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UKCCSG’S Germ Cell Tumour (GCT) Studies: Improving Outcome for Children
With Malignant Extracranial Non-Gonadal Tumours—Carboplatin, Etoposide,
and Bleomycin are Effective and Less Toxic Than Previous Regimens

J.R. Mann,* F. Raafat,* K. Robinson,? J. Imeson,? P. Gornall,* M. Phillips,®
M. Sokal,* E. Gray,® P. McKeever,® and A. Oakhill,” on behalf of the UKCCSG

Background. We report the efficacy and
late effects of carboplatin, etoposide, and bleo-
mycin (JEB) for extracranial non-gonadal tu-
mours (GCII, 1989-95) compared with the 5
previous regimens (GCI, 1979-1988) consisting
of 3 vincristine, actinomycin, and cyclophos-
phamide (VAC) and 2 platinum-based proto-
cols.

Methods and Results. Median follow-up
for 52 patients in the GCI study and 46 in GCII
was 105 and 48 months, respectively. For
GClI, 5- and 10-year actuarial survival was
63% (95% Confidence Interval 50 to 75%)
or 72% (57 to 83%) if 6 cases given low-dose
VAC were excluded. For GCII, 5-year survival
was significantly greater at 95% (83 to 99%),
P =0.01. Event-free survival was 46% at 5 years
for GCI (33 to 59%) or 52% excluding the
low-dose VAC cases (38 to 66%), while forGClI

Five-year event-free survival of 21 children
given cisplatin, etoposide, and bleomycin (BEP)
in GCI was 57% (37 to 76%) compared with
87% (74 to 94%) for 46 given JEB in GClI, P =
0.02. Late effects in 30 evaluable survivors of
GCl and 43 of GCII included renal impairment
in 6 in GCI and 0 in GCIl and deafness in 11
and 4, respectively. Among 17 survivors of sa-
crococcygeal tumours treated in GCI, 4 have
neuropathic bladder/bowel and another short-
ening of a leg. In GCII, 4 of 26 have neuro-
pathic bladder/bowel with lower limb weak-
ness in one.

Conclusions. We found JEB to be more ef-
fective and less toxic than our previous regi-
mens. Some survivors of sacrococcygeal tu-
mours have neurological late effects. Med. Pe-
diatr. Oncol. 30:217-227, 1998.
© 1998 Wiley-Liss, Inc.

it was 87% (74 to 94%), P = 0.002.
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INTRODUCTION We have, therefore, compared the survival rates, tox-
icity, and late effects of the United Kingdom Children’s
Advances in therapy have led to greatly improved cu®ancer Study Group’'s (UKCCSG) previous Germ Cell
rates in children with malignant germ cell tumourgumour Studies (GCI), which employed VAC and cis-
(MGCT) treated in the United Kingdom [1-3], thepjatin-based regimens, with those of the current carbo-
United States [4,5], France [6-8], Germany [9,10], anglatin-based protocol (the GCII study). In this initial
India [11]. However, significant treatment-related tOXiCianaIysis, we report the results in the children believed to

ties have been described in some patients, including blggs 44 greatest risk of relapse, that is those with non-
mycin lung (sometimes fatal), infertility, renal impair-4onadal extracranial tumours.

ment, and deafness. In order to improve the quality of life

of survivors without, if possible, reducing cure rates,

treatment protocols in the United Kingdom have been

planned to limit surgical procedures and, by substitutingnildren’s Hospital, Birmingham, United Kingdom.
carboplatin for cisplatin [12] and by reducing bleomyciAUKCCSG Data Centre, Leicester, United Kingdom.
dosage, it was anticipated that renal and oto-toxicity aRdandough Hospital, Cardiff, United Kingdom.
lung fibrosis might be avoided. “City Hospital, Nottingham, United Kingdom.

In adults concern has been expresseq that car_bopla_q\q(-edical School, Aberdeen, United Kingdom.
based protocols may not be as effective as cisplatin- .~ _ . . .
based ones especially for advanced stage cases [13,14]> Aersity of Leicester, Leicester, United Kingdom.

French protocol for children with non-metastatic non- oyal Hospital for Sick Children, Bristol, United Kingdom.
seminomatous MGCT, which utilised a combination inContract grant sponsor: Cancer Research Campaign.
corporating carboplatin, was also reported to be less eforrespondence to: J.R. Mann, Oncology Department, The Chil-
ficacious than an earlier cisplatin-containing regimegren’s Hospital, Ladywood Middleway, Birmingham, B16 8ET, UK.
[15]. Received 21 January 1997; Accepted 26 November 1997

© 1998 Wiley-Liss, Inc.
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TABLE I. Staging TABLE II. Histopathology Classification of Germ
Cell Tumours*

Site of origin of tumour

. . . . . Germinoma (a) Intratubular germ cell
Uterine, vaginal, prostatic, Abdominal, retroperitoneal, neoplasia
Stage or sacrococcygeal thoracic, or other (b) Invasive (dysgerminoma,
I Tumour confined to Tumour confined to the seminoma)
organ/site of origin site of origin and Teratoma (a) Mature/benign
resectable (b) Immature
Il Tumour spread limited to ~ Local spread (c) Malignant (teratoma plus
the pelvis one or more malignant
I Tumour spread limited to  Extensive spread confined _ elements)
the abdomen (excluding to one side of the Embryonal carcinoma (adult
liver) diaphragm (excluding type)
liver) Endodermal sinus tumour (yolk
\ Tumour spread to the liver  Tumour spread to the liver, Sac tumo_ur)
or beyond the abdominal to both sides of the Choriocarcinoma
cavity diaphragm, and/or to Gonadoblastoma
bor!es, bone marrow, or *Based on Dehner [16].
brain
noma, malignant and mixed teratomas, yolk sac tumour,
METHODS and choriocarcinoma, were considered to be eligible.
) However, two cases of immature teratoma with aggres-
Patients sive behaviour were also included in GCII.

Children less than 16 years of age with biopsy-proverreatment
localised or metastatic non-gonadal, extracranial MGCT _ o
treated by members of the UKCCSG were eligible, pro- All tumours were completely excised if this was pos-

vided that no prior chemotherapy had been given.  Sible without major morbidity; otherwise biopsy was per-
formed. Chemotherapy was recommended for all patients

although 3 neonates in the GCI study with microscopic
yolk sac tumour in otherwise mature sacrococcygeal tu-

) o ) . mours were treated by surgery alone. In GCI after 6-12
Standard investigations undertaken in GCI [1] ingeeks of chemotherapy and in GCII usually after

cluded appropriate tumour imaging. AFP and HCG wetgmpletion of chemotherapy, patients were re-evaluated
measured before and 5 days after the initial treatmeBhq surgery to any residual tumour undertaken. Radio-

weekly until normal values were reached, monthly for fﬁerapy was used only for palliative treatment, if surgery
years, and every 3 months for a further year. In GClhng chemotherapy were ineffective.

investigations were similar although bone marrow ex-
aminations were done only when there was evidence @femotherapy
blood borne metastatic disease. If possible GFR, mea-
sured by chromium EDTA clearance, and audiometry In GCI, patients were recruited over a 10-year period,
were performed before chemotherapy was commencel®79-1988. The chemotherapy regimens are shown in
Figure 1 and comprised 3 vincristine/actinomycin/
cyclophosphamide (VAC)-based regimens: low-dose
VAC for 2 years (which was ineffective, all cases treated
. ith this having incomplete response and eventually dy-
sh;—vr\]/ﬁ isna_rP:blséclheme was used for both studies andﬁa of disease), high-dose VAC or high-dose Adriavac
' (VAC with doxorubicin) for 1 year, and, subsequently,
cisplatin/vinblastine/bleomycin (PVB) or bleomycin/
Histopathology etoposide/cisplatin (BEP) [1]. PVB or BEP were given
every 3 weeks if blood counts permitted, otherwise every
A slightly modified version of Dehner’s [16] classifi- 4 weeks to produce remission, defined as normal tumour
cation was used and is shown in Table Il. The originaharkers and no detectable residual malignant tumour,
slides were requested from every case and were revievadter which two further courses were administered.
by a panel of paediatric histopathologists whose agreedin GCIl, patients were recruited from 1989-1995.
diagnosis was used to classify the tumours. Only ti@arboplatin, etoposide, and bleomycin (JEB) was used,
malignant subtypes of germ cell tumour, that is germwhich was based on the previous BEP regimen, but with

Investigations

Staging
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Low dose VAC
Week 1 2 3 4 5 6 7 8 9 101112 13 14 15 16
VC ¥ + % + 4 4 + + ¥ Vincristine, 1.5mg/m2
ACtD + + + + + ¢ 4 v +  Actinomycin D, 0.6mg/m2
Cyclo 4 + + 4 + 4 ' + 4  Cyelophosphamide. 300mg/m?
Duration of treatment-2 years
High dose VAC
12 3 456 78 9 1011121314 15 16
o EEE E ! + Vincristine, 2mg/m2 (max. 2mg)
ACtD + + + + Actinomycin D, 1.4mg/m?2
Cyclo + : : ' ' b amide,

1000mg/m2 (max. 1000mg)
Duration of treatment-1 year

High dose VAC with Doxorubicin

12 3 45 6 78 9 1011121314 1516
VIR 2R R Z0 N T N S S S A S A + Vincristine, 2mg/m2 (max. 2mg)
ActD + v + Actinomycin D, 1.4mg/m2
Cyclo + + + + + + (max. - ; ;
Cyclophosphamide, if tolerated Fig. 1. Chemotherapy regimens used in
Doxo v ‘' + + + 600-1000mg/m2 (max. 1000mg)  GCl.
Doxorubicin  30mg/m? to total
of 10 doses, then Act D with V¢
and Cyclo every 3 weeks
Duration of treatment-1 year
PVB
12 3 45 6 78 9 1011121314 15 16
Cisplat + + v + + Cisplatin, 100mg/m? day 1
VB ¥ v + + 4 Vinblastine, 0.15mg/kg day 2

Beo v 4 4 ¥ ¥ 4 4 4 4 4 4 4 4 4 ¢ Bleomyom 15mg/m? day 2.9

Aim for 2 courses after AFP
normal, if renal function permits

BEP
1 2 3 4 56 78 9 101112131415 16
Cisplat + + + J' Cisplatin, 100mg/m?2
VP16 T e 4 e e VP16, (Etoposide) 120 mg/m?
days 1, 2 and 3
Bleo * + % + v ys

Bleomycin, 15mg/m2 day 2
Aim for 2 courses after AFP
normal, if renal function permits

carboplatin substituted for cisplatin with a view to reducky a platinum-based one, with surgery as appropriate,
toxicity, particularly nephro- and oto-toxicity. Thus, etoand vice versa, the exact protocol used for these cases
poside 120 mg/fhwas given IV over 1 hour on each ofbeing determined by the treating physician.
Days 1-3, carboplatin IV over 1 hour on Day 2 in a dose . .
calculated as 600 mgAror using the formu 6 x [un- Assessment of Chemot.herapy_ and Surgical Toxicity,
corrected GFR + (15 x surface area)], and bleomycin 18te Effects, and Quality of Life
mg/n? was given IV over 15 minutes on Day 3. The These were assessed from the information supplied by
formula for carboplatin dose was one under investigatiaoctors on annual follow-up forms and also from a ques-
at the Royal Marsden Hospital in 1988 for use in childretionnaire on late effects completed for each surviving
(A.H. Calvert, personal communication), the target AU@atient in 1995-1996. The questionnaire included re-
(area under the plasma carboplatin concentration vs. timpgests for details of growth and pubertal development
curve) being 6 mg/ml.min. This formula has subseand of blood pressure, and any neurological effects of the
quently been refined [17], but the original formula watumour or treatment, either at presentation or at follow-
used in this study. Courses were given until remissiarp, particularly for children with sacrococcygeal tu-
was achieved, judged by normal AFP/HCG and imagingjours. Renal function was evaluated on the basis of se-
followed if possible by two further courses. rum creatinine, or preferabBACr EDTA clearance, and
Incomplete response or relapse was usually treatedotoxicity by audiometry, the frequency of these tests be-
patients who had received an AdriaVAC-based regimémg determined by the patient’s doctor. Chest X-rays
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were performed regularly in the early years of follow-ugABLE lll. Malignant Non-Gonadal Germ Cell Tumours
in all patients but formal tests of pulmonary functionjies of origin aal ccll
were seldom undertaken in the absence of respirator
symptoms or abnormal radiology, because of the youﬂggirggoiggu?'pmstate 31 2§
age of many of the patients. The numbers with abnofporay’ ’ 7 8
malities reported must, therefore, be considered a miwither extracranial 10 7
mum estimate. For renal and pulmonary toxicity, WHO Abdomen/retroperitoneum 7 4
grading criteria [18] were used, or for ototoxicity, Brock Liver 2
grading [19]. A review of survival and toxicities in pre- gﬁg'tdu o 1 !
viously reported series was undertaken for comparisoryeck 1
1

with the UKCCSG's results. Lip
Total 52 46

Statistical Methods

Overall and event-free survival distributions were es- . .
. . eal tumours, which were reported to be mainly mature
timated by the method of Kaplan and Meier [20]. Th : . .
L ut contained microscopic yolk sac elements, all of
log-rank test [21] was used to assess the statistical sj

o A . : om were treated by surgery alone and did not develop
nificance of possible prognostic factors such as site and X )
; recurrence. In GCII, there were also 5 patients with con-
stage and to compare the GCI and Il regimens.

Survival time was defined as the time from diagnos enital, apparently mature, teratomas who developed ma-

. o ; ignant yolk sac tumour recurrence at 15, 20, 20, 32, and
to death from any cause, censoring surviving patients months of age, respectively (all sacrococcygeal).
the date .Of last follow-up. Even_t-free survival was d.el"hree of these were diagnosed as a result of serial serum
fined as time to first relapse or time to death, Censoring-o - - curement. whereas 2. not monitored in this wa
other patients at the date of last clinical follow-up. The ' ' Y,

95% Confidence limits for probabilities of survivalpresﬁmed cllnlcgll¥. h d h |
utilised the method of Rothman [22] and are quoted in There were 2 infants who presented after the neonata

brackets after each survival statistic. In patients whoS6 riod with apparently mature sacrococcygeal teratomas

S : and who later develped yolk sac tumour recurrence: one
initial diagnosis was mature teratoma but who developed o
. - GCI whose original tumour, resected at 5 months of
yolk sac recurrence, survival and event-free surviva . .
age, recurred at 24 months, and one in GCII whose origi-
were calculated from the date of yolk sac recurrence
. - ) . nal tumour resected at 6 months, recurred at 37 months.
with clinical stage defined as that at the time of yolk s ; .
he other patients all had malignant germ cell tumours at
recurrence. , T : :
the time of initial diagnosis. The histology of the tumours
Ethical Approval in both the studies is summarised in Table IV and the

Approval was obtained by each institution from thglstrlbutlon of patients by clinical stage in Table V.

local District Research Ethics Committee to allow pakgival
ticipation in these studies.

Survival analyses were made in November 1996 when
the median duration of follow-up for the 52 GCI cases
was 105 months (range 50-168) and for the 46 GCII
cases was 48 months (range 10 to 82). Five- and ten-year

The numbers of children with non-gonadal, extracractuarial survival for all cases in GCI was 63% (95%
nial malignant germ cell tumours registered in GCConfidence Interval 50 to 75%) or 72% (57 to 83%)
(1979-1988) and GCII (1989—-June 1995) are shown aghen the 6 cases given the ineffective low-dose VAC
cording to site of origin in Table Ill. One additionalregimen were excluded. For cases in GCII, 5-year actu-
patient with a thoracic primary in GCII, in whom therearial survival was 95% (83 to 99%). The greater 5-year
was major protocol violation consisting of weekly adsurvival in the GCIl compared with the GCI cases (all
ministration of bleomycin, was excluded from the sursites excluding the 6 low-dose VAC cases) was signifi-
vival analyses, but another, who had three courses of JE&t,P = 0.01 (Fig. 2A). The 5-year actuarial survival
and then Adriavac because of myelotoxicity, was rder GCI and GCIl cases, respectively, by site was: sa-
tained. crococcygeal 77% (58 to 89%) and 96% (80 to 99F%),

In GCI, there were 5 patients with congenital, appar= 0.12; vagina/uterus/prostate 100% (40 to 100%) and
ently mature, teratomas who developed malignant yoll00% (29 to 100%)P = 1.0; mediastinum/thorax 29%
sac tumour recurrence at 8, 12, and 17 months of affeto 64%) and 100% (63 to 100%P, = 0.03; and all
(sacrococcygeal cases), 48 months (lip), and 11 montbther sites 78% (45 to 94%) and 83% (44 to 97
(neck). There were 3 others with congenital sacrococcy-88.

RESULTS
Clinical Details and Histology
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TABLE IV. Malignant Non-Gonadal Germ Cell Tumours 2 of 33 other patients in whom stage was knowns=
Histological types GClI cen 0.002.

_ o Event-free survival according to the chemotherapy
$§rr2:c'::ﬁgj?r’n':,§3'r\f g g regimens given is shown for GCI (low-dose VAC 6
Teratoma, malignant (mature/immature 14 20 cases, high-dose VAC/Adriavac 8 cases, PVB 3 cases, or

teratoma + one or more malignant BEP 21 cases) and for GCII (JEB 46 cases) in Figure 2C.

elements) (The 3 cases in GCI treated by surgery alone are not
Embryonal carcinoma 0 0 included in the comparisons between the chemotherapy
Eﬂgﬂgig:‘c?r'] éﬁlk sac) 032 024 regimens.) The 5-year event-free survival of the 21 chil-
Not available for review 4 0 dren given BEP in GCI (57%, 37 to 76%) is significantly
Total 52 46  different from that in the 46 children given JEB in GCI|

(87%, 74 to 94%)P = 0.02. The median number of
courses given of both BEP and JEB was 6 (range 2 to 7

TABLE V. Malignant Non-Gonadal Germ Cell Tumours .
for BEP and 3 to 8 for JEB). In the JEB-treated patients,

Clinical stage GCl GCIl' the carboplatin dose was calculated on the basis of sur-
I 5 5  face area in approximately two-thirds of the children and
Il 13 7 by using the formula in the remainder. A more detailed
:'\'/ 23 282 analysis of dose intensity and acute toxicities and out-
Not recorded 0 4 come in all patients treated in GCIl is being prepared

Total 52 a6 (Oaknhill et al.).

Recurrences and Deaths

Event-free survival for all 52 cases in GCl was 46% at In GCI in which the chemotherapy regimens were
5and 10 years (33 to 59%) or, when the 6 low-dose VAC ' by reg

cases were excluded, it was 52% (38 to 66%) while fgrener_ally less effectlve than n GCll, recurrences were
Seen in a proportion of cases with tumours in each of the

cases in GCIl it was 87% (74 to 94%) at 5 years (Fig,_ - . . .
2B). The difference in EFS between GCI and GCl| W;Qéarlous sites, stages, and histological subgroups. In GCII

significant @ = 0.002). The 5-year EFS for GCl andonIy 6 “events” (recurrence or incomplete response)

; / ) ha}ve been observed and it may be relevant that in one the
GCIl cases, respectively, by site was: sacrococcygea

54% (35 to 71%) and 93% (77 to 98%9, — 0.004: primary site was unusual (the liver) and in a child with a

. tage Il sacrococcygeal primary the residual tumour con-
0 0, 0,
vaglna/utiruslprgstate_ 75./0 (30 to 95%) and 50% (1 §c|)sted mainly of PNET elements. Five of the 6 patients in
99%), P = 0.96; mediastinum/thorax 29% (8 to 64% ClII with recurrence or incomplete response had Stage
and 88% (53 to 98%) = 0.08; and all other sites 56%IV LUMOUTS P P 9
(27 to 81%) and 71% (36 to 92%P, = 0.94. In neither i i
. : r R There were two deaths from pulmonary toxicity due to
GCI nor GCII did EFS differ statistically significantly S . L X -
. .2 bleomycin in GCI, in a girl given bleomycin weekly in

between the largest group with sacrococcygeal primarig

S . . .
and the cases arising in other sites. However, the nugmée PVB regimen as per protocol (cumulative bleomycin
bers of cases with tumours in other sites were rather

se 105 mg/@) and in a boy given a modified PVB
protocol (cumulative dose 186 mg#in One other child

in GCI died of infection following high-dose VAC. All
¥(t)her deaths in both the GCI and GCII cases were due to
umour.

small for such analyses.

The 5-year EFS for GCI and GCII cases, respectivel
by stage was: Stage | 80% (38 to 96%) and 100% (16
100%),P = 1.0; Stage 1l 41% (19 to 68%) and 86% (4
to 97%),P = 0.22; Stage I1l 50% (22 to 78%) and 100% 0 Effects
(3 to 100%),P = 0.13; Stage IV 52% (32 to 72%) and
77% (56 to 90%),P = 0.20. The differences in EFS These were evaluable in 30 of the 33 survivors from
between stages were not significant for either GCI @&Cl, 3 having been lost to follow-up 8, 10, and 11 years
GCIl. Stage IV cases in GCII appeared to do worse th&rom diagnosis after moving abroad. Renal impairment
cases of Stage | to lll, EFS being 77 and 95%, respeatiributed to cisplatin therapy was present in 6 children
tively, but this was not statistically significar®, = 0.99. (WHO grades 1 to 3, tubular only in 2 cases) and deaf-

Our attempts to identify a high-risk group of patienteess in 11 (Grades 1-3). Asymptomatic pulmonary
using site and stage were hampered by the small numbehanges attributed to bleomycin were present in one sur-
in some groups. However, for GCII patients there wagdvor. Among the 17 evaluable survivors of sacrococcy-
a suggestion that patients with non-sacrococcygeal pgeal tumours, 4 have neuropathic bladder and/or bowel
maries and Stage IV disease might constitute suchaad one other child has shortening of a leg. Among these
group since 4 of these 9 patients relapsed compared watlshildren with neurological late effects, 4 were recorded
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to have neurological problems affecting bladder, bowel, A comparison of survival and toxicity data in a re-
and/or lower limb function at the time of diagnosis of th@orted series of children treated for extracranial MGCT is
tumour; one further child with suspected neurologicahown in Table VI.
damage at diagnosis has fully recovered from this. Other
late effects include a small telangiectatic bladder in
child given AdriaVAC chemotherapy for a thoracic pri—lslISCUSSION
mary, a cosmetic defect following surgery to a teratoma Since the mid-1970s there has been major progress in
of the neck in another case, and pigmentation due ttee treatment of adults and children with malignant germ
bleomycin in a third child. Nine children are completelell tumours, mainly due to better chemotherapy. Previ-
well. ously malignant sacrococcygeal tumours in children
Among the 44 survivors of GCII, 43 are evaluablewere almost always fatal, while metastatic gonadal tu-
Renal impairment has not occurred but four children hadours were treated with limited success with VAC-based
Grade 1 to 3 deafness. regimens. Knowledge gained in adult teratoma patients
All 4 of the children with deafness had normal renalvas applied in paediatric practice but, because of the
function both before and after chemotherapy. One chitanall numbers of patients available even for nationally
whose Grade 1 deafness was recorded after 5 coursesrgfanised studies, no randomised comparisons of chemo-
JEB, the carboplatin dose having been calculated usithggrapy protocols have been reported. Nevertheless, sub-
the formula, was found at later follow-up to have normaitantial improvements in cure rates of children with ex-
hearing. Another girl given 7 courses of JEB, the carbdéra-cranial MGCT have been achieved, although with
platin dose having been calculated using surface area, bagificant toxicity (Table VI). Evaluation of regimens is
Grade 1 deafness. A third had bilateral middle ear haepessible only by comparing published results but in fu-
orrhages when thrombocytopenic following her thirdure internationally organised randomised trials should
course of JEB, the carboplatin dose having been cal@assess protocols, aiming to maintain high cure rates while
lated using surface area, and remains deaf, Grade 3. Tihg@ting toxicity.
fourth had 6 courses of JEB, the carboplatin dose havingThe UKCCSG'’s first study, GCI, spanned the period
been calculated by the formula (which gave the saméhen effective chemotherapy was developed for terato-
dose as that using surface area), had a questionably stoas in adults and our regimens were changed accord-
response to therapy, and was given 2 additional coursegly, also taking into account the efficacy and toxicity of
of etoposide and cisplatin and could, therefore, be catite new protocols in children [1]. Thus, the initial low-
sidered to be a protocol deviant. She has Grade 2 deddse VAC regimen was abandoned after 2 years because
ness. The role of carboplatin in the deafness in thestpoor efficacy, and was replaced by high-dose VAC
cases is difficult to evaluate, but one has recovered andaith or without adriamycin and subsequently by PVB.
two others, other factors might have played a part, i.éfter 3 deaths from bleomycin-induced pulmonary tox-
middle ear haemorrhages and 2 doses of cisplatin. In omtjty, PVB was replaced by BEP and thereafter no treat-
one case could no other factor be identified. ment-related deaths occurred once bleomycin had been
Among the 26 evaluable survivors of sacrococcygestduced to once per course. Renal impairment and deaf-
tumours, 4 have neuropathic bladder and/or bowel, oness attributed to cisplatin were seen after both PVB and
of whom also has lower limb weakness. Among these,BEP [1] (Table VI). Nevertheless, except in the initial
were recorded to have neurological problems affectingw-dose VAC cases, high cure rates were achieved [1-
bladder, bowel, and/or lower limb function at the time o8] (Table VI). Other late effects included infertility in 5
diagnosis of the tumour, as did 4 further children whof 35 survivors of ovarian tumours due to surgery, al-
have recovered. The neurological problems were thoughbugh one would have been infertile anyway due to XY
to have been caused by the tumour in 7 cases and wgomadal dysgenesis [3]. Ejaculatory failure was not an-
diagnosed after surgery in one case. Other problems tieipated after treatment of testicular primaries, as radi-
tected so far in the survivors include pigmentation froralogy and AFP monitoring were used for staging, with-
bleomycin in one patient, reduced volume of the lefiut retroperitoneal node dissection, but boys given VAC-
hemithorax following treatment of a thoracic tumour ihbased chemotherapy would be likely to have
one case, and presumed phrenic and recurrent laryngeabospermia [2,3].
nerve damage following surgery to another patient’s tho- The American Children’s Cancer Study Group re-
racic tumour. One child had seizures following treatmepbrted 4-year survival and event-free survival for ovarian
of recurrence in the brain. non-germinoma MGCT of 67 and 63%, respectively,

Fig. 2. A: Survival for 46 cases treated in GCI (the 6 LD VAC cases were excluded) and all 46 cases treated B: GZént-free survival
for 46 cases treated in GCII (the 6 LD VAC cases were excluded) and all 46 cases treated i€ GBlent-free survival according to the
chemotherapy regimens given in GCI (low-dose VAC, high-dose VAC/Adriavac, PVB, or BEP) and in GCIl (JEB).
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TABLE VI. Summary of Reported Series of Extracranial MGCT

Number of Principal effects from
patients and chemotherapy and
Country and reference dates of studies Regimens Survival (%) by Zite number affected
UK [1] 122 Low-dose VAC Excluding 12 low-dose VAC Deaths from bleomycin lung 4
1979-1987 High-dose VAC cases: Renal impairment from
Adria VAC, PVB, or BEP Testis 100% cisplatin 16

Surgery alone in 44 cases Vagina, uterus, prostate Deaf > 6
78 given GCI chemotherapy 100%
protocols Ovary 88%

Thorax 40%

Other 67%

USA, CCSG [4] 93 CCG-861 Ovary (non-germinoma) Not described
(non-germinoma)  Vinblastine, bleomycin, 67%
1978-1984 cisplatin, cyclophosphamide, Non-gonadal 48%
actinomycin, doxorubicin
USA, St. Jude [5] 60 VAC Testis 100% VAC caused severe cystitis in 6
1979-1988 Modified PVB or Ovary Stage | and Il of 41 patients (5 also had
VAC/PVB, alternating 100% pelvic radiotherapy)
Surgery alone in Stage | Non-gonadal with Acute reactions to bleomycin
testicular and ovarian VAC/PVB 63% in 18/22 patients
tumours if markers fell Metabolic problems from
appropriately cisplatin 3
Deafness 8/22 given PVB
France [6] 82 Actinomycin, Gonadal 75% Died from bleomycin lung 1
(non-seminoma)  cyclophosphamide, Non-gonadal 75% Died from septicaemia 1
1978-1984 vincristine, bleomycin, Died from cisplatin toxicity 1

doxorubicin, cisplatin
Surgery alone in Stage |
cases if makers fell

appropriately
France [7] 93 TGM 85 Disease-free 74% Not described
(non-germinoma) Cyclophosphamide, Gonadal 85%
1985-1989 actinomycin, vinblastine, Non-gonadal 54%

bleomycin, cisplatin
Surgery alone for Stage | if

markers fell
France [8] 67 TGM 85 (see above) Disease-free 77% Toxic death 1
(non-metastatic Surgery alone for Stage | if  Stage | and Il 87% Transient acute toxicities
non-germinoma)  markers fell Stage Il 39% (septicaemia 3, tubulopathy 1,
1985-1989 etc.)
France [15] 42 TGM 90 Gonadal and non-gonadal Not described
(non-metastatic Cyclophosphamide, CCR 48%
non-germinoma)  actinomycin, vinblastine,
1990-1994 bleomycin, carboplatin
Surgery alone for Stage | if
markers fell
Germany [9] 66 MAKEI 83/86 Disease-free 83% Treatment-related deaths 2
(non-testicular) PVB, VAC, or PVB and Bleomycin-induced
1983-1988 etoposide, ifosfamide, pulmonary fibrosis 3
cisplatin
Germany [10] 186 MAKEI 89 Event-free 91% Bleomycin lung 1
(non-germinoma) BEP/VIP Renal toxicity about 25% of
1989-1993 cases
(?reversible)
India [11] 56 BEP Gonadal and non-gonadal Bleomycin lung 3 (fatal 1)
1988-1993 83% Death from sepsis 1
Death from etoposide-related
leukaemia 1
UK 46 non-gonadal GCII Event-free 87% Deafness 4 (recovered in 1)
extracranial (this  Carboplatin, etoposide,
series) bleomycin

1989-1995

aQverall survival unless stated otherwise.
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while for non-gonadal tumours these were 48 and 42&chieved with BEP (57%). The better results in GCII
[4]. Late effects were not discussed. St. Jude’s patientgre not due to patients having more favourable clinical
with extragonadal tumours responded poorly to VAGeatures, as the proportions in each clinical site, stage,
but alternating VAC/PVB yielded 63% survival. A rangeand histology group were remarkably similarly to those
of complications was seen (Table VI) [5]. in GCI (Tables 1I-1V). Nor can the better results of JEB
French workers reported 75% survival in 82 patientsompared with BEP be explained by greater familiarity
with non-seminomatous GCT of gonadal and extracradth platinum compounds, since neither protocol caused
nial non-gonadal origin [6] but there were three chemdreatment-related deaths albeit the numbers treated were
therapy-related deaths. The subsequent SFOP protaaoiall (46 and 21, respectively). The poorer results using
(MGCT 1985-1988) was modified to reduce toxicity andarboplatin in the French study were probably related to
only one therapy-associated death occurred [7,8]. Lowlewer dose (400 mg/fcompared with 600 mg/#in the
complete and continuous complete remission rates w&ygCCSG protocol) [15]. In adults with metastatic tes-
obtained in their next protocol (TGM90) in which car4icular non-seminomatous GCT, significantly higher fail-
boplatin 400 mg/riwas used instead of cisplatin [15]. ure rates were found in patients given less than, com-
In Germany, treatment for non-testicular MGCT wapared with more than, 400 mgfncarboplatin dose per
stratified according to histology, site, and stage; childrareatment in the CEB (JEB) combination [25]. Moreover,
with favourable histology, early stage disease receivirtige use of carboplatin in the UKCCSG studies has elimi-
surgery alone, and those with more advanced disease alated the nephrotoxicity and reduced the ototoxicity
receiving four courses of PVB or VAC [9]. Most cases ofaused by cisplatin in previous protocols. Absence of
malignant histology (yolk-sac, choriocarcinoma, mixedignificant renal toxicity from conventional doses of car-
tumours) had four PVB courses, second look surgetyoplatin has been demonstrated in adults [26] and chil-
and then four courses of etoposide, ifosfamide, and ciden [27].
platin. Good results were achieved but also significant Further improvement in chemotherapy is still required
toxicity. In the subsequent (MAKEI 89) study, vinblasfor non-gonadal MGCT to enable all patients to be cured.
tine was replaced by etoposide, total chemotherapy w@adly, dose escalation of cisplatin (from 20 to 40 mg/m
reduced, and the bleomycin was reduced or omitted (i.per day for 5 days) in a randomised study of adults with
BEP/VIP therapy) [10] but some toxicity still occurredpoor risk MGCT resulted in excess toxicity and no ac-
(Table VI). companying therapeutic benefit [28]. Strategies to im-
Five-year actuarial survival was 83% in 56 Indiamrove results in children might include dose escalation of
children given BEP for extracranial MGCT's but 3 de€arboplatin and/or the use of other agents such as ifos-
veloped bleomycin lung (bleomycin given weekly) andamide and vinblastine, or “megatherapy” with autolo-
other toxicities were seen (Table VI) [11]. gous bone marrow or PBSC rescue. However, such treat-
In summary, most recent paediatric series report highents would be associated with significant toxicity and
cure rates for gonadal MGCT, but, as in adults [23herhaps should be considered only for high-risk or unre-
results have been less satisfactory for non-gonadal sponsive/chemotherapy-resistant or relapsed cases. Defi-
mours, only 42% of adults treated during the cisplatin eration of a high-risk group in our JEB-treated cases was
for non-gonadal MGCT achieving long-term survivadifficult because of the small numbers and the high cure
[24]. Significant toxicity has been reported where thigate. The event-free survival of 93% in the largest sub-
has been assessed, attributable mainly to bleomycin ardup, with sacrococcygeal primaries, was not signifi-
cisplatin. In older series, radiotherapy also led to seriogantly different from that in the other smaller sub-group,
late effects, but this is seldom used in paediatrics hcand, while 5 of the 6 events in the JEB-treated cases
except for intracranial cases. Surgical morbidity has beencurred in patients with Stage IV disease, overall 77%
significant, but can be reduced if limited to biopsy oof Stage IV cases remained event-free. The non-
non-mutilating resection, as recommended in curresaicrococcygeal Stage IV cases might be a higher-risk
UKCCSG protocaols. group, but the numbers were small. A strategy utilising
Reduction in bleomycin dosage, as used in th#B for initial therapy, with more toxic regimens re-
UKCCSG modification of BEP and in our JEB protocolserved for the few patients who fail or relapse, might be
has been successful in eliminating deaths from pulmpreferable to intensification of therapy for all cases.
nary toxicity. The substitution of carboplatin for cisplatin Previous reports have not detailed the neurological
in the combination has led to no worsening of the resultgndicaps present in some survivors of sacrococcygeal
either for non-gonadal cases (this report) or for childrggrimaries. The majority appear to be caused by the tu-
we have treated with gonadal primaries (to be reportedjour rather than by surgical procedures and recovery
Indeed, our preliminary results with JEB are producingay occur after successful chemotherapy. Earlier diag-
significantly higher 5-year event-free survival rates inosis might reduce the number with neurological dam-
children with non-gonadal tumours (87%) than weage, and surveillance by clinical examination and serum
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