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Abstract Germ cell tumours, even at an advanced stage, represent a unique mode! of

malignant curable disease since >80% of patients are expected to be cured after
appropriate therapy: surgery and radiotherapy in early stages, and chemotherapy
and surgery in advanced stages. In advanced stages, serum tumour marker levels
aswell asextrapulmonary (brain, liver and bone) visceral metastases are the most
important prognostic factors that affect treatment modalities.

‘Gold standard’ regimensfor germ cell cancer currently include etoposide plus
cisplatinwith (BEP) or without (EP) bleomycin. In patientswith good risk disease
(90% cure rate), the optimal regimen of chemotherapy should combine the best
efficacy and the least toxicity. Asaresult of randomised trias, 3 regimens can be
currently recommended: (i) 4 cycles of EP; (ii) 4 cycles of BEP (with etoposide
350 mg/m? per cycle); or (iii) 3 cycles of BEP (with etoposide 500 mg/m? per
cycle). In patients with poor risk disease, 4 cycles of BEP (with etoposide 500
mg/m2 per cycle) alow adisappointing cure rate of 50%.

The long term toxicity of these regimens (gonadal toxicity and secondary
malignancies) appears to be negligible and clearly does not challenge current
standard strategies.
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Germ cell tumours are rare neoplasms of testic-
ular, ovarian or extragonadal origin. They repre-
sent a unique model of curable disease, even at an
advanced stage, since more than 80% of patients
are expected to be cured after appropriate ther-
apy.[Y Treatment decisions depend on histological
type (pure seminomaor nonseminomatous tumours)
and extent of disease (early or advanced stages).

Pure seminomas are homogeneous tumours with
an absence of marker secretion or slight elevation
in serum human chorionic gonadotrophin levels.
More than 95% of patientswith pure seminomaare
cured either by radiotherapy in early stages or by
chemotherapy in advanced stages.

Nonseminomatous germ cell tumours are heter-
ogeneous tumours with 4 different histological
subtypes (embryonal carcinoma, yolk sac tumour,
choriocarcinoma, teratoma) and may be associated
with a seminoma component. Elevated serum hu-
man chorionic gonadotrophin or a-fetoprotein lev-
els are frequently observed. As nonseminomatous
germ cell tumours are not very radiosensitive, che-
motherapy and surgery arethe mainstay of therapy.
In advanced (metastatic) stages, serum human cho-
rionic gonadotrophin, a-fetoprotein and lactate de-
hydrogenase level saswell asextrapulmonary (brain,
liver and bone) visceral metastases are the most im-
portant prognostic factors.[2 In poor risk patients
(mediagtina primary tumour, extrapulmonary vis-
ceral metastases or very high serum tumour marker
levels), the expected curerateis about 50%. Fortu-
nately, only about 15% of patients are included in
the poor risk group. Other patients with metastasis
have an 85 to 100% chance of cure.

1. Historical Perspective

The story of chemotherapy of metastatic germ
cell tumours has been clearly marked by the cis-
platin revolution. Before the cisplatin era, i.e. be-
fore 1975, theliteraturereported objectiveresponses
to avariety of cytotoxic agents (cyclophosphamide,
vinblastine or dactinomycin) used alone or in dif-
ferent combinations.[®] However, cure rates were
very low. The first important progress was observed

0 Adis International Limited. All rights reserved.

Table I. Standard chemotherapy regimens for germ cell tumours

Regimen and drugs Dosage

PVB

Cisplatin 20 mg/m?/day IV days 1-5

Vinblastine 0.15 mg/kg/day IV day 1-2

Bleomycin 30 U/day IV days 2, 9, 16
Each cycle every 3 weeks

VAB-6

Vinblastine 4 mg/m? IV day 1

Dactinomycin

1 mg/m? IV day 1

Cyclophosphamide 600 mg/m? IV day 1

Bleomycin 30U IV day 1 then 20 U/m?/day
continuous 1V days 1-3

Cisplatin 120 mg/m? IV day 1
Each cycle every 4 weeks

BEP

Bleomycin 30 U/day IV days 2, 9, 16

Etoposide 100 mg/m?/day IV days 1-5 or
120 mg/m?/day IV days 1-3

Cisplatin 20 mg/m?/day IV days 1-5
Each cycle every 3 weeks

EP

Etoposide 100 mg/m?/day IV days 1-5

Cisplatin 20 mg/m?/day IV days 1-5
Each cycle every 3 weeks

EIP

Etoposide 75 mg/m?/day IV days 1-5

Ifosfamide 1200 mg/m?/day IV days 1-5

Cisplatin 20 mg/m?/day IV days 1-5
Each cycle every 3 weeks

VIP

Vinblastine 0.11 mg/kg/day IV days 1 and 2

Ifosfamide 1200 mg/m?/day IV days 1-5

Cisplatin 20 mg/m?/day IV days 1-5

Each cycle every 3 weeks

IV = intravenous.

with a combination of vinblastine and bleomycin,
which alowed long term compl ete responses.
Following the introduction of cisplatin in che-
motherapy regimens, 2 major combinations were
developed. Investigators at Indiana University re-
ported a dramatic improvement in the results of
chemotherapy with acombination of cisplatin, vin-
blastine and bleomycin (PVB) [tablel]. Among 47
patients who received PVB in a prospective trial
published in 1977, 38 (81%) and 27 (57%) patients

Drug Safety 2000 May; 22 (5)
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achieved a complete response and long term cure,
respectively.[4 Subsequent large studies of PVB
showed long term cure rates ranging from 68 to
72%.158] Investigators at the Memorial Sloan Ket-
tering Cancer Center in the US simultaneously de-
veloped successive protocols that included cyclo-
phosphamide, vinblastine, dactinomycin, bleomycin
and cisplatin, the so-called VAB regimens, which
have led to the most recent VAB-6 combination
(table I). Among 166 patients with germ cell tu-
mours of various origins who were treated with
VAB-6, the complete response rate and the long
term cureratewere 78 and 71%, respectively.l’l No
trial comparing the activities of PVB and VAB-6
has been reported.

Withthegrowing evidencefor theexcellent single
agent activity of etoposidein patientswho havefailed
to respond to first-line chemotherapy, a random-
ised trial comparing PV B with bleomycin, etopos-
ide and cisplatin (BEP) [table ]) was performed. .8l
The results suggested that the BEP regimen had
equivalent activity and substantially less toxicity
than the PVB regimen. Thus, the BEP regimen (4
cycles) became the standard first-line chemother-
apy at Indiana University in the US.

Subsequently, studies have focused on reducing
toxicity in patients with good risk characteristics
(including advanced seminoma) by omitting
bleomycin or replacing cisplatin with carboplatin,
and increasing efficacy in patients with poor risk
characteristics. Currently, 2 regimens are consid-
ered as standard in good risk patients; BEP (3 cy-
cles) and EP (etoposide and cisplatin) [4 cycles].
Carboplatinfailed to demonstrate equival ent activ-
ity when compared with cisplatin. In patients with
poor risk disease, the BEP combination (4 cycles)
remains the standard treatment, as no alternative
approach has provided better efficacy. After failure
of first-line cisplatin-based chemotherapy, the cur-
rent standard salvage chemotherapy includes vin-
blastine, ifosfamide and cisplatin (4 cycles). Only
25% of patients are expected to be cured.!]

0 Adis International Limited. All rights reserved.

2. Comparative Tolerability of Regimens

2.1 Acute Toxicity

2.1.1 Key Trials Establishing the Role of Etoposide

As mentioned in section 1, an important contri-
bution to the establishment of standard germ cell
tumour regimens was the randomised trial that
compared the PVB regimen (4 cycles) to the BEP
regimen (4 cycles).[® This study was prompted by
the efficacy of etoposidein patientswith refractory
disease, aswell asthe hopefor reducing neuromus-
cular and/or cardiovascular PV B-induced toxicity.
Indeed the PV B combination had been reported to
be associated with significant myal gias, abdominal
cramps, paraesthesias, Raynaud's phenomenon and
even major acute vascular ischaemic events.[49-12

Among 244 evaluable patients with dissemin-
ated germ cell tumours, 74 and 83% of patients
receiving PVB and BEP became disease free, re-
spectively.[®] The regimens were reported to yield
similar myelosuppressive effects and pulmonary
toxicity. However, the BEP regimen caused signif-
icantly fewer paraesthesias, abdominal crampsand

Table Il. Acute toxicity of cisplatin, vinblastine and bleomycin (PVB)
versus bleomycin, etoposide and cisplatin (BEP)!!

Event PVB BEP p-Value
(n=114) (n = 110)
Toxicity (% of patients)
Paraesthesias 0.02
none 62 77
mild 27 19
severe 11 4
Abdominal cramps 0.0008
none 80 95
mild 12 3
severe 8 2
Myalgias 0.00002
none 81 99
mild 5 1
severe 14 0
Treatment-related deaths (no. of patients)
Total 7 5 NS
Neutropenic septicaemia 4 2
Pulmonary fibrosis 2 3
Small bowel necrosis 1 0

NS = not statistically significant.

Drug Safety 2000 May; 22 (5)
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myalgias (table Il). Therefore, the recommended
protocol for the Eastern Cooperative Oncology
Group (ECOG) became the BEP combination.

Concomitantly, investigators at the Memoria
Sloan Kettering Cancer Center inthe USembarked
upon a randomised study between the VAB-6 reg-
imen and the 2-drug combination EP in 164 pa-
tientswith good prognosisgerm cell tumours. With
a median follow-up of 24 months, no significant
difference was observed in complete response rate
(96 versus 93%) and disease-free survival (89 ver-
sus 88%). However, patients receiving EP experi-
enced less emesis, less neutropenia, less thrombo-
cytopenia, less magnesium wasting, |ess mucositis
and no pulmonary toxicity as compared with pa-
tients included in the VAB-6 arm (table I11). EP
became the standard regimen of the Memorial
Sloan Kettering Cancer Center in the US in good
risk patients.!13l

From these 2 trials, it can be concluded that the
introduction of etoposide in first-line regimens for
germ cell cancer allowed minimisation of toxicity
while maintaining efficacy. From then on, the use
of vinblastine was restricted to salvage therapy.

Table IIl. Acute toxicity of the VAB-6 regimen versus etoposide and
cisplatin (EP)3I

Toxicity VAB-6 EP p-Value
(n=82) (n=82)

Leucopenia (median at nadir) 1850 2200 0.06

[per i)

Thrombocytopenia (median at 95 000 117000 0.01

nadir) [per pl]

Haemoglobin (median at nadir) 100 103 NS

(g/L)

Emesis (ml) 2400 1325 0.05

Mucositis (no. of patients) 18 9 0.09

Magnesium (mEg/L) 1.14 1.30 0.0001

Pulmonary toxicity (no. of 13 0 <0.0001

patients)?

Vascular toxicity (no. of patients) 3 2 NS

Treatment-related deaths (no. of 0 0

patients)

a Number of patients who required deletion of bleomycin be-
cause of a decrease in the diffusion capacity of carbon mon-
oxide and/or vital capacity.

NS = not statistically significant; VAB-6 = vinblastine, dactinomycin,

cyclophosphamide, bleomycin, cisplatin.

0 Adis International Limited. All rights reserved.

2.1.2 Bleomycin in Good Risk Patients

For this group of patients, who have an 85 to
100% chance of cure, subsequent trialsfocused on
diminishing thetoxicity of chemotherapy regimens
(table 1V).

Specifically, therole of bleomycin has been ques-
tioned with regard to its potentially fatal pulmonary
toxicity of pneumonitis and fibrosis. Prior radia-
tionto thelung parenchyma, administration of high
fractional concentrations of inspired oxygen, the
total dose of bleomycin and the age of the patient
have been shown to be factorsin the pulmonary tox-
icity of bleomycin.[22 Enhanced effects of bleo-
mycin have also been observed in patientswith de-
creased renal function caused by cisplatin because
of areduced urinary clearance of bleomycin.[23.24]
Studies of pulmonary function in patients with germ
cell tumours have shown a significant decrease of
total lung capacity, vital capacity and single breath
diffusion capacity for carbon monoxide over the
period of bleomycin-containing chemotherapy.[222]
Fortunately, clinically significant symptoms have
been reported in less than 20% of patients?6! and
the declinein lung function has been reported to be
reversible.[27]

Thefirst approach to the reduction of toxicity in
patients with good risk germ cell tumours was a
randomised study at Indiana University that omit-
ted the fourth cycle of BEP. Among 184 patients
who received either 4 (96 patients) or 3 (88 pa-
tients) cycles of BEP, therapeutic results appeared
equivalent, with 92% of patients experiencing no
evidence of diseasein either group after aminimal
follow-up of 1 year. The investigators concluded
that omission of the fourth cycle of BEP was able
to significantly reduce the toxicity, cost and incon-
venience of treatment without diminishing effi-
cacy.l*¥ The absence of a statistically significant
difference in survival was confirmed by long term
follow-up. There have been 4 deaths in each arm.
Five patients died of germ cell tumours. One pa-
tient died in avehicle accident without evidence of
disease at autopsy. The other 2 deaths were ob-
served in patients who received 3 cycles of BEP
and were related to an erosive esophagitis and to

Drug Safety 2000 May; 22 (5)
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Table IV. Randomised trials establishing the role of bleomycin and carboplatin in patients with good risk germ cell tumours

Regimen n Number Dose per cycle Cumulative doses Efficacy Toxicity Selected Reference

of regimen

cycles B E \% P C B E \% P C

(mg) (mg/m?) (mglkg) (mg/m?) (mg) (mg/m?) (mglkg) (mg/m?)
BEP 9% 4 90 500 0 100 0 360 2000 0 400 0 4BEP=3BEP 4BEP>3BEP 3BEP 14,15
BEP 88 3 90 500 0 100 0 270 1500 0 300 0
PVB 110 4 30 0 0.3 100 0 360 0 1.2 400 0 4PVB>4PV 4PVB>4PV 4 PVB 16
PV 108 4 0 0 0.3 100 0 0 0 1.2 400 0
BEP 86 3 30 500 0 100 0 270 1500 0 300 0 3BEP>3EP 3BEP=3EP 3BEP 17
EP 85 3 0 500 0 100 0 0 1500 0 300 0
BEP 200 4 30 360 0 100 0 360 1440 0 400 0 4BEP>4EP 4BEP>4EP 4BEP 18
EP 195 4 0 360 0 100 0 0 1440 0 400 0
EP 134 4 0 500 0 100 0 0 1500 0 400 0 4EP>4EC 4EC>4EP 4EP 19
(haematological)
EC 131 4 0 500 0 0 500 0 1500 0 0 1500 4EP>4EC
mg/m?2 mg/m?2 (neurotoxicity)
BEP 29 3 90 500 0 100 0 270 1500 0 300 0 3BEP>4BEC 3BEP=4BEC 3BEP 20
BEC 25 4 90 360 0 0 AUC=5 270 1440 0 0 (AUC =
5) x4
BEP 268 4 30 360 0 100 0 90 1440 0 400 0 4 BEP >4BEC 4BEP>4BEC 4BEP 21
BEC 260 4 30 360 0 0 AUC=5 90 1440 0 0 (AUC =
5) x4

AUC = area under curve; B = bleomycin; C = carboplatin; E = etoposide; P = cisplatin; V = vinblastine; > indicates superior to (efficacy) or greater than (toxicity); = indicates

equal efficacy or toxicity.

SULWIZaY] J2dUeD) [[9)) UL JO ANTIqeIs|o],
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Table V. Acute toxicity of cisplatin, vinblastine and bleomycin (PVB)
versus cisplatin and vinblastine (PV)*€]

Event (WHO grade) PVB PV p-Value
(n = 110) (n =108)

Toxicity (% of patients)

Leucopenia (1-4) 50 40 0.04
neutropenic sepsis 28 26 NS

Thrombocytopenia (1-4) 18 8 0.04

Anaemia (3-4) 25 9 0.004

Emesis (2-4) 94 89 NS

Mucositis (1-3) 54 46 NS

Alopecia (2-3) 75 58 0.005

Pulmonary (1-4) 34 0 <0.001

Neuropathy (1-3) 26 31 NS

Auditory (1-3) 26 28 NS

Renal (1-4) 28 18 0.03

Treatment-related deaths (no. of patients)

Total 6 1 <0.01

Neutropenic septicaemia 4 1

Pulmonary fibrosis 2 0

NS = not statistically significant; WHO = World Health
Organization.

an acuteleukaemia.['® Considering thefact that the
power of this study might be too low to detect a
dlight but possibly important difference between 3
and 4 cycles, the European Organisation for Re-
search and Treatment of Cancer (EORTC) has de-
cided to readdress this question in alarger ongoing
trial.

Three trials so far have directly questioned the
role of bleomycin.[16-19 An Australasian group
randomly allocated patients to receive either 4 cy-
clesof PVB or 4 cyclesof PV.[16 Moredeathsfrom
malignant disease occurred in the PV arm. How-
ever the difference was partly offset by the higher
proportion of deaths caused by sepsisor pulmonary
toxicity in the PVB arm (6 deaths versus 1 death
from sepsisin the PV arm) [table V]. Thistria is
not relevant today because etoposide-containing
regimens are considered to be standard therapy.
The ECOG randomised good risk patientsto 3 cy-
cles of BEP or 3 cycles of EP. Although no differ-
ence was detected in terms of compl ete responses,
an interim analysis revealed an increased number
of adverse events (persistent cancer, relapse and
death) inthe EParm, which led to early termination

0 Adis International Limited. All rights reserved.

of the study. The toxicities were comparable and
no clinically significant incidence of pulmonary
toxicity was observed in patients treated with
BEP!17 Finally, the EORTC recently published the
results of a randomised study comparing 4 cycles
of BEPwith 4 cyclesof EP. Inthistrial, the dosage
of etoposide (350 mg/m? every 3 weeks) differed
from that used in previoustrials (500 mg/m? every
3 weeks). Among 395 eligible patients, the com-
plete response rate was inferior with the EP regi-
men (87 versus 95%, p = 0.0075). Both acute and
|ate pulmonary toxicity and neurotoxicity weresig-
nificantly greater in the BEP arm. Additionally,
Raynaud’'s phenomenon occurred exclusively in
patients treated with bleomycin (table VI). Thein-
vestigators concluded that, when using etoposide
at the dosage of 350 mg/m? per cycle, bleomycin
could not be omitted without compromising effi-

Table VI. Toxicity in the European Organization for Research and
Treatment of Cancer trial comparing 4 cycles of bleomycin, etoposide
and cisplatin (BEP) with 4 cycles of etoposide and cisplatin (EP)8]

Event (WHO grade) BEP EP p-Value
(n=200) (n=195)
Toxicity (% of patients)
Leucopenia (3-4) 2 1 NS
neutropenic sepsis 1 1 NS
Thrombocytopenia (4) 3 2 NS
Mucositis (1-3) 17 11 NS
Pulmonary
acute
(median % decrease in 3.8 0 <0.001
FVC)
(median % decrease in 20 2 <0.001
CODC)
late (1-2) 3 0 0.03
Neuropathy (1-3)
acute 29 13 <0.001
late 13 8 NS
Renal (1-2) 5 6 NS
Treatment-related deaths (no. of patients)
Total 2 0 NS
Neutropenic septicaemia 0 0
Pulmonary fibrosis 2 0

CODC = carbon monoxide diffusion capacity; FVC = forced vital
capacity; NS = not statistically significant; WHO = World Health
Organization.

Drug Safety 2000 May; 22 (5)
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cacy, although efforts aiming at reducing toxicity
should be continued.[18]

As aresult of these randomised trials, 3 regi-
mens can be currently recommended for treatment
of goodrisk patients: (i) 4 cyclesof EP; (ii) 4 cycles
of BEP (with etoposide 350 mg/m? per cycle); or
(iii) 3 cycles of BEP (with etoposide 500 mg/m?
per cycle). No direct comparison between thesere-
gimens has been published so far. Investigators of
the Genitourinary Group of the French Federation
of Cancer Centers have embarked upon a ran-
domised trial comparing 4 cycles of EPwith 3 cy-
cles of BEP (with etoposide 500 mg/m? per cycle).
Indeed, a retrospective study in 58 patients sug-
gested that 4 cycles of EP could yield inferior results
compared with 3 cycles of BEP[28 Other ongoing
randomised trials aim to address the role of dosage
reductionsof either bleomycin or etoposide. In terms
of bleomycin-induced adverse effects, it is note-
worthy that clinically significant pulmonary toxic-
ity has only been reported with cumulative doses
beyond 300 mg/m?in randomised trials. Therefore,
the complete omission of bleomycin may not be re-
quired to further reduce toxicity.

2.1.3 Carboplatin in Good Risk Patients

Theactivity of carboplatin-containing regimens
was observed in pilot studies, and carboplatin has
atoxicity profile better than cisplatin. Another way
to reduce toxicity could have been the replace-
ment of cisplatin by carboplatin. However, al 3
randomised trials published so far have clearly shown
the superiority of cisplatin-based regimens over
carboplatin-based regimens (table 1V). Regarding
toxicity, haematological adverse effectswere more
pronounced in patients treated with carboplatin-
based regimens, whereas neurotoxicity and renal
toxicity occurred predominantly with cisplatin-
based regimens.[19.21]

2.1.4 Poor Risk Patients

Different strategies have been investigated to
improve the disappointing 50 to 70% cure rate of
patients with poor risk disease, including theintro-
duction of new drugs, the sequential alternation of
chemotherapy regimens and/or increases in drug
dose-intensities (table VI1).

0 Adis International Limited. All rights reserved.

TableVll

Drug Safety 2000 May; 22 (5)
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Table VII. Randomised trials in patients with poor risk germ cell tumours

Regimen n Cisplatin Ifosfamide Etoposide Bleomycin  Efficacy Toxicity Selected Reference
™ DI ™ DI TD (mg/m2) DI TD (mg) regimen
(mg/m?)  (mg/m2wk) (g/m?)  (g/m3/wk) (mg/m2/wk)

BEP 125 400 33 0 0 2000 166 360 BEP = EIP EIP > BEP BEP 29

EIP 128 400 33 24 2 2000 166 0

BEP 118 400 33 0 0 1440 166 360 BEP = PVB/BEP PVB/BEP >BEP BEP 30

PVB/BEP 116 400 33 0 0 720 83 360

PVB 18 400 33 0 0 0 0 360 PVBE > PVB PVBE > PVB PVBE 31

PVBE 34 600-800 66 0 0 1500-2000 166 270-360

BEP 78 400 33 0 0 2000 166 360 BEP = BEdP BEdP > BEP BEP 32

BEdP 76 822 66 2 2 2000 166 360

BEP 185 600 33 0 0 3000 166 360 BEP = BOP/EIP BOP/EIP >BEP BEP 33

BOP/EIP 186 600 50 15 1.8 900 100 300

B = bleomycin; DI = dose intensity; dP = double dose cisplatin; E = etoposide; | = ifosfamide; O = vincristine P = cisplatin; TD = total dose; V = vinblastine; wk = week; > indi-
cates superior to (efficacy) or greater than (toxicity); = indicates equal efficacy or toxicity.

SUSWIZY] Jodue)) [[9)) WD) JO ANTIqela|o],
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The ECOG studied whether ifosfamide in place
of bleomycin (i.e. the EIP regimen) was more ac-
tive in combination therapy.[2®! BEP and EIP pro-
duced comparable response rates (60 versus 63%)
and failure-free survival (60 versus 64%). The EIP
arm was associated with significantly greater
haematological and genitourinary toxicity (table
VI1I1). Similar results were observed in an EORTC
study comparing the same regimens.[34

The EORTC compared the efficacy and toxicity
of 4 cycles of standard BEP with 4 alternating cy-
cles of BEP plus PVB.[%% There was no significant
differencein compl ete responserate (72 versus 76%)
and disease-free survival at an average follow-up of
6 years. The alternating regimen was associated
with greater haematological, mucosal and neuro-
logical toxicity (table I1X).

Following the results from in vitro experiments
and early clinical trials suggesting a dose-response
relationship for cisplatin in germ cell tumours, in-
vestigators at the US National Cancer Institute de-
vel oped anew combination of double-dose cisplatin,
vinblasting, bleomycin and etoposide (PVBE).[3! In
arandomised trial comparing PV BE with standard
PVB, a higher response rate and less frequent re-

Table VIII. Acute toxicity of bleomycin, etoposide and cisplatin
(BEP) versus etoposide, ifosfamide and cisplatin (EIP)2°]

Event (WHO grade) BEP EIP p-Value
(n=148) (n=151)
Toxicity (% of patients)
Haematological <0.001
(grade 3) 39 28
(grade 4) 34 60
Gastrointestinal (3-4) 7 9 NS
Neuropathy (1-4) 7 8 NS
Pulmonary (1-4) 5 5 NS
Genitourinary (1-4) 0.036
renal toxicity 1 6
haematuria 0 2
Treatment-related deaths (no. of patients)
Total 6 5 NS
Neutropenic septicaemia 3 4
Pulmonary failure 3 0
Cerebral haemorrhage 0 1

NS = not statistically significant; WHO = World Health
Organization.

0 Adis International Limited. All rights reserved.

Table IX. Acute toxicity of bleomycin, etoposide and cisplatin (BEP)
versus alternating cycles of BEP and cisplatin, vinblastine and
bleomycin (PVB)EY

Event (WHO grade) BEP BEP/PVB  p-Value
(n=118) (n=116)

Toxicity (% of patients)

Leucopenia (4) 5 28 <0.001
neutropenic fever 5 16 0.006

Thrombocytopenia (4) 1 10 0.001

Gastrointestinal (1-4) 97 98 NS

Neuropathy (1-4) 25 47 <0.001

Mucositis (1-4) 16 28 <0.05

Pulmonary (1-4) 3 3 NS

Treatment-related deaths (no. of patients)

Total NR NR NS
NR = not reported; NS = not statistically significant; WHO =
World Health Organization.

lapses were observed in the PVBE arm.[3U Gastro-
intestinal and haematological toxicities were in-
creased with the more aggressive therapy. How-
ever, the apparent superiority of the PVBE regimen
may have been due to confounding factors, includ-
ing the doubled dose of cisplatin and the addition
of etoposide. The role of cisplatin dose intensity
was directly assessed when patients with poor risk
characteristics were randomised to receive either
standard BEP or the same combination with double-
dose cisplatinin asubsequent randomisedtrial .33 No
significant difference was detected between the 2
arms in relation to response rate (73 versus 68%)
or disease-free survival (61 versus 63%). The high
dose arm was associated with significantly greater
toxicity, including myelosuppression, emesis, oto-
toxicity and neurotoxicity (table X).

Another way to increase the cisplatin dose inten-
sity isthe development of intensive induction che-
motherapy regimens, delivering drugs at reduced
intervals between cycles. Such an approach [using
bleomycin, vincristine and cisplatin (BOP)/EIP] was
reported to yield a 63% disease-free rate in 91 pa-
tients.[38] However, a randomised comparison bet-
ween a BEP/EP regimen and BOP/EIP did not show
any significant differencein efficacy, with al-year
failure-free survival of 60% and 53%, respec-
tively.133 World Health Organization grade 3/4 leu-

Drug Safety 2000 May; 22 (5)
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copenia was more frequent with BOP/EIP than
with BEP/EP (68 versus 38%, p = 0.001), as was
grade 3/4 thrombocytopenia (52 versus 25%, p =
0.001). Febrileneutropeniaoccurred morefrequently
with BOP/EIP than with BEP/EP (35 versus 18%, p
= 0.001). Bodyweight loss was also more pro-
nounced on BOP/EIP than on BEP/EP (p = 0.0001).
No other significant differences between the 2 re-
gimens in terms of nonhaematological toxicity
were reported.

A subset of patients included in this trial were
secondarily randomised to receive or not receive
granulocyte colony-stimulating factor withtheaim
of assessing the possible impact of granulocyte
colony-stimulating factor on chemotherapy deliv-
ery and outcome. The addition of granulocyte colony-
stimulating factor led to a significantly higher rel-
ative dose-intensity for etoposide and cisplatin in
both arms, and for ifosfamide in patients who re-
ceived the BOP/EIPschedul e, without effect onfailure-
free and overdl survival. Regarding chemotherapy-
related adverse effects, neutropenic fever and
treatment-related death rates were significantly
lower in the granul ocyte colony-stimul ating factor
arm (table X1). However, this observation was con-
fined to the BOP/EIP regimen. The investigators

Table X. Acute toxicity of bleomycin, etoposide and cisplatin (BEP)
versus BEP with a double dose of cisplatin (BEdP)[32

Event (WHO grade) BEP BEdP p-Value
(n=77) (n=176)

Toxicity (% of patients)

Leucopenia (3-4) 16 36 <0.001
neutropenic fever 16 50 <0.001

Thrombocytopenia (1-4) 10 58 <0.001

Red blood cell transfusions 25 63 <0.001

Gastrointestinal (3-4) 4 26 <0.001

Neuropathy (3-4) 1 26 <0.001

Ototoxicity (3-4) 0 32 <0.001

Renal (3-4) 3 3 NS

Treatment-related deaths (no. of patients)

Total 2 3 NS

Neutropenic septicaemia 0 2

Pulmonary fibrosis 1 0

Congestive heart failure 1 1

NS = not statistically significant; WHO = World Health
Organization.

0 Adis International Limited. All rights reserved.

concluded that these results do not support the use
of granulocyte colony-stimulating factor during
standard chemotherapy with BEP!37]

Only 1 randomised study of high dose chemo-
therapy with haemopoietic progenitor cell support
has been reported so far in the first-line treatment
of patients with poor risk disease. 115 patients
were randomised to receive either 3 to 4 cycles of
the PVBE regimen or 2 cycles of PVBE followed
by a single high dose chemotherapy regimen in-
cluding cisplatin, cyclophosphamide and etopos-
ide with autologous bone marrow transplant sup-
port. No evidence of benefit to the high dose arm
was observed.[38 No data about comparative tox-
icities are available so far.

2.2 Long Term Toxicity

2.2.1 Gonadal Toxicity

As cisplatin-based chemotherapy has clearly
improved the cure rates of young patients who
have not yet established a family, the long term
impact of treatment on gonadal function has as-
sumed increasing clinical importance. Gonadal
toxicity has mainly been evaluated by measure-
ment of sperm cell concentration and follicle stim-
ulating hormone serum level sfor exocrine gonadal
function, and by testosterone and luteinizing hor-
mone serum levels for endocrine function.

Regarding spermatogenesis, most patients un-
dergoing chemotherapy become azoospermic about
8 weeks after the onset of treatment because of the
cytotoxic effect on rapidly proliferating spermato-
gonia. A simultaneousincreasein follicle stimul at-
ing hormone levels is observed. However, the se-
verity and duration of long term impairment of
spermatogenesis is related to the number of stem
cell spermatogoniathat aredestroyed. A number of
studies have focused on the long term effects of
cisplatin-based chemotherapy on spermatogenesis
(table XII). The median sperm count was in the
range 0 to 82 million/ml after a median follow-up
of 24 to 79 months.[39-49 Thislarge variation could
be related to the varying dose of chemotherapy,
especially the cumulative dose of cisplatin, and the
duration of the follow-up period. In accordance

Drug Safety 2000 May; 22 (5)
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Table XI. Acute toxicity of intensive induction chemotherapy re-
gimens and the role of granulocyte colony-stimulating factor!37)
Event (WHO grade) Without G-CSF With G-CSF

BEP/EP BOP/EIP BEP/EP BOP/EI
(n=64) (n=65) (n=63) (n=65)

Toxicity (% of patients)

Leucopenia
grade 1-2 47 9 24 34
grade 3 36 37 11 18
grade 4 13 49 13 18
neutropenic fever 13 46 14 25
Thrombocytopenia
grade 1-2 30 25 35 14
grade 3 6 15 22 23
grade 4 9 33 21 38
Mucositis
grade 1-2 30 28 22 28
grade 3 3 5 6 6
grade 4 0 5 0 0
Pulmonary
grade 1-2 16 14 25 17
grade 3 3 2 0 5
grade 4 0 5 3
Treatment-related deaths (no. of patients)
Total 15 5
Neutropenic 9 3
septicaemia
Pulmonary fibrosis 3 0
Pulmonary embolism 1 0
Perioperative 1 2
haemorrhage
Acute myeloid 1 0
leukaemia

BEP/EP = bleomycin, etoposide and cisplatin/etoposide and
cisplatin; BOP/EIP = bleomycin, vincristine and
cisplatin/etoposide, ifosfamide and cisplatin; G-CSF =
granulocyte colony-stimulating factor; WHO = World Health
Organization.

with the impaired semen quality, a persistent in-
creasein serumfollicle stimulating hormonelevels
was observed in most (19 to 95%) patients. When
evaluating the long term impairment of gonadal
function caused by cytotoxic chemotherapy, it isim-
portant to remember that many patients with germ
cell tumours show unequivocal evidence of impaired
spermatogenesis before any treatment[®051 or after
orchidectomy and before chemotherapy.[40.44:45.52-54]
Indeed, the pretreatment sperm count has been

0 Adis International Limited. All rights reserved.

shown in several reports to be correlated with sub-
sequent gonadal function.[3>571 The cumulative
dose of cisplatin wasthe other significant prognos-
tic variable observedin anumber of studies.[4548:57]
In patients who received a cumulative dose of up to
400 mg/m?, the sperm concentration, rate of azoo-
spermiaand serum follicle stimulating hormone lev-
elsdid not appear to be significantly different from
those of patients treated without chemotherapy.
Regarding the individual regimens, there are no
datathat allow a reliable comparison between go-
nadal toxicity after PVB and BEP. The only re-
port(®8 suggesting that the BEP combination could
be more toxic for long term gonadal function was
not confirmed by 2 other studies.[5%6% |n contrast,
1 report found that the use of avinca alkaloid was
correlated with impairment of sperm recovery,
whereas the use of etoposide was not.[57]

In summary, the most reliable prognostic factor
associated with sperm recovery isthe pretreatment
sperm count in patients treated with standard germ
cell tumour regimens (3 to 4 cycles). The prob-
ability of recovering spermatogenesis has been as-
sessed at 75% and 45% at 3 years for patientswith
normospermia/oligospermia and azoospermia be-
fore chemotherapy, respectively.[5"]

Regarding the endocrine function, increased se-
rum luteinizing hormone levels have been seen in
up to 86% of patients more than 2 years after che-
motherapy, indicating persistent dysfunction of
Leydig's cells, despite normal testosterone levels
in most patients (table X11). This compensated in-
sufficiency wasstill observed up to 60 months after
chemotherapy in a recent report.[8% Once again,
such a phenomenon has been shown to be signifi-
cantly influenced by the cumulative dose of cis-
platin.[48l

What is the impact of these observations on the
reproductive capacity of patients with germ cell
tumours? Evaluation of the contribution of chemo-
therapy is hampered by alack of knowledge about
the prevalence of infertility in the general popula-
tion, and by the influence of the disease itself and
other treatments (such as retroperitoneal surgery)
on the risk of infertility. In a retrospective review

Drug Safety 2000 May; 22 (5)
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of 12 long term follow-up studies of patients
treated with cisplatin-based chemotherapy, 145
(21%) of 680 patientswere reported to achieve pa-
ternity.l52 Asthe number of patients actually seek-
ing fatherhood was not assessed, it isimpossibleto
draw firm conclusions regarding the effective re-
productive capacities of patientswith germ cell tu-
mours after chemotherapy. Thereisno evidence of
an elevated risk of malformations in children fa-
thered by patients with germ cell tumours.[63.64]

2.2.2 Secondary Malignancies

A number of reports have addressed the issue of
secondary non—germ cell malignancies in patients
with germ cell tumours.[6570 |n general, studies
that included more than 1000 patients have indi-
cated a significantly (2-fold) elevated overall risk
for the occurrence of solid tumours aswell as leu-
kaemias (table XI11). However, radiotherapy is as-
sociated with a 2- to 3-fold increased risk for sec-
ondary solid tumours, and there is currently no
firm evidence that chemotherapy significantly el-
evates the risk for secondary solid cancers.[”Y! Re-
garding the development of secondary leukaemias,
3 serieswith the largest median follow-up (8t0 9.5
years) have found a significantly elevated relative
risk, ranging from 2.4 to 5.2.16569.70] |t js notewor-
thy that the development of leukaemias independent
from therapy has been described in patientswith pri-
mary mediastinal germ cell tumours.[’73 As the
isochromosome 12p, atypica cytogenetic marker
for testicular cancer, has been identified in the leu-
kaemic cells, the occurrence of such leukaemias
following mediastinal germ cell tumours is re-
garded as a biological relationship between 2 dis-
eases and not a therapy-induced adverse effect.

I'n recent years, specific concern has been raised
by reports of a particular role of etoposide in the
development of leukaemias. Secondary leukae-
mias induced by alkylating agents occur most fre-
guently after an interval of 5 to 7 years, are pre-
ceded by a preleukaemic myelodysplastic phase
and have common cytogenetic abnormalities of
chromosomes 5 and 7. In contrast, the type of leu-
kaemias observed after trestment with topoi somerase
Il inhibitors, such as etoposide, are characterised

Drug Safety 2000 May; 22 (5)
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Table XII. Long term gonadal function after cisplatin-based chemotherapy

Regimen n Median total dose of ~ Median follow-up Median sperm Patients [number (%)] with Reference
platinum (mg/m?) (months) count (x 10%ml)  azoospermia  FSH >N LH>N T<N
VBt P 24 NR 34 40 (0-108) 2/11 (18) 13/23 (56) 7/23 (30) 0/16 (0) 39
PVB £t A 28 300 (200-600) 40 (27-80) 11.3 (0-100) 4/24 (17) 15/28 (54) 12/28 (43) 7/28 (25) 40
PVB £t A 18 400 (300-700) 24 (1-51) 0 (0-126) 8/13 (62) 11/18 (61) 12/18 (67) 2/18 (11) 41
VAB-6 22 360 (360-540) 24 (9-54) NR NR 14/22 (64) 19/22 (86) 0/20 (0) 42
PVB 54 400 24 38 (0-175) 7/25 (28) NR NR NR 43
PVB 21 487 (346-614) 24 (18-29) 82 (0-292) NR NR NR NR 44
PVB 22 600 64 (42-100) 0.35 (0-78) 6/22 (27) 19/22 (86) 13/22 (59) 3/22 (14) 45
PVB +E 27 350 (150-680) 30 (7-63) 29 (0-150) 5/24 (21) 18/24 (75) 16/24 (67) 0/24 (0) 46
Mainly PVB or BEP 74 400 (80-780) 52 (13-125) NR NR 14/74 (19) 14/74 (19) 23/72 (32) 47
Standard BEP 33 400 (307-450) 79 (61-103) 5.8 (0-83) 5/27 (18) 22/30 (73) 8/30 (27) 1/30 (0) 48
High dose BEP 21 618 (486-1197) 59 (31-103) 0 (0-69.5) 8/17 (47) 20/21 (95) 9/21 (43) 2/21 (1) 48
Mainly PVB or BEP 63 360 (360-1050) 58 (15-159) NR NR 40/63 (63) 21/63 (33) 6/63 (10) 49

A = doxorubicin; B = bleomycin; E = etoposide; FSH = follicle stimulating hormone; LH = luteinizing hormone; N = normal values; NR = not reported; P = cisplatin; T = testoster-

one; V = vinblastine; VAB-6 = vinblastine, dactinomycin, cyclophosphamide, bleomycin and cisplatin.

SULWIZaY] J2dUeD) [[9)) UL JO ANTIqeIs|o],

€8¢



384

Culine & Droz

Table X111
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by ashort |atent period and balanced chromosomal
translocations involving chromosome 11.[74 The
cumulative dose of etoposide has been claimed to
play a key role in the development of secondary
leukaemias. In a Danish report, al 5 patients who
developed myeloid leukaemias were among those
82 patients who had received more than 2000
mg/m? of etoposide, whereasno leukaemiawas ob-
served among 130 patientswho had received lower
cumulative doses.[” Four subsequent studies have
been published of patientstreated with standard dose
chemotherapy, i.e. containing etoposide at doses
<2000 mg/m? (table X1V). Among 1868 patients, 11
cases of secondary leukaemia were reported, 7 of
which showed typical features of etoposide-related
leukaemia. Based on an annual incidence of 3 to 4
nonlymphocytic leukaemias per 100 000 persons,
the rate of secondary etoposide-related leukaemia
seems to be elevated by a factor of 15 to 25.[71
However, in the light of the high cure rate induced
by etoposide-containing regimens, the risk for the
individua patient appears negligible and does not
challenge current standard strategies.

2.2.3 Other Long Term Toxicity

Peripheral neuropathy is a common adverse ef-
fect of vinca akaloids and cisplatin. Long term
symptoms of neuropathy following chemotherapy
for testicular cancer — mainly with PVB — have
been reported in 12 to 68% of patients.[7%84 In a
careful evaluation using the determination of the
vibration threshold, an incidence of up to 80% was
found up to 10 years after treatment.[8Y No other
risk factors for the devel opment of peripheral neu-
ropathy apart from the cumulative dose of cisplatin
were identified. Patients additionally receiving
vincaakaloids during their treatment are at higher
risk for the occurrence of reversible, but not per-
sistent, neuropathy.[84

Another specific problem with cisplatin admin-
istration is ototoxicity with cochlear damage. A
high-tone frequency loss is found in about one-
third of patients. However, this deficiency is often
subclinical. This toxicity is irreversible and is re-
lated to the cumulative total dose of cisplatin.[8 It
is possible that individual susceptibility or other

Drug Safety 2000 May; 22 (5)
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Table XIII. Risk of secondary malignancies in patients with germ cell tumours!7]

No. of patients Median follow-  Secondary solid tumours Secondary leukaemias Reference
up (years)
number relative risk (95% ClI) significance  number relative risk (95% CI)  significance
1446 8.0 104 2.1 (1.7-2.5) S 8 5.2 (2.3-10) S 65
2013 6.8 22 0.7 (0.5-1.0) NS 22 25(0.4-7.9) NS 66
17 730 6.4 480 1.3 (NR) S 9 2.0 (NR) NS 67
1025 5.1 14 3.1(1.2-6.0) S 1 2.7 (0.9-4.6) NS 68
6187 9.5 459 1.6 (1.5-1.8) S 18 2.4 (1.4-3.7) S 69
1909 7.7 78 1.6 (1.3-2.1) S 4 5.1 (1.4-13) S 70

ClI = confidence interval; NR = not reported; NS = not statistically significant; S = statistically significant.
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Table XIV. Risk of secondary leukaemias in patients with germ cell
tumours treated with standard doses of etoposide (<2000 mg/m?)

Patients Median Number of secondary Reference
follow-up  leukaemias
(years) total etoposide-related?

130 5.4 0 0 75

221 5.5 1 1 68

343 25 2 1 76

538 4.9 2 2 77

636 >5 6 3 78

a Based on morphology and cytogenetic analysis.

factors such as age, mode of administration of cis-
platin or dose per course could be involved in de-
termining the extent of VI11th nerve damage.(8¢!
The most common vascular toxicity is Ray-
naud’s phenomenon. Although this symptom has
been observed following bleomycin alone, 87 it
has more often been documented in patientsreceiv-
ing vinblastine and bleomycin.[®8 The addition of
cisplatin to vinblastine and bleomycin increases
the incidence. Up to 40% of patients treated with
either vinblastine plus bleomycin or PVB develop
this phenomenon.[1% Although the exact mecha-
nism of vascular alteration is unknown, arole for
cisplatin-induced hypomagnesaemia was sug-
gested.[9 When the arterial vasoconstrictor re-
sponseto coldin thefingersisstudied, an exagger-
ated reaction can be detected after several years,
suggesting a prolonged vasospastic adverse effect,
even in patients without finger symptoms.[99 The
frequency of Raynaud’'s phenomenon was not al-
tered after replacement of vinblastine by etopos-
ide.l8] However, the omission of bleomycin clearly
reducesthisadverse effect, asno Raynaud’sphenom-
enon hasbeen observed at theMemorial Sloan Ket-
tering Cancer Center with the EP combination.[13]
Major vascular events, such asacutemyocardial
infarction or cerebral ischaemic events, were also
reported after PV B.[111291] The relative infrequency
of these events and the presence of confounding fac-
tors make a definite cause-effect relationship diffi-
cult to establish.[??] Recent studies suggested that
hypercholesterolaemia and excess bodyweight
might represent long term risk factorsfor these car-

0 Adis International Limited. All rights reserved.

diovascular complications.[994 More data are
needed to draw firm conclusions.

3. Conclusions

The evaluation of the comparative acute and
long term toxicities of germ cell tumour regimens
is a mgjor end-point of clinical trials for patients
with metastatic disease. With regard to the high
cure rate observed in patients with good risk dis-
ease, the optimal regimen of chemotherapy should
combine the best efficacy and the least acute and
long term toxicity. In patients with poor risk dis-
ease, the major end-point remains the improve-
ment in cure rates. Regarding long term adverse
effects, the risk for the individual patient appears
to benegligible and clearly does not challenge cur-
rent standard strategies. In patientswith stage| dis-
ease, i.e. disease confined to the testis, recent data
have suggested the efficacy of 2 cycles of BEPin
the adjuvant setting.[%5%! More data focusing on
long term toxicity will be required to assess the
harmlessness of adjuvant chemotherapy.
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