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A randomized Phase |l study was started in Japan to demonstrate the non-inferiority of
survival of accelerated fractionation radiation therapy (2.4 Gy/fr) with conventional fractionation
radiation therapy (2 Gy/fr) in patients with T1-2NOMO glottic cancer. This study began in
September 2007, and a total of 360 patients will be accrued from 22 institutions within 4 years.
The primary endpoint is 3-year progression-free survival (PFS). The secondary endpoints are
overall survival, local progression-free survival, disease-free survival, survival with preserved
voice function, complete response rate, proportion of treatment completion and adverse events.
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INTRODUCTION

Accelerated fractionation radiation therapy has considerable
benefits in terms of treatment duration and cost compared
with conventional fractionation methods. In addition, some
reports suggest that increased single radiation dose and shor-
tened treatment time may improve local control (1-7).
However, no multi-institutional randomized study has been
conducted to show that accelerated fractionation is equival-
ent to conventional fractionation in terms of efficacy and
safety for early glottic cancer. Various types of fractionation
methods are performed in clinical practice, and according to
the guidelines of the Head and Neck Cancer Disease Site
Group in Canada, an optimal fractionation protocol has not
yet been established (8). We therefore designed a study,
which investigates whether accelerated fractionation radio-
therapy is suitable for T1-2NOMO glottic cancer in terms of
survival, feasibility, voice function and safety.

The Protocol Review Committee of the Japan Clinical
Oncology Group (JCOG) approved the protocol in August

For reprints and all correspondence: Takeshi Kodaira, Department of
Radiation Oncology, Aichi Cancer Center Hospital, 1-1 Kanokoden,
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2007 and the study was activated in September 2007. This
trial was registered at the UMIN Clinical Trials Registry as
UMINO00000819 [http:/www.umin.ac.jp/ctr/index.htm].

PROTOCOL DIGEST OF THE JCOG 0701
PURPOSE

The aim of this study is to demonstrate the non-inferiority of
the efficacy of accelerated fractionation radiation therapy
(2.4 Gy/fr) with conventional fractionation radiation therapy
(2 Gy/fr) in patients with T1-2NOMO (UICC/TNM, 6th
edition) glottic squamous cell carcinoma.

Stupy SETTING

A multi-institutional randomized Phase III study.

REsOURCES

Grants-in-Aid for Cancer Research (17-17, 16-12, 178-5)
from the Ministry of Health, Labour and Welfare of Japan.

© The Author (2008). Published by Oxford University Press. All rights reserved.
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ENDPOINTS

The primary endpoint is the 3-year progression-free survival
(PFS) proportion in all eligible patients. PFS is defined as
days from randomization to first evidence of local pro-
gression, distant metastasis or death from any cause. In
patients alive without events, PFS will be censored at the
last visit. The secondary endpoints are overall survival, local
progression-free survival, disease-free survival, survival with
preserved voice function, complete response rate, proportion
of treatment completion and adverse events.

Overall survival is defined as days from randomization to
death from any cause. Local progression-free survival con-
sists of time free from local disease progression or death
from any cause, while disease-free survival is defined as dur-
ation free of local progression, distant metastasis, secondary
cancer or death from any cause. Survival with preserved
voice function is defined as days from randomization to first
evidence of death from any cause or appearance of voice
changes of Grade 3 or more as diagnosed by the Common
Terminology Criteria for Adverse Events version 3.0
(CTCAE v3.0), The proportion of treatment completion
denotes the percentage of patients whose treatment is com-
pleted within the recommended length of time: 51 days for
T1 and 53 days for T2 in the conventional radiation arm,
and 39 days for T1 and 43 days for T2 in the accelerated
radiation arm.

EviGmiLimy CRITERIA
IncrLusion CRITERIA

For inclusion in the study, the patient must fulfill each of the
following criteria: (i) primary tumor site lies within the
vocal cords; (ii) the tumor consists of histologically proven
squamous cell carcinoma; (iii) the extent of the primary
tumor is evaluated as T1 or T2 without impaired cord mobi-
lity; (iv) the tumor is clinically staged as NO/MO; (v) radi-
ation therapy can be completed within the recommended
duration without interruption due to national holidays; (vi)
age between 20 and 80 years; (vii) ECOG performance
status of 0 or 1; (viii) no prior surgery or radiation therapy
of the larynx; (ix) no prior chemotherapy for any malignan-
cies within § years; (x) sufficient organ function; (xi) com-
pleted written informed consent.

ExcrusioN CRITERIA

Patients are excluded if they meet any of the following cri-
teria: (i) active bacterial or fungous infection; (ii) simul-
taneous or metachronous (within 5 years) double cancers;
(iii) women during pregnancy or breast-feeding; (iv) psycho-
sis; (v) treatment with systemic steroids; (vi) history of col-
lagen disease except for rheumnatism; (vii) insulin-dependent
or poorly controlled diabetes mellitus; (viii) poorly con-
trolled hypertension; (ix) history of severe heart disease,

heart failure; (x) myocardial infarction or angina pectoris
within the past 6 months.

RANDOMIZATION

After the confirmation of the inclusion and exclusion criteria
by telephone or fax to the JCOG Data Center, the patients
are randomized to either conventional radiation arm or accel-
erated radiation arm, by the minimization method of balan-
cing the arms according to T factor (T1/T2 by UICC/TNM,
6th edition) and institution.

TreaTvENT METHOD

In conventional radiation arm, conventional fractionation
radiotherapy with 2 Gy/fr (1 fr/day and 5 fr/week) is per-
formed 33 times for a total dose of 66 Gy in patients with
T1 disease, and 35 times for a total dose of 70 Gy in patients
with T2 disease. Irradiation twice daily is permitted, but the
maximum number of irradiation sessions per week is limited
to five. It is recommended that treatment using the conven-
tional fractionation method is completed within 51 days for
T1 disease and 53 days for T2 disease.

In accelerated radiation arm, accelerated fractionation
radiotherapy with 2.4 Gy (1 fr/day and 5 fr/week) is deliv-
ered 25 times for a total dose of 60 Gy in patients with T1
disease, and 27 times for a total dose of 64.8 Gy in patients
with T2 disease. Twice-daily irradiation 1s prohibited, as is
irradiation six or more times per week. Recommended dur-
ation of accelerated fractionation radiotherapy is 39 days for
T1 disease and 43 days for T2 disease.

In both study arms, the gross tumor volume (GTV) is
defined as the GTV of the primary tumor. The clinical target
volume (CTV) in T1 disease is the entirety of the vocal
cords, while the CTV in T2 disease includes a 1-cm margin
surrounding the tumor in addition to the vocal cords. The
planning target volume (PTV) is defined as the CTV plus a
margin of 0.5-1 cm in the craniocaudal direction and 0.5 cm
in the posterioanterior direction,

FoLLow-up

All enrolled patients are followed-up at least every 6 weeks
for the first 6 months and then every 3 months for a duration
of 3 years. Laryngeal fiberscope and cervical lymph node
exploration by manipulation are carried out at each visit.

Stupy DESIGN AND STATISTICAL METHOD

This trial is designed to demonstrate that accelerated frac-
tionation radiation therapy is not inferior to the conventional
fractionation method in terms of 3-year PFS. If the non-
inferiority of accelerated radiation arm is verified, the accel-
erated fractionation method will be the preferred treatment.



The planned sample size is 360 patients, with 180 cases
per arm. We anticipate 3 years of follow-up after 4 years of
accrual, ensuring at least 80% power with one-sided alpha of
5% and a non-inferiority margin of 5% for the primary end-
point. This assumes an expected 3-year PFS of 80% in
patients treated with the conventional fractionation method,
and 85% in those treated with the accelerated fractionation
method.

INTERIM ANALYSIS AND MONITORING

We plan on conducting two interim analyses, considering
multiplicity according to the method recommended by the
Southwest Oncology Group (9). The Data and Safety
Monitoring Committee of the JCOG will independently
review the interim analysis reports and stop the trial early if
necessary. In-house monitoring will be performed every
6 months by the Data Center to evaluate and improve study
progress and quality.

ParTiCIPATING INsTITUTIONS (FROM NoORTH TO SouTH)
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Radiographic Assessment

Shigeru Sasaki, Naoto Shikama, Keiichiro Koiwai and Masumi Kadoya

Department of Radiology, Shinshu University School of Medicine, Matsumoto, Japan

Received May 31, 2007; accepted September 24, 2007

Objective: We examined the relationship between the response to treatment and prognosis
of patients with aggressive lymphoma.

Methods: We reviewed 33 patients with aggressive lymphoma treated with chemotherapy
consisting of the CHOP regimen followed by radiotherapy. Twelve patients had Stage |, 13
had Stage |1, 6 had Stage Il and 2 had Stage IV disease. According to the International
Prognostic Index (IP1), 13 had low, 15 had low-intermediate, 2 had high-intermediate and 3
had high IPI. After three to six cycles of chemotherapy, involved-field radiotherapy was per-
formed. We evaluated the response to treatment by computed tomography (CT), magnetic
resonance imaging (MRI) and gallium scintigraphy (Ga-67) at the time of completion of che-
motherapy and at the time of completion of radiation therapy. The median follow-up period
was 48 months (4—80).

Results: The 2-year progression-free survival rates of the patients with Ga-67 positive uptake
and Ga-67 negative uptake after completion of chemotherapy were 78 and 26% (P = 0.009),
respectively. However, there were no statistically significant correlations between progression-
free survival and the response after completion of chemotherapy determined by CT
(P=0.75) or MRI (P= 0.19). The response to treatment at the time of completion of overall
treatment was not useful for prediction of prognosis.

Conclusions: Ga-67 positive uptake at the completion of chemotherapy before radiotherapy

may be associated with poor prognosis.

Key words: aggressive lymphoma — chemotherapy — radiotherapy — gallium scintigraphy

INTRODUCTION

The treatment policy for aggressive lymphoma is determined
based on the International Prognostic Index (IPI) (1),
Cotswolds Modification of the Ann Arbor Staging System
(2) and patient’s condition. Patients with localized aggressive
lymphoma can be cured with systemic chemotherapy and/or
radiotherapy. The CHOP regimen (consisting of a combi-
nation of Cyclophosphamide, Doxorubicin, Vincristine and
Prednisolone) is generally the first choice for chemotherapy
(3) with and without consolidative radiotherapy (4).
However, the usefulness of rituximab (anti-CD20
monoclonal antibody) has been reported and R-CHOP

For reprints and all correspondence: Shigeru Sasaki, Department of
Radiology, Shinshu University School of Medicine, 3-1-1 Asahi, Matsumoto
390-8621, Japan. E-mail: s-sasaki@hsp md.shinshu-uw.ac. jp

(CHOP + rituximab) has been adopted for chemotherapy
(5). With these standard treatments, the cure rate of patients
with all stages of aggressive lymphoma is about 40%.
However, there are limits to predicting the outcome based on
IPI score, and further prognostic predictors during treatment
leading to early changes in therapy may improve outcome
and survival.

With regard to the role of imaging diagnosis of malignant
lymphoma, imaging evaluation contributes not only to
differential diagnosis but also to the initial staging for deter-
mining the optimum treatment strategy and evaluation of the
effects of treatment. The International Workshop to
Standardize Response Criteria based on computed tomogra-
phy (CT) have been widely used for response assessment of
Non-Hodgkin’s lymphoma (NHL) (6). CT and gallium scin-
tigraphy (Ga-67) are generally used for evaluation of the

@© The Authors (2008). Published by Oxford University Press. All rights reserved.
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effects of treatment in patients with NHL. Magnetic reson-
ance imaging (MRI) and positron emission tomography
(PET) are also used in special situations, However, the
values of these modalities for clinical usage are still contro-
versial. This raises questions of how best to make use of the
results of CT, MRI and Ga-67 to make changes to the treat-
ment strategy.

We evaluated the relationship between the response to
treatment evaluated by radiographic imaging and prognosis
of patient with aggressive lymphoma.

PATIENTS AND METHODS

We reviewed 33 patients with aggressive lymphoma treated
with chemotherapy followed by radiotherapy from 2000 to
2003. The median age of the patients was 64 years (range
20-81), and the male:female ratio was 12:21. Pathological
diagnosis was confirmed according to the World Health
Organization Classification (7) of lymphoid neoplasms: 26
patients were classified as having lesions of diffuse large
B-cell lymphoma, 2 as peripheral T-cell lymphoma, 2 as
angioimmunoblastic T-cell lymphoma and 3 as extranodal
T-/NK-cell lymphoma (Table 1). Thirteen percent of patients
(4/33) were in performance status 2—3, 68% (19/33) had
elevated serum lactate dehydrogenase and 21% (7/33) had
bulky tumors (=6 c¢m). According to the Cotswolds modifi-
cation of the Ann Arbor staging system (2), pretreatment
evaluation included history and physical examination, com-
plete blood count, serum chemistry, upper gastrointestinal
endoscopy, bone marrow aspiration, CT scan of the neck,
chest, abdomen and pelvis, Ga-67, MRI of the primary
lesion and ultrasonography of the neck and abdomen. The
median follow-up period for all patients was 21 months
(range 4—46).

CT was performed with a slice thickness of 5 mm before
and after the intravenous injection of contrast medium. MR1
was performed with a 1.5-T unit using spin-echo technique.
T1-weighted images were acquired axial images. Axial
T2-weighted fat-suppressed images were also obtained. Slice
thickness was 5 mm with no interslice gap in the axial
projection. Thereafter, T1-weighted post gadolinium with
fat-suppressed images in axial projections were obtained
sequentially. Ga-67 scanning was performed 48—72 h after
intravenous injection of 185 MBq *’Ga-citrate. SPECT
cameras with medium-energy, general-purpose collimators
and three energy peaks of 93, 184 and 296 keV were used.
Total-body images in anterior and posterior views were sup-
plemented with appropriate planar views of the thorax and
abdomen. After uniformity correction, 10 mm transaxial
tomograms were reconstructed using a medium filter.

TREATMENT

Chemotherapy consisted of the CHOP regimen, including
cyclophosphamide at 750 mgfmz (Day 1), doxorubicin at

Table 1. Patients and tumor characteristics

Age (years) 20-81 (median 64)
Sex
Male 12
Female 21
WHO classification
Diffuse large B-cell 26
Peripheral T-cell 2
Angioimmunoblastic T-cell 2
Extranodal T-/NK-cell 3
Stage
I 12
n 13
m 6
w 2
P
Low 13
Low-intermediate 15
High-intermediate 2
High 3
Primary site
Waldeyer's ring 12
Lymph node ]
Sinonasal cavity 6
Thyroid 3
Bone 3
Soft tissue 1

NK-cell, natural-killer cell; TP, International Prognosis Index; WHO, World
Health Organization.

50 mg/m? (Day 1), vincristine at 1.4 mg/m® (Day 1) and oral
prednisolone at 100 mg/day (Days 1-5). Drug doses were
reduced by up to 50% in consideration of age and co-morbid
illness; full-dose CHOP was applied in 22 patients, 80%
CHOP in 9 patients, 70% CHOP in 1 patient and 50%
CHOP in 1 patient. Chemotherapy was repeated every 3
weeks. The number of treatment cycles was determined by
prognostic factors, such as stage, IPI score and tumor size.
In patients in clinical Stages I-II, with IPI score of 0-2, or
with non-bulky tumors (<6 cm), three cycles of CHOP were
used. Six cycles were applied in other patients in Stages I11-
IV, with IPI score of 3—5, or with bulky tumors (>6 cm).
Three cycles of CHOP were applied in 24 patients and 6
cycles in 8 patients, One patient received four cycles of treat-
ment because of progressive disease (PD).

After completion of three to six cycles of chemotherapy,
involved-field radiotherapy was performed to all patients.
The involved field was defined as the regional area including
the primary lesion and involved nodes. In patients in Stages
IM1—-1V, radiation field was determined by the primary bulky



lesion. Conventional radiotherapy was used with super-
voltage X-rays (4—10 MV). The radiation dose was 30—
30.6 Gy given in 17—20 fractions over 4 weeks in patients
who achieved complete response (CR) and 40-50 Gy in
20-28 fractions over 4—6 weeks in patients who did not
achieve CR.

RESPONSE ASSESSMENT

CT, MRI and Ga-67 were used for imaging diagnosis of
the lesions, Evaluation was performed pretreatment, after
chemotherapy within 4 weeks and at the end of radiation
therapy within 4 weeks. Post-treatment MRI was omitted in
three patients with complete disappearance of primary
lesion on CT. The response to treatment was determined
by CT and MRI according to the report of an International
Workshop to Standardize Response Criteria for NHL (6).
CR was defined as complete disappearance of all detect-
able clinical and radiographic evidence of disease and dis-
appearance of all disease-related symptoms. Previously
involved nodes or nodal masses on CT or MRI >1.5cm
in largest diameter must regress to <1.5 cm and previously
involved nodes/nodal masses of 1.1—-1.5 cm must regress to
< 1.0 cm. Partial response (PR) was defined as a reduction
of at least 50% in the sum of the product of the greatest
diameters of the six largest dominant nodes or nodal
masses with no increase in the size of other nodes and
with no new sites of disease. Stable disease (SD) was less
than PR but not PD. PD was defined as a 50% increase in
the sum of the product of the greatest diameters from the
nadir of any previously identified abnormal node for PR
and non-responders, or the appearance of any new lesion
during or at the end of therapy. Ga-67-based determi-
nations of CR, SD and PD were defined as complete disap-
pearance of accumulation, equal accumulation and
increased accumulation as compared with before treatment,
respectively.

STATISTICAL ANALYSIS

Survival was measured from the first day of treatment. Death
from any cause was included as an event in the overall survi-
val, and any failure and any cause of death were included as
events in the progression-free survival. The overall and
progression-free survival curves were calculated using the
Kaplan—Meier method (8). Differences between the survival
rates were tested for statistical significance by the general-
ized Wilcoxon test. Statistical significance for all analyses
was set at P < 0.05.

RESULTS

After completion of treatment, 21 patients (64%) achieved
CR, 7 patients (21%) achieved PR and 5 patients (15%)
developed PD of the 28 patients showing CR and PR, 21
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showed no progression, whereas the remaining 7 did show
progression. One patient had relapse at local progression and
6 patients showed relapse at lymph nodes outside the arca of
the primary lesion.

The 2-year overall and progression-free survival rates were
72 and 63%, respectively (Fig. 1). The 2-year progression-
free survival rates in patients with IPI scores of 0—1 and
2—4 were 92 and 49%, respectively (P = 0.001). The corre-
lation between progression-free survival and response after
completion of chemotherapy was stronger with Ga-67 (P =
0.009) than CT or MR (Table 2), neither of which showed
statistically significant correlations (P = 0.75 and P = 0.19,
respectively). No correlations were found between the
response after completion of all treatments and progression-
free survival with CT (P = 0.15), MRI (P = 0.77) or Ga-67
(P=023).

The 2-year progression-free survival rate in patients in
whom Ga-67 uptake had disappeared at completion of che-
motherapy was 80%, whereas that in patients in whom
uptake remained was 26% (P = 0.001) (Fig. 2).

DISCUSSION

Aggressive lymphomas are a heterogeneous group of dis-
eases that vary with regard to histopathology, clinical beha-
vior in response to therapy and outcome. In contrast to many
solid tumors, lymphomas are highly sensitive to chemother-
apy and radiotherapy, and approximately 50—60% of patients
with aggressive lymphoma achieve prolonged survival and
cure (9,10). In the present study, 21 of 33 patients (63%)
with aggressive lymphoma achieved disease-free survival for
the duration of the study.

The effect of treatment for malignant lymphomas has con-
ventionally been determined based on CT (6). However,
there are limitations in assessment of response to therapy by
CT (11-15), and Ga-67, FDG-PET and MRI have been
reported to be useful for detection of the lesions. MRI is par-
ticularly useful in identifying bone and CNS involvement.
MRI can suggest leptomeningeal involvement when
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Figure 1. Oveall and progression-free survival curves of all patients.
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Table 2. Hazard ratios assessing for evaluation of the treatment effect by
1 h it imaging and Ga-67 for

P graphy,
progression-free survival

Modality Hazard ratios P value
(95% CI)
After chemotherapy
CT:CR Reference
CT:residual 1.0 (0.3-4.7) 0.75
MRI:CR Reference
MRI:residual 1.7 (0.6-16) 0.19
Ga-67:.CR Reference
Ga-67:residual 29(1.7-40) 0.009
After ch herapy followed by radiati
CT:CR Reference
CT:residual 02 (0-1.9) 0.15
MRI:CR Reference
MRI:residual 0.5 (0-12) 0.77
Ga-67:CR Reference
Ga-67:residual 1.5 (0.5-20) 023

Cl, confidence interval; CR, complete response; CT, computed tomography;
MRI, magnetic resonance imaging, Ga-67, gallium scintigraphy.
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Figure 2. Progression-free survival curves according to the findings of
gallium scintigraphy after completion of chemotherapy. Ga-67, gallium

scintigraphy.

gadolinium has been used. MRI can also be used to identify
bone marrow involvement (16). In contrast, CT and MRI
often show a residual mass, which may not be neoplastic. In
clinical CR patients treated with chemotherapy and/or radi-
ation, only 10—18% of residual masses detected by CT and/
or MRI are viable tumors (17,18). In patients whose residual
masses were detected by CT or MR, it was difficult to dis-
criminate between a viable tumor, necrosis and fibrosis. The
response to treatment of aggressive lymphoma is hetero-
geneous, even in patients with the same histological findings.
Ga-67 and FDG-PET findings are indicators of cancer cell
viability and can be used to monitor the response of the
tumor cells in each patient to the particular course of che-
motherapy received. In Hodgkin’s lymphoma and aggressive

or highly aggressive lymphoma, Ga-67 and FDG-PET may
prove particularly useful in detecting residual disease (11—
15,19-21). It has previously been shown that Ga-67 per-
formed at the end of chemotherapy is superior to CT
in patients with both Hodgkin’s lymphoma and NHL for
monitoring the response to treatment (12,22,23).

After patients have completed the entire planned treatment
regimen, reevaluation should be done to determine the
response to therapy. Achieving complete remission to
therapy is the most important single prognostic factor in
patients with NHL. Salvage treatment, such as high-dose
therapy and autologous or allogeneic bone marrow transplan-
tation, can sometimes cure disease in patients who fail to
respond to initial therapy (24). In the relationship between
treatment effect and prognosis, patients who responded to
chemotherapy earlier are predisposed to accomplish a higher
CR rate (25,26). Kaplan et al. (11) reported Ga-67 imaging
to be an excellent indicator of residual viable tumors early
during chemotherapy in 37 patients with diffuse large B-cell
lymphoma. At follow-up, 59% of the patients who were
Ga-67 positive halfway through therapy died, whereas in the
group of negative patients only 20% died due to disease pro-
gression. Front et al. (12) compared the disease-free survival
between patients with positive or negative Ga-67 and CT
scan. CT findings were not predictive of outcome in contrast
to Ga-67 imaging. In the present study, the correlation
between progression-free survival and response after com-
pletion of chemotherapy was stronger in determination by
Ga-67 than by CT.

The value of FDG-PET in the assessment of lymphoma
has been investigated. FDG-PET combines the advantages of
nuclear medicine techniques, such as Ga-67, as an indicator
of tumor viability with improved resolution and higher sensi-
tivity, and these advantages lead to higher lesion detection
efficiency. Prognosis is grave for patients in whom the per-
sistence of accumulation was seen with FDG-PET after one
cycle of chemotherapy for Hodgkin’s and NHL (15,27,28).
On the other hand, in case the accumulation disappeared
after one cycle of chemotherapy, the recurrence rate was
reduced. Similarly, early interim FDG-PET is an accurate
and independent predictor of progression-free survival and
overall survival (29—35). All studies published to date
suggested increased sensitivity of FDG-PET as compared
with other imaging modalities, including Ga-67, when used
for lymphoma staging (36—39). Such findings provide ration-
ale for incorporating FDG-PET into revised response criteria
for malignant lymphoma (40—-42). PET is strongly rec-
ommended before treatment for patients with routinely
FDG-avid, potentially curable lymphomas to better delineate
the extent of disease. In addition, FDG-PET is essential for
the post-treatment assessment of diffuse large B-cell lym-
phoma and Hodgkin’s lymphoma (42). Although it has been
shown that Ga-67 and FDG are both useful agents and that
they show similar behavior in lymphoma after treatment,
FDG-PET costs significantly higher and possesses more
complicated logistics than Ga-67. Just now Ga-67 scan



should be used as an alternative for PET in hospitals where
it has not been set up.

The results of the present study suggest that FDG-PET
and Ga-67 scintigraphy are an efficient method for predicting
the outcome of individual patients with aggressive lym-
phoma. Patients with abnormal FDG-PET or Ga-67 uptake
after chemotherapy may need to receive additional treatment
modifications. Effort is now being made to improve the
outcome in patients who do not achieve CR, including modi-
fication of dose intensity, use of autologous stem cell trans-
plantation and multiple new agents. Further studies are
required to determine whether early selection with FDG-PET
or Ga-67 increases survival in patients who do not show an
early response to treatment.
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SPINAL RECURRENCE FROM INTRACRANIAL GERMINOMA: RISK FACTORS
AND TREATMENT OUTCOME FOR SPINAL RECURRENCE
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Purpose: To analyze retrospectively the risk factors of spinal recurrence in patients with intracranial germinoma
and clinical outcomes of patients who developed spinal recurrence.
Methods and Materials: Between 1980 and 2007, 165 patients with no evidence of spinal metastases at diagnosis
were ireafed with cranial radiotherapy without spinal irradiation. The median follow-up in all 165 patients was
61.2 months (range, 1.2-260.1 months).

Results: After the initial treatment, 15 patients (9.1%) developed spinal recurrences. Multivariate analysis
revealed that large intracranial disease (=4 cm) and multifocal intracranial disease were independent risk factors
for spinal recurrence. Radiation field, total radiation dose, and the use of chemotherapy did not affect the occur-
rence of spinal recurrences. Of the 15 patients who experienced spinal recurrence, the 3-year actuarial overall
survival and disease-free survival (DFS) rates from the beginning of salvage treatments were 65% and 57%,
respectively. In the analysis, presence of intracranial recurrence and salvage treatment modality (radiotherapy
with chemotherapy vs. radiotherapy alone) had a statistically significant impact on DFS. The 3-year DFS rate
in patients with no intracranial recurrence and treated with both spinal radiotherapy and chemotherapy was
100 %, whereas only 17 % in patients with intracranial recurrence or treated with radiotherapy alone (p = 0.001).
Conclusion: Large intracranial disease and multifocal intracranial disease were risk factors for spinal recurrence
In patients with intracranial germinoma with no evidence of spinal metastases at diagnosis. For patients who
developed spinal recurrence alone, salvage treatment combined with spinal radiotherapy and chemotherapy
was effective in controlling the recurrent disease. © 2008 Elsevier Inc.

Germinomas, Spinal recurrence, Radiation, Chemotherapy.

INTRODUCTION

Intracranial germinomas represent 0.5-2.5% of all intracra-
nial tumors and are more common in Japan than in Westem
countries (1-5). These tumors occur primarily in the pineal or
neurchypophyseal regions and most often affect teenagers

ment of intracranial germinoma is the use of craniospinal ir-
radiation in patients with no evidence of spinal metastases at
diagnosis (14-18).

Recently, several reports have indicated that the incidence of
spinal recurrence was found to be too low to warrant routine

and young adults. In contrast to intracranial nongerminoma-
tous germ cell tumors, germinomas are one of the most radio-
sensitive tumors known and are curable by radiotherapy
alone (1, 5-13). Although radiotherapy has been the standard
treatment for intracranial germinoma for many years, agree-
ment on the optimal management of these tumors has not
been reached. One of the major controversies in the manage-

spinal irradiation. With modem imaging procedures, the pro-
portion of patients presenting with spinal disease at the time
of diagnosis is low, and the risk of secondary spinal seeding
in germinoma did not exceed 15% in a large series (8, 19,
20). However, the risk factors for spinal recurrence in patients
with no evidence of spinal metastases at diagnosis have not
been well documented. Moreover, there is minimal information
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regarding the outcomes of salvage treatment for patients who
developed spinal recurrence. In the current study, we reviewed
a retrospective and multi-institutional series of 165 patients
with intracranial germinoma who had no evidence of spinal
metastases at diagnosis and evaluated the risk factors for spinal
recurrence and treatment outcomes for patients who developed
spinal recurrences after the initial treatment.

METHODS AND MATERIALS

Patient characteristics

A retrospective review of medical records between 1980 and 2007
identified 240 patients with documented intracranial germinoma
treated by radiotherapy at the Department of Radiology, University
of the Ryukyus Hospital, Kyushu University Hospital, Shinshu Uni-
versity Hospital, Chiba University Hospital, Yamanashi University
Hospital, or the International Medical Center of Japan. Of these,
75 patients having spinal metastases at diagnosis or treated with spi-
nal irradiation were excluded, and a total of 165 patients with no
evidence of spinal metastases at diagnosis and treated with cranial ra-
diotherapy without spinal irradiation were subjected to this analysis.
With regard to the 75 paticnts treated with spinal irradiation, 68 pa-
tients had no evidence of spinal metastases at diagnosis. The majority
of these 68 patients were treated with routine craniospinal irradiation
regardless of their disease status between 1980 and 1995, and the
disease characteristics of these 68 patients, such as the tumor size
and the number of tumor, were not significantly different compared
with those of 165 patients treated without spinal irradiation.

Table 1 indicates the patient and treatment characteristics of all
165 patients. All patients were evaluated by computed tomography
or magnetic resonance imaging (MRI) scans before initial treatment.
One hundred and two patients (62%) were diagnosed pathologically;
the remaining 63 patients (38%) were diagnosed clinically as having
germinoma by clinical and neuroradiologic signs, as described
previously (6,9, 26), For the assessment of spinal metastases at diag-
nosis, 81 patients (49%) were evaluated by spinal MRI and the
remaining 84 patients were evaluated by cerebrospinal fluid cytology
or cerebrospinal fluid tumor markers. Forty patients (24%) had mul-
tifocal tumors involving more than one intracranial site, and serum
human gonadotropin levels were elevated in 34 (219%) patients,
who as a group had a median human gonadotropin value of 44
mlU/mL (range, 15-251 mIU/mL). Patients with human gonadotro-
pin levels greater than 100 mIU/mL had pathologically verified
germinomas. No patients had elevated alpha-fetoprotein or carci-
noembryonic antigen liler.

Radiotherapy

Details of radiotherapy method were described as previously (21).
In brief, radiotherapy was administered using a *’Co teletherapy unit
(4 patients), or a 4-, 6-, or 10-MV linear accelerator, and daily frac-
tion sizes of 1.8-2.0 Gy for the primary tumor 5 days per week were
mostly used. In most cases, treatment fields were determined using
conventional X-ray simulators. For some cases, in an effort to spare
normal brain from the high-dose volume of irradiation, computed to-
mography simulators were also used to boost the primary disease
site. Localized-field irradiation was defined as a partial brain field
covering the primary tumor with a generous margin, but not includ-
ing the third ventricle and lateral ventricles.

One hundred three patients (62%) were treated using a radiation
field encompassing the whole brain with or without a boost, 42 pa-
tients with the whole ventricle with or without a boost, and 20 patients
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Table 1. Patient and treatment characteristics (n = 165)

Characteristic No, of patients

Age (median, 17 y)

<20y 109 (66)

=20y 56 (34)
Gender

Female 38 (23)

Male 127 (77
KPS

=70 128 (78)

<70 27 (16)

Unknown 10 (6)
Tumor location

Pineal 65 (39)

Neurohypophyseal 46 (28)

Thalamus or basal ganglia 14 (9)

Multifocal 40 (24)
No. of tumor

Single 125 (76)

Multifocal 40 (24)
Maximal tumor size (cm)

<4 131 (79)

=4 34 (21)
Serum hCG level

Normal 131 (79)

High 34 (21)
Pathology

Verified 102 (62)

Unverified 63 (38)
Spinal MRI evaluation at diagnosis

Yes 81 (49)

No 84 (51)
Total radiation dose (Gy)

=50 131 (79)

>50 34 (21)
Treatment field

WB/WV £ B 145 (88)

Local 20(12)
Chemotherapy

Yes 75 (45)

No 90 (55)

Abbreviations: KPS = Kamofsky performance status; hCG = hu-
man chorionic gonadotropin; MRI = magnetic resonance imaging;
WB/WYV = whole brain/whole ventricle; B = boost.

Data in parentheses are percentages.

with a localized-field smaller than the whole ventricle (Table 2). The
total dose to the primary site ranged from 24 to 59.5 Gy (median, 48.5
Gy), with 7 patients (4%) receiving total doses of >55 Gy because we
previously lacked a consensus regarding optimal doses for these -
mors, especially for large tumors. Whole-brain doses ranged from
19.5 to 44 Gy (median, 30 Gy), whole-ventricle doses ranged from
24 to 40 Gy (median, 25.2 Gy), and localized-field doses ranged
from 24 to 55.8 Gy (median, 40 Gy).

For patients with spinal recurrences, spinal radiotherapy with or
without cranial radiotherapy was administered. The method of spi-
nal radiotherapy was described as previously (22). In brief, spinal
irmadiation was supplemented using a posteroanterior field with sin-
gle doses of 1.6-2.0 Gy per fraction and five fractions per week,

Chemortherapy

Seventy-five patients (45%) received systemic chemotherapy
with a total of one to six courses (median, three courses) during
the initial treatment to reduce the total number of radiation doses
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Table 2. Radiation field, total radiation dose, and incidences of intracranial and spinal recurrences according to the treatment modality

Treatment Radiation Total radiation No. of No. of low-risk No. of intracranial No. of spinal
modality field dose (range) (Gy) pls. group for SR* recumrence recurrence
RT alone
WB+B 50 (38-59.5) 77 18 1 S
WV +B 45 (40-52) 4 0 2 1
Local 48 (24-55.8) 9 0 3 2
Total 50 (24-59.5) 9% 18 (20%) 6 (T%) 8 (9%)
RT+CT x
WB+B 49 (30-55) * 26 10 2 -
WV+B 30 (24-50) 38 15 1 3
Local 30 (24-40) 11 0 1 0
Total 40 (24-50) 75 25 (33%) 4 (5%) 7 (9%)
Totl 48.5 (24-59.5) 165 43 (26%) 10 (6%)** 15 (9%)**

Abbreviations: RT = radiotherapy; CT = chemotherapy; WB = whole brain; WV = whole ventricle; B = boost; SR = spinal recurrence; MR =

resonance

magnetic imaging.
* Defined as patients with spinal MRI stage negative, small tumor (<4 cm), unifocal tumor, and treatment with WB or WV.

** Four patients developed both intracranial and spinal recurrences.

or radiation fields (Table 2). In patients with radiotherapy alone (me-
dian total dose, 50 Gy), 77 of 90 patients (86%) were treated with
whole-brain irradiation with or without boost, whereas in patients
with radiotherapy and chemotherapy (median total dose, 40 Gy),
only 35% of the patients (26 of 75 patients) were treated with whole
brain tradiation with or without boost. In the current study, we did
not intend to use chemotherapies to reduce the risk of spinal recur-
rences for these patients. Of 75 patients, 71 patients (95%) received
chemotherapy before radiotherapy; 2 patients during radiotherapy
and the remaining 2 patients after radiotherapy, All patients received
cisplatin or carboplatin in combination with other agents. The most
commonly used regimen was a combination of cisplatin and etopo-
side (35 patients), and the next most common was a combination of
carboplatin and etoposide (28 patients). Nine patients received
a combination of ifosfamide, cisplatin, and ctoposide and 3 patients
received a combination of cisplatin and methotrexate. The remain-
ing 1 patient received cisplatin-vinblastine-bleomycin combination
therapy. Cycles were usually repeated every 3-4 weeks. Cisplatin
and etoposide therapy consisted of cisplatin (20 mg/m?) and etopo-

side (60 mg/m”) for 5 consecutive days (Days 1-5) (23). In the car-
boplatin and etoposide therapy group, carboplatin (450 mg/m®) was
given on Day 1 and etoposide (150 mg,-‘m‘} was given for 3 consec-
utive days (Days 1-3) (24). The ifosfamide, cisplatin, and etoposide
n{)i.nmoummdoﬁpimpnmidcmmgmh.cisplaﬁnmmy
m?), and etoposide (60 mg/m?) for 5 consecutive days (25); the com-
bination of cisplatin and methotrexate regimen consisted of 50 mg/
m® of cisplatin on Day 1 with 3 mg of intrathecal methotrexate twice
during initial treatment, The cisplatin-vinblastine-bleomycin regi-
men consisted of cisplatin (20 mg/m®) for 5 consecutive days
(Days 1-5), vinblastine (4-6 mg/m®) on Days 1 and 8, and bleomy-
cin (10-15 mg/m*) on Days 1, 8, and 15 (26).

For patients with spinal recurrences, the chemotherapy regimens
described here were administered to patients who received both
radiotherapy and chemotherapy as a salvage treatment.

Statistical analysis
The median follow-up time of all 165 patients was 61.2 months
(range, 1.2-260.1 months), and no patients were lost to follow-up.

Table 3. Clinical data on 15 patients with spinal recurrence (at initial treatment)

Primary  Maximal Total CT

Pis. Pathologic Serum KPS  tumor tumor radiation  Radiation Use of regimen
no. Age Gender confirmation hCG (%) site size (cm) dose field CT (initial Tx)

1 20 . Male Yes Normal 100 P+N 2 30 wv Yes EP

2 15 Male Yes Normal 60 P 5 S0 WB+L No —

3 27  Male Yes Elevated 100 P 3 50 WV4+L Yes CBDCA+VP16
4 27  Male No Nomal 100 P 2 46 WB+L No —

5 12 Female Yes Elevated 90 N 4.5 40 WB+L Yes EP

6 10 Female No Elevated 100 P+N 4 40 L No —

7 2  Female Yes Normal 40 P 25 20 L No ——

8 17 Female Yes Normal 100 N+D 3 40 WH+L No —_

9 20 Male Yes Normal 90  P+N+D 3 50 WB+L Yes CBDCA+VPI16
10 16  Male Yes Normal 100 P 5 50 WB+L No —
11 18 Female No Normal 100 P 1.5 50 WB+L No —_
12 30 Male Yes Elevated 100 P+D 4.5 50 Wwv Yes CBDCA+VP16
13 13  Male No Normal 100 N+D 4 595 WB+L Yes CDDP+MTX
14 14 Male No Normal 9  N+Pons 4.5 48.5 WB+L Yes CDDP+MTX
15 14 Male Yes Normal 90 P+N 4 50 wv No —

Abbreviations: hCG = human chorionic gonadotropin; KPS = Kamofsky performance status; CT = chemotherapy; Tx = therapy; P = pineal;
N = neurohypophyseal; D = dissemination; WB = whole brain; WV = whole ventricle; L = local; EP = cisplatin and etoposide; EP = cisplatin
and etoposide; CBDCA = carboplatin; VA-16 = etoposide; MTX = methotrexate.
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For the assessment of risk factors for spinal recurrence, the chi-
square test and logistic regression analysis were used to investigate
the relationship between variables and the occumence of spinal
recurrence. For the assessment of treatment outcomes for patients
who developed spinal recurrence, overall and disease-free survival
(DFS) rates were calculated actuarially according to the Kaplan-
Meier method (27) and were measured from the beginning of sal-
vage treatment. Differences between groups were estimated using
the log-rank test (28). A probability level of 0.05 was chosen for sta-
tistical significance, and statistical analysis was performed using the
SPSS software package (version 11.0; SPSS, Inc., Chicago, IL).

RESULTS

After the initial treatment, 10 patients (6%) developed in-
tracranial recurrence and 15 patients (9:1%) developed spinal
recurrences (Table 2). The median duration from the date of
initial treatment to the date of spinal recurrence was 16.8
months (range, 2.4-199.2 months). Patient and disease char-
acteristics in 15 patients with spinal recurrence were listed in
Tables 3 and 4.

As shown in Table 5, the incidence of spinal recurrences was
significantly higher in patients with primary large (=4 cm) tu-
mor at initial diagnosis than those without large tumors. Con-
cerning the maximal tumor size, a cutoff size of 4 cm was
used because the incidences of spinal recurrence increased as
the tumor size increased, especially to 4 cm or larger (Table
6). Also, the incidence of spinal recurrence was significantly
higher in patients with primary multifocal tumor at initial diag-
nosis compared with those without multifocal tumors. No sig-
nificant differences were seen with respect to other factors, such
as radiation field, total radiation dose, and the use of chemother-
apy (Table 5). Of these 40 multifocal primary tumors, 18 tumors
were bifocal (pineal and neurohypophyseal), and 3 of 18 pa-
tients (17%) with these bifocal germinoma had spinal recur-
rence after the initial treatment. Multivariate analysis revealed
that large intracranial disease and multifocal intracranial disease
each were independent risk factors for spinal recurrence (Table
5). We were able to define a low-nsk group for spinal recurrence
as patients with spinal MRI stage negative, small tumor (<4
cm), unifocal tumor, and treatment with whole-brain or
whole-ventricle irradiation (Table 2). None of these 43 patients
(0%) in the low-risk group developed spinal recurrence,
whereas 15 of 122 patients who did not meet the criteria of
the low-risk group (12%) developed spinal recurrence.

Regarding the 15 patients who experienced spinal recur-
rences, the 3-year actuarial overall survival and DFS rates
from the beginning of salvage treatments were 65% and
57%, respectively (Fig. 1). The median total dose to the re-
current spinal disease for all 15 patients was 33 Gy (range,
2446 Gy), and the total doses of salvage cranial radiother-
apy for 3 patients ranged from 18 Gy to 24 Gy (Table 4).
These 3 patients had intracranial recurrences at lesions ini-
tially treated with doses of 20-24 Gy, and the recurrent dis-
eases extended to the margins of initial boost radiation
field. In the analysis, the presence of intracranial recurrence
and salvage treatment modality (radiotherapy with chemo-
therapy vs. radiotherapy alone) had a statistically significant
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Table 5. Univarate and multivariate analysis of various potential prognostic factors for spinal recurrence in patients with intracranial

germinoma
Univariate Multivariate
Variable No. of pts. No, of spinal recurrence p value RR (95%C1) p value

Tumor size
<4 cm 131 7 (5%) < 0.001 0.141 (0.043-0.462) 0.001
=4 cm 34 8 (24%)

Tumor number .
Single 125 8 (6%) 0.033 0.230 (0.070-0.761) 0.016
Multifocal 40 7 (18%)

Gender
Female 38 5(13%) 0.320 —_ =7
Male 127 10 (8%)

Pathology
Verified 102 11 (11%) 0.335 — -
Unverified 63 4 (6%)

Spinal MR1 at diagnosis
Yes 81 6 (7%) 0.460 — -
No 84 9 (11%)

Total radiation dose
=50 Gy 131 13 (10%) 0.470 —_— —_
>50 Gy 34 2 (6%)

Serum hCG
Normal 131 11 (8%) 0.542 - -
High 34 4(12%)

KPS
=270% 128 13 (10%) 0.660 — —
<70% 27 2 (71%)
Unknown 10

Radiation field
WB/WV 145 13 (9%) 0.880 — -
Local 20 2 (10%)

Age
<20y 109 10 (9%) 0.897 — —
=20y 56 5(9%)

Use of chemotherapy
Yes 75 7 (9%) 0.920 — —
No 90 8 (9%)

Abbreviations: MR1 = magnetic resonance imaging; hCG = human chorionic gonadtropin; KPS = Kamofsky performance status; WB/WV =
whole brain/whole ventricle; RR = relative risk; Cl = confidence intervals.

impact on DFS (Table 7). All 3 patients treated with spinal
radiotherapy alone died of the disease and all 4 patients
with intracranial recurrence died of the disease or were alive
with the recurrent disease during the period of this analysis.

Concerning intracranial recurrence and treatment modal-
ity, we defined the favorable-prognosis group as patients
with no intracranial recurrence who were treated with both
spinal radiotherapy and chemotherapy, and the; unfavor-
able-prognosis group as patients with intracranial recurrence
or those treated with radiotherapy alone. Four of 9 patients

Table 6. Incidences of spinal recurrence according to the
maximal

tumor size
No. of No. of pts. with
Maximal tumor size pts. spinal recurrence
<2em 35 1(3%)
=2cm<4cm 96 6 (6%)
=4 cm 34 B (24%)
Total 165 15 (9%)

from the favorable risk group and 3 of 6 patients from the un-
favorable risk group had spinal MRI evaluation at the time of
initial diagnosis. The 3-year DFS rate in the favorable prog-
nosis group was 100%, but only 17% in unfavorable progno-
sis group (p = 0.001, Fig. 2). No patients in the favorable risk
group developed late complications, such as neurocognitive
dysfunctions, vascular pathology, or leukoencephalopathy
after salvage treatments.

DISCUSSION

The current study indicated that large intracranial disease
and multifocal intracranial disease at initial diagnosis were
independent risk factors for spinal recurrence in patients
with intracranial germinoma with no evidence of spinal me-
tastases at diagnosis. Concerning the primary tumor size, sev-
eral reports have indicated that tumor size is an independent
prognostic factor for these tumors (6, 29, 30). Shibamoto
et al. indicated that a tumor size <3 cm was associated with
a better prognosis in patients with intracranial germinoma
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Fig. 1. Actuarial overall survival (OS) and disease-free survival
(DFS) for all 15 patients with intracranial germinoma who devel-
oped spinal recurrence from the beginning of salvage treatment.

(30). Shirato er al. treated 51 patients with intracranial germi-
noma, and of 4 patients with more than 4-cm tumor, 1 patient
(25%) had a spinal recurrence (6). In the current study, the in-
cidence of spinal recurrence was significantly higher in pa-
tients with intracranially large tumor than those without
large tumors, and large primary tumor was found to be an in-
dependent risk factor for spinal recurrence. These results sug-
gest that craniospinal irradiation appears (o be appropriate in

Table 7. Univariate analysis of various potential prognostic
factors for disease-free survival in patients with intracranial
germinoma who developed spinal recurrence

No. of 3-year p
Variable pls. DFS (%) Value
Salvage treatment modality
RT and CT 12 76 0.002
RT alone 3 0
Presence of intracranial
recurrence
Yes 4 0 0.018
No 11 71
Age
<20y 10 40 0.127
=20y 5 75
Spinal radiation dose
<40 Gy 9 38 0.163
=40 Gy 6 75
Pathology
Verified 10 49 0.370
Unverified 5 67
KPS
=70% 13 57 0.378
<70% 2 0
Initial serum hCG level
Normal 11 65 0.437
High 4 33

Abbreviations: RT = radiotherapy; CT = chemotherapy; KPS =
Kamofsky performance status; hCG = human chorionic gonadotro-
pin; DFS = disease-free survival,
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Fig. 2. Actuarial disease-free survival rates from the beginning of
salvage treatment according to the presence of intracranial recur-
rence and treatment modality in patients with intracranial germi-
noma who developed spinal recurrences.

patients with large primary tumors, even if there is no evi-
dence of spinal metastases at diagnosis.

Concemning the number of primary tumors, several authors
have recommended craniospinal irradiation for multifocal m-
mors (19, 31). Lindstadt er al. recommended that patients with
documented subependymal or subarachnoid metastases pre-
sumably are at higher risk for leptomeningeal failure and rec-
ommended craniospinal irradiation for these patients (19).
Dalttoli et al. advocated that craniospinal irradiation should
be administered to patients with disease involving more
than one intracranial site, demonstrated meningeal seeding,
or positive cerebrospinal fluid cytology (31). In the current
study, the incidence of spinal recurrence was significantly
higher in patients with intracranially multifocal tumor at ini-
tial diagnosis than those without intracranially multifocal
tumors. Moreover, the multivariate analysis revealed that
multifocal primary tumor was found to be an independent
risk factor for spinal recurrence. These results suggest that cra-
niospinal irradiation appears to be appropriate in patients with
multifocal tumors even if there is no evidence of spinal dis-
semination at the time of initial diagnosis.

However, optimal management of primary intracranial pi-
neal and neurohypophyseal (bifocal) germinomas still re-
mains controversial (3, 32, 33). Shibamoto er al. advocated
that when the disease extends along the ventricular walls or
is present in both pineal and neurohypophyseal regions, cra-
niospinal irradiation should be considered, taking the pa-
tient's age into account (3). Conversely, Lafay-Cousin et al.
suggested that bifocal germinoma can be considered a locore-
gional rather than a metastatic disease (33). The definition as
either located or disseminated diseases has major implications
on required treatment and its associated late morbidity. More-
over, the pathogenesis of such bifocal lesion is contested and
the optimal management remains controversial. In the current _
study, 3 of 18 patients (17%) with bifocal germinoma had spi-
nal recurrences. From our results, bifocal germinoma may
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have some potential to metastasize and we advocate that pa-
tients with bifocal germinoma should be treated with cranio-
spinal irradiation, taking the patient's age into account.
Although the optimal radiotherapy dose to the primary tu-
mor is still unclear, recent findings have suggested that intra-
cranial germinomas can be generally be cured with doses of
between 40 and 50 Gy (3, 5, 6, 9, 20). In the current study,
doses greater than 50 Gy were not associated with a decreased
risk of spinal recurrence (Table 5). Therefore, doses of 40-50
Gy appear to be appropriate for the primary tumor. Concem-
ing the optimal radiation dose required for the control of mi-
croscopic disease, most authors have recommended doses of
25-30 Gy for microscopic disease (7, 10, 13, 34). In the cur-
rent study, we found that intracranial recurrences occurred
with lesions treated at doses of 20-24 Gy in 3 patients, and
that total doses of 24 Gy or less may be insufficient for micro-
scopic diseases, Recently, Shibamoto er al. recommended
a lower craniospinal dose of 20-24 Gy, because similar results
were obtained for patient groups with positive or negative cy-
tology (20). Schoenfeld et al. indicated that radiotherapy alone
with low-dose prophylactic craniospinal irradiation (usually
21 Gy at 1.5 Gy per fraction) cured almost all patients with lo-
calized intracranial germinoma with rare complications (17).
Further studies are needed to determine whether even lower
doses can suffice for the control of microscopic disease.
Recently, to reduce the total radiation doses, the combina-
tion of chemotherapy and low-dose radiotherapy has being in-
creasingly investigated (25, 26). The approach of delivering
reduced-dose limited-field radiotherapy after a complete re-
sponse to chemotherapy appears to be meritorious. However,
our results indicated that chemotherapy was not associated
with decreased risk of spinal recurrences (Table 5). Therefore
chemotherapy alone appears to be insufficient to eradicate the
microscopic spinal diseases, and spinal radiotherapy is rec-
ommended as a prophylactic treatment for spinal recurrence.
Concerning the treatment results for spinal recurrence, our
results indicated that presence of intracranial recurrence and
treatment modality (radiotherapy with chemotherapy vs. ra-
diotherapy alone) each had a statistically significant impact
on DFS. In particular, considering both the presence of intra-
cranial recurrence and the treatment modality, the 3-year
DFS in patients with no intracranial recurrence and treated
with radiotherapy and chemotherapy was 100%, whereas
only 17% in patients with intracranial recurrence and/or
treated with radiotherapy alone (p = 0.001). Although there
have been few reports describing the treatment results of spi-
nal recurrences from intracranial germinoma, recent reporis
with unusual cases have indicated the efficacy of radiother-

apy combined with chemotherapy for spinal tumors (35,
36). Merchant et al. treated 8 patients with intracranial germi-
noma who relapsed after treatment with primary chemother-
apy. Of these 8 patients, 2 had spinal recurrences (tumor cells
detected by MRI or cytologic evidence of cerebrospinal fluid
involvement) and both were successfully treated with combi-
nation chemotherapy and radiotherapy (35). Tosaka et al. ex-
perienced a patient with spinal recurrence from intracranial
germinoma who was successfully treated with 24 Gy spinal
radiotherapy and several courses of systemic chemotherapy
containing carboplatin, etoposide, and iphosphamide, with
no recurrences after 1 year (36). Our results indicated that
3.year DFS in patients treated with radiotherapy and chemo-
therapy was significantly higher than that in patients treated
with radiotherapy alone (p = 0.002). These results indicated
that in patients with spinal recurrence alone, radiotherapy
with chemotherapy was effective in controlling the recurrent
diseases and should be recommended as a salvage treatment
for these recurrent tumors.

Conversely, our results indicated that the patients with
intracranial recurrences or treated with radiotherapy alone
had a poor prognosis. For patients with intracranial recur-
rence, most patients have already received approximately
30-50 Gy to the brain and only insufficient radiation doses
can be applied to the recurrent intracranial disease. In the
current study, total doses of salvage cranial radiotherapy for
3 patients with intracranial recurrence were 18-24 Gy, which
appeared to be insufficient for controlling the recurrent intra-
cranial diseases, and all 3 patients were dead or alive with re-
current disease despite salvage therapies. Therefore, from our
results, the optimal initial treatment at diagnosis is necessary
to reduce the risk of intracranial recurrence (37-39). Concem-
ing treatment modalities, our results indicated that 3 patients
treated with spinal radiotherapy alone all died of the disease.
Therefore spinal radiotherapy alone appears to be insufficient
to control the recurrent spinal diseases.

In conclusion, our results indicated that large intracranial tu-
mor and multifocal intracranial tumor were independent risk
factors for spinal recurrence in patients with intracranial germi-
noma with no evidence of spinal metastases at initial diagnosis,
and craniospinal irradiation appears to be appropriate for these
patients. Our results also indicated that for patients who devel-
oped spinal recurrences alone, a combination of radiotherapy
and chemotherapy was effective in controlling recurrent spinal
diseases, and should be recommended as a salvage treatment
for these recurrent tumors. However, this study is a retrospec-
tive study with a various treatment regimens, and further pro-
spective studies are required to confirm our resulis.
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