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So-called bifocal tumors with diabetes insipidus and 
negative tumor markers: are they all germinoma?
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Abstract
Background. The Delphi consensus statements on the management of germ cell tumors (GCTs) failed to 
reach agreements on the statement that the cases with (i) pineal and neurohypophyseal bifocal lesion, (ii) 
with diabetes insipidus, and (iii) with negative tumor markers can be diagnosed as germinoma without his-
tological verification. To answer this, multicenter retrospective analysis was performed.
Methods. A questionnaire on clinical findings, histological diagnosis, and details of surgical procedures 
was sent to 86 neurosurgical and 35 pediatrics departments in Japan.
Results. Fifty-one institutes reported 132 cases that fulfilled the 3 criteria. Tissue sampling was performed in 
91 cases from pineal (n = 44), neurohypophyseal (n = 32), both (n = 6), and distant (n = 9) lesions. Histological 
diagnosis was established in 89 cases: pure germinoma or germinoma with syncytiotrophoblastic giant 
cells in 82 (92.1%) cases, germinoma and mature teratoma in 2 cases, and granulomatous inflammation in 
2 cases. Histological diagnosis was not established in 2 cases. Although no tumors other than GCTs were 
identified, 3 (3.4%) patients had non-germinomatous GCTs (NGGCTs). None of the patients developed per-
manent complications after endoscopic or stereotactic biopsy. Thirty-nine patients underwent simultaneous 
procedure for acute hydrocephalus without permanent complications, and hydrocephalus was controlled in 
94.9% of them.
Conclusion. All patients who fulfilled the 3 criteria had GCTs or granulomatous inflammation, but not other 
types of tumors. However, no fewer than 3.4% of the patients had NGGCTs. Considering the safety and the 
effects of simultaneous procedures for acute hydrocephalus, biopsy was recommended in such patients.

Key Points

1. Approximately 3.4% of the patients who fulfilled the 3 criteria had NGGCTs.

2. Biopsy had high diagnostic rate and was considered safe.

3. Histological diagnosis was recommended for such cases.

Intracranial germ cell tumors (GCTs) are relatively rare 
brain tumors comprising 1.9% and 0.4% of the primary 
brain tumors in Japan and the United States, respectively.1,2 
Although GCTs develop commonly as an isolated lesion in 
either the pineal or neurohypophyseal region,1 13–41% of 
the patients with GCTs had synchronous lesions in both re-
gions. These synchronous lesions have been described as 
bifocal tumor.3–7

Empirically, the presence of bifocal tumor in the set-
ting of alpha-fetoprotein (AFP) within normal value and 
undetectable to modestly elevated human chorionic go-
nadotropin (HCG) is considered to be pathognomonic of 
germinoma. This is supported by the report demonstrating 
that all 11 patients had pure germinoma or germinoma with 
syncytiotrophoblastic giant cells (STGCs).6 Additionally, 
stereotactic or endoscopic biopsy in the pineal or neuro-
hypophyseal region is an invasive procedure, and biopsy 
of small tissues could miss the malignant component due 
to the heterogeneity of the tumor.8 From this background, 
some physicians and clinical trials, including those con-
ducted in North America (ACNS1123) and Europe (SIOP 
CNS GCT II), do not require histological verification of 
cases with bifocal lesions and negative tumor markers.

Recently, multidisciplinary Delphi processes were under-
taken to reach a consensus in the clinical management of 
intracranial GCTs.9 In this process, the statement was re-
jected that synchronous lesions occurring in both the neu-
rohypophyseal and the pineal region with typical imaging 

characteristics, presence of diabetes insipidus (DI), and 
normal values of serum and cerebrospinal fluid (CSF) 
AFP were consistent with a diagnosis of germinoma, re-
ceiving only 49% support.9 Participants were concerned 
that there might be cases of non-germinomatous GCTs 
(NGGCTs) or non-GCTs. Certainly, 3 patients with mixed 
GCTs of germinoma and yolk sac tumor, 2 with primi-
tive neuroectodermal tumor, and 1 with papillary tumor of 
the pineal region had bifocal lesions and negative tumor 
markers.10–13 To determine the optimal diagnostic strategy for 
these patients, identifying the frequency of germinoma his-
tology is necessary in those with clinically estimated bifocal 
tumors as well as the diagnostic rate and safety of biopsy.

This retrospective multicenter study aimed to clarify the 
necessity for histological diagnosis in patients with (i) bi-
focal lesion, (ii) DI, and (iii) negative tumor markers. To this 
end, we analyzed the proportion of germinoma and excep-
tional type of tumors in patients who fulfilled the 3 criteria, 
the diagnostic rate and surgical complication at tissue 
sampling, and the outcome and complications of simulta-
neous intervention for acute hydrocephalus.

Materials and Methods

A multicenter retrospective study was conducted after 
obtaining the necessary ethical clearance from the 
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institutional ethics board for study on humans. A  ques-
tionnaire containing items related to the clinical find-
ings including age, sex, symptoms, radiological findings, 
value of tumor markers, histological diagnosis, and de-
tails of tissue sampling procedures was sent to 121 
institutes in Japan, including 86 neurosurgical and 35 pe-
diatric departments. Patients included had fulfilled the 3 
criteria and were treated from January 1990 to December 
2015. These institutes belong to the intracranial Germ Cell 
Tumor Consortium or Japan Children’s Cancer Group 
or were training hospitals of the Japan Neurosurgical 
Society.

In this study, the newly diagnosed patients with bifocal 
lesion, DI, and negative tumor markers were registered. 
Bifocal tumors implied synchronous pineal and neuro-
hypophyseal lesions irrespective of the presence or ab-
sence of distant lesion. “Negative tumor markers” have 
various definitions. When distinguishing germinoma 
and NGGCTs, the modest elevation of HCG/HCG-β is 
also regarded as a negative tumor marker because 
this elevation of HCG/HCG-β is often observed in pure 
germinoma.6 This study focused on the differential diag-
nosis of germinoma, NGGCT, and other types of tumors, 
so that negative tumor markers were defined as follows. 
The pretreatment values of AFP and HCG/HCG-β in serum 
and CSF were obtained. All patients with elevated serum 
or CSF AFP (≥10 ng/mL) were excluded from this study. 
Patients who met one of the following tumor marker cri-
teria were selected (Fig. 1): criteria 1: AFP within normal 
value (<10 ng/mL) and undetectable HCG/HCG-β in both 
serum and CSF (black arrow in Fig.  1); criteria 2: AFP 
within normal value in serum and CSF and modestly ele-
vated HCG/HCG-β in serum and/or CSF (HCG <50 mIU/mL 
and HCG-β <5 ng/mL: HCG-β 1 ng/mL = HCG-β 1 mIU/mL 
(personal communication from Bio Medical Laboratories, 
Tokyo)6,14,15 (dashed arrows in Fig. 1); and criteria 3: AFP 
within normal value and undetectable HCG/HCG-β in 
serum and incomplete estimation of either or both of the 
tumor markers in CSF as follows (white arrow in Fig. 1): 
AFP within normal value and undetectable HCG/HCG-
β in serum and without evaluation of tumor markers in 
CSF, and AFP within normal value and undetectable HCG/
HCG-β in serum and either AFP within normal value/un-
examined HCG/HCG-β in CSF or undetectable HCG/HCG-
β in CSF/unexamined AFP in CSF.

Results

Patient Demographics

Fifty-one institutes (42.1%) answered the inquiry and re-
ported 172 cases. Forty-6 patients were excluded: 29 had 
positive tumor markers, 6 had absence of bifocal lesions 
and DI, 4 had absence of bifocal lesions, 3 had positive 
tumor markers and absence of DI, 2 had absence of DI, 
and 2 had absence of bifocal lesion and positive tumor 
markers. A total of 126 patients met the following criteria: 
(i) pineal and neurohypophyseal bifocal tumor, (ii) pres-
ence of DI, and (iii) negative tumor markers evaluated ac-
cording to the criteria described in Materials and Methods.

Histological diagnosis was performed in 91 patients. 
The method and site of tissue sampling are summarized in 
Table 1. Tissue for histological diagnosis was obtained by 
biopsy (n = 74) or tumor resection (n = 17). Tissue samples 
from pineal, neurohypophyseal, and distant lesions were 

Importance of the Study

Because of the lack of previous studies based on a 
large number of cases, whether patients with pineal 
and neurohypophyseal bifocal lesion, diabetes insip-
idus, and negative tumor markers can be diagnosed 
with germinoma without histological diagnosis remains 
unclear. To elucidate this clinical question, this study 
reported the distribution of histological diagnosis of 
such cases and the safety and diagnostic rate of tissue 
sampling in 91 patients. Histological diagnosis was 

established in 89 of 91 patients (97.8%), and 3.4% had 
NGGCTs. No permanent complications developed in 50 
and 9 patients who underwent endoscopic and stereo-
tactic biopsies, respectively. Moreover, 39 simultaneous 
procedures for acute hydrocephalus were performed 
safely, and hydrocephalus was controlled in 94.9% of 
the patients. These results suggested that histological 
diagnosis was recommended in patients with bifocal tu-
mors, diabetes insipidus, and negative tumor markers.

  
Serum

AFP (–)
HCG/HCG-β (–)

AFP (–)
HCG/HCG-β (+)

AFP (–)
HCG/HCG-β (–)

AFP (–)
HCG/HCG-β (+)

Untested both or either of
AFP and HCG/HCG-β

Criteria 1 (n = 19)

Criteria 2 (n = 33)

Criteria 3 (n = 37)

CSF

Fig. 1 Three definitions of negative tumor markers and the distribu-
tion of the cases. AFP (−) = alpha-fetoprotein <10 ng/mL; HCG/HCG-β 
(−)  =  undetected human chorionic gonadotropin/human chorionic 
gonadotropin-β subunit; HCG/HCG-β (+) = human chorionic gonado-
tropin detected but <50 mIU/mL or human chorionic gonadotropin-β 
subunit detected but <5 ng/mL (mIU/mL).
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obtained in 44 (48.3%), 32 (35.2%), and 9 (9.9%) patients, 
respectively. Bifocal tumors with or without distant lesion 
were included, so that some cases had more than 2 le-
sions. Thirty-three patients had distant lesion, including the 
ventricular wall, brain parenchyma, subarachnoid space, or 
the spinal cord, and 9 of these patients underwent biopsy 
from distant lesion. The biopsy site in 8 cases was a distant 
lesion in the ventricular wall, while in one case, the biopsy 
site was a distant lesion in the frontal lobe. Simultaneous 
biopsy of pineal and neurohypophyseal lesions was per-
formed in 6 (6.6%) patients. Histological diagnosis was es-
tablished in 89 (97.8%) patients, but not in 2 patients (2.2%) 
in whom the specimens were obtained from a neurohypo-
physeal tumor by stereotactic or open biopsy.

Of 89 patients with histological diagnosis, 67 were males 
and 22 were females. Age at diagnosis was 8–59 years (me-
dian, 18 y). A total of 19, 33, and 37 patients met criteria 1, 
2, and 3, respectively, for negative tumor marker (Fig. 1). 
In the group that met criteria 2, modestly elevated HCG/
HCG-β levels were observed in serum and CSF of 8 pa-
tients, in CSF only in 23 patients, and in serum only in 2 
patients (Supplementary Table 1). In the group that met cri-
teria 3, twenty-nine cases had AFP within normal value and 
undetectable HCG/HCG-β in serum, and evaluation CSF 
AFP/HCG/HCG-β was not done. Four cases had AFP within 
normal value and undetectable HCG/HCG-β in serum; CSF 
AFP was within normal value; and CSF HCG/HCG-β was not 
examined. Further, 4 more cases had AFP within normal 
value and undetectable HCG/HCG-β in serum; CSF AFP 
was not examined; and CSF HCG/HCG-β was undetectable 
(Supplementary Table 1).

Histological Diagnosis Before Treatment

In total, pure germinoma was histologically diagnosed 
in 79 (88.8%) patients and germinoma with STGC in 3 
(3.4%) patients. The other histological diagnoses were 
germinoma and mature teratoma in 2 patients (2.2%); im-
mature teratoma (IMT) in 1 (1.1%); mixed GCT consisting 
of germinoma, IMT, and embryonal carcinoma (EC) in 1 
(1.1%); EC in 1 (1.1%); and granulomatous inflammation in 

2 (2.2%) (Supplementary Figure 1A). None of the patients 
had tumors other than GCTs.

The distribution of histological diagnosis was com-
pared by tissue sampling, the definition of negative tumor 
markers, and the site of tissue sampling. By tissue sam-
pling, NGGCTs were detected in patients diagnosed by 
tumor resection and biopsy, and no significant difference 
was observed between these patients (5.9% and 2.8%, 
P = 0.48: Fisher’s exact test) (Supplementary Figure 1B and 
Supplementary Table 2). Based on the definition of nega-
tive tumor markers, all 19 patients who fulfilled criteria 1, 
and 32 (97.0%) of 33 patients who fulfilled criteria 2 had 
pure germinoma, germinoma with STGC, or germinoma 
and mature teratoma, whereas 3 (8.1%) of 37 patients who 
fulfilled criteria 3 had NGGCTs (Supplementary Figure 1C 
and  Table 2). Based on the site of tissue sampling, NGGCTs 
were found in the pineal, neurohypophyseal, and distant 
lesion, and the frequent site for NGGCTs was not deter-
mined (Supplementary Figure 1D and  Table 3). By con-
trast, granulomatous inflammation was found only in 
neurohypophyseal lesion (Supplementary Figure 1D and 
Table 3). Six patients underwent endoscopic biopsy from 
both pineal and neurohypophyseal lesion. Histological di-
agnosis was pure germinoma in 5 patients and germinoma 
and mature teratoma in 1, and the diagnosis of all patients 
coincided with each other.

Clinical Course of the Patients with NGGCTs and 
Granulomatous Inflammation

The clinical features of 3 patients with NGGCTs are demon-
strated in Fig. 2 and Table 4. All of them fulfilled criteria 3 for 
negative tumor markers. Histological diagnosis was per-
formed with biopsy in 2 and resection of the large lesion in 
the anterior horn of the lateral ventricle in 1. Patients 1 and 
2 received 3 cycles of ifosfamide, cisplatin, and etoposide 
chemotherapy and radiation therapy to the craniospinal 
axis and local tumor site. Salvage surgery to residual ma-
ture teratoma were performed in patient 1. Patient 3 had 
bifocal and large intraventricular tumor. He had a neu-
rological exacerbation prior to surgery and underwent 

  
Table 1 Distribution of the method and site of tissue sampling

Endoscopic Biopsy Stereotactic  
Biopsy

Open Biopsy Tumor Resection Total

Number of 
Cases 

(%) Number of 
Cases 

Number  
of Cases 

(%) Number  
of Cases 

(%) Number  
of Cases 

(%)

Number  
of cases

 51  9  14  17  91 (2)  

Site of 
biopsy

Pineal 25 49.0 4 44.4 7 50.0 8 47.1 44 48.3 

Neurohy-
pophyseal

16 31.4 3 (1) 33.3 6 (1) 42.9 7 41.1 32 (2) 35.2 

Pineal and 
neurohy-
pophyseal

6 11.8 0 0.0 0 0 0 0.0 6 6.6 

Distant 4 7.8 2 22.2 1 7.1 2 11.8 9 9.9 

Parentheses = the number of patients whose histological diagnosis could not be established.
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emergency surgery but eventually died due to rapid pro-
gressive disease.

Two patients diagnosed with granulated inflammation 
received chemotherapy and radiation therapy because 
they were clinically diagnosed with germinoma. Neither of 
them had disease progression.

Morbidity and Mortality of Tissue Sampling

To elucidate the morbidity and mortality of tissue sampling, 
we analyzed the surgical complication of 86 of 91 patients 
who underwent tissue sampling (Supplementary Table 3). 
The data regarding surgical complications were not avail-
able in 5 patients from 3 institutions. None of the patients 
developed permanent or symptomatic complications due to 
endoscopic biopsy and stereotactic biopsy. By contrast, per-
manent or long-standing complications occurred in 1 (7.7%) 
of the 13 patients who underwent open biopsy and 3 (21.4%) 
of the 14 patients who underwent tumor resection. None of 
the patients died due to complications of tissue sampling, 
including craniotomy resection. From these findings, tissue 
sampling with endoscopic or stereotactic biopsy was con-
sidered as a safe procedure for patients with bifocal tumors, 
DI, and negative tumor markers.

  
Table 2 Histological diagnosis by definition of negative tumor markers

Criteria 1 (n = 19) Criteria 2 (n = 33) Criteria 3 (n = 37)

Number of Cases (%) Number of Cases (%) Number of Cases (%)

Pure germinoma 17 89.5 29 87.9 33 89.2 

Germinoma with STGC 1 5.3 2 6.1 0 0

Germinoma and mature teratoma 1 5.3 1 3.0 0 0

IMT 0 0 0 0 1 2.7

Germinoma and IMT and EC 0 0 0 0 1 2.7

EC 0 0 0 0 1 2.7

Granulomatous inflammation 0 0 1 3.0 1 2.7

Abbreviations: STGC = syncytiotrophoblastic giant cells; IMT = immature teratoma; EC = embryonal carcinoma.

  

  
Table 3 Histological diagnosis by the site of tissue sampling

Pineal Lesion  
(N = 50*)

Neurohypophyseal Lesion 
(N = 36*)

Distant Site  
(N = 9)

Number of Patients (%) Number of Patients (%) Number of Patients (%)

Pure germinoma 46 92.0 30 83.3 8 88.9 

germinoma with STGC 1 2.0 2 5.6 0 0.0 

Germinoma and mature teratoma 2 4.0 1 2.8 0 0.0 

IMT 0 0.0 1 2.8 0 0.0 

Germinoma and IMT and EC 0 0.0 0 0 1 11.1 

EC 1 2.0 0 0 0 0.0 

Granulomatous inflammation 0 0.0 2 5.6 0 0.0 

Abbreviations: STGC = syncytiotrophoblastic giant cells; IMT = immature teratoma; EC = embryonal carcinoma; *simultaneous tissue sampling of 
pineal and neurohypophyseal lesion in 6 cases.

  

  

Fig. 2 MR images of 3 cases with NGGCTs. (A) Patient 1: A 32-year-
old man with immature teratoma. (B) Patient 2: A 27-year-old man 
with embryonal carcinoma. (C) Patient 3: An 11-year-old boy with 
mixed GCTs of germinoma, immature teratoma, and embryonal 
carcinoma.
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Simultaneous Procedures for Acute 
Hydrocephalus

We also obtained the data on the procedure for acute 
hydrocephalus performed with tissue collection 
(Supplementary Table 3). Thirty-nine (45.3%) patients un-
derwent various procedures for acute hydrocephalus si-
multaneously. A total of 26 patients underwent endoscopic 
third ventriculostomy (ETV), 14 underwent continuous 
ventricular drainage (CVD), 3 underwent implantation of 
Ommaya reservoir, and 2 ventriculoperitoneal (VP) shunt. 
ETV was performed safely without permanent complica-
tions. CVD were transiently placed until hydrocephalus 
improved following the treatment of tumors. None of the 
patients developed infections, seizures, or bleeding during 
the transient placement of CVD. A  total of 37 of 39 (94.9 
%) patients did not require additional treatment for hydro-
cephalus, whereas 2 (7.7 %) required VP shunt after ETV 
(Supplementary Table 3).

Discussion

In this study, we demonstrated the result of histological diag-
nosis, the diagnostic rate and complication at biopsy proced-
ures, and the effect of simultaneous intervention for acute 
hydrocephalus in the cases with bifocal neurohypophyseal 
and pineal tumors, DI, and negative tumor markers.

Histological Diagnosis Before Initial Treatment

We analyzed the proportion of germinoma in the patients 
with AFP within normal value and undetectable HCG/HCG-
β in serum and CSF (criteria 1), AFP within normal value 
in serum and CSF and modestly elevated HCG/HCG-β in 
serum and/or CSF (criteria 2), or AFP within normal value 
and undetectable HCG/HCG-β in serum with incomplete 
assessment of tumor markers in CSF (criteria 3). In total, 
this study revealed that 92.1% of the patients were pure 
germinoma or germinoma with STGC on histological diag-
nosis. However, 3 (3.4%) patients had NGGCTs, including 
IMT; mixed GCT consisting of germinoma, IMT, and EC; and 
EC. This proportion was comparable to that of intracranial 
GCT, not limited to bifocal tumors, with AFP within normal 
value and HCG in serum and CSF (2.6%: 1 of 38 patients 
with germinoma and immature teratoma).6 The findings of 
MR images were reviewed to discriminate NGGCT from 
germinoma. Three patients with NGGCT did not have cer-
tain trends in MR images. One case had a homogeneous en-
hanced lesion, while the other 2 patients had intratumoral 
cyst formation (Fig. 2). As germinomas have cystic compo-
nents in 43–46%,16,17 this finding did not help the differen-
tial diagnosis. Ventricular enhancement was found in both 
tumor groups: 1 of 3 patients with NGGCTs and 28 of 84 
with germinomatous tumors in this study. These results 
suggested that diagnostic strategies based on radiological, 
serological, and clinical findings without histological diag-
nosis could lead to underdiagnosis, and that histological 
diagnosis was essential to establishing the optimal treat-
ment strategy. In the future, novel tumor markers should 
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be developed to distinguish germinoma from NGGCTs. In 
this regard, Aihara et al demonstrated the diagnostic value 
of placental alkaline phosphatase (PLAP) in CSF for the de-
tection of a germinoma component.18,19 Unfortunately, their 
reports did not include EC and few cases of IMT, and the 
presence of a malignant component in germinoma could 
not be predicted by measuring the PLAP in CSF.

Mixed GCTs consisted of germinoma and mature tera-
toma in 2.2% of the patients, which was comparable to that 
of the recent report.6 In that study, mixed germinoma and 
teratoma verified through central pathological review were 
reported in 3.6–5.0% of the patients with negative tumor 
markers. In clinical practice, there were no differences in 
treatment strategy between patients with a tumor-mature 
teratoma component and those without. If there were re-
sidual lesions after chemotherapy and radiation therapy, 
residual or growing tumors can be followed with a watch-
and-see strategy or can be resected safely to control the 
tumor.20–22

Granulomatous inflammation lacking a germinoma 
component was observed in 2 patients. The histological 
diagnosis of the tumors with significant infiltration of 
lymphocytes to germinoma are sometimes difficult to es-
tablish.23–26 Hence, infundibular neurohypophysitis, sar-
coidosis, and other idiopathic inflammatory disease must 
be differentiated in patients with neurohypophyseal lesion. 
To the best of our knowledge, no study has demonstrated 
that these diseases involved both the neurohypophyseal 
and pineal regions. In addition, a previous report sug-
gested that increased anterior pituitary size with stalk 
thickening is strongly suggestive of germinoma, not other 
inflammatory diseases.27 From these reports, the histolog-
ical diagnosis of “granulomatous inflammation” could be 
germinoma when bifocal lesion and stalk thickening are 
present. This does not mean that pathological examination 
is unnecessary but that a diagnosis was made based on 
both pathological findings of significant lymphocyte infil-
tration and radiological findings.

None of the patients in this study had a tumor other 
than GCTs. In previous studies,12,13 2 patients with prim-
itive neuroectodermal tumor and 1 with papillary tumor 
of the pineal region with bifocal lesions were reported, 
but all of them did not present DI. Similarly, a 15-year-old 
patient with bifocal tumor was excluded from this study 
due to the absence of DI. He had pineal mixed GCTs con-
taining teratoma with malignant transformation and pi-
tuitary prolactinoma. Although this case could be a rare 
collision tumor, it also suggested the diagnostic value of 
DI. Considering that most of the patients with neurohypo-
physeal germinoma have DI,28 presence of DI could pro-
vide an important clue to differentiate germinoma from 
pathologies other than GCTs. In summary, inflammatory 
disease and tumors other than GCTs can be excluded by 
radiological findings and the absence of DI, but it was diffi-
cult to differentiate NGGCTs from germinoma without his-
tological verification.

Consideration for Procedures for Histological 
Diagnosis and for Acute Hydrocephalus

The endoscopic and stereotactic biopsy for pineal or neu-
rohypophyseal tumors, and simultaneous procedures, has 

been considered to have acceptable diagnostic value and 
safety; however, these issues are not considered contro-
versial in this study. Consistent with previous reports,8,29,30 
the outcomes of these procedures were acceptable. We 
reviewed the data to elucidate whether the distribution of 
histological diagnosis was different based on the tissue 
sampling site. We were unable to determine the specific 
location where pathologies other than germinoma devel-
oped. It remains unclear whether simultaneous biopsies 
from pineal and neurohypophyseal lesion were recom-
mended or not. All 6 patients in whom simultaneous biop-
sies were performed had identical histological diagnosis, 
although histological diagnosis was not confirmed in most 
of the cases in this series.

This study included 17 tumor resections. As shown in 
Supplementary Table 2, the proportion of mixed tumor 
of mature teratoma, STGC, or NGGCT component with 
germinoma background was 4.3% and 18.8% in the bi-
opsy and tumor resection, respectively. This suggested 
that tumor resection could detect the component of ma-
ture teratoma, STGC, and NGGCT in the germinoma com-
ponent more frequently than biopsy. Because the presence 
of NGGCT, not mature teratoma or STGC, influences treat-
ment strategies, only 1 of 17 patients (5.9%) benefited from 
tumor resection over biopsy.

Moreover, data of patients with germinoma, germinoma 
with STGC, germinoma and teratoma with modest eleva-
tion of HCG/HCG-β, or incomplete examination of tumor 
marker in the CSF from the points of clinical outcomes were 
reviewed because most patients with histological evidence 
of germinoma were diagnosed using biopsy. This could 
have a sampling error problem. To test this, overall sur-
vival was analyzed in patients who received standard treat-
ment of reduced-dose radiation therapy and chemotherapy. 
Reduced-dose radiation therapy and chemotherapy were 
performed in 22 of 33 patients satisfying criteria 2 and 21 of 
37 patients satisfying criteria 3, respectively. Survival data 
were available in 17 patients of each group. Patients satis-
fying criteria 2 had a 5- and 10- year overall survival rate of 
100% and 89%, respectively, and 100% and 100%, respec-
tively, in patients satisfying criteria 3. One patient satisfying 
criteria 2 with pure germinoma died of recurrent immature 
teratoma. This finding suggested that a small proportion of 
patients with histological diagnosis of germinoma could 
have an unexpected clinical course, but most of these pa-
tients had a consistent course as those with germinoma.

Considering the high morbidity of tumor resection and 
the rarity of the patients who benefited from tumor resec-
tion in this study, a biopsy is recommended rather than 
tumor resection. However, this result should be considered 
carefully because the neurosurgeons in Japan have more 
opportunities to master performing endoscopic biopsy 
for pineal and neurohypophyseal tumors because of the 
higher incidence of GCTs. The indication for biopsy might 
differ according to the availability of experts in the area 
where the patient might present in the world.

Limitations

Certain limitations should be noted in this study. First, our 
data were collected retrospectively, so that the measure-
ment of tumor markers including the source of samples and 
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the detection threshold for HCG and its β-subunit, the sur-
gical procedure and site of tissue sampling, and criteria of 
histological diagnosis were not standardized. Second, this 
cohort included heterogeneous cases based on 3 different 
criteria for negative tumor markers. Considering that 3 pa-
tients with NGGCT had incomplete CSF examination (cri-
teria 3), incomplete estimation of the CSF tumor markers 
could possibly lead to the incorrect inclusion of positive 
tumor markers in this study. To verify this, data of the pa-
tients satisfying criteria 3 were reviewed. This group had 
33 patients without data of AFP and HCG/HCG-β in the CSF 
(Supplementary Table 1). As for the value of AFP in CSF, the 
value in serum was higher than that in the CSF,31 and all 30 
patients with AFP within normal value in serum had AFP 
within normal value in the CSF.6 Based on these facts, AFP 
in the CSF seemed likely to be negative in patients who ful-
filled criteria 3. As for the value of HCG/HCG-β in CSF, the 
value of HCG/HCG-β in serum was lower than that in the 
CSF,31 so that Patients 2 and 3 in Table  4 could have had 
higher HCG/HCG-β value in the CSF than the threshold of 
modest elevation of HCG/HCG-β. Similarly, 33 of 37 patients 
satisfying criteria 3 did not have the data of HCG/HCG-β in 
the CSF, and they may have higher HCG/HCG-β value in 
the CSF. However, it seemed unlikely because linear correl-
ations were found between the CSF and serum HCG-β value 
after logarithmic transformation and all 16 patients with low 
HCG levels (<1 mIU/mL) in serum had HCG levels <50 mIU/
mL in the CSF (0.1–32.4 mIU/mL, median: 0.6 mIU/mL).6 In 
this manner, HCG levels of Patients 2 and 3 and 33 patients 
without the data of HCG/HCG-β in CSF could be <50 mIU/
mL. We presumed that this study included patients with AFP 
within normal value and undetectable HCG/HCG-β in both 
serum and the CSF or that those with AFP within normal 
value in both serum and the CSF had modestly elevated 
HCG/HCG-β in serum and/or the CSF.

Conclusion

This study reports a novel finding that all cases with the 
bifocal tumors with DI and negative tumor markers were 
GCTs or granulomatous inflammation, but not other types 
of tumors. However, it is noteworthy that no fewer than 
3.4% of the patients who fulfilled the 3 criteria had NGGCT. 
Since biopsy had high diagnostic rate and low morbidity 
and can also treat acute hydrocephalus safely, we recom-
mend histological diagnosis in patients with bifocal tu-
mors, DI, and negative tumor markers.

Supplementary Material

Supplementary data are available at Neuro-Oncology 
online.
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