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Breast cancer is currently the primary indication for high-dose 
chemotherapy with autologous hematopoietic progenitor cell 
support. Recent advances include the first randomized trial 
comparing high-dose chemotherapy with conventional-dose 
chemotherapy in patients with metastatic disease, new and 
improved methods for detection of tumor cells in the autolo- 
gous graft, new high-dose chemotherapy regimens, new trlals 
exploring multicycle high-dose chemotherapy, and the devel- 
opment of prognostic factors that may predict the outcome of 
patients who receive this treatment. In patients with ovarian 
cancer, a recently activated intergroup randomized study of 
high-dose chemotherapy compared with conventional dose 
chemotherapy should help clarify the role of high-dose 
chemotherapy for the treatment of this disease. 
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Abbrevtation 

AHPCS autologous hematopoiet~c progenitor cell support 

Breast cancer is currently the most common indication for 
high-dose chemotherapv with autologous hematopoietic 
progenitor cell support (AHPCS). T h e  results of recently 
published and forthcoming studies will likely increase the 
numbcr of patients treated with this modality. T h e  ratio- 
nale and historical results of high-dose chemotherapy 
with AHPCS, both in the adjuvant and metastatic breast 
cancer setting, have been recently reviewed [1,2]. In this 
re\-iew. n e  focus on recently published high-dose therapy 
studies of patients with breast and ovarian cancer. 

High-dose chemotherapy for the treatment of 
breast cancer 
In 1995, Bezwoda et ol. [3**] reported the results of a 
randomized trial in patients with metastatic breast cancer. 
Ninety pat ients  without  prior chemotherapy  in t h e  
metastatic setting were enrolled. Patients were treated 
with either two cycles of high-dose cyclophosphamide, 
mitoxantrone. and etoposide followed by AHPCS or six 
cvcles of standard-dose cyclophosphamide, mitoxantronc, 
and vincristine. Fifty-one percent of the patients in the 
high-dose arm achieved a complete response in contrast 
to only 5% in t h e  conventional-dose arm. Both t h e  
median duration of response (34 versus 80 weeks) and 
survival (45 versus 90 weeks) were significantly longer for 
patients enrolled in the high-dose arm. 

T h e  University of Colorado in collaboration with the 
Cleveland Clinic and the University of Arizona Cancer 
Center have completed a pilot high-dose study in patients 
with stage I1 and I11 breast cancer involving four to nine 
a x i l l a ~  lymph nodes [4]. Fifty-four patients were treated 
with four cycles of adriamycin and cyclophosphamide 
followed by high-dose cyclophosphamide, cisplatin, and 
carmustine with AHPCS. With a median follow up of 16 
months, 47 patients (87%) are alive and disease free. A11 
patients received radiation therapy to the chest wall and 
axilla after undergoing transplantation. T o  confirm these 
promising preliminary results, a randomized intergroup 
trial has been initiated in this patient population. Patients 
will be t reated with e i t h e r  t h e  t r e a t m e n t  reg imen 
descr ibed  previously or an in tens ive  sequent ia l  
chemotherapy regimen, including three cycles of adri- 
amycin,  cyclophosphamide.  and pacl i taxel .  each ,  
wpported by granulocyte colony-stimulating factor [S]. 

Patients with inflammatory breast cancer have a poor 
prognosis with conventional chemotherapy. Ayash et a/. 
161 recently presented their results with the use of induc- 
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tlon chemotherapy, followed bv high-dose chemotherapy. 
surgery, and radiotherapy in 27 patients with stagc IIIB 
breasc cancer, At t h e  t ime of this report, and with a 
rncdian fol low-up of 22 monrhs.  four pa t ien t s  had 
relapsed. all of whom had gross residual disease afrer 
high-dose chemotherapy. 

Detection of minimal residual disease in the 
autologous graft 
Significant progress has been made in the detection of 
breast cancer cells, both in the bone marrow and periph- 
eral blood spec imens .  S t u d i e s  at  t h e  Lyniversity of 
Colorado using a combination of four monoclonal antibod- 
ies in an immunocytochemisr~ assay llavr shown breast 
cancer cell contamination in 35% of the bone mar:ow 
aspirates. and 10% of the peripheral blood san~ples prior 
to transplantation [7-1. Vredenburgh ern/. [8] used the 
same assay to study patients with breast cancer and more 
than 10 axillary lymph nodes involved with cancer. Thev  
found that 36% of the bone marrow specrmens contained 
tumor cells, and thac the presence or absence of these 
cells was correlated with disease-free srrrvival. Llsing a 
polymerase chain reaction for cytokeratin K19, Fields et 
a/. [9*] studied bone marrow aspirates from 83 patients 
with high-risk or mecascatic breast cancer. T h e  presence 
or absence of bone marrow micrometastases correlated 
with clinical outcome in patients with stage IV disease 
but not stage 11-111 disease. 

New high-dose chemotherapy regimens 
Numerous groups have shown that 10% to 27% of the 
patients with metastatic breast cancer can be rendered 
disease-free long- te rm with t h e  use of high-dose 
chemotherapy followed by AHPCS. However, the fact 
that the majority of patients relapse after high-dose 
chemotherapy underscores the need for more effective 
high-dose chemotherapy regimens. 

Fields et al. 1101 attempted to increase the dose intensity 
of high-dose chemotherapy. Thev  performed a phase I 
study of ifosfamide, carboplatin, and etoposide in patients 
with poor-prognosis malignancies (99 of 154 had breast 
cancer). T h e  maximally tolerated dose for this combina- 
tion was ifosfamide at 20,100 mg/M2, carboplatin at 1800 
mg/M2,and etoposide at 3000 mg/M2, all given in divided 
doses for 6 days. T h e  dose limiting toxicities for the  
combination were central nervous system and acute renal 
failure. In a subsequent analysis of this study, the authors 
suggesred that patients with anthracycline-responsive 
breast cancer treated at  the higher dose levcls had a 
higher response rate than those treated at the lower dose 
cohorts [ l l ] .  At least two groups have explored the posgi- 
bility of using busulfan-cvclophos~~i~an~ide,a commonly 
used regimen for hematologic malignancies. in patients 
with breast cancer [12,13]. No long-term responders were 
seen in one of these series [I?]. 

O n e  way to improve t h e  current results obtained in 
paticnrs with metastatic breast cancer is bv the incorpora- 
tion of drugs with novel mechanisms of action. In a 
recently published phase 1 study. the feasibilitv to incor- 
porate paclitaxel in a high-dose chemotherapy regimen 
was demonsrrated [I-!*]. T h e  rationale for rhis study was 
based on rhr pronlising ant ic~mor acriviry of paclitaxel in 
breast cancer, rhr lack of life threatening extrahemato- 
logic toxicity of convenrional dose paclitaxel. the preclini- 
cal evidence for a dose-response effect with paclitaxel, 
and the in oirro synergism exhibited when paclitaxel and 
cisplatin are combined [IS-181. T h e  maximum tolerated 
dose for chis regimen is 775 mgihl' of paclitaxel infused 
for 24 hours, cyclophosphamide ar 5625 mg/h12 in three 
daily doses, and cisplatin at  165 mg/M2 intravenously 
given bv continuous infusion for 72 hours followed by 
AHPCS. We are currently conducting a follow up study 
testing the incorporation of carmuscine into this high-dose 
paclitaxel-based regimen [191. Another strategy is to 
incorporate agents with very high single-agent accivirv 
against breast cancer into high-dose chemotherapy regi- 
mens. With this in mind, Somlo el a/. [20*] conducted a 
phase I study of etoposide (60 mglkg) and cyclophos- 
phamide (100 mgfkg) with escalated doses of adriamycin 
g iven  as a con t inuous  infusion for 96 hours .  T h e  
maximum rolerated dose for adriamycin in chis combina- 
tion was determined to be 165 mg/hf2, and no toxic fatali- 
ties occurred. 

Multicycle high-dose chemotherapy 
Based on initial studies by Dunphy era/. [21] and Ayash er 
a/. [22], several investigators have explored the possibility 
of giving more than one high-dose chemotherapy cyclc 
using AHPCS. Bitran et a/. 1231 administered high-dose 
thiotepa and cyclophosphamide to 27 patients, followed 
within 180 days by single-agent melphalan. Two patients 
died after the first cycle of high-dose chemotherapy, and 
two did not respond, making them ineligible for the 
second cycle. Eighteen of 22 eligible patients received 
t h e  second cycle of high-dose chemotherapy.  T w o  
patients did not receive the  second cycle because of 
persistent thrombocyropenia, one because of progressive 
disease and another one because of inadequate cardiac 
function. With a median follow-up of 24 months, the actu- 
arial freedom from relapse was 56%. 

Rodenhuis e f d .  124) have recently demonstrated thac it is 
feasible to administer  mult iple  cycles of high-dose 
cyc lophosphamide ,  th io tepa ,  a n d  carboplat in  wi th  
AHPCS. Thev treated 48 patients with metastatic breast 
cancer or germ cell tumors with two or three cycles of 
cyclophosphamide, thiotepa, and carboplatin followed by 
AHPCS. Their main finding was that 80% of the second 
courses were given on time and without the need for dose 
reduction: only one toxic death was reported. Ghalie eta/. 
[25] treated 39 patients with an additional cycle of high- 
dose busulfan and etoposide following their standard 
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high-dose cvclophosphamide, thiotepa, and carboplatin. 
They reported a 2-year event-free survival for complete 
responders of 25%, which is comparable to previous expe- 
rience with single-cvcle high-dose chemotherapy. 

1-ahdat rt  nl. 126) from the  hlemorial Sloan-Kettering 
Cancer Center (New York, NY) have explored the possi- 
bility of gilfing multiple cycles of intermediate-dose 
chemotherapy supportcd by AHPCS. Breast cancer 
patients rcceivcd two courscs of cyclophosphamide 
followcd by two cyclcs of thiotepa.  Following each 
cyclophosphamide cycle. peripheral blood progenitor cells 
were collected and used to support the  two thiotepa 
cycles. All cycles were supported wich granulocyte colony- 
stimulating factor. Forty-two patients were enrolled; 10% 
did not receive the second cycle of thiotepa. Forty two 
percent of the patients with measurable disease achieved 
a complete response, and 21% of the  42 patients are 
progression free at a median follow-up of 28 months. 

Prognostic factors after high-dose chemotherapy 
Despite the increasing number of patients being treated 
with high-dose therapy, the subset of patients who are 
more likely to  benef i t  o t h e r  t h a n  those  t h a t  have 
chemotherapy-responsive disease at the time of transplan- 
tation remains unclear. Dunphy tt a/. [27] studied the 
factors predicting for long-term survival in patients with 
metastatic breast cancer that were treated with two cycles 
of high-dose etopos~de, cyclophosphamide, and cisplatin 
with AHPCS. All the patients in this study had stable or 
responsive disease after conventional-dose chcrnotherapy, 
and either estrogen receptor-negative or hormone-rcfrac- 

a single metastatic site and complete response at  the time 
of transplantation were associated with longer progres- 
sion-free survival. Importantly, patients that received 
high-dose chemotherapy after achieving a complete  
response had a 5-year progression-free survival of 31%. 
Bitran et nl. [31*] studied 25 patients with breast cancer 
treated with high-dose chemotherapy in the  adjuvant 
setting for overexpression of her2/neu. All four patients 
with overexpression relapsed, whereas none of 21 patients 
tvith no or borderline overexpression relapsed. 

High-dose chemotherapy for the treatment of 
ovarian cancer 
Slost studies of high-dose chemotherapy for the treat- 
m e n t  of ovarian cancer  have included heterogenous 
groups of patients, with a large proportion of women with 
refractory disease. AIost of these trials demonstrated 
higher response rates than those obtained with conven- 
tional chemotherapy, but the long-term benefit of this 
approach is still unclear. Recent ly,  Stiff et of. [ 3 2 * ]  
analyzed the results of high-dose chemotherapy in 100 
patients with ovarian cancer. They  identified tumor bulk 
and platinum sensitivity as the best predictors of progres- 
sion-free survival. Lower age, in addition to these two 
factors, predicted for better overall survival. Interestingly, 
patients defined as having platinum-resistant, low-volume 
disease had a median overall survival after high-dose 
chemotherapy of more than two years, suggesting in the 
view of the authors, that these patients might benefit 
f rom high-dose chemotherapy  with a nonpla t inum 
containing regimen. 

tory discase. In the multivariate analysis, three factors 
Under the sponsorship of the Southwest Oncology Group 

werc indcpcndently associated with poor prognosis: liver 
and the Gynecologic Oncology Group, a randomized trial 

metastases, soft tissue metastases, and those who received 
comparing high-dose chemotherapy with conventional- 

prior adjuvant chemotherapy. Investigators from the City 
dose chemotherapy has been recently activated (Stiff, of Hope hledical Center (Duarte, CA) presented their 
Personal communication). It is imperative that eligible 

analysis of prognostic factors for patients treated in the 
patients be enrolled in this study, which will help clarify 

adjuvant and metastatic settings. For patients with stage 
t h e  role of high-dose therapy in t h e  management  of 11-111 breast cancer they found that low tumor grade, 
ovarian cancer. 

moderarlv and well differentiated primary tumors, and 
stage I1 and IIIA (as opposed to IIIB) were associated 
with a significantly longer progression-free survival [ 2 8 ] .  
In terms of overall survival, stage IIIB, positive margins 
af ter  surgery, and high-dose chemotherapy without  
doxorubicin were associated with poor prognosis. In 
patients with metastatic disease, univariate analysis 
showed that complete remission at the time of high-dose 
chemotherapy, absence of liver metastases, and fewer 
sites of metastatic disease predicted for longer progres- 
sion-free survival (291. A disease-free interval of more 
than 1 ?.ear In addition to the above mentioned factors, 
predicted for longer overall survival. Ayash t.t a/. [30] 
presented their study of prognostic factors in 62 patients 
with metastatic breast cancer that were followed for a 
median of 50 months. T h e  progression-free survival for 
this group is 22%. In multivariate analysis. the presence of 
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