 (26) 26 (31)
Estrogen-receptor status — no. (%)

Negative 46 (46) 38 (46)

Positive 50 (50) 38 (46)

Unknown 5(5) 7 (8)
Prior therapy — no. (%)

Adjuvant chemotherapy 61 (60) 43 (52)

Doxorubicin 23 (23) 19 (23)

Adjuvant hormonal therapy 32 (32) 27 (33)

Hormonal therapy for metastatic 19 (19) 16 (19)

disease

*There were no significant differences between the groups with respect
to any characteristic except bone metastasis (P=0.04).

Twenty of the 184 eligible randomized patients (11
percent) refused their treatment assignment. Of the
101 patients assigned to undergo autologous stem-
cell transplantation, 6 (6 percent) refused the therapy;
5 received either no therapy or conventional-dose che-
motherapy, and 1 patient underwent autologous stem-
cell transplantation with an alternative regimen. In
comparison, of the 83 patients assigned to receive
conventional-dose chemotherapy, 14 patients (17 per-
cent) refused the therapy. Ten underwent autologous
stem-cell transplantation (all of whom relapsed and
eight of whom died), three patients received no ther-
apy, and in the case of one patient the data were insuf-
ficient to determine the result of oft-protocol therapy.
In addition, three patients who received conventional-
dose chemotherapy subsequently received high-dose
chemotherapy and underwent autologous stem-cell
transplantation after relapse.

Outcome

By April 1999, 114 deaths had occurred among the
184 eligible randomized patients. The median follow-

up was 37 months (minimum, 4; maximum, 96). The
median follow-up for the 70 patients who were alive
at that time was 25 months. The median number of
cycles of cyclophosphamide, methotrexate, and fluo-
rouracil received by the group assigned to conven-
tional-dose chemotherapy was 8 (range, 1 to 24).

The 3-year survival rate, calculated from the date
of randomization, among all 184 eligible patients was
33 percent, and the median survival was 25 months.
As Figure 2 shows, there was no significant differ-
ence in survival between the two treatment groups
(P=0.23, with stratification according to response
to induction chemotherapy). The median survival in
the group treated with high-dose chemotherapy and
stem cells was 24 months, with a 3-year survival rate
of 32 percent. The median survival in the convention-
al-chemotherapy group was 26 months, with a 3-year
survival rate of 38 percent. The results were similar
when the analysis included all 199 patients who under-
went randomization (P=0.14, with stratification ac-
cording to the response to induction chemotherapy).

Similarly, there were no significant differences in
survival between the two treatment groups when the
groups were analyzed according to the extent of the
response to induction chemotherapy (complete or par-
tial), age (<42 years or >42 years), estrogen-receptor
status (negative or positive), or predominant site of
metastatic disease (visceral or other). Among patients
who were older than 42 years, those who received con-
ventional-dose chemotherapy appeared to have a sur-
vival advantage over those who received high-dose
chemotherapy and underwent stem-cell transplanta-
tion. Since this analysis was within a subgroup, the
results must be interpreted with caution. Patients con-
sistently had a higher rate of survival if they were in
complete remission at the time of randomization, but
there was no significant difference in the rates between
the two treatment groups (Table 2).

As Figure 3 shows, there was no significant differ-
ence in the time to progression in the two treatment
groups (P=0.31, with stratification according to re-
sponse to induction chemotherapy). The median time
to progression for patients who received high-dose
chemotherapy and autologous stem cells was 9.6
months, and the 3-year rate of progression-free sur-
vival was 6 percent. The median time to progression
for the group given conventional chemotherapy was
9.0 months, and the 3-year rate of progression-free
survival was 12 percent. Similarly, there were no sig-
nificant differences in the time to progression within
the various subgroups. Again, the patients who were
in complete remission before randomization fared bet-
ter than those who were in partial remission (Table
2). The results were similar when the analysis includ-
ed all 199 randomized patients (P=0.30, with strat-
ification according to response to induction chemo-
therapy).

One hundred thirty-nine patients were in partial
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Figure 2. Kaplan—-Meier Estimates of Overall Survival of Pa-
tients with Metastatic Breast Cancer Who Were Randomly As-
signed to Treatment with Conventional-Dose Chemotherapy
Alone or High-Dose Chemotherapy plus Autologous Hemato-
poietic Stem-Cell Transplantation.

The median survival was 26 months in the group assigned to
receive conventional-dose chemotherapy and 24 months in the
group assigned to receive high-dose chemotherapy plus stem-
cell transplantation. The survival rates at three years were 38
percent and 32 percent, respectively (P=0.23).

TABLE 2. RATES OF OVERALL SURVIVAL AND PROGRESSION-FREE
SURVIVAL AT THREE YEARS.*

PROGRESSION-
No. oF OVERALL FREE
Grour PATIENTS ~ SURVIVAL SURVIVAL
percent (95% ClI)
High-dose chemotherapy plus
transplantation
All patients 101 32 (21-42) 6 (0.1-11)
Patients with complete response 29 42 (22-62) 16 (0.7-32)
to induction chemotherapy
Patients with partial response to 72 27 (14-40) 0
induction chemotherapy
Conventional chemotherapy
All patients 83 38 (26-50) 12 (4-19)
Patients with complete response 16 49 (21-77) 25 (2-48)
to induction chemotherapy
Patients with partial response to 67 36 (22-49) 8 (0.7-16)

induction chemotherapy

*There were no significant differences between groups. Survival was
measured from the time of randomization. CI denotes confidence interval.

remission at the time of randomization, 72 of whom
were assigned to high-dose chemotherapy plus stem-
cell transplantation and 67 of whom were assigned to
conventional-dose chemotherapy. Of these 139, 12
subsequently had a complete remission: 5 after receiv-
ing high-dose chemotherapy and autologous stem
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Figure 3. Kaplan—-Meier Estimates of Progression-free Survival
of Patients with Metastatic Breast Cancer Who Were Randomly
Assigned to Treatment with Conventional-Dose Chemotherapy
Alone or High-Dose Chemotherapy plus Autologous Hemato-
poietic Stem-Cell Transplantation.

The median time to progression was 9.0 months in the group
assigned to receive conventional-dose chemotherapy and 9.6
months in the group assigned to receive high-dose chemother-
apy plus stem-cell transplantation. The rates of progression-
free survival at three years were 12 percent and 6 percent, re-
spectively (P=0.31).

cells (7 percent of the 72 patients in this group who
were in partial remission at randomization) and 7 af-
ter treatment with conventional-dose chemotherapy
(10 percent of the 67 patients in this group who were
in partial remission at randomization). There was no
significant difference in the rate of conversion to com-
plete remission with these two treatments.

Table 3 shows the incidence of moderate and severe,
but nonfatal, adverse effects in the two groups. Pa-
tients who underwent autologous stem-cell transplan-
tation had a higher rate of severe leukopenia, throm-
bocytopenia, and anemia as well as infection, diarrhea,
and vomiting than those who received conventional-
dose chemotherapy. The incidence of severe mucosi-
tis was similar in the two groups. No lethal adverse
effects were reported in the conventional-chemother-
apy group. One patient died from venoocclusive dis-
ease of the liver 49 days after autologous stem-cell
transplantation.

DISCUSSION

Our findings demonstrate that women with met-
astatic breast cancer who have a complete or partial
response to standard chemotherapy and then receive
high-dose chemotherapy and undergo autologous
stem-cell transplantation do not survive longer or have
a longer time to progression of disease than women
who receive maintenance therapy with conventional
doses of cyclophosphamide, methotrexate, and fluo-
rouracil. The incidence of nonfatal but serious adverse
effects was greater in the group assigned to high-
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TABLE 3. INCIDENCE OF MODERATE AND SEVERE ADVERSE
EFFECTS AFTER RANDOMIZATION. *

HigH-Dose

CHEMOTHERAPY

PLUS STEM-CELL CONVENTIONAL-DOSE
ADVERSE EFFECT TRANSPLANTATION CHEMOTHERAPY

percent

Leukopenia 96 52
Thrombocytopenia 95 5
Anemia 69 6
Infection 31 3
Diarrhea 25 1
Hepatic complications 9 1
Vomiting 8 1
Cardiac complications 8 0
Pulmonary complications 7 1
Neurologic complications 6 0
Mucositis 5 2

*The Common Toxicity Criteria of the National Cancer Institute were
used to define moderate adverse effects (grade 3) and severe adverse effects
(grade 4).

dose chemotherapy plus transplantation, in which my-
closuppression, infection, diarrhea, and vomiting were
common. Even so, the treatment-related mortality
(i.e., deaths occurring within 100 days after the ini-
tiation of therapy) was virtually the same in the two
groups.

The study was designed to have a high power to
detect a doubling in median survival with high-dose
chemotherapy plus stem-cell transplantation. None-
theless, our data show that this treatment was unlikely
to be associated with even a moderate improvement
(e.g., a 6-month increase in median survival, from 24
months to 30 months), even when the possible ef-
fect of noncompliance was taken into consideration.
The number of patients who survived for three years
without signs of disease progression was so low that
it is unlikely that the results will change significantly
with continued follow-up. In addition, the treatment-
related mortality rate of less than 1 percent after high-
dose chemotherapy plus stem-cell transplantation
could not have influenced the survival results. And
since the methods we used for high-dose chemo-
therapy and hematopoietic stem-cell rescue are the
current standard approach, our results should reflect
outcomes being obtained currently.

The fact that a substantial proportion of enrolled
patients withdrew from the study and thus did not
receive the assigned treatment is potentially prob-
lematic. In published studies of patients with acute
myeloid leukemia who received stem-cell transplan-
tation, 33 to 50 percent of the patients who were
initially in complete remission declined to undergo
randomization and were withdrawn.!3 The rate was

similar in our study: approximately 28 percent de-
clined to undergo randomization. No substantial dif-
ference in the distribution of known prognostic factors
was found between the patients who remained in the
study and those with a complete response or a partial
response who declined to undergo randomization.

Though there was no discernible difference in out-
come with the two treatments for patients who had
a complete response to induction chemotherapy, the
number of such patients was admittedly small — 45
patients in all, 29 in the group treated with high-dose
chemotherapy and stem-cell transplantation and 16 in
the group treated with conventional-dose chemother-
apy. A number of ongoing studies may be able to pro-
vide more information on this subgroup of patients
with complete responses. Nevertheless, the likelihood
that a significant difference in outcome will be found
is low. Moreover, the difficulty of enrolling patients in
a randomized trial of this sort is so great that any con-
clusions that are drawn may ultimately require extrap-
olation of the results of completed or ongoing trials
involving high-risk patients with primary breast cancer.

It is possible that the promising results of pilot
studies of high-dose chemotherapy and autologous
stem-cell rescue were due in part to selection bias.!#-16
Patients undergoing this treatment for metastatic
breast cancer are generally younger and healthier, and
have had better responses to induction chemotherapy,
than those who are treated with conventional thera-
pies. To account for selection bias, we analyzed our re-
sults on an intention-to-treat basis. Even so, the out-
comes were no different for the 106 patients who
actually received high-dose chemotherapy and under-
went autologous stem-cell transplantation than for
the 101 patients who were randomly assigned to the
treatment.

A French multicenter, randomized trial, which com-
pared a single course of high-dose chemotherapy plus
stem-cell rescue with conventional-dose chemother-
apy for patients with chemotherapy-responsive met-
astatic breast cancer, was stopped prematurely after the
enrollment of 61 patients because of a low rate of en-
rollment.'” After five years of follow-up, there was no
significant difference between the groups in progres-
sion-free survival (9 percent in each group) or overall
survival (29.8 percent in the group treated with high-
dose chemotherapy and autologous stem-cell rescue
and 18.5 percent in the conventional-chemotherapy
group, P=0.12). This small trial had a low statistical
power to detect large differences, but the design was
similar to ours. Our results contradict those of an ear-
lier, single-center trial that purported to find an ad-
vantage of tandem cycles of high-dose chemothera-
py.!8 This study is now under review as part of a
misconduct investigation.!?

A number of other randomized studies of patients
with metastatic breast cancer are ongoing, and the
results of several studies of patients with locally ad-
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vanced but not metastatic breast cancer have yet to
be reported. Our results should be interpreted in the
context of those trials and cannot and should not be
extrapolated to patients with nonmetastatic cancer
who have multiple positive axillary nodes.

Our results lead us to conclude that the routine
practice of administering several cycles of conven-
tional induction chemotherapy followed by a single
course of high-dose chemotherapy and stem-cell res-
cue cannot be recommended for women with met-
astatic breast cancer. Alternative strategies to improve
the results of this therapy are being evaluated and in-
clude efforts to minimize the development of resist-
ance to chemotherapy during induction chemothera-
py; attempts to improve the processing and purging
of stem cells; post-transplantation chemotherapy, hor-
monal therapy, and immune modulation to eliminate
minimal residual disease; and the use of multiple cy-
cles of dose-intensive therapy. These and other ap-
proaches should be investigated in well-designed tri-
als to improve the treatment options and outlook for
patients with metastatic breast cancer.
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APPENDIX

The following members of the Philadelphia Bone Marrow Transplant
Group also participated in the study: University of Pennsylvania Cancer
Center: J. Bird, D.L. Porter, P.A. Mangan, and P.A. Cassileth; Fox Chase
Cancer Center: M. Daly, R. Krigel (deceased), and R. Schilder; Hahnemann
University Hospital: M. Styler, and D. Marks; Temple University Hospital:
S. Goldberg and L. Glenn; and Christiana Cancer Center: D. Biggs.
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