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Abstract

Background—This Phase Il study was designed to determine response to chemotherapy and
survival after response-based radiation (RT) in children with CNS germ cell tumors.

Procedure—Children with germinomas and normal markers received cisplatin 100 mg/m? +
etoposide, alternating with vincristine + cyclophosphamide (CPM) 2 g/m2/d, for four cycles.
Children with nongerminomatous tumors or with abnormal markers received doubled doses of
cisplatin and CPM. For germinoma patients in complete response (CR), RT was decreased from
50.4 to 30.6 Gy. High-risk patients received neuraxis RT: 50.4 Gy local + 30.6 Gy neuraxis in CR;
54 Gy local + 36 Gy if less than CR.

Results—Of 12 germinoma patients, 4 had cerebrospinal fluid (CSF) human chorionic
gonadotropin (HCG) 6.9-21 mIU/ml. Of 14 nongerminomatous patients, HCG in serum or CSF
was > 50 mlU/ml in 9, a-fetoprotein (AFP) abnormal in 9. Four germinoma patients attained CR,
six PR, one SD, one not evaluable after resection. Two nongerminomatous patients had CR, three
PR, three SD, one PD, four not evaluable after resection; one inadequately treated patient had
progressive disease (PD). Both PD patients died; one SD patient died during a seizure. Eleven
germinoma patients are PF at median 66 months; one patient in CR refused RT, had PD at 10
months, received RT, and was PF at 56 months. Eleven of 14 nongerminomatous patients were PF
at median 58 months.

Conclusion—Response (germinoma, 91%; nongerminomatous, 55%) and survival are

encouraging after this regimen plus response-based RT.
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INTRODUCTION

Germ cell tumors of the brain include pure germinomas, which may be successfully treated
in 85-100% of patients with radiation therapy, and the more diverse nongerminomatous
germ cell tumors, which tend to recur after standard radiation (20-45% reported 5-year
survivals) [1-5]. The biologic disparity between pure germinomas and nongerminomatous
tumors is also supported by the difference in mean age at diagnosis (adolescent versus
middle school years), with nongerminomatous tumors having a more heterogeneous
appearance with spread to distant structures [1-5]. With the goal of reducing potential late
sequelae of cranial radiation [6-11], platinum-based regimens have sought to decrease
radiation dose by administering chemotherapy before reduced radiation [12-16]. It is not yet
known whether this approach will lead to similar cure rates with decreased toxicity.

Nongerminomatous tumors are usually mixed tumors with elements of choriocarcinoma,
endodermal sinus tumor (also called yolk-sac tumor), embryonal carcinoma, teratoma with
malignant germ cell elements, and include germinomas with choriocarcinomatous elements
(defined herein by b-human chorionic gonadotropin (HCG) >50 mIU/ml in serum or
cerebrospinal fluid (CSF)). Studies in new and relapsed patients found responses and/or
improved survival after platinum-containing regimens [17-25], with one study suggesting
synergy with etoposide [26]. Alkylating agents, such as cyclophosphamide (CPM) also were
added with apparent efficacy in some trials [12,14,23].

In 1996, the Pediatric Oncology Group (now part of the Children's Oncology Group (COG))
opened the first national CNS germ cell trial of chemotherapy followed by radiation therapy
to evaluate:

1. whether cranial radiation could be reduced in good-risk germinoma patients after
complete response (CR) to four courses of cisplatin (CDDP) plus etoposide
(VP-16), alternating with vincristine (VCR) plus CPM,;

2. whether progression-free survival (PFS) could be improved in high-risk children
with nongerminomatous germ cell tumors after the same regimen with doubled
CDDP and CPM plus full craniospinal radiotherapy (RT);

3. whether accrual to a groupwide trial would be adequate and representative for
future national Phase 111 trials.

METHODS

Patients

Children 3- to 21-year old were eligible for POG 9530 if pathology of their tumor specimen
on central review by Dr. Burger showed CNS germinoma or other malignant germ cell
variant, such as embryonal carcinoma, yolk-sac tumor, endodermal sinus tumor, mixed germ
cell tumor, or malignant teratoma. No histologic diagnosis was required if HCG or a-
fetoprotein (AFP) was elevated in serum or CSF (HCG > 50 mIU/ml; AFP > institutional
normal). Patients were to be registered within 22 days of diagnosis and untreated except for
corticosteroids. Normal organ function was required: Hgb > 10 g/dl, ANC > 1,500/,
platelets > 100,000/1, creatinine < 1.2 mg/dl or creatinine clearance = 70 ml/min/1.75 m?,
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ALT < 1.5 of normal, bilirubin < 1.5 mg/dl. Written informed consent was obtained
according to National Cancer Institute guidelines after local Institutional Review Board
approval, in accordance with the Declaration of Helsinki.

Treatment Plan

Low-risk patients had tumor pathology showing pure germinoma with normal AFP and
HCG < 50 mIL/ml in serum and CSF. These patients received four alternating courses of
chemotherapy (ABAB) every 3 weeks before response assessment at week 12. Course A:
etoposide 100 mg/m?2/day 1V for 5 days plus CDDP 20 mg/m?/day IV for 5 days. Course B:
CPM 1 g/m?/day IV for 2 days plus VCR 1.5 mg/m? IV push (maximum dose 2 mg) days 1,
8, and 15.

High-risk patients had tumor pathology that showed mixed germinoma or other malignant
variant, and/or elevated HCG or AFP in serum or CSF (HCG > 50 mlU/ml; AFP above
institutional normal). These patients received the same chemotherapy with doubled doses of
CDDP (40 mg/m?/day IV for 5 days) and CPM (2 g/m2/day IV for 2 days).

Cisplatin was given over 1 hr in twice maintenance D5NS that contained mannitol 3 g/m?
with twice maintenance fluids before and after infusion. CMP was given with mesna.
Patients received supplementary IVor oral magnesium, oral trimethoprim/sufisoxazole
prophylaxis against pneumocystis carinii, and high-risk patients received G-CSF 5
ug/kg/day subcutaneously until the post-nadir ANC was =1,500/ul for two consecutive days.
Dexamethasone to decrease intracranial pressure was tapered as rapidly as possible.

The post-chemotherapy week 12 response evaluation required repeat craniospinal MRI, and
if initially positive, CSF cytology and serum and CSF AFP and HCG. Response was
evaluated as indicated in Table | using criteria standard at that time (HCG and AFP
measurements were assessed but were not included in response criteria). All patients had
enhancing lesions, which were measured for response in central review of scans. RT began
during week 13 as determined by risk group, dissemination, and response status for low-risk
patients (see Table I of treatment schema and Table Il). Treatment for low-risk patients was
to the primary site only (CR: 30.6 Gy; <CR: 50.4 Gy) based upon size at diagnosis and with
a margin of 2 cm (conventional planning), or a margin of 0.5 cm (fractionated stereotactic
RT). Low-risk patients with dissemination received the same primary site doses with the
neuraxis dose also reduced for CR (CR: 30.6 Gy; <CR: 36 Gy). High-risk patients received
primary site RT (CR: 50.4 Gy; <CR: 54 Gy) plus neuraxis RT (CR: 30.6 Gy; <CR: 36 Gy).
For either risk group, patients with multiple midline tumors (two primary sites) were
considered disseminated.

Statistical Considerations

In this pilot study there was no planned statistical methodology to assess comparative
response and survivals. Grade 4 nonhematologic toxicities were monitored by the study
coordinator. The low-risk stratum was to be closed if their three patients showed progressive
disease (PD) during chemotherapy, and the high-risk stratum if there were five PDs during
chemotherapy.
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Thirty patients were enrolled from February 1997 through February 1999, of whom two
were ineligible. One patient was diagnosed incorrectly and did not begin chemotherapy, and
one began therapy as a low-risk germinoma but had no CSF sample sent for tumor marker
analysis or cytology and was declared ineligible. Two other patients with germinoma were
inevaluable because the parents refused chemotherapy after registration or because the
patient developed PD on the second day of chemotherapy and began immediate RT.

Patient Characteristics

Surgery

Patient data are shown in Tables 11l and IV. The median age of the 12 children with
germinoma was significantly older (15.1 years) than those with nongerminomatous tumors
(11.4 years), with a male:female ratio of greater than 2.5:1 for both groups. The most
common symptoms at presentation were headache (54%), vision abnormalities (38%),
nausea and vomiting (34%), and diabetes insipidus (31%). Pineal region tumors
predominated, and disease was disseminated at diagnosis in 4 of 12 patients with germinoma
and 3 of 14 children with nongerminomatous tumors. Four patients with germinoma had
modest elevations of HCG in CSF (6.9— 21 ml/ml), three of these four with elevations in
CSF but not in serum. Thirteen of 14 patients with nongerminomatous tumors had serum or
CSF elevations of HCG (12 patients) and/or AFP (9 patients). Of nine nongerminomatous
children with both serum and CSF evaluations, four had CSF values higher than serum and
five had CSF values less than serum. Two patients had marked disparities in blood versus
CSF values. Patient 10 had an AFP in blood of 5,190 ng/ml and in CSF obtained the
previous day of 26 ng/ml, and Patient 27 had HCG in CSF of 2,392 mIU/ml with a normal
serum value the same day. The only nongerminomatous tumor patient with normal serum
and CSF values was a 10-year-old boy with malignant teratoma that had
adenocarcinomatous features.

Five of 12 children with germinoma underwent resection (four partial, one gross total
resection), five children had stereotactic biopsies, and two had open biopsies. Pathology
confirmed pure germinoma in all cases. Four of 14 children with a nongerminomatous tumor
underwent gross total resections (pineal region), 5 had partial resections (2 pineal, 2
suprasellar, 1 pituitary), 2 children underwent biopsy, and 3 did not have surgical tissue
obtained but were diagnosed by elevated markers. Seven of 12 low-risk germinoma patients
and 13 of 14 high-risk patients were on dexamethasone at the start of chemotherapy.

Chemotherapy Toxicity

Three of the children with diabetes insipidus received continuous IV vasopressin during
chemotherapy in order to maintain normal serum sodium; two of the other five children had
transient asymptomatic hypo or hyper-natremia (Na 127; Na 160) while receiving
chemotherapy and intranasal DDAVP. Patient 10 presented with depressed level of
consciousness, received initial chemotherapy while intubated, and developed fungal sepsis
with hypotension while on prolonged dexamethasone. He received only course 1 of
chemotherapy, remained neurologically unstable on dexamethasone, and began radiation at
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week 10. Patient 12, while neutropenic after course 4, had probable aspiration pneumonia
with pleural effusion, requiring mechanical ventilation with pressor support.

Response to Chemotherapy (Tables Il and V)

Low-risk—Ten of eleven patients evaluable for response had complete (four) or partial
response (six) to chemotherapy. One patient (#11) with multifocal disease in bilateral basal
ganglia remained stable through chemotherapy and was progression-free at 44 months.

High-risk—Five of nine patients evaluable for response had CR (two patients) or PR (three
patients) to chemotherapy; four patients underwent gross total resection and were
inevaluable for response. Although normalization of AFP and HCG were not required for
response determinations, both patients with CR and two patients with PR had normalization
of previously elevated values. All three patients classified as having SD after chemotherapy
had some evidence of tumor response. Patient 27 had a 32% estimated decrease in tumor
volume. Patients 25 and 28 had not undergone initial surgery but were eligible because of
elevated HCG and AFP. Both patients had normalization of all markers during
chemotherapy, with follow-up scans demonstrating stable tumor volume (both patients
remain progression-free at 49 and 62 months). Patient 10 (see above) received only one
course of chemotherapy and was inevaluable for response. This child had evidence of
improvement on MRI, and serum AFP dropped from 5,190 to 30 mlU/ml, but he died of PD
documented on MRI during radiation, which had been delayed for 10 weeks. Patient 12
developed PD with new leptomeningeal seeding just before RT after course 4. This patient
had undergone gross total resection of a pathologically benign teratoma in the pineal region
5 years earlier, then underwent partial resection of a mixed yolk-sac tumor in the same area
before chemotherapy. Although MRI before course 4 showed slight shrinkage of tumor
mass, MRI at week 18 before RT (delayed secondary to toxicities) showed PD. Despite
protocol RT, this patient died of disease 9 months after treatment.

Radiation Therapy

Low-risk—Three children with CR after chemotherapy and one child with gross total
resection of primary disease received reduced RT 30.6 Gy to gross tumor volume as per
protocol; the fourth child with CR received no RT at parents’ request. Patient 19 with pineal
and suprasellar tumor was classified as CR by the local institution (PR by central review)
and was treated with reduced RT: 30.6 Gy to gross tumor + 23.4 Gy neuraxis. The
remaining six patients with germinomas received full-dose RT as per protocol.

High-risk—All patients with nongerminomatous tumors received RT as per protocol.

Outcome (Figures 1 and 2)

For low-risk patients with pure germinoma, 11 of 12 children were progression-free at
median 66 months (range, 61-73 months). One patient in CR after chemotherapy, whose
parents refused RT, recurred at 10 months, then received craniospinal RT and was
progression-free at 56 months. For high-risk patients with nongerminomatous tumors, 11 of
14 were progression-free at median 58 months (range, 43-71 months). One inevaluable
patient received only one course of chemotherapy and died during RT; one patient (#27)
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with SD died at 21 months of a seizure at home. Of 24 evaluable patients treated on this
study, only one patient with a mixed yolk-sac tumor developed PD before RT and died of
disease 9 months later. Outcome data on quality of life and neuro-psychologic status was not
obtained in this preliminary pilot study, which was designed to assess feasibility and accrual.
Overall, 23 of 26 eligible patients were progression-free at median 61 months (range, 43— 73
months).

DISCUSSION

The responsiveness of CNS germ cell tumors to the same chemotherapeutic agents used
effectively for gonadal germ cell tumors offers a potential opportunity to decrease traditional
high-dose RT. In this first North American pilot trial, we documented four CRs and six PRs
to pre-radiation chemotherapy for 11 evaluable children with germinoma, five of whom then
received reduced RT. All germinoma patients were alive at a median 66 months after RT.
Five of nine evaluable children with high-risk nongerminomatous tumors responded to high-
dose chemotherapy, and 11 of 14 patients (79%) were progression-free at 27-80 months.
Only three of 26 eligible patients developed PD, of whom two did not receive planned
therapy.

CCDP, etoposide, and a VCR were used in this study based on reported response rates for
germ cell tumors of the testes [27,28], and of the CNS [21,23,29]. CMP was added due to
high response rates reported for single agent CNS treatment [30,31]. For nongerminomatous
patients, the platinum dose was doubled based on data for systemic germ cell tumors, and
for CNS nongerminomatous patients (86% survival after 400 mg/m? vs. 56% following 200
mg/m?) [14,32]. The CMP dose was increased because of responses noted after single agent
treatment in newly diagnosed and refractory disease [23].

Toxicities from chemotherapy were as expected: on the high-risk arm there were increased
infections and in two patients significant hearing loss. More worrisome was the child who
developed fungal disease while intubated postoperatively on prolonged steroids. Serious
consideration should be given to postponing myelotoxic therapy in seriously ill or
neurologically unstable patients, particularly in the setting of high-dose steroids.

We treated germinoma patients with HCG > 50 mIU/ml on the high-risk treatment arm in
concordance with recent French and German trials [14,33]. While 5% of germinomas may
contain syncytiotrophoblastic giant cells that secrete HCG [34], controversy exists regarding
the prognostic significance of modest elevations of HCG [35]. Buckner et al. noted excellent
response and survival in three patients with CSF HCG 79.6-147 mIU/ml [16], whereas
Balmaceda et al. noted a trend toward increased PD (P 0.06) in 29 patients [23]. It remains
unclear whether patients¥with pure germinoma and HCG 50-2,000 mIU/ml (e.g., Patient
24) should be classified as high-risk patients, but our intent was to follow the guidelines of
previous European series [5,14,25,33,35-37]. If Patient 24 were to be excluded, the PFS for
the high-risk group would be comparable at 76% (10 of 13 patients). Although for patients
with nongerminomatous tumors very high tumor markers have been associated with a poor
prognosis [38,39], elevated HCG in our nongerminomatous patients was not a prognostic
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factor with responses noted in three patients with blood and/or CSF HCG levels of 719—
9,990 miU/ml.

Ten of 11 evaluable patients with low-risk germinoma achieved CR or PR on central review,
which compares favorably to other series [3,12,13,15,16,19,35,38,40-42]. In the most recent
series 10 of 11 patients with pure germinomas were disease-free, whereas 5 of 11 patients
with elevated CSF HCG relapsed, including 2 with HCG 101-233 mlU/ml, after
chemotherapy plus local RTof 24 Gy [15]. It is possible that patients with high HCG are
more likely to relapse if local control is minimized. However, modest reductions in RT have
not had a significant effect on event-free survival (EFS) [12-16,35,38]. Lowering radiation
dose by 5 Gy (45 Gy + 30 Gy neuraxis) was reported in the German ‘89 study to have a
negligible effect (EFS 87% for 49 patients) [35]. Several other studies have reported
decreased radiation dose or field after neoadjuvant chemotherapy [12-14,16,38]. The largest
recent French trial noted response to pre-radiation chemotherapy in all 38 evaluable patients
with a 3-year EFS of 96.4% for 57 patients [33,36]. In the larger Japanese studies cited
above, local radiation was reduced further to 24-30 Gy with EFS of 80— 94% [15,39,43].
However, when RT is not given, most patients relapse despite excellent response rates to up-
front chemotherapy [44].

For nongerminomatous tumors and high-risk germinomas, our response rate (5 of 9) and
PFS were comparable to recent reports: 21 of 26 [23], 12 of 18 [24], 21 of 27 [39], 16 of 17
[45]. However, these studies do not clarify whether increased intensification of
chemotherapy, with concomitant increased toxicity, improves survival. Although not
specifically recommended in our study, second-look surgery after response evaluation is
now encouraged, particularly for patients with nongerminomatous tumors where residual
mass after normalization of markers may represent benign teratoma [46].

While patients with germ cell tumors may present with permanent hormone deficiencies,
brain and ventricular RT may cause neurocognitive impairment [47-53], as well as
additional hormonal dysfunction. Neuraxis RT also causes growth retardation. Although
formal neuropsychology follow-up was not planned for this pilot study, future trials will
include formal longitudinal testing to evaluate the late effects of combined therapy.

This first North American trial found significant tumor shrinkage in 10 of 11 children with
germinoma, and in 5 of 9 with nongerminomatous tumors. Only one child with a
nongerminomatous tumor failed protocol therapy and died of tumor progression. With
excellent patient accrual documen ted in this POG pilot (28 eligible and evaluable patients in
2 years), future COG trials will evaluate in a Phase 111 study chemotherapy plus response-
based radiation versus standard radiation for germinoma patients, and intensification with
stem cell transplant for nonresponding nongerminoma patients.
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Fig. 1.
Event-free survival (EFS) for POG 9530 eligible patients. Three-year EFS was 92+ 8% for

low-risk germinoma patients, and +79 11% for high-risk or nongerminomatous patients.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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Fig. 2.
Overall survival (OS) for POG 9530 eligible patients. Three-year OS was 79x 11% for high-

risk or nongerminomatous patients. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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TABLE |

Schema For Low-Risk Disease (Germinoma -HCG <50 mlU/ml, and Normal aFP) and High-Risk Disease
(NG-GCT or Germinoma With B-HCG >50 mIU/ml, or Elevated aFP)

Treatment schema

Assess extent of disease Week 0 Week 3 Week 6 Week 9
Low-risk disease CDDP/VP-16 VICPM CDDP/VP-16 VICPM
High-risk patients HDCDDP/VP-16 V/HDCPM HDCDDP/VP-16 V/HDCPM

HCG, B subunit of human chorionic gonadotrophin; AFP, a-fetoprotein; CDDP, cisplatin 20 mg/mzlday 1V for 5 days; VP-16, etoposide 100
mg/m2/day IV for 5 days; V, vincristine 1.5 mg/m2 1Von days 1, 8, 15; CPM, cyclophosphamide 1 g/m2/day IV for 2 days; CR, complete

response; Gy, gray; HDCDDP, cisplatin 40 mg/mzlday 1V for 5 days; HDCPM, cyclophosphamide 2 g/m2 day for 2 days. Patients in CR received
50.4 Gy to local disease, or 54 Gy if not in CR. All patients received 54 Gy to spine + 36 Gy neuraxis.

Patients with localized disease then received 30.6 Gy if in CR, or 50.4 Gy if <CR.

Patients with dissemination received added 23.4 Gy neuraxis if in CR, or 45 Gy to spine + 36 Gy neuraxis not in CR.

Pediatr Blood Cancer. Author manuscript; available in PMC 2014 July 08.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Kretschmar et al. Page 14

TABLE Il

Definition of Response

Complete response (CR)  Disappearance of all radiographically discernible lesions with negative CSF cytology

Partial response (PR) 250% reduction of all lesions, as measured by the sum of the products of the maximum perpendicular diameters,
with negative CSF cytology

Stable disease (SD) <50% reduction in tumor size, persistently negative or positive CSF cytology

Progressive disease (PD)  >25% increase in tumor size, new lesions, or newly positive CSF cytology

CSF, cerebrospinal fluid.
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TABLE Il

Germinoma Patients' Tumor Characteristics and Treatment Outcome

Patient number  Sex/age (yrs) Site Metastases  B-hcg blood/CSF Surgery Chemother apy response Status

1 M/17.7 Pineal Ventricle CSF NL/NL Biopsy PR PFS 63 mos
3 M/15.1 Thalamic NL/NL 75% resection PR PFS 70 mos
4 M/15.5 Para-pineal NL/NL 80% resection CR PFS 73 mos
6 M/15.6 Pineal NL/NL Biopsy CR PFS 65 mos
7 F/11.1 Suprasellar CSF spine NL/NL Biopsy PR PFS 66 mos
8 M/13.1 Pineal CPA NL/NL Partial removal PR PFS 71 mos
11 M/15.2 Bilat basal ganglia 11/21 miU/ml Biopsy SD PFS 64 mos
13 M/9.5 Pineal NL/NL GTR Not Eval. PFS 68 mos
17 M/11.6 Basal ganglia NL/8.2 mIU/ml Biopsy CR PFS 67 mos
18 M/15.2 Thalamic—pineal NL/NL Biopsy PR PFS 66 mos
19 M/15.6 Pineal-suprasellar Spine NL/6.9 miU/ml Biopsy PR* PFS 61 mos
21 F/10.1 Suprasellar NL/7.6 Partial removal CR** PFS 10 mos

oS " 56
mos

Yrs, years; HCG, beta subunit of human chorionic gonadotrophin; CSF, cerebrospinal fluid; M, male; F, female; CPA, cerebellar pontine angle;
NL, normal; CR, complete response; PR, partial response; SD, stable disease; Eval, evaluable; PFS, progression-free survival; mos, months; OS,
overall survival.

All patients received radiation therapy as per protocol except:

*
Patient 19 who was treated as a CR (central review ranked response as PR)

*%

Patient 21 who did not receive radiation (parents' request), developed PD at 10 mos, then received neuraxis radiation and was progression-free at

56 mos.
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