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Radiation Therapy of Inti'acranial Germinoma
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Purpose : Intracranial germinoma is the most radiocurable tumor of the
primary intracranial neoplasm. But, the optimum radiation dose and target
volume remain controversial. In this retrospective study, we analysed the
spreading pattern at presentation and the pattern of the failure and survival
of intracranial germinoma.

Materials and Methods : From 1989 to 1996, 23 patients were treated for
intracranial germinoma at Department of Radiation Oncology. Twenty-one
patients were treated at their initial presentation and 2 patients were treated
for recurrent disease. Six patients had multiple tumor masses on MR! and 7
patients had ventricular seeding on MRI. The examination of cerebrospinal
ttuid cytology was done in 15 patients and 3 out of 15 patients had positive
cerebrospinal cytology. In tumor marker study of a-FP and £-hCG, 6 pa-
tients had mildly elevated 8-hCG in serum or cerebrospinal fluid. Twenty-
one patients were treated with whole craniospinal axis irradiation and 2
patients were given whole ventricular radiation therapy. The total dose was
ranged between 4500¢Gy and 5600cGy to primary tumor site (median 5580
cGy). Dose to the entire ventricular system ranged from 1980cGy to 3960
¢Gy (median 2700cGy) and dose to the spinal axis ranged from 2160cGy to
3900cGy (median 2700cGy).

Results : Of 23 patients, 21 patients are alive without evidence of disease
for median 4 years follow-up. One patient who had markedly elevated a-FP
and B-hCG suffered from persistent disease after radiation therapy and
received 2 cycles of chemotherapy. She died 9 months after chemotherapy.
One patient who developed ventricular seeding after gamma-knife was
treated with whole craniospinal irradiation, he died after 1 year due to
probably brain necrosis. The hematologic toxicity of 3 or 4 grade were seen
in 7 patients, and patient’s endocrinologic dysfunction was not deteriorated
after radiation therapy. One patient had been treated with growth hormone
replacement due to short stature.
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Conclusions : This retrospective study has confirmed the excellent result of
radiation therapy in intracranial germinoma. The complication rate during or
after radiation therapy is considered within acceptable range. it is necessary
to further investigate the optimal dose and treatment volume of radiation
therapy. The role of chemotherapy in the treatment of intracranial germinoma

should be further investigated.
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INTRODUCTION

Intracranial germinoma is the most radiosen-
sitive tumor of the primary intracranial neoplasm.
This tumor constitute 0.4% to 9.4% of childhood
brain tumors'™. They are more common in the
Far East where they account for 2.5% of all
intracranial neoplasms".

The sex incidence varies, with tumors in pineal
gland occurring. predominantly in males whereas
tumors in suprasellar region have a predominantly
female sex distribution®. Intracranial germinoma
occurs frequently in the pineal gland, in the sup-
rasellar region, basal ganglia and thalamus. They
tend to spread through the cerebrospinal axis, but
the incidence of spinal axis seeding has not been
well" established.

The optimum management of intracranial ger-
minoma is unclear. Tissue diagnosis is of critical
importance in the treatment of intracranial germi-
noma. in the past, attempt of biopsy or resection
of intracranial germinoma were associated with a
high morbidity as high as 50%>®. But micro-
surgical techniques and stereotactic biopsy have
reduced morbidity to 0-5%" '

Radiation therapy has proven to be effective as
primary treatment of germinoma, but the optimal
dose and treatment volume and indications for
irradiation of the entire cerebrospinal axis have not
been clearly established'™ " "2,

In this retrospective study, we analysed the
spreading pattern at presentation, the pattern of
the failure, survival and complication of radio-
therapy in intracranial germinoma.

METHODS AND MATERIALS

From 1989 to 1996, Twenty-three patients were
treated for intracranial germinoma at the Depart-
ment of Radiation Oncology. Twenty-one patients
were treated at their initial presentation and 2
patients were treated for recurrent disease.

The patients’ age ranged from 8 to 49 years
with a median of 14 years. There were 15 males
and 8 females. Histologic diagnosis was obtained
in 19 out of 23 cases; 9 by open or stereotactic
biopsy, 10 by surgical resection. The presumptive
diagnosis of germinoma in unbiopsied patients
was based on clinical finding, laboratory and
radiologic studies including CT or MRI or tumor
marker study. All patients have been followed for
a minimum of 1 year with a range from 1 year to
7 years (median 4 years). Follow-up data were
calculated from the date of diagnosis. The mor-
bidity associated with the disease and its treat-
ment is estimated by retrospective chart review
and telephone interview.

The location of the tumor and its spreading
pattern at initial presentation were described at
Table 1. In 9 patients, tumors were confined to a
single site within either the pineal region (5) or the
suprasellar region (2) or basal ganglia region (2).
Six patients showed muitiple tumor masses on
MRI and 7 patients showed ventricular seeding on
MRI. Three patients showed meningeal seeding on
MRI. The analysis of cerebrospinal fiuid (CSF)
cytology was done in 15 patients and 3 patients
had positive CSF cytology.

In tumor marker study of a-fetoprotein (a-FP)
and B-human chorionic gonadotropin (8-hCG), 1
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Table 1. Location and Spread Patterns of the Tumor

Site Sex ventricular seeding or  meningeal seeding  positive CSF  lesion confined
male  female extension on MRI on MRI cytology to 1 site

pineal gland w2 4 3 2 5

suprasellar area 4 6 3 0 1 2

basal ganglia 3 1t 0 0 0 2

" three patients had pineal and suprasellar mass

: one patient had pineal and cerebropontine angle mass

: she had pineal and basal ganglia mass

Table 2. Study of «-FP and 8-hCG
a-FP B-hCG

Site No. of cases > 3ng/ml > 3miUfmi
serum 23 1 7
CSF 11 0 3

*: @-FP and B-hCG of this patient were 57.9ng/mi
and 31270miU/ml

patient had markedly elevated a-FP and B-hCG
(Table 2). She showed suprasellar mass with
extension to hypothalamus. Suprasellar mass was
confirmed to be a germinoma by biopsy, but
biopsy of hypothalamic lesion was not done.
Therefore, we cannot exclude the possibility of
mixed germ cell tumor. Other 6 patients had mildly
elevated B-hCG in serum or CSF (4.1-37.3mIU/
ml).

Radiation therapy was given with 4MV X-ray of
a linear accelerator. Two patients were given
whole ventricular radiation therapy at initial pre-
sentation. These patients were treated without bio-
psy. For presumptive diagnosis of germinoma,
radiologic study was done to confirm the respon-
sibility of tumor after 24Gy of radiotherapy. These
patients achieved more than partial response.
Nineteen patients were treated with whole cra-
niospinal axis irradiation therapy at initial presen-
tation. There were 18 biopsy-proven germinoma
and 1 biopsy-unproven germinoma in this group.
One patient who was treated initially with whole
ventricular radiation therapy (5400cGy to tumor
mass, 3960cGy to whole ventricle) at another
hospital recurred in the spinal axis after 3 years 5
months. He was treated with whole craniospinal

axis radiation therapy (1080cGy to whole brain,
3600cGy to whole spine, 4500cGy to recurred
mass) at our hospital. One patient who failed to
gamma-knife (22Gy to 50% isodose line) was
retreated with whole craniospinal axis irradiation
(5460cGy to tumor mass, 2160cGy to spine). A
total dose was ranged between 4500 and 5600cGy
to primary tumor site (median 5580cGy). Dose to
the entire ventricular system ranged from 1980cGy
to 3960cGy (median 2700cGy) and dose to the
spinal axis ranged from 2160cGy to 3900cGy
(median 2700cGy).

Two patients were treated with chemotherapy.
One patient with highly elevated «-FP and 8-
hCG showed partial response after radiation
therapy. She was treated with 2 cycles of 8 drugs
in 1 day chemotherapy at Department of Pediatric
Oncology. Another one patient was treated with 2
cycles of EP (VP-16 and CDDP) chemotherapy
before radiotherapy. He showed partial response
after chemotherapy and then he was treated with
whole craniospinal axis irradiation.

RESULTS

Of the 21 patients who were treated at our
depariment initially, 20 patients are alive without
any evidence of disease with a median follow-up
of 4 years. One patient who had markedly ele-
vated a-FP and B-hCG suffered from persistent
disease after radiation therapy and received 2
cycles of chemotherapy. She died at 9 months
after chemotherapy due to tumor progression. One
patient who developed recurrence in the spinal
axis in 3 years 5 months after the whole ven-
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tricular irradiation at another hospital was retreated
with whole craniospinal axis irradiation, and he is
now alive at 4 years without any evidence of
disease. One patient who. developed ventricular
seeding and increased primary mass after gam-
ma-knife was retreated with whole craniospinal
irradiation (5460cGy to tumor mass, 2160cGy to
spine) and he died 1 year after retreatment. Brain
MRI showed abnormal findings suspected to
radiation change or enlarging tumor. This lesion
was interpretated to radiation necrosis on Tallium—
201 brain SPECT.

Table 3 shows hematologic toxicity of whole
craniospinal irradiation. None of these patients was
suffered from infectious disease during radiation
therapy and none of these patients had treatment
delay due to neutropenia.

Twelve patients out of 23 patients developed
endocrinologic dysfunction prior to radiation thera-
py and this problem was not deteriorated after
radiation therapy. Among 12 patients aged below
17 years who were treated with whole craniospinal
axis irradiation, growth retardation below 25
percentiles was seen in 1 patient. This patient
was presented with panhypopituitarism at initial
diagnosis. His age was 16 years old. In this
patient, tumor mass were loCated in sella,
suprasella, pineal gland and third ventricle on MRI.
This patient's height was below 3 percentile at
initial presentation. He received whole craniospinal
axis irradiation (primary site 5500cGy, spinal axis
2700cGy). He has been treated with growth hor-
mone replacement for 4 years. He is 20 years
old, and his height is 158cm at present (below 3
percentile). We suspect his growth delay to be
combined effect of radiation therapy and growth

Table 3. Hematologic Toxicity of WCSI*

RTOG grade WBC count No. of -patients
0 >4000 1
1 3000-4000 3
2 2000-3000 10
3 1000-2000 5
4 <1000 2

" :Whole craniospinal axis irradiation

hormone deficiency.

DISCUSSION

This retrospective study has confirmed the
excellent result by radiation therapy in the treat-
ment for intracranial germinomas. Similar results
have been reported by other study'®'®. But radia-
tion dose and target volume remain controversial
for optimum  treatment of intracranial "gefr'ninoma.

A ‘radiation dose of 45-55Gy has been com-
monly used. This dose is  usually tolerable for
normal brain tissue'”. However, there is some
question to whether as much radiation as 45-55
Gy is really necessary to cure this radiosensitive
tumor, since testicular seminoma (histolbgically
identical to intracranial germinoma) has been
treated successfully with 25-35Gy of radiation.
Sung et al reported that local control improves
from 47% with 40Gy or less to 90% with 50Gy or
more'®. Wara et al obtained similar results for
patients receiving lesser than 4500cGy compared
with those receiving ‘more than 4SGy”. Jenkin et
al reviewed 21 pineal gland germinoma (16 biopsy
proven, 2 biopsy non-diagnostic, and 3 metastasis
unbiopsied patients)'®. Radiation dose to the
primary tumor was 4000-4500cGy in 4/19 (22%),
50-55Gy in 15/19 (77%), no patient with a verified
germinoma relapsed in-field after irradiation. Shi-
bamoto reported his result of dose reduction study
for intracranial germinoma, together with the long
term outcome in the patients previously given
higher doses”. In his report, the patients were
divided into 3 groups according to the dose to the
primary tumor, 48-525Gy, 54-62Gy, 18.7-47.0Gy.
10 year relapse free survival rates were the
corresponding to 88%, 92%, 77% and p value
was 0.53. Shibamoto reported that evident recent
memory disturbance developed in 2 of the 17
patients who had received dose of 54Gy or more
and in 2 of the 20 patients who received 502Gy.
In contrast, none of the 26 patients who received
dose of 47Gy or less developed memory distur-
bance. Two patients who received 40Gy and 50Gy
developed some degree of pituitary dysfunction



—J. Korean Soc Ther Radiol Cncol : Vol. 15, No. 3, September, 1997 — 211

after radiotherapy and none of the patients recei-
ving lower dose developed any endocrinologic
dysfunction. Doses of 45 to 50Gy given in 1.8Gy
fractions will usually depress growth hormone
first?. Adrenocorticotropic hormone and gonado-
tropins are depressed later. Thyroid-stimulating
hormone is the last to decrease. Endocrinologic
dysfunction may require 1 to 10 years or more to
develop. In children, the response of the hypo-
thalamic—pituitary axis follows the same general
sequence found in the adult with their exception :
1) the responses appear at lower dose (growth
hormone reduction appears after 20 to 30Gy) 2)
the latent period to response is shorter”. In our
study, no patient had deteriorated endocrinologic
dysfunction after radiation therapy with median
follow-up of 4 years. Further follow-up is needed.

The radiation field necessary for optimal treat-
ment continue to be debated. Autopsy series
demonstrate a significant tendency of intracranial
germinoma to spread along the ventricular system
and implant in a subependymal location in conti-
guous and noncontiguous fashion"%. The report-
ed incidence of malignant cells in the CSF varies
between 0-55%2%>'"'%® n our  series, it
occurred in 3 out of 15 cases and incidence of
leptomeningeal extension or seeding on MRI was
38%(8/21).

The use of prophylactic spinal axis irradiation to
treat intracranial germinoma is controversial. Sung
et al reported that in 14 patients with biopsy-
proven germinoma treated without spinal irradia-
tion, 6 patients eventually developed spinal meta-
stasis'®. Jenkin et al reported that in 5 patients
treated without spinal radiotherapy, 2 patients later
failed in the spine3). However, some series have
shown good results without spinal irradiation.
Shibamoto et al reported that none of 6 patients
with positive CSF cytology developed spinal axis
metiastasis despite local radiotherapy alone'".
Linstadt et al reported that only one of the 31
patients treated without adjuvant spinal axis
irradiation developed spinal metastasis', They re-
viewed the results of treatment for germinoma with
or without spinal irradiation for histologically verified

tumors and the incidence of spinal failure was 8%
versus 23% respectively. But for unverified tumors,
11% versus 9% respectively. In our study, all
patients who were treated at initial presentation in
our departiment did not developed spinal failure. At
present, the indications for spinal irradiation are
not clear. Multiple foci of tumor, ventricular or
meningeal seeding, tumor spillage at surgery, and
positive CSF cytology have been suggesied as
risk factor for spinal axis metastasis” ' '® 5 1829
There was no randomized study about this issue,
but we agree this policy.

Systemic chemotherapy is presently being
investigated for intracranial germinoma®?®. Seve-
ral clinical trials have confirmed that CNS ger-
minoma are highly responsive to chemotherapy
such as CDDP, VP-16, carboplatin®®®. But che-
motherapy is associated with unacceptably high
recurrence rate in many reports and long term
toxicity is stil  unclear®™®. Shibamoto et al
reported that 3 patients received chemotherapy
containing CDDP and VP-16 and all patients
developed recurrence™. Balmaceda reported a
therapeutic trial to determine whether irradiation
could be avoided®. In his study, induction chemo-
therapy consisted of four cycles of carboplatin,
etoposide, bleomycin. Seventy-eight percent of
patients (55 of 71 patients) achieved a complete
response with six cycles of chemotherapy and no
irradiation. Despite achievement of a complete
response, tumor has recurred in 28 patients to
date. The leptomeningeal recurrences developed
in approximately 50% of patients. Irradiation may
lead to long-term seguelae including intellectual
deterioration, growth retardation, endocrine dys-
function and these complication are dose-depen-
dent'”. Chemotherapy has recently been advo-
cated as an adjuvant therapy with the radiation
therapy to decrease the late complication of high
dose radiation by lowering the total dose of
radiation?”’. Allen et al reported the result of the
neoadjuvant chemotherapy with the radiation
therapy?”. Depending on the responding to the
neoadjuvant chemotherapy consist of 2 courses of
carboplatin, radiation dose was modified. Patients
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experiencing a complete response received 3060
cGy to the primary site with or without 2160cGy
craniospinal axis irradiation. Patients with less than
a complete response received 5040cGy to the
primary site with or without 3060cGy craniospinal
axis irradiation. They reported that 10 of 11 pa-
tients are alive and remain in continuous remi-
ssion with a median follow-up of 25 months.

In  conclusion, intracranial germinoma has high
cure rate with radiation therapy. And it is nece-
ssary to determine optimal dose and treatment
volume of radiotherapy. Role of chemotherapy in
treatment of intracranial germinoma should be
further investigated.

REFERENCES

1. Wara WM, Jenkin RDT, Evans A, et al. Tumors
of the pineal and suprasellar region. Children’s
Cancer Study Group Treatment Results 1960-1975.
Cancer 1979; 43:698-701

2. Jennings MT, Gelman R, Hochberg F
cranial germ-cell tumors:natural history
pathogenesis. J Neurosurg 1985; 63:155-167

3. Jenkin RDT, Simpson WJK, Keen CW. Pineal
and suprasellar germinomas. Resuits of radiation

; treatment. J Neurosurg 1978; 48:99-107

4. Takeuchi J, Handa H, Nagata I
germinoma. J Neurosurg 1978; 49:41-48

5. Bloom HJG. Primary intracranial germ cell tumors.
Clin Oncol 1983; 2:233-257

6. Stein BM. Supracerebellar-infratentorial approach to
pineal tumors. Surg Neurol 1979; 11:331-337

7. Torkildsen A. Shouid extirpation be attempted in
cases of neoplasms in or near the third ventricle of
the brain. J Neurosurg 1948; 5:269-275

8. Poppen JL, Morino R. Pinealomas and tumors of
the posterior portion of the third ventricle. J
Neurosurg 1968; 28:357-364

9. Chapman PH, Lingood RM. The management of
pineal area tumors:a recent reappraisal. Cancer
1980; 46:1253-1257

10. Conway LW. Stereotactic diagnosis and treatment
of intracranial tumors including an initial experience
with cryosurgery for pinealomas. J Neurosurg 1973;
28:483-460

11. Shibamoto Y, Takahashi M, Abe M. Reduction of
the radiation dose for intracranial germinoma:a

. prospective study. Br J Cancer 1994; 70:984-989

Intra-
and

Suprasellar

12.

13.

14.

15.

16.

17.

18.

19.

21.

23.

24.

25,

26.

27.

. DeGirolami

— Young Ju Nho, et al.:Radiation Therapy of Intracranial Germinoma ~—

Dattoli MJ, Newall J. Radiation therapy for
intracranial germinoma :the case for limited volume
technique. Int J Radiat Oncol Biol Phys 1990; 19:
429-433

Deamnaley DP, A'Hem RP, Whittaker S, et al.
Pineal and CNS germ cell tumors: Royal Marsden
Hospital experience 1962-1987. Int J Radiat Oncol
Biol Phys 1989; 18:773-781

Salazar OM, Castro-Vita H, Bakos RS, et al.
Radiation therapy for tumors of the pineal region. Int
J Radiat Oncol Biol Phys 1979; 5:491-499
Linstadt D, Wara WM, Edwards MSB, et al.
Radiotherapy of primary intracranial germionmas:
The case against routine craniospinal irradiation. Int
J Radiat Oncol Biol Phys 1988; 15:291-297

Huh SJ, Kim IH, Ha SW et al. Radiotherapy of

intracranial germinomas. Radiother Oncol 1996; 38:

19-23

Sheline GE, Wara WM, Smith V. Therapeutic
irradiation and brain injury. Int J Radiat Oncol Biol
Phys 1980; 6:1215-1228

Sung DI, Harasiadis L, Chang CH. Midline pinea)
tumors and suprasellar germinomas : highly curable
by irradiation. Radiology 1978; 128:745-751

Jenkin D, Berry M, Chan H, et al. Pineal region
germinoma in childhood. Treatment considerations.
Int J Radiat Oncol Biol Phys 1989; 18:541-545

. Littley MD, Shalet SM, Beardwell CG et al.

Radiation-induced hypopituitarism is dose-depen-
dent. Clin Endocrinol 1989; 31:361-373

Shalet SM. Irradiation-induced growth failure. En-
docrinol Metab Clin North Am 1986; 15:591-606

U, Schmidek H. Clinicopathologic
study of 53 tumors of the pineal region. J Neuro-
surg 1973; 39:455-462

Ueki K, Tanaka R. Treatments and diagnosis of
pineal tumors : experience of 110 cases. Neurol Med
Chir (Tokyo) 1980; 20:1-26

Chao CKS, ‘Shin-Tseng Lee, Fang—-Jen Lin, et
al. A multivariate analysis of prognostic factors in
management of pineal tumor. Int J Radiat Oncol
Biol Phys 1993; 77:1185-1191 .
Allen JC, Kim JH, Packer RJ. Neoadjuvant
chemotherapy for newly diagnosed gem cell
tumors of the central nervous system. J Neurosurg
1987; 67:65-70

Kobayashi T, Yoshida J, Ishiyama J, et al.
Combination chemotherapy with cisplatin and eto-
poside for malignant intracranial germ cell tumors. J
Neurosurg 1989; 70:676-681

Allen JC, DaRosso RC, Donahue B, et al. A



— J. Korean Soc Ther Radiol Cncol: Vol. 15, No. 3, September, 1997 — 213

phase |l trial of preirradiation carboplatin in 29. Yoshida J, Sugita K, Kobayashi J, et al

newly diagnosed germinoma of the central nervous Prognosis of intracranial germ cell tumors;

system. Cancer 1994; 74:940-944 effectiveness of chemotherapy with cisplatin and
28. Balmaceda C, Heller G, Rosenblum M et al. etoposide. Acta Neurochir 1993; 120:111-117

Chemotherapy without irradiation-A Novel Approach 30. Shibamoto Y, Oda Y, Yamashita J, et al. The

for Newly Diagnosed CNS

Gem Cell Tumors: role of cerebrospinal fluid cytology in radiotherapy

Results of an Intemational Cooperative Trial. J Clin planning for intracranial germinoma. Int J Radiat

Oncol 1996; 14:2908-2915

=38 28 =

8 S wolEe WA ARE $xgo] ¥ Fdelt BAAA AW WA

o

P BAE] A5 A AL FEe A £34
CHAM Q) BHH : 1989304 19961717 WAL XEE Al&deh 23

o] & 2192 Mg DA BEFHA A XNEE 319

A ARE Lok ArFEde

o] RGtt HHFAHAE Ay

A ol HHFHe e FRAN

HAHTFAE AT 28 A A RALE Wik

e @A FF F4 7% 4 3 AReIH W 4HE BRID Qo AR

A M09 F 219

Oncol Biol Phys 1994; 29:1089-1094

FHZU HiokEQl WAM x|

]

Z WY Zart 3 EE 4RAQ BRE 7H0IAD PANEAS Wl Juvt osie gake

QT A RF2AE

2 E: 2N As
o AE Fol} AR F9 ¥
AT AW wiokFe) WAM ZAIFI 24} W9, FB AR BANE F o

Aoz Qyztdrh

e BAF 190 AU 4 528 ARE B3 Yok

B T dolBe slEe) mush AR FL BAEL Holw Y

o RaAge) Amsh NEE AN 5§ B9lel g Aoz 4%
A77 W g



