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Abstract: Testicular cancer is a highly curable neoplasm, even in the case of extragonadal
disease. Nevertheless, patients with adverse prognostic features or relapsing after first-line
cisplatin-based chemotherapy have a worse prognosis with a death rate greater than 50%. High-
dose chemotherapy (HDC) has long been used in this group of patients. The introduction of
stem cells, instead of bone marrow, as the source of hemopoietic cells and the use of leukocyte
growth factors have substantially reduced the mortality and morbidity of this procedure although
the role of HDC is not well defined. This review summarizes the available data, focusing on
published randomized studies. The problems associated with the design of these studies and
the interpretation of data are discussed. Currently this HDC approach is mainly used in patients
who relapse after first-line chemotherapy. Nevertheless, selection of patients likely to benefit
from this treatment remains an issue of intense clinical research.
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Introduction
High-dose chemotherapy

The antitumor effect of chemotherapeutic agents appears to be dose-dependent, at
least in chemosensitive neoplasms. It is therefore reasonable to believe that “more is
better” and that superior results can be achieved if chemotherapy is administered at
doses significantly higher than those conventionally used. This has created the concept
of high-dose chemotherapy, which has been used with success in certain hematological
malignancies although its application is more limited in solid tumors.

The action of cytotoxic agents is nonspecific and this eventually results in adverse
events in normal tissues. One of the most serious and potentially life-threatening tox-
icities is myelosuppression, which also represents the dose-limiting toxicity of many
chemotherapeutic agents. This can be theoretically overcome by the transplantation
of bone marrow hematopoietic cells, which by engraftment to the bone marrow of
the patient will restore hemopoiesis and immunity. When the graft is taken from the
patient’s own bone marrow the procedure is called autologous. Autologous transplant
has the advantage that it does not require histocompatibility matching and has no
risk of rejection or graft versus host disease (GVHD) and consequently no need for
immunosuppressive therapy. However, autologous transplants may be contaminated
with malignant cells and do not confer a graft versus malignancy (GVM) effect.

The availability of hemopoietic growth factors led to the use of peripheral blood stem
(or progenitor) cells (PSC) instead of bone marrow for autologous hemopoietic stem cell
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transplantation (HSCT).! The use of these cells after ‘mobilization’
using granulocyte-colony stimulating factors (G-CSF) resulted
in reduced morbidity and mortality because they engraft more
rapidly, thus shortening the period of pancytopenia. In addition
they have a greater chance of therapy success, as they have a lower
frequency of tumor cell contamination, compared to grafts taken
from the patient’s bone marrow and apparently do not need purg-
ing methods. Therefore the procedure became easier and more
applicable even by less specialized and nonacademic centers.
These cells are kept by cryopreservation and may be infused
back into the patient following a time interval dependent upon the
half-life of the agents used for high-dose chemotherapy. Patients
subsequently receive high-dose myelosuppressive therapy to
eradicate any residual disease.

Testicular cancer

Testicular cancer represents a model of curable solid tumor
since most patients will be cured irrespective of the tumor
stage initially diagnosed. This unusually favorable outcome,

Table 1 IGCCCG risk classification for advanced testicular cancer

(for solid tumors), is achieved by the high sensitivity of this
tumor to cisplatin-based chemotherapy.

The prognosis of testicular tumors not confined to the tes-
tis (stages Il and I1I) is defined by the International Germ Cell
Cancer Cooperative Group (IGCCCG) criteria, which are
based on the histological type (seminoma vs nonseminoma),
the primary site, sites of metastases and prechemotherapy
alpha-fetoprotein (o.FP), beta human chorionic gonadotropin
(bhCG) and lactate dehydrogenase (LDH) (Table 1).2 The
combination of bleomycin, etoposide and cisplatin (BEP)
represents the standard of care for these patients. Neverthe-
less, the outcome for patients, at high-risk for relapse, is
not satisfactory, with a cure rate lower than 50% with BEP3
Patients who relapse after first-line chemotherapy represent
another group with an unfavorable prognosis. The cure rate
within this group is approximately 25% with conventional
chemotherapy.* These two groups clearly represent a group
of patients who might benefit from more intensive chemo-
therapy, including high-dose chemotherapy (HDC).

Seminoma

Non-seminoma

Good risk All of the following:
Any bhCG

Any LDH

No nonpulmonary visceral metastases

Any primary site

Intermediate risk Any bhCG

Any LDH

Nonpulmonary visceral metastases

Any primary site

Poor risk Nonapplicable

All of the following:

bhCG <5000 mlu/mL

OFP <1000 ng/mL

LDH <1.5 x ULN

No nonpulmonary visceral metastases

Gonadal or retroperitoneal primary

Any of the following:

OFP 1000-10,000 ng/mL

bhCG 5000-50,000 mlu/mL

LDH 1.5-10.0 ULN

AND

No nonpulmonary visceral metastases
Gonadal or retroperitoneal primary site
Mediastinal primary site

OR

Nonpulmonary visceral metastases
OR

OFP =10,000 ng/mL

OR

bhCG =50,000 mlu/mL

OR

LDH =10 x ULN

Abbreviations: IGCCCG, International Germ Cell Cancer Cooperative Group; a.FP, fetoprotein; bhCG, beta human chorionic gonadotropin; LDH, lactate dehydrogenase;

ULN, upper limit of normal.
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Several nonrandomized studies of intensified chemotherapy
as consolidation or salvage treatment have suggested a ben-
efit for poor risk patients when compared to what has been
achieved historically.>” Such results have provided the theoret-
ical background for the use of HDC in testicular cancer. HDC
initially with autologous bone marrow and then with HSCT
has been used for nearly two decades and has shown high
response rates and promising disease-free rates in poor risk
patients (prior to the establishment of the IGCCCG criteria)
in predominantly noncontrolled trials.® These results provided
the theoretical basis to explore the role of this approach in the
randomized studies, which are reviewed below.

High risk, first-line chemotherapy

The feasibility of HDC, in the first-line setting, in poor risk
patients has been established in several phase II studies.’ !
The results of some of these have suggested that the use of
this modality may improve the pathological outcome for
these patients. Nevertheless, data from randomized studies
is limited.

Two randomized studies that included 115 and 219 patients
failed to show any benefit from using HDC in this group
(Table 2).'>"* In these two studies patients were randomized
to receive two cycles of conventional chemotherapy and then
continue with this chemotherapy or 1 or 2 cycles of HDC. The
first study used autologous bone marrow to support patients
after HDC. The substitution of bone marrow for stem cells
resulted in a more rapid engraftment which permitted a second
course of HDC with fewer delays. This strategy was applied
in the second study. Conventional chemotherapy consisted of
etoposide, bleomycin, vinblastine, and cisplatin (PVeBV) or
the current standard BEP. Both studies included intermediate
and poor-risk patients and used high-dose cyclophosphamide
and etoposide, while double the dose of cisplatin or high-dose
carboplatin were the other drugs used, respectively. Toxicity

was considerable, with 5% of patients dying due to the toxic-
ity of the chemotherapy regimen in both studies, with more
(although not all) in the high-dose arms. However, a more
recent study, reported in abstract form, failed to show any
benefit from the administration of HDC.' This study did not
complete accrual, a common problem of studies using HDC
in a first-line setting.

Although current evidence does not support the use of
HDC in a first-line setting, there are several reasons which
might account for the negative results, apart from a lack of
superiority of HDC over the current standard chemotherapy
regimens: insufficient number of patients to detect a realistic
difference in survival; suboptimal HDC (ie, use of cyclo-
phosphamide at the expense of lower doses of the more
active drugs) and a substantial number of patients who did
not receive HDC being the most important. The first study
also suffered from the fact that the cisplatin total dose and
dose intensity were lower in the HDC arm compared to that
of conventional chemotherapy.

In addition to the published randomized studies, Boke-
meyer performed a matched pair analysis to assess the benefit
from HDC in a first-line setting.'> He compared the outcome
of 146 patients who had received high-dose platinum, eto-
poside and ifosfamide with that of 309 matched patients
who had received conventional chemotherapy. Patients were
stratified according to the IGCCCG risk criteria. There was a
81% 3-year overall survival (OS) rate with HDC as compared
to 61% with conventional doses (P = 0.018). Failure during
first-line therapy predicted for no benefit from HDC.

In spite of the above limitations valuable information was
derived from the two randomized studies as well as other
allied studies, particularly regarding subsets of patients who
might benefit from this approach. Patients with unsatisfac-
tory marker decline have long been identified as having a
poorer prognosis than those with a decline according to the

Table 2 Randomized studies of high-dose chemotherapy as first-line treatment for germ cell tumours

References Conventional HDC regime Pts Support os P
chemotherapy

12 PVeBVx3—4 Eto 1750 115 ABMT 5-year 0.167
Cyclo 8400 75% (PVeBV)
CDDP 200 61% (HDC)
Xl

13 BEPx4 Carbo 1800 219 HSCT 2-year 0.94
Eto 600 72% (BEP)
Cyclo 150 71% (HDC)

Abbreviations: PVeBYV, cisplatin, vinblastine, bleomycin, etoposide; BEP, bleomycin, etoposide, cisplatin; HDC, high-dose chemotherapy; ABMT, autologous bone marrow trans-

plantation; HSCT, hemopoietic stem cell transplantation.
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expected half-life of aFP and bhCG.'*!'® Subgroup analysis
in one of the randomized studies indicated that these patients
might benefit from more intensive therapy, such as HDC."
An individualized approach based on marker decline and
including HDC for patients with unsatisfactory decline, in
spite of initial intensification with the addition of ifosfamide
to BEP, has been recently reported in abstract form." Encour-
aging results, especially for the intermediate risk group,
were observed. Nevertheless, until prospective validation
of these findings, this approach should still be considered
investigational and the best management of these patients is
their inclusion in ongoing prospective studies.

Salvage treatment in patients

in progressing or relapsing after

first-line chemotherapy

The prognosis of patients relapsing after or progressing on
first-line chemotherapy is not favorable. These patients can be
treated with cisplatin-based chemotherapy. Etoposide and bleo-
mycin are typically substituted for vinblastine, ifosfamide or
more recently paclitaxel.?2? No convincing evidence regarding
the superiority of any salvage regimen over the others currently
exist, it is generally accepted that relapsing patients represent
a prognostically heterogeneous group with a long-term remis-
sion rate ranging from 15% to 60%. Several prospective studies
and retrospective analyses have identified several prognostic
factors which are shown in Table 3.3 Relapsing patients rep-
resent the group where HDC has been widely accepted as an
option, although strong evidence from randomized studies and
uniform consensus are still lacking.

In the study by Pico and colleagues 280 patients were
randomized to receive 4 cycles of ifosfamide, cisplatin and
etoposide (VIP) or vinblastine (VelP) versus 3 cycles plus
one cycle of HDC (carboplatin/etoposide/cyclophosphamide)
with HSCT.? No survival benefit was detected, although

Table 3 Factors associated with prognosis in patients with germ cell
tumors relapsing after or progressing on first-line chemotherapy

Good prognosis Poor prognosis

Seminoma Non-seminoma

Gonadal Extragonadal
CR/marker —ve PR in first-line Marker +ve PR/SD/PD in first-line
Nodal/pulmonary metastases
OFP <1000

bhCG <1000

Extrapulamonary metastases
OFP =1000
bhCG =1000

Abbreviations: OFP, fetoprotein; bhCG, beta human chorionic gonadotropin;

CR, complete response; PR, partial response; SD, stable disease; PD, progressive
disease.

the trial was not powered to detect smaller differences. The
number of patients that died due to toxicity during conven-
tional chemotherapy and HDC, was 3% and 7% respectively.
Most patients included in this study had good prognostic
features. Therefore, these patients should be treated with
conventional salvage chemotherapy and not HDC.

In patients with poor prognostic features, several phase 11
studies suggested that HDC may increase the chances for
long-term disease-free survival (DFS) when compared to
historical controls.>*2¢ A retrospective analysis of patients
who received or did not receive one cycle of HDC at first
relapse was performed by the German and British Medical
Research Council (MRC) group.?’ Patients in the two groups
were matched for five (38 pairs) or for four (17 pairs) prog-
nostic factors. There was a suggestion of benefit from HDC
with an estimated absolute improvement in 2-year event-free
survival of 6%—12% (hazard ratio [HR] 0.72-0.84) and an
0OS 9%—11% (HR 0.77-0.83). Nevertheless, such an analy-
sis is no substitute for a benefit shown in the context of a
randomized trial.

Several phase II studies using HDC at second or subse-
quent relapses have been reported.?®** This area represents
the most widely studied application of high-dose chemo-
therapy. The various studies including more than 40 patients
and reported in a full paper form are outlined in Table 4.
Carboplatin, etoposide, cyclophosphamide and ifosfamide
have been the most popular drugs used in HDC. Paclitaxel,
an agent with established activity in germ cell tumors has
also been recently used in HDC in two phase II studies.?>>*
These studies have included small numbers of patients but
they have both shown the feasibility of this treatment.

Undoubtedly, HDC represents a curative option for a
significant percentage of patients with more than one relapse
of germ cell tumors. Postchemotherapy resection of residual
tumor still represents an integral component of a successful
approach for these patients.*

Outcome after HDC in germ cell tumors

The results discussed above have established high-dose che-
motherapy as an effective option in poor prognosis patients
in first relapse as well as in patients beyond first relapse.
Nevertheless, certain issues, such as the considerable toxicity
(including deaths) as well as the fact that such an approach
can only be offered in selected, experienced centers, make
the careful selection of patients likely to benefit from this
treatment of paramount importance. In spite of the lack of
randomized studies in this setting, the existing data have estab-
lished certain factors, which might aid patients’ selection.
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Table 4 HDC with HSCT in more than one relapses of germ cell tumors

References Carboplatin CPM ETO IFO Pts Number CR NED/median
of cycles follow-up

27 1500 60 1200 58 -2 40% 219%1/28 mos

28 47 -2 49% 43%/33 mos

29 1350 1800 84 -2 33%/

30 1500-2000 1200-2400 0-10 150 I 29%l/

Abbreviations: CPM, cyclophosphamide; ETO, etoposide; IFO, ifosfamide; CR, complete response; NED, no evidence of disease.

The first study to establish prognostic factors regarding
the outcome after HDC in 310 patients with relapsed germ
cell tumors was reported by Beyer and colleagues in 1996.%
These patients had received conventional VIP or VeIP fol-
lowed by one course of HDC. Eighty-five percent of patients
had received at least two previous regimens. Four adverse
prognostic factors were identified, refractory disease con-
sequent to first-line treatment (relapse within 4 weeks),
absolute refractory disease (no response to initial chemo-
therapy), mediastinal primary and a serum bhCG of =1000
IU/L. Based on the score assigned to each of these factors
a model of three prognostic groups was developed, low
risk (no adverse feature), intermediate and poor. The rate
of disease-free survival at 2 years was only 5% for a score
of 3 or higher compared to 51% for those with a score of 0.
Indiana University has also reported their own experience in
80, less heavily pre-treated, patients (only 46% had received
two prior regimes).’’ Treatment consisted of VIP/VelP fol-
lowed by tandem (2 courses) HDC. The Beyer model was
partially confirmed; since patients with Beyer score >2 had
a significantly worse outcome. Other adverse prognostic
factors were: absolute refractory disease (no response to
initial chemotherapy), mediastinal primary, a serum bhCG of
=1000 IU/L or aFP =1000 ng/ml.

A more recent analysis of 184 consecutive patients at
Indiana University,*® confirmed the value of some of these
factors, although the final model included only platinum-
refractory disease, while the use of HDC later than the first
relapse and initial IGCCCG high-risk stage, were the other
two adverse prognostic features. The overall results were
better than those reported by Beyer, with 63% of patients
being disease-free after a median follow up of 4 years. Most
of these patients (90%) had been followed up for a minimum
of 2 years. The superior results of Einhorn and colleagues
may be attributed to several factors; earlier use of HDC,
administration of two rather than one cycles of HDC and the
omission of cyclophosphamide from the high-dose regimen,
thus allowing for higher doses of the two most active drugs

etoposide and carboplatin. There are two important points to
be taken by this more recent study, a) HDC should be used
in the first relapse if possible, and b) long term disease-free
survival was achieved across all categories of patients, even
those with unfavorable characteristics according to Table 3.
Therefore, HDC may represent the best option for patients
in first relapse and unfavorable prognosis.

Conclusion

HDC with autologous HSCT represents an option for relapsed
patients with germ cell tumors, especially those with poor
prognosis if they were treated with conventional salvage
chemotherapy. The advances in the collection of stem cells
and support during the period of myelosuppression have made
this therapy safe and applicable to most patients. Neverthe-
less, there are several questions to be answered, such as the
number of cycles of HDC and the agents to be used. More
importantly, the patients who will clearly benefit from this
treatment have not been clearly identified and more research
in this field is warranted.
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