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ORIGINAL ARTICLE

Martin S. Tallman - William J. Gradishar

High-dose chemotherapy and autologous stem cell transplantation
as treatment for high-risk breast cancer

Abstract High-dose chemotherapy with autologous stem
cell transplantation has emerged as a common treatment for
patients with breast cancer who have a poor prognosis. The
success of this approach appears to depend on the tumor
burden and the sensitivity of the disease to chemotherapy
because treatment techniques have been refined and treat-
ment-related mortality has declined. Phase I studies in
patients with stage II and III disease are encouraging and
suggest that treatment with high-dose chemotherapy before
the development of metastatic disease may provide an
advantage in terms of relapse-free and overall survival.
However, tumor cells may contaminate stem cell collec-
tions and contribute to relapse after transplantation. There-
fore it may be important to separate and select purified
CD34+ cells which are not contaminated. It has been
suggested that selection bias contributes to the favorable
preliminary results observed in phase II studies of high-risk
patients. Such issues, together with patient and physician
bias regarding the benefits of this strategy, emphasize the
need to complete the prospective randomized trials now
underway.

Key words Breast cancer - Autologous stem cell trans-
plantation

Work presented at the 13th Bristol-Myers Squibb Nagoya International
Cancer Treatment Symposium, “Strategic Cross Talk between Major
Oncology Groups/Clinical Pharmacology in Cancer Chemotherapy,”
17-18 October 1997, Nagoya, Japan

M. S. Tallman - W. J. Gradishar

Division of Hematology-Oncology, Department of Medicine,
Northwestern University Medical School, Robert H. Lurie Cancer
Center, Chicago, IL, USA

M. S. Tallman (&)

Division of Hematology/Oncology, Northwestern University Medical
School, Robert H. Lurie Cancer Center of Northwestern University,
233 East Erie Street Suite 700, Chicago, IL 60611, USA

e-mail: mtallman@casbah.acns.nwu.edu

Tel. 1 312 908 9412; Fax 1 312 908 4844

Introduction

The success of high-dose chemotherapy with stem cell
transplantation in patients with hematologic malignancies
has prompted its application to patients with chemotherapy-
sensitive solid tumors including breast cancer. Accordingly,
breast cancer is now the most common disease for which
high-dose chemotherapy with autologous stem cell trans-
plantation is carried out [2]. In 1995, 40% of patients
undergoing autologous transplantation registered with the
Autologous Bone Marrow Transplant Registry had breast
cancer. Studies which have demonstrated the relation of
dose intensity to response in patients with metastatic breast
cancer and in the adjuvant setting have provided a sound
rationale to explore this approach [27, 53]. As a result, a
number of clinical trials involving relatively small numbers
of patients conducted most often at single institutions have
explored the role of high-dose chemotherapy with stem cell
transplantation for patients with metastatic breast cancer
[1, 3,5, 6,17, 19, 28, 29, 31, 38, 45, 49, 51, 52]. These
trials have suggested that a small, but definite proportion of
patients may enjoy a prolonged period of progression-free
survival. However, the role of high-dose chemotherapy
with autologous stem cell transplantation in the treatment
of women with breast cancer has emerged as one of the
most controversial areas in contemporary medical oncology
[24]. Despite the lack of prospective randomized phase III
clinical trials designed to determine the true survival
benefit, significant patient and physician bias exists.

The observation that some patients with metastatic
disease may derive meaningful clinical benefit as well as
improvements in the techniques of administering high-dose
chemotherapy have encouraged the use of this strategy for
patients earlier in the natural history of the disease, ie, as
consolidation in the adjuvant setting for patients at high risk
of recurrence [7, 20, 22, 23, 25, 37, 41, 43, 46]. Under these
circumstances, patients are likely to have microscopic
disease which is sensitive to chemotherapy. However, this
approach is intensive, costly, and may have long-term
complications including the development of myelodyspla-
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Fig. 1 Event-free survival for all patients according to whether
(-~ ) or not ( ) they were free of disease at the
time of transplantation or whether they had only bone disease
[CETEEEEE ). Reproduced, with permission, from Tallman MS et al [45]

Table 1 Selected trials of high-dose chemotherapy in patients with
relapsed or refractory breast cancer (CR complete remission, EFS
event-free survival, OR overall remission, OS overall survival, PFS
progression-free survival)

Number CR OR Toxic PFS/EFS OS  Reference
of patients (%) (%) Deaths (%) (%) (%)

15 38 88 18 10 25 19

14 15 77 7 0 0 28

32 23 62 3 10 35 51

32 25 46 6 24 53 5

48 Qa 33 4 17 25 45

2 3 of 34 evaluable patients (12 patients had no evidence of disease at
the time of high-dose chemotherapy and 2 died early)

sia and secondary malignancies, as has been observed in
patients with non-Hodgkin’s lymphoma and Hodgkin’s
disease [16, 44]. Therefore several issues need to be
addressed before this treatment is routinely recommended
for all patients with early-stage breast cancer. First, what is
the actual benefit derived from high-dose chemotherapy
with autologous stem cell transplantation for patients with
metastatic disease? Second, what benefit is observed when
administering high-dose chemotherapy with stem cell trans-
plantation for patients as a consolidation therapy in the
adjuvant setting? Third, is this intensive approach superior
to standard adjuvant chemotherapy in this setting? Fourth,
can occult breast cancer cells in the bone marrow or
peripheral blood harvested from patients undergoing high-
dose chemotherapy with autologous stem cell transplanta-
tion be detected and, if so, are they clinically relevant?

High-dose chemotherapy with autologous stem cell
transplantation for metastatic breast cancer

Patients with metastatic breast cancer are generally incur-
able. Despite combination chemotherapy, patients with
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Fig. 2 Overall survival for all patients according to whether
(——————— ) or not ( ) they were free of disease at the time
of transplantation or whether they had only bone disease (--------- ).
Reproduced, with permission, from Tallman MS et al [45].

metastatic breast cancer have a median response duration
of approximately 12 months, a median overall survival of 2
years, and a probability of disease-free survival at 5 years
of <5% [12, 15, 47]. A number of clinical trials have
explored the role of high-dose chemotherapy with autolo-
gous stem cell transplantation in patients with advanced
breast cancer [1, 3, 5, 6, 17, 19, 29, 30, 32, 38, 45, 49, 51,
52). Initial studies were carried out in patients with relapsed
or refractory disease who often had particularly poor prog-
nostic factors such as younger age, estrogen receptor-
negative disease, visceral disease, and prior therapy for
metastases (Table 1). High-dose chemotherapy regimens
have been developed using single or double alkylating
agent chemotherapy, but other agents whose doses can be
escalated without significant extramedullary toxicity, such
as etoposide and mitoxantrone, have been included.

In the aggregate experience, although initial high re-
sponse rates were reported, few patients survived disease-
free for any length of time [5, 19, 28, 45, 51]. For example,
48 patients at Northwestern University with metastatic
breast cancer received high-dose chemotherapy with cyclo-
phosphamide and thiotepa, whether or not they had re-
sponded to pretransplant doxorubicin-based cytoreductive
chemotherapy [45]. Those with nonprogressive disease
posttransplantation received conventional doses of 3-fluo-
rouracil and cisplatin to test the feasibility and efficacy of
using posttransplantation chemotherapy to eradicate small
numbers of cells, which potentially may have been rein-
fused with the transplanted stem cells. Despite this ap-
proach, only 17% of patients were alive and without disease
at 4 years (Fig. 1) and the overall survival was 25% (Fig. 2).
Patients free of disease at the time of high-dose chemo-
therapy had the most favorable outcome: 7 of the 48
patients survive disease-free and 5 of these 7 are among
the 12 who had no evidence of disease at the time of high-
dose chemotherapy.
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Table 2 Selected trials of high-dose chemotherapy in patients with
chemotherapy-sensitive metastatic breast cancer (CR complete remis-
sion, EFS event-free survival, NA not available, OR overall remission,
OS overall survival, PFS progression-free survival)

Number CR Toxic PFS/EFS OS Reference
of patients (%) Deaths (%) (%) (%)

29 59 3 24 50 1
59 36 15 22 20a 52
24 37 0 10 33 29
19v 56 11 53 53 5
22 54 23 NA 40 37
20 35 0 52 80 3
15 53 13 0 20 31
26¢ 46 12 27 50 49
45 51 0 <20 <20 6
214 5 0 30 68 17

2 For all patients

b Ten patients had no evidence of disease, 2 early deaths

¢ Two patients had no evidence of disease at transplantation
d All patients received doxorubicin posttransplantation

The best results have been observed when this strategy is
applied to patients with chemotherapy-sensitive disease
either as initial therapy for metastatic disease or following
the achievement of either complete or partial remission
with pretransplantation conventional-dose, usually doxoru-
bicin-based, chemotherapy [1, 3, 6, 17, 29, 31, 38, 49, 52]
(Table 2). Under these circumstances, 35—-55% of patients
achieve a complete response and 20-30% survive without
evidence of progression after 2—4 years of follow-up.

During the period from 1989 to 1995, several important
trends arose [27] (Table 3). First, autologous transplants for
breast cancer became increasingly common. Second, there
was a complete shift in the source of hematopoietic stem
cells from the bone marrow to the peripheral blood. Third,
treatment-related mortality decreased from 22% to 5% and
the majority of failures were attributable to resistant or
progressive disease. Fourth, more patients were receiving
high-dose chemotherapy for earlier-stage disease. In a
multivariate analysis, prognostic factors which predict a
more favorable outcome of metastatic disease include a
single site of metastatic disease and the achievement of
complete remission with pretransplantation induction che-

motherapy [2, 4]. This observation is reminiscent of the
improvement in outcome which occurred when patients
with acute leukemia underwent allogeneic transplantation
in first complete remission rather than when they had
refractory disease [13]. Patients with metastatic disease
who achieve complete remission with induction chemother-
apy have a 3-year progression-free survival rate of approx-
imately 30% [2]. Furthermore, the presence of hepatic or
lung metastases or prior doxorubicin-based adjuvant che-
motherapy appear to be particularly poor prognostic factors
in that prolongation of progression-free survival is not
observed in such patients [2, 18].

Trials of high-dose chemotherapy, particularly those
including patients with metastatic disease, have been diffi-
cult to evaluate due to the small number of patients
included in most studies, heterogeneity of the patient
population, variability in response criteria, and relatively
short follow-up. Most of the data regarding the efficacy of
high-dose chemotherapy as a treatment for metastatic
disease are derived from phase II trials. Generally, these
results are compared to historical control patients treated
with standard chemotherapy. Recently, Rahman and collea-
gues analyzed prospective data from 18 consecutive doxo-
rubicin-containing protocols for the treatment of metastatic
breast cancer [39]. A total of 1581 patients were enrolled in
these studies. The data were analyzed to determine the
outcome of patients who met the criteria for participating in
high-dose chemotherapy trials. Of the 1581 patients en-
rolled, 645 were high-dose chemotherapy candidates and
936 were not candidates. Candidates for high-dose chemo-
therapy had a significantly better outcome: complete re-
sponse rate 27% vs 7%; median overall survival 30% vs
17%; and survival at 5 years 21% vs 6%. These data
highlight the possibility that emerging results from single-
arm, phase II trials of high-dose chemotherapy for the
treatment of metastatic breast cancer are due to selection
bias [14, 22].

Only a single prospective randomized trial which com-
pares high-dose chemotherapy with autologous stem cell
transplantation to standard-dose chemotherapy for meta-
static disease has been published [6]. This study showed
that patients treated with high-dose chemotherapy had a

Table 3 Autotransplants for breast cancer registered with the ABMTR (BM bone marrow, PBSC peripheral blood stem cell)

Year
Parameter 1989 1990 1991 1992 1993 1994 1995
(first half)

No. of patients 272 342 683 1069 1189 1513 818
% autotransplants registered 16 16 25 33 33 39 40
Graft type

%BM 81 79 58 42 30 19 10

%BM + %PBSC 5 7 22 33 30 25 18

%PBSC 14 14 20 25 40 56 72
100-day mortality 22 15 11 6 6 4 5
Stage prior to
transplant (%)

Stage I, III, IBC 7 16 23 34 31 39 49

Stage IV 93 83 77 65 68 60 50

Adapted, with permission, from Antman KH et al [2]
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Table 4 Trials of high-dose chemotherapy in patients with early-stage high-risk breast cancer (ck cytokeratin, DFS disease-free survival, EFS
event-free survival, NA not available, OS overall survival, PFS progression-free survival)

Reference No. of patients Toxic deaths EFS/PFS (O] Median follow-up EFS/DFS historical
(%) (%) (%) (months) control (%)
38 85 12 72 79 30 38-52
20 91 4 76 NA 24 NA
41 21 0 90 14 NA
ck+ 67
ck- 87
23 67 2 57 70 49 41
43 92 <1 46 NA
Stage 1 71 82
Stage 11 57 79
46 40 0 72 89 35 NA
7 25 0 80 NA 20 NA
25 40 0 77 85 12 NA
22 39 3 71 85 24 57

statistically significant improvement in both disease-free
and overall survival compared to those treated with stan-
dard-dose chemotherapy. However, the median response
duration and overall survival of patients receiving the
standard-dose treatment was short (median 34 weeks and
45 weeks, respectively). Furthermore, <20% of patients
treated on the high-dose arm are alive and disease-free at 3
years. A high-priority prospective randomized trial cur-
rently being conducted by the Eastern Cooperative Oncol-
ogy Group (ECOG), the Southwest Oncology Group
(SWOQG), and the North Central Cancer Treatment Group
(NCCTG) which compares high-dose chemotherapy with
cyclophosphamide, thiotepa, and carboplatin following 6
cycles of a doxorubicin-based chemotherapy regimen to
conventional maintenance chemotherapy with cyclophos-
phamide, methotrexate, and 5-fluorouracil for 2 years in
patients with metastatic breast cancer has just reached its
accrual goal. Ancillary studies will compare the relative
economic costs and quality of life.

High-dose chemotherapy and stem cell transplantation
for high-risk breast cancer

Although a small subgroup of patients with metastatic
breast cancer, for example those with limited tumor burden
or chemotherapy-sensitive disease, appear to benefit from
high-dose chemotherapy, the majority of patients progress
because of resistant disease. Consequently, high-dose che-
motherapy is being increasingly studied in the adjuvant
setting for patients with early-stage, high-risk breast cancer.
The first clinical trials with high-dose chemotherapy in
patients with high-risk early stage breast cancer involved
the subset of patients with =10 involved axillary lymph
nodes because such patients have a minimal disease burden
and are assumed to have chemotherapy-sensitive micro-
metastases. With the best conventional chemotherapy, such
patients have a probability of remaining alive and free of
disease at 10 years of 10—30% and a probability of survival
of 24% [8, 11]. Initial studies of high-dose chemotherapy in
patients with early-stage, high-risk breast cancer have

focused on this subset of patients because of their particu-
larly poor prognosis.

Although no prospective randomized trial comparing
high-dose chemotherapy with autologous stem cell trans-
plantation to standard adjuvant chemotherapy for patients
with high-risk primary breast cancer has been completed,
several phase II studies have been reported [7, 20, 22, 23,
25, 375, 41, 43, 46] (Table 4). Peters and colleagues first
reported 85 patients treated with 6 cycles of adjuvant
chemotherapy which included cyclophosphamide, doxoru-
bicin, and 5-fluorouracil followed by a high-dose chemo-
therapy regimen which included cyclophosphamide,
carboplatin, and BCNU [37]. The actuarial event-free
survival was 72% with a median follow-up of 2.5 years.
This cohort of patients was compared to an historical
control population from 3 earlier adjuvant chemotherapy
trials conducted by the Cancer and Leukemia Group B
(CALGB) [9, 32, 48]. In the latter population, the event-
free survival was 38—52% with 2.5 years of follow-up.

Two other studies testing this strategy in smaller num-
bers of patients have reported similarly favorable outcomes.
Schultz and coinvestigators treated 21 patients with 2
cycles of induction chemotherapy including etoposide,
ifosfamide, cisplatin, and epirubicin followed by high-
dose chemotherapy which included etoposide, ifosfamide,
carboplatin, and epirubicin [41]. After a median follow-up
of 13.6 months (4~27 months), 17 of the 21 patients (81%)
remained in complete remission and 4 had relapsed. Tomas
and colleagues treated 40 patients with stage II or III breast
cancer with >10 involved axillary lymph nodes with
cyclophosphamide, thiotepa, and carboplatin followed by
6 cycles of anthracycline-based adjuvant chemotherapy
[46]. The actuarial event-free survival was 72% at 3 years
with a median follow-up of 35 months.

The largest number of patients evaluated prospectively
is that reported by Somlo and colleagues [43]. In this study,
114 patients received high-dose chemotherapy including
etoposide, cyclophosphamide, and either doxorubicin or
cisplatin following standard-dose adjuvant chemotherapy.
The estimated relapse-free survival for patients with stage
II or IIIA disease is 71% and 57%, respectively, after a
median follow-up of 46 months (range 23 -93 months). The



S64

Table § Prevalence of tumor cell contamination of peripheral blood and/or bone marrow (BM bone marrow, GF growth factor, NA not available,

PBSC peripheral blood stem cell)

Mobilization method Disease stage PBSC (%) BM (%) P value Reference
Chemotherapy and/or GF /v 9/48 (19) 32/48 (67) <0.005 40
Steady-state MIB/IV 1/23 (4) 4/27 (15) NA 34
chemotherapy 2128 (7)
+ GF
GF IVIIIA with 10 positive  2/57 (4) 30/83 (36) NA 50
nodes
Steady-state HIB/V 1/37 (3) 4/36 (11) NA 35
chemotherapy 3/38 (8) NA
+ GF
Chemotherapy 26/183 (14) NA NA 36
+ GF 26/267 (10)
[A] In August 1991, the ECOQG, together with the SWOG
A and the CALGB initiated a randomized prospective trial for
patients with stage II or III breast cancer with =10 involved
N T’E’AF"GI R:PA’ T+ ASCTI BRT' Taﬂ axillary lymph nodes (Fig. 3). This National Cancer In-
D stitute high-priority clinical trial randomizes patients to
0 either standard-dose adjuvant chemotherapy with 6 cycles
M of cyclophosphamide, doxorubicin, and 5-fluorouracil
: —»lCAFx6J——> RHT- Taml (CAF) followed by high-dose chemotherapy with cyclo-
z phosphamide and thiotepa or the identical adjuvant chemo-
£ therapy program alone. Subsequently, all patients receive
|| locoregional radiation and estrogen receptor-positive pa-

Fig. 3 Schema for Intergroup 0121 (ECOG protocol E2190). CAF,
cyclophosphamide, doxorubicin, 5-fluorouracil; CPA cyclophospha-
mide; 77 thiotepa; ASCT autologous stem cell transplant; XRT radia-
tion; TAM tamoxifen

overall survival at 3.5 years is 82% and 79%, respectively.
A prognostic factor analysis revealed that the risk of relapse
was significantly lower in patients with progesterone re-
ceptor-positive disease and higher for patients with inflam-
matory breast cancer.

Investigators at the Instituto Nazionale di Tumori,
Milan, treated 67 patients with sequential cycles of high-
dose chemotherapy including cyclophosphamide as a first
course followed by methotrexate, cisplatin, and vincristine
as a second course and then high-dose melphalan with
autologous stem cell rescue followed by locoregional radia-
tion therapy [23]. The actuarial 5-year relapse-free survival
was 56% with a median follow-up of 15 months. Finally,
the Autologous Blood and Bone Marrow Transplant Reg-
istry reported 91 patients with high-risk stage II and III
disease who received high-dose thiotepa and cyclophospha-
mide after standard-dose, doxorubicin-based, adjuvant che-
motherapy [2]. The event-free survival was projected to be
75% at 2 years.

All of these recent studies have reported a treatment-
related mortality rate of < 5%, justifying the risks in this
population. Although these preliminary studies are
encouraging, it remains unclear whether this approach is
definitely superior to conventional chemotherapy for all
patients with high-risk disease involving =10 axillary
lymph nodes or whether this approach would offer an
advantage for patients with high-risk disease but <10
involved lymph nodes.

tients receive tamoxifen for 5 years. All of the 536 patients
needed have been accrued and 193 patients have received
treatment with high-dose chemotherapy. This study also
prospectively evaluates the incidence and degree of occult
marrow contamination due to breast cancer by analyzing
samples of marrow using a panel of monoclonal antibodies
specific for breast cancer as well as evaluating changes in
psychosocial function on the 2 treatment arms. A second
trial for patients with stage II or IIl disease with =10
involved lymph nodes, conducted by the CALGB, rando-
mizes patients to 4 cycles of standard-dose CAF chemo-
therapy followed by either high-dose cyclophosphamide,
cisplatin, and carmustine or a lower dose of cyclophospha-
mide, cisplatin, and carmustine not requiring stem cell
support. All patients then receive radiation therapy and
tamoxifen. The completion of these 2 trials will help
determine whether treatment with high-dose chemotherapy
in this patient population results in substantially improved
outcome and whether the natural history of the disease has
been altered.

Detection of occult breast cancer cells and bone marrow
and/or peripheral blood

Tumor cells may contaminate bone marrow and contribute
to relapse among patients undergoing high-dose chemo-
therapy and autologous stem cell transplantation [10, 21,
30, 33-35, 40, 50]. Several studies have addressed the
relative degree of tumor cell contamination of blood com-
pared to bone marrow (Table 5) [33, 35, 40, 50]. Using a
panel of IgG murine monoclonal antibodies directed against



breast or glandular epithelia, Ross and coinvestigators
prospectively investigated the incidence and viability of
breast cancer contamination of peripheral blood stem cells
and bone marrow from patients with advanced breast
cancer in a multiinstitutional study [40]. In this study,
breast cancer cells detected by immunocytochemistry
were less frequent in peripheral blood stem collections
(9/48 or 19%) compared to bone marrow harvests (32/48
or 67%) (P <0.005). Immunocytochemical findings corre-
lated well with in vitro clonogenic growth of the tumor
cells. Vredenburgh and colleagues compared the degree of
tumor cell contamination of progenitor cells harvested from
the bone marrow compared to those harvested from the
peripheral blood [50]). Tumor cells were detected using a
panel of 4 murine monoclonal antibodies reactive with
human breast cancer cells using an immunohistochemical
technique. Thirty of 83 (36%) evaluable patients under-
going bone marrow harvesting had bone marrow tumor cell
contamination compared to only 2 of the 57 patients (4%)
undergoing harvesting of growth factor-mobilized periph-
eral stem cells. Furthermore, patients with tumor cell
contamination of the bone marrow had shorter disease-
free (P = 0.04) and overall survival (P = 0.02). There was
no relationship between tumor cell contamination of the
marrow and sites of relapse. In 2 other studies, the detection
of occult breast cancer cells in stem cell collections was
associated with a poor outcome [10, 21].

Several studies have compared the incidence of contam-
ination of peripheral blood stem cell collections in patients
mobilized with growth factor alone or with both chemo-
therapy and growth factor. Passos-Coelho and colleagues
observed no difference [34], while in a preliminary report
from a large multiinstitution study, Pecora et al observed a
higher incidence of occult breast cancer cells in peripheral
blood stem cell collections mobilized with growth factor
alone [36]. These studies suggest that the separation and
selection of CD34+ cells which are not contaminated with
tumor cells may be important [26, 42].

High-dose chemotherapy for patients with breast cancer
is in widespread use. A small subset of patients with
metastatic breast cancer may benefit; however, such benefit
may reflect selection bias in phase II trials. More encoura-
ging results have been observed in the high-risk adjuvant
setting. The results from randomized trials are eagerly
awaited. Peripheral blood stem cell harvests appear less
contaminated with tumor cells than conventional bone
marrow harvests. Whether this observation is clinically
relevant requires further studies.
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