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High-dose Chemotherapy with Autologous Stem Cell 
Support in Advanced Ovarian Cancer 

Seija E. Grenman, Virpi T. Rantanen and Tuula A. Salmi 

Since 1981, over 300 patients reported with advanced or refractory ovarian cancer have 
been treated with high-dose chemotherapy supported by autologous bone marrow or 
peripheral blood stem cell transplantation. Partial or complete clinical response has 
been reported in 54-100% of the cases, but the median duration of the response in the 
majority of patients has been only a few months. It is obvious from the available data 
that high-dose regimens supported by autologous stem Cell transplantation (ASCT) are 
not capable of inducing long-term survival in patients with heavy tumour burden or 
chemoresistant ovarian cancer. Recent reports on nearly 100 patients have described 
results of the use of high-dose chemotherapy as first-line treatment for patients with 
optimally debulked disease or negative second-look laparotomy. Response rates and 
survival have been better when compared to historical controls, but the efficacy of this 
treatment modality in inducing durable remission has not been tested in randomized 
trials. Most of the ongoing trials presented briefly in this review have been designed to 
evaluate the potential of high-dose therapy as first-line treatment in preventing the 
development of resistant tumour clones and recurrence. The role of sequential 
high-dose chemotherapy with ASCT as a part of primary treatment or as salvage 
therapy for chemosensitive recurrent disease is also under investigation. 
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Introduction 

Cancer of the ovary is the s~xth most common cancer in 
women (1) and affects 1-2% of women during their 
lifetime (2). Because of the lack of early symptoms, 
75-80% of the patients present with stage Ill or IV 
disease (3) and systemic chemotherapy plays a 
significant role in the treatment of these patients. 
Approximately 60-80% of the patients with advanced 
ovarian cancer will have objective responses with 
platinum-based chemotherapy, and 50% of the patients 
will achieve clinically complete remission (CR). 
However, pathologically proven CR is obtained only in 
28-35% (4), and no more than half of these pat~ents will 
obtain durable remission (5). Thus, 5-year actuarial 
survival of stages Ill and IV are 23% and 14%. 
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respectively (3). The contrast of high response rates 
with major reduction in tumour burden and low 
numbers of durable complete remissions indicate the 
presence or development of resistant subpopulations of 
cells causing relapse of the disease. 

The somatic mutation theory explains failure to cure a 
malignancy as a result of failing to eradicate all drug- 
sensitive cells because of insufficient dose intensity, or 
as the emergence of cells that are resistant to the 
drug regimen (6). The potential benefit of dose- 
intensive therapy lies in its ability to overcome relative 
drug resistance and prevent recurrence. Randomized 
studies evaluating the role of conventional cisplatin- 
based high-dose chemotherapy in improving survival of 
advanced ovarian cancer have given contradictory 
results (7, 8) and currently it is widely agreed that dose 
escalation by a factor of 2 does not offer a therapeutic 
benefit in advanced cases (9, 10). 

For over 15 years high-dose chemotherapy with 
autologous stem cell transplantation (ASCT) has been 
tested in a variety of clinical situations for the treatment 
of ovarian cancer. In the early tr~als autologous stem 
cell support was given as bone marrow transplantation . 
(ABMT), whereas more recent tr~als have used 
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peripheral blood stem cells (PBSC). The heterogenous 
group of treated patients can be divided into three 
groups: (i) those who have failed to respond to primary 
therapy; (ii) those who have had either macroscopic or 
microscopic residual disease after some response to 
primary therapy; and (iii) those who have relapsed at 
various times after CR to primary therapy. The avarlable 
data show that the patients with low tumour burden 
have achieved the best response to high-dose therapy 
wlth ASCT (11). The initial stud~es on dose-intensive 
first-line therapy have given encouraging results 
(1 2-1 5). Consequently. the current ongoing trials have 
focused on testing the potent~al of this treatment 
modality in inducing long-term disease-free survival in 
patients with low tumour burden and chemosensitive 
disease. This paper reviews the main results of the 
available data on high-dose therapy with ASCT in the 
treatment of advanced ovarian cancer and presents 
some of the ongoing trials. 

Drug Resistance 

Drug resistance is still an unsolved obstacle to the 
successful treatment of ovarian cancer. Changes In 
cellular detoxification pathways, such as glutathione 
(GSH), result In a resistance restricted to groups of 
drugs that have similar reactive species. GSH plays a 
critical role in cellular detoxification pathways with its 
ability to bind cytotoxic agents or to facilitate their 
metabolism and transport. GSH also appears to facili- 
tate DNA repair (16). Studies with drug-resistant human 
ovarian cancer cell lines have shown that resistance to 
cisplatm and alkylating agents is associated with 
increased levels of GSH as well as an increased 
capacity of tumour cells to repair DNA damage (16-18). 
Changes in target enzymes or membrane transporters 
for the drug cause a resistance specific to a small group 
of structurally related analogues. Classical multidrug 
resistance is mediated by mdr-1 gene product, P-glyco- 
protein, causing enhanced efflux of natural products 
(e.g. doxorubicin, vinca alkaloids and taxanes) in drug- 
resistant tumour cells (19). lrnmunohistochemical P- 
glycoprotein staining or mdr-I mRNA expression have 
been detected In 48-63% of ovarian cancer biopsies 
(20. 21). These findings have correlated with the clinical 
response to chemotherapy. Some clinical pilot studies 
have tested the possibility of modulating factors causing 
platinum resistance in ovarian cancer. These studies 
have demonstrated inhibition of glutathione synthesis 
with buthione sulfoximin (BSO) during melphalan 
chemotherapy (22), decrease of glutathione s-trans- 
ferase activity after administration of ethacrynic acid to 
patients receiving thiotepa (23) and inhibition of DNA 
repair capacity with aphidicolin (24). However, none of 
these agents has been accepted for wider clinical use. 

Many chemotherapeutic agents, irrespective of their 
mechanism of action, appear to kill cells, with apoptosis 
be~ng a common final pathway. Mutation of p53 (25) 
and overexpression of bcl-2 (26) are reported to be 
associated with lmpa~red ability of programmed cell 

death. An interestmg chemotherapeutic approach to be 
developed in the future may be agents that mimic p53 
function or inhibit bcl-2 activity. 

Dose Intensity and Current Practice 
with Conventional Doses 

The rationale for high-dose therapy in ovarian cancer 
is based on in vitro studies showing a deep dose- 
response curve for cytostatic agents (27, 28) as well as 
on the classical meta-analysis by Levin and Hryniuk 
suggesting correlation between cisplatrn dose intensity 
and response to treatment ovarian carcinoma (29). 
Subsequent evaluation of this meta-analysis indicates 
that the dose-response relationship of cisplatin is seen 
to a level of 15 and 25 rng/m2/week and higher doses 
do not improve treatment results (30). A recent meta- 
analysis including 4118 patients evaluated whether 
lncreaslng c~splatin/carboplatln alone or in combina- 
tion with other drugs would improve median survival 
in advanced ovarian cancer. No significant correla- 
tion could be demonstrated between dose intensity 
(mg/mz/week) or total dose intensity (mg/m2/week x 
number of courses) of platinum compounds and 
median survival. However, total dose intensity of all 
drugs together with the percentage of optimally 
debulked patients correlated with median survival (31). 

Two frequently cited prospective randomized trials 
evaluating the relationship of dose intensity and 
outcome in advanced ovarian cancer have shown no 
advantage in a doubling of cisplatin dose intensity over 
ranges from 16 to 33 mg/m2/week (8) and from 24 
to 50 mg/m2/week (4). In contrast, the study by the 
Scottish Gynaecological Cancer Study Group, using a 
dose range from 16 to 33 mglm2/week, was closed early 
because an interim analysis showed significantly better 
survival in the high-dose arm, 125 vs. 69 weeks (7). The 
first two studies gave the same total dose of drug in 
both arms but a 2-fold difference in the dose intensity 
between the two regimens. In the Scottish trial the 
high-dose arm received a 66% greater total dose of 
cisplatin and almost one-third of the patients had stage 
I or II disease, whereas all patients included in the 
Gynecological Oncology Group (GOG) and Italian 
studies were stages Ill and IV. Detailed reviews of 
available prospective randomized trials have agreed that 
no firm evidence exists yet to prove that dose escalation 
by a factor of two offers any therapeutic benefit in 
advanced cases (9, 10, 32). This is not surprising 
because in vitro data suggest that a greater than 5-fold 
increase in dose is desirable (33). The role of 
conventtonal high-dose therapy in the treatment of 
patients with a low tumour burden has not yet been 
clarified. 

The current standard conventional chemotherapy for 
epithelial ovarian cancer is cisplatin 50-75 mg/m2 and 
cyclophosphamide 500-750 mg/m2 every 3 weeks (10, 
34). Mature data from the GOG study, which compares 
c~splatin plus cyclophosphamide vs. cisplatin plus 
paclitaxel in the treatment of 385 patients with sub- 
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combined with cisplatin as the first-line treatment for 
ovarian cancer is currently being studied in a multi- 
centre trial including the European Organization for 
Research and Treatment of Cancer (EORTC), the 
National Institute of Canada and several institutions 
from Scotland and Scandinavia. The optimal dose, 
schedule, and combination for paclitaxel have not yet 
been defin~ed (36). 

High-dose Therapy with ASCT in 
Refractory or Recurrent Ovarian Cancer 

Patients who progress during treatment, who have 
stable disease in response to the initlal platmum-based 

with sl cm disease at the time of ASCT. The median 
survival was nearly double in the patients with sl cm 
disease compared to the patients with bulky disease 
(51). Due to the small number of patients it was 
concluded that it is too early to determine whether 
patients with low tumour burden at the tlme of high- 
dose therapy have a survival advantage. In the same 
study platinum-resistant and platinum-sensitive patients 
were analysed separately. It was obvious that patients 
with platinum-resistant disease do not benefit signifi- 
cantly from high-dose platinum-containing regimen, as 
the median progression-free survival was 5.1 months 
and the overall survival was 10.4 months (51). These 
data are not different from those reported for single- 
agent paclitaxel therapy (53). 
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regmen, or who relapse w~thin 6 months are con- 
sidered to have platinum-refractory disease. Patients 
who respond and have a progression-free interval 
greater than 6 months off treatment are defined as 
platinum-sensitive. Response rates of 0-19% have been 
achieved with conventional salvage therapy In platinum- 
refractory ovarian cancer. Response rates In platmum- 
sensitive cases have been 17-100%. The duration of 
response has been less than 9 months rn the majority of 
studies including both platinum-sensitive and -resistant 
tumours (37). 

The first experiences of the use of high-dose therapy 
supported by ABMT in the treatment of ovarian cancer 
were obtained in the early 1980s (38-40). The results 
from the majority of trials currently available, including 
over 350 patients with ovarian cancer, are summarized 
in Table 1. Over two-thirds of the reported patients have 
been treated for refractory disease. Clinical CR or partial 
remission (PR) has been seen In 54-10096 of the 
patients. The mean duration of the response has varied 
between 6 and 43 months, but in most studies it has 
been less than 9 months. Pathologically proven CR has 
been reported in 0-46% of evaluable patients. However, 
detailed response data is missing in several reports and 
the numbers given are suggestive. 

The three largest studies, wlth over 35 patients each, 
have been reviewed recently by de Vries and coworkers 
(11). Altogether, 122 patients with stages Ill or IV 
disease had been treated with 6-8 cycles of cisplatin- 
based chemotherapy after cytoreductive surgery. For 57 
patients high-dose therapy was given as consolidation, 
and 65 patients had either macroscopic disease at 
follow-up or recurrent disease. In the consolidation 
group, the median progression-free survival was 32 
months and the 5-year progression-free survival was 
30%. The median progression-free survival in the 
salvage group was only 8.7 months and the 5-year 
overall survival was 25%. Two recent studies have 
shown similar results. Shpall and coworkers have 
reported results on 35 patients with bulky or refractory 
disease. The patients had been treated with high-dose 
cyclophosphamide, thiotepa and either intravenous (i.v.) 
or lntraperitoneal (i.p.) cisplatin. Also in this series a 
high response rate of 75% was followed by a short 
median duration of 6 months (52). Stlff et al. treated 22 
patients with r 1 crn residual dlsease and eight patients 

High-dose Therapy with ASCT as the 
First-line Treatment 

According to the latest FIG0 (Federation Internationale 
de Gynecologie et d'obstetrlque) Annual Report the 
actuarial 5-year survival of stages la-llla ovarian cancer 
varies from 84 to 52%, whereas that of stages Illb-IV is 
29-14% (3). A meta-analysis of randomized trials for 
advanced stage patients treated with conventional 
platinum-based chemotherapy has shown less than 
30% 4-year survwal (54). However, it is to be noted that 
patients receiving conventional platinum-based chemo- 
therapy for microscopic disease after cytoreductive 
surgery have a 50-60% change of 5-year survival (54). 

Data on the use of high-dose therapy with ASCT 
support as the first-line therapy in the treatment of 
ovarian cancer is limited. However, the first published 
trials including almost 100 patients have given 
promising results (12-15). In three out of four studies 
patients have been treated with a few courses of 
postoperative induction chemotherapy before high-dose 
treatment (12, 14, 15). Patients in the study reported 
from the Tokai University underwent primary cytoreduc- 
tive surgery but recelved no prior chemotherapy before 
entering the trial (13). The study included 42 stages 
Ic-IV patients who had .cl cm residual disease after 
cytoreduct~on. Twenty-two patients received adjuvant 
therapy for microscopic disease, and 20 patients were 
treated for small volume residual disease. Chemo- 
therapy consisted of two cycles of high-dose cyclophos- 
pharnide (1600-2400 mg/rn2), doxorubicin (80-100 mgl 
m2) and cisplatin (100-150 mg/m2) with AMBT given 
twice with a median interval of 6 weeks. No additional 
maintainance chemotherapy was applied. The adjuvant 
setting group had an overall 5-year survival of 77.7%, 
whereas the 5-year survival of the patients with macro- 
scopic residual disease after cytoreductive surgery was 
26.3%. In their recent updated report with 49 patients, 
the study group reported a 5-year survival of 75% for 
stage 11, of 60% for stage Ill and of 33% for stage IV 
patients (56). 

A recent study from the Catholic University in Rome 
reported a 4-year survlval of 62% and a progressron-free 
survival of 57% survival in a group of 20 stages Ill-IV 
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patients treated with high-dose therapy supported been shown to be feasible in ovarian cancer both with 
by ASCT. Sixteen patients were left wlth 0.5-2.0 cm ABMT (13) and PBSCT (15). The study conducted at the 
residual disease after prlmary cytoreductive surgery Tokai University has combmed two new approaches: 
and the remaining four patients underwent intervention intraperitoneal (i.p.) chemotherapy as part of pre- 
surgery to achieve similar tumour burden before high- ceeding treatment and tandem high-dose therapy with 
dose therapy. Within 2 weeks from the primary surgery PBSC support. This is an interesting approach because 
the patients were treated with two courses of Induction a recent study on combined i.p. and i.v. therapy in 
chemotherapy ~ncluding cisplatin 160 mg/mL and cyclo- newly diagnosed small-volume ovarlan cancer has 
phosphamlde 1500mg/mz. High-dose chemotherapy shown improved survival when compared to 
consisted of cisplatin 100 mglm2, etoposide 650 mg/m2 conventional i.v. therapy (59). 
and carboplatin 1800 mg/m2. One fatal treatment-related Six out of seven currently open or planned trials are 
candida sepsis was reported in this serles but the based on a combination of high-dose platinum and 
remaining 19 patients were in clinical CR 3 months after cyclophosphamide and include patients with small 
the treatment and underwent second-look laparotomy. volume tumour only. However, other el~gibility criteria, 
Patholog~caily proven CR was seen In seven (37%), PR the cholce of additional third cytotoxic agent and the 
in nine (47%) and no change in three (16%) patients. All number of transplant courses is variable. Paclitaxel has 
patients with pathologically proven CR or microscopic been shown to be effective in mobilizing progenitor cells 
disease in the lymph nodes before ASCT were disease from the bone marrow (15) and escalation of paclitaxel 
free at the time of the report (14). dose up to 250-300 mg/m2 has been reported in some 

Fenelly and coworkers used cyclophosphamide and recent studies (15, 60). The highest tolerated dose has 
escalatmg doses of paclitaxel for mob~lizatlon of PBSC, been reported to be as high as 775 mg/m2 (61). 
whereafter the patients were treated with four courses of Paclitaxel exhibits dose- and schedule-dependent 
rapidly cycled high-dose carboplatin and cyclophospha- 
rnide with PBSC support (15). Ten out of 16 patients 
entered into the study had suboptimally debulked 
( > l  cm) disease after pnmary cytoreduction. The 
median ~nterval between paclitaxel/cyclophosphamide 
courses was 14 days and that of high-dose carboplatin1 
cyclophosphamide was 17 days. Thirteen patients were 
evaluable for response and underwent second look 
operation. Overall response rate was 100% with five 
patients showing pathologically proven CR, six 
microscopic residual disease and two PR. Duration of 
response was not reported from this phase I study. 

effects both on survival and side-effects and there is 
suggestive data on the importance of dose intensity (62, 
60). Therefore, the inclusion of paclitaxel would be 
justified in high-dose regimens tested for the treatment 
of advanced ovarian cancer. Furthermore, paclitaxel- 
based combinations should be tested as a control arm 
in a randomized trial evaluating the survival benefit 
obtained with high-dose therapy supported by ASCT. 

Both response to chemotherapy and long-term 
suwlval are the sum of multiple factors, including 
blologlcal characteristics of the tumour and the type of 
available surgical and cytotoxic therapy. According to 
the National Institute of Health (NIH) consensus state- 
ment reproducible independent factors that prolong 

Open and Future Trials survwal of ovarian cancer include younger age, early 
staqe, low tumour arade, low residual tumour volume. 
and rapid rate of rumour response. Other prognostic 

The role of high-dose therapy with ASCT in the factors include initial tumour volume and para-aortic 
treatment of ovarian cancer is studied widely at the lymph node involvement (63). A new development in 
moment. Some of the ongoing or planned trials are the search for prognostic factors and prediction of the 
summarized in Table 2. Most of the studies test the treatment outcome is the use of neural networks (64). 
efficacy of this treatment modality as part of primary EORTC is currently training neural networks on a large 
treatment in patients with low tumour burden. The Dutch dataset to detect hidden prognostic factors that may 
and Canadian trials are designed to test the role of contribute to the development of a more reliable 
dose-intensive therapy In the treatment of obviously prognostic index for ovarian cancer. This approach 
platinum-sensitive recurrent disease. The South Western might be useful also for identification of patients who 
Oncology Group has opened a phase II study (SWOG would benefit most from high-dose therapy supported 
9106), for stages IIIlIV ovarian cancer with microscopic by ASCT. 
up to 3 cm residual disease following one platinum- 
based regimen. This study compares the feasibility of 
two high-dose regimens. Results obtained from this 
study will guide the selection of high-dose combination 
for a phase 111 trial (57). 

Long-term remission of ovarian cancer may require 
multiple sequential high-dose courses. A mathematical 
model of turnour growth kinetics suggest that multiple 
applications rather than a single high-dose course 
would represent a superior strategy. The use of PBSCT 
to support two sequential cycles of high-dose therapy is 
now being explored in three trials. This approach has 

Conclusions 

Although experience with the use of high-dose 
chemotherapy with ASCT in the treatment of advanced 
or refractory ovarian cancer dates back to the early 
1980s the data is still limited and no clear consensus of 
the role of this treatment modality is available. The 
current data on the use of high-dose therapy with ASCT 
in the treatment of advanced ovarian cancer indicate 
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th'at this approach does not significantly improve line chemotherapy. Another randomized multicentre 
surv~val in patients with refractory or chemoresistant study co-ordinated by the Italian group will be started 
tumours. On the other hand, good response rates and soon (S.  Mancuso, personal communication). These 
survival obtained with high-dose therapy in patients with studies and other ongoing studies w~l l  show if enhanced 
low tumour burden either as iirsl-line treatment or as long-term survival can be achieved with high-dose 
salvage therapy are difficult to ignore and have therapy supported by ASCT and the progress of these 
stimulated wide research in this field. It seems trials will be followed with great interest. 
reasonable to use dose-intensive therapy early in the 
course of the disease before development of resistant 
cell populations and preferably at a time of mmimal 
tumour burden. 
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Table 2. Some of the currently open or planned trials on high-dose chemotherapy supported by autologous stem cell 
transplantation (ASCT) for the treatment of advanced or recurrent epithelial ovarian cancer. 

lnst~tute or lnclus~on crltena Randomlzatlon Preceedlng High-dose Reference or 
study group chemotherapy chemotherapy study co-ordmator(s) 

Southwest 
Oncology Group, 
USA 

Stages Ill-IV. 
microscop~c up to 
3 cm residual dlsease 
at second-look 
laparotomy 

NO One platlnurn- 
based ~nduction 
reglmen 

CDDP 
CTX 
THlO 
or 
CBDCA 
MX 
CTX 

CBDCA 1200 rng/m2 
VP-16 900 mgim2 
MEL 100 rng/mZ 

E. Shpall. et al. (57) 

CDDP 100 mgim2 'I 
CTX 1500 rng/m2 j * 
CDDP 100rnglm2\ x 3  
CTX 600 mg/m2 I 

Gynecology Dept. 
Cathollc Unlverslty. 
Rome, Italy 

Stages 1118-IV. 
0.5-2.0 cm 
residual turnour 
after prmary 
surgery 

CBDCA 1500 mg/m2 
CTX 6000 mgim' 

Royal Hosp~tal 
for Women. 
Paddmgton, 
Australia 

Stages IIIC-IV. 
negative or 
microscopical disease 
at second-look 
laparotomy 

Platinum-based 
chemotherapy. 
6 cycles 

N. Hacker 

The French GINECO 
Group. France 

Not defined Yes 

No 

Not defined CBDCA 1200 mg/m2 
CTX 4500 mg/m2 

CBDCA 1500 mg/rn2 
CTX 3000 rng/mz 
twice. 5-8 
weeks mterval 

CBDCA 1600 mg/m2 
CTX 6000 rng/m2 
THIO 480 mg/m2 
twice, interval 
not defined 

CBDCA 1800 mg!rn2 
CTX 6000 mg!m2 
VP-16 1800 rng/m2 
followed by 
MEL 200 rng/rnL, 
6-8 weeks Interval 

E. Pujade-Lauraine 
and J. M. Extra, (58) 

CDDP 50 mg/m2 
ADR 50 mg/mZ x 4 
CTX 1000 mg/m2 1 
CDDP 1 00 mg/m2 i p. x 1 

T. Sinozuka Toka~ Un~vers~ty. 
Kanagawa, Japan 

Stages Ill-IV 

Recurrence 2 12 months 
atter first l~ne 
plat~num-based 
chemotherapy 

No CDDP 50 mg/mz 
days 1 ,  8. 15, 29. 36, 43 
VP-16 50 mg/m2 
days 1-1 5. 29-43 

M. E. L. van der Burg 
and 
R. de Wit 

Damel den Hoed 
Clmic, Rotterdam 
Cancer Institute. 
The Netherlands 

Tom Baker Cancer 
Centre. 
Calgary, Canada 

Mcroscoplc or r I cm 
residual disease at 
second look laparotomy 
or recurrence 2 6 months 
after hrs the treatment 

Platinum-based 
chemotherapy. 
6-9 cycles 

ADR, doxorubicin: CBDCA, carboplatin; CDDP. cisplatin: CTX, cyclophospharnide; MEL. melphalan: MX, mltoxantrone; THIO. 
th~otepa VP-16, etoposide. 
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