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Abstract—Eleven patients with advanced nonseminomatous germ cell tumors (NSGCT), who
relapsed after or were refractory to standard dose cisplatin-based remission induction chemotherapy,
were treated in a phase I clinical trial with VP 16-213 2500 mg/m? and cyclophosphamide
7 g/m?. Both drugs were given in maximally tolerable doses regarding extramedullary toxicity.
Urothelial damage due to cyclophosphamide was prevented by the administration of mesnum.
Autologous bone marrow was infused on day 7 to prevent long lasting medullary toxicity. Because
of the disappointing results in the first three patients, a second treatment step was added. The
next eight patients were treated with 2500 mg/m? VP 16-213 divided and given on days
1-2-3 and after full bone marrow recovery with total doses of VP 16-213 2000 mg/m? plus
oyclophosphamide 7 g/m?® divided and given on days 29-30-31, followed by autologous bone
marrow transplantation (ABMT) on day 35. Toxicity to high-dose VP 16-213 plus cyclo-
phosphamide followed by ABMT consisted of mucositis, nausea, vomiting and diarrhea. No
cardiac toxicity or hemorrhagic cystitis occurred. The mean duration of leukopenia and thrombo-
penia was 14 and 13 days respectively. The additional, preceding treatment with VP 16-213 as
a single agent caused mucositis, and leukopenia and thrombopenia for a mean number of 9 and
6 days respectively. Seven responses were obtained: two complete responses of 46 and 66+ weeks
respectively and five partial responses with a median response duration of 12 weeks. The median
survival time was 40 weeks. This regimen of one or two courses with maximally tolerable doses
of VP 16-213 plus cyclophosphamide and ABMT is not sufficient to salvage a substantial
number of patients with relapsing or refractory NSGCT.

INTRODUCTION number of patients can achieve a disease free status
THE proGNosis of patients with disseminated non- with chemotherapy plus surgical resection of
seminomatous germ cell tumors (NSGCT) has been residual tumor [1, 2]. Patients who relapse are not
remarkably improved by cisplatin-based combi- expected to have long-term survival with reinduc-
nation chemotherapy regimens. The chance of tion regimens. The prognosis of patients who reach
reaching a complete remission (CR) on standard only a partial remission or less after conventional
dose remission induction chemotherapy with cispla- induction chemotherapy is also dismal.
tin plus bleomycin plus either vinblastine (PVB) or Other therapeutic approaches are being investi-

VP 16-213 (BEP) is 70% while an additional gated for relapsing or refractory NSGCT. Available
phase II data indicate that the epipodophyllotoxin
Accepted 4 November 1987. VP 16-213 is an active drug in germinal neoplasms
Mailing address: P.O.M. Mulder, Department of Internal Medi- [3] and an important component of salvage regi-

cine, University Hospital, Oostersingel 59, 9713 EZ Groningen, .
The Netherlan)és. P & & mens [4]. Also cyclophosphamide has been con-
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Table . Patient characteristics and results

. Serum level Initial CR Extent of disease Response to - Response

Patient Age at diagnosis Prior duration at presentation ABMT duration  Survival

No. (ycars)  (ng/ml) treatment (months) for ABMT program* program (wecks) (weceks)

1 35 HCG 1668 4PVB,P,VP-16,A N IV SD — 30

2 19 HCG 2505 4PVB+surgery N I sD — 47

3 40 AFP 1600 4PVB,1PV,Do N v PR 6 32

4 22 AFP 12,980 4PVB 2 Ilc PR 21 60

HCG 1505

5 29 HCG 10,000 4PVB+surgery N v PR 10 33

6 27 — 4BEP 8 Ile CR 46 59

7 49 AFP 24,497 4PVB+I1PV 4 v SD — 72+

8 40 — 4PVB 1 IV primary PR 12 20

extragonadal

9 28 HCG 12 4PVB 15 Ilc PR 22 84

10 24 HCG 901,400 2BEP,2PVB,P, N IV CR 66+ 66+
VP-16,Do

11 26 HCG 600,000 4PVB,1BEP,P, N v sD — 14
VP-16,Do

Abbreviations: AFP = a-fetoprotein, normal value; <16 ng/ml; HCG = B-human chorionic gonadotrophin, normal value: <2 ng/ml; CR = complete
remission; PR = partial remission; SI) = stable discase; N = none; P = platinum; V = vinblastine; B = blecomycin; E and VP-16 = ctoposide; Do = doxoru-

bicin; A = actinomycin D.
*Extent of disease according to the Peckham classification [12].

sidered to be of value in the treatment of metastatic
testicular neoplasms [5]. Thc response rate of
NSGCT increases with intensification of chemo-
therapy [6] but high-dosc chemothcrapy may cause
severe toxicity. VP 16-213 and cyclophosphamide
arc suitable for considerable dose cscalation until
dose-limiting extramedullary toxicity ensues. Duc
to oropharyngeal mucositis the highest dosc of VP
16-213 that can be given is 3500 mg/m? as a single
agent [7] and 2500 mg/m? in combination with
cyclophosphamidec [8]. The dose limit of cyclopho-
sphamide for cardiac toxicity is 7 g/m? [9]. Urothel-
ial damage can be prevented by administration of
protective agents such as mesnum [10]. As single
agents VP 16-213 and cyclophosphamide in max-
imally tolerable doscs arc not absolutcly marrow
ablative, but when used in combination in pre-
treated patients they most probably arc.

Based on thesc considcrations we performed a
phase II study with a combination of high-dosc VP
16-213 and cyclophosphamide, in doses limited
by extramedullary toxicity, for the trcatment of
relapsing or refractory NSGCT. Autologous bone
marrow was reinfused to prevent long lasting apla-
sia.

Preliminary results of some of these paticnts have
been reported earlicr [11].

MATERIALS AND METHODS

Patients

From June 1982 to December 1985 11 male
patients with disseminated NSGCT were included
in this study. Paticnt characteristics are given in
Table 1.

Ninc paticnts had initially received PVB, consist-
ing of courscs with cisplatin 20 mg/m?/d X 5, vin-
blastinc 0.15 mg/kg body wt on days | and 2, and
blcomycin 30 mg on days 2, 9 and 16. Two patients
had reccived BEP, consisting of blcomycin 30 mg
on days 2, 9 and 16, ctoposidc 120 mg/m? on days
1, 3 and 5, and cisplatin 20 mg/m*/d X 5. Courses
werc repeated every 3 wecks four times.

On this initial therapy five patients reached a
complete remission but relapsed after a median
response duration of 8 months (range 2-15 months).
Six patients had not reached a complete remission.
Patient 1, 3, 10 and 11 (Table 1) showed regression
of evaluable tumor and a decreasc in tumor marker
level, but normal values at the end of remission-
induction chemotherapy were not rcached. These
paticnts received second line chemotherapy, con-
taining standard dosages of cisplatin, VP 16-213
plus doxorubicin or actinomycin D. Patients 1 and
3 had progressive discasc and patients 10 and 11
had rcached no complete remission. Paticnts 2 and
5 also showed regression of cvaluable tumor and
normalization of clevated marker levels. Because of
residual discase, surgery was performed in both. In
paticnt 2 maturc teratoma was found. However, 2
wecks after surgery HCGG levels increased. In patient
5 vital tumor was found in a resccted pulmonary
mctastasis.

At the start of high-dose chemotherapy patients
were classified according to the Peckham staging
system [12] into stage 1Ic (three patients), 11 (one
patient) and I'V (seven patients). The poor prognosis
is cxpressed by bulky mctastatic discase and/or
initial high scrum levels of tumor markers [13]. Two
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patients had no initial marker elevation (Table 1).

Informed consent was obtained in all patients
and the study was approved by the local medical
ethical committee.

Chemotherapy

Patients 1-3 received infusions of cyclopho-
sphamide in a total dose of 7 g/m? and VP 16-213
in a total dose of 2500 mg/m?, divided and given
over 3 consecutive days. Mesnum was given intra-
venously in a total dose of 4g/m? to prevent
hemorrhagic cystitis. On day 7 autologous bone
marrow was reinfused. Based on the disappointing
results of these patients a second treatment stage
was added in the next eight patients. Patients 4-11
received a total dose of 2500 mg/m? VP 16-213
divided over 3 consecutive days plus, divided over
days 29, 30 and 31, a total dose of VP 16-213
2000 mg/m? and cyclophosphamide in a total dose
of 7 g/m?, followed by ABMT on day 35.

Supportive care

Patients were treated in a single bedroom. Selec-
tive decontamination of the digestive tract [14]
with oral antibiotics and oral amphotericin B was
administered to prevent gram negative or mycotic
infection. Patients were fed by parenteral nutrition
alone or in combination with enteral tube feeding.
Platelets were transfused when bleeding was present
or prophylactically if the thrombocyte count was
below 15 X 10%1. A number of patients received
autologous platelets collected and cryopreserved
prior to high-dose chemotherapy, otherwise allo-
geneic platelets were used. In case of fever above
38°C axillary intravenous antibiotics were adminis-
tered after blood sampling for microbial culture.

Bone marrow collection, cryopreservation and reinfusion

The technique of bone marrow collection without
general anaesthesia and of cryopreservation has
been reported previously {8]. Before marrow rein-
fusion patients received prednisolone 60 mg i.v.and
clemastine 2 mg i.v. Reinfusion was done after rapid
thawing without washing out of cryoprotectant over
a standard blood filter into a central venous (Hick-
man) catheter or into a needle inserted in an
arteriovenous fistula.

Response and toxicity

A complete response (CR) was defined as com-
plete disappearance of all objective parameters,
determined by two observations not less than 4
weeks apart. Elevated levels of beta human chori-
onic gonadotrophin (HCG) or alpha fetoprotein
(AFP) should be normal in separate blood tests not
less than 4 weeks apart. A partial response (PR)
was defined as at least a 50% reduction of the sum
of the products of the two largest perpendicular

diameters of all measurable lesions plus a2 90% or
greater reduction in the pretrcatment level of HCG
or AFP over a period of at least 2 weeks. Stable
disease (SD) was defined as a less than 50%
response without signs of progression and a decrease
of less than 90% or an increase less than 25%
of the pretreatment level of biochemical markers.
Response duration was measured from the first day
of treatment until progression of the tumor or rise
of serum markers. Survival time was measured from
the first day of trecatment in the ABMT program
until death.

Drug toxicity was graded according WHO cri-
teria [15]. Special attention was paid to mucositis,
vomiting, diarrhea, hemorrhagic cystitis and con-
gestive heart failure.

RESULTS

There were no treatment related deaths and all
patients were evaluable for responsc and toxicity.
Responses, response duration and survival of indi-
vidual patients are shown in Table 1. Seven patients
responded to treatment, threc in the group with
refractory disease and four in the group with relaps-
ing discase. Two patients achieved a CR of 46 wecks
and 66+ wecks respectively. Five patients achieved
a PR, with two PRs based on tumor markers only,
with a median response duration of 12 weeks (range
6-22 weceks). The four patients who did not respond
had shown refractory discase to first line therapy
(three patients) and also to second line therapy (two
patients). They reached at best a transient period
of stable disease from 2 to 14 weeks. Two patients
remain alive, one still in CR for 66 wecks and one
for 72 weeks with slowly progressive disease after a
short period of SD. The median survival time was
40 wecks.

Toxicity

Extramedullary toxicity of VP 16-213 plus cyclo-
phosphamide consisted of mucositis grade 1 in one
patient, grade 2 in eight patients and grade 3
in two patients. Gastrointestinal toxicity included
nausea, vomiting and diarrhea. Two patients had
vomiting grade 3 and nine had grade 2. Also
diarrhea grade 3 was seen in two patients, the
others had grade 2. No congestive heart failure or
hemorrhagic cystitis occurred.

In all patients hematologic toxicity grade 4
occurred. In the treatment stage with high-dose
cyclophosphamide plus VP 16-213 followed by
ABMT the mean number of days with leukopenia
<1.0 X 10%/1 was 14 (range 8-20) and with throm-
bopenia <40 X 10%/1 was 13 (range 5-18). No
bleeding episodes occurred. Febrile days were
scored in every patient with a mean number of nine
(range 5-13). Septicemia occurred in six of the 11
patients (54%) and was caused by Staphylococcus
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epidermidis and viridans streptococci. No gram nega-
tive bacterial or fungal infection was seen. Three
patients had a reactivation of herpes simplex virus
infection.

The additional, preceding treatment with VP 16-
213 as a single agent caused mucositis grade 2 in
all patients and leucopenia and thrombopenia for a
mean number of 9 (range 6-18) and 6 days (range
3-10) respectively.

DISCUSSION

The aim of this study was to achieve cure through
durable CRs in patients with relapsing or refractory
NSGCT. Patients who fail to be cured on standard
dose chemotherapy may respond to massive dose
treatment. An important dose-response relation-
ship with VP 16-213 in refractory germ cell tumors
was suggested by Wolll ¢t al. who reported in 10
evaluable cisplatin refractory patients two CRs and
four PRs after high-dose VP 16-213 monotherapy
with two cycles of 2400 mg/m? with ABMT every
3-4 weeks, followed by 1200 mg/m? without mar-
row infusion. They observed also responses in two
patients who had failed standard VP 16-213 dose
[16}].

A combination regimen with VP 16-213 600 mg/
m? and cyclophosphamide 4.5 g/m? plus ABMT in
10 evaluable patients (nine with refractory and one
with relapsing disease) resulted in four CRs and
three PRs with a median duration of 15 weeks [17].
Other reports on high-dose VP 16-213 combination
chemotherapy followed by ABMT described 13
responses (eight CRs and five PRs) in 15 evaluable
patients treated with VP 16-213 350 mg/m?/d X 5,
cisplatin 40 mg/m?/d X 5, and cyclophosphamide
1.4 g/m?/d X 4 [18].

The disappointing results of the first three pati-
ents treated with one course of high-dose VP 16-
213 and cyclophosphamide plus ABMT in this
study could partly be explained by refractoriness of
the disease to cisplatin based induction chemo-
therapy. Patients with refractory NSGCT are
reported to have a lower response rate on reinduc-
tion or salvage therapy than patients who relapse
after an initial CR [19, 20]. However none of our
first three patients had ever received treatment with
VP 16-213 or cyclophosphamide and their tumors

were therefore not expected to be refractory to these
agents.

In order to improve on the therapeutic cfficacy
of the regimen a course of high-dose VP 16-213
as single agent was inserted before the course of
cyclophosphamide with VP 16-213 and ABMT.
This regimen was active as indicated by a response
rate of 75% but failed the primary aim of the study,
to induce cure, as only two of the eight patients
achieved a CR.

Our treatment results are not superior to the
results of other salvage treatments [21] and are in
agreement with the reports that high-dose cyclopho-
sphamide, although active in non-pretreated germ
cell tumors (GCT) [5], does not produce long stand-
ing responses in patients who failed to be cured on
cisplatin based induction therapy.

The toxicity of the regimen was considerable but
could be managed without overwhelming problems.
There were no treatment related deaths. The ques-
tions whether the reinfused autologous bone marrow
added to the speed of recovery is difficult to answer.
We feel that, as our harvesting procedure does not
require general anesthesia and is a limited burden
to the patient, it would hardly be ethical to omit
ABMT.

From our clinical trial it is clear that one or two
courses of maximally tolerable chemotherapy with
VP 16-213 and cyclophosphamide are not sufficient
to salvage a substantial number of these patients.
Multiple courses of chemotherapy, closely spaced,
are probably needed. New active agents should be
applied in these courses. Carboplatin (CBDCA}, an
analog of cisplatin, is active in patients with GCT no
longer responsive to cisplatin [22] and ifosfamide,
a cyclophosphamide analog, also demonstrates
activity in such patients [23]. Both drugs are in
particular bone marrow toxic and can probably
be used in a marrow ablative regimen aimed at
increasing CR rates of relapsing or refractory GCT.

Besides salvage treatment, another primary
approach could be the use of these marrow ablative
regimens, in the treatment of patients initially pre-
senting with bad prognostic characteristics [13], as
up front chemotherapy or as late intensification
after standard remission induction chemotherapy.
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