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Abstract
Background Intracranial germ cell tumors (GCTs) frequently
take an insidious clinical course before diagnosis. To date,
clinical latency has been discussed in the context of
germinoma in the suprasellar area and basal ganglia.
Objective In this study, we classified the clinical latency of
intracranial GCTs into three categories and described their
characteristics in order to understand the full spectrum of the
phenomenon.
Methods In a cohort of 181 patients with intracranial GCTs,
17 patients had a delayed diagnosis of more than 3 months
(90 days) from the initial brain magnetic resonance imaging
to the definitive GCT diagnosis. Clinical records and radio-
logical data of the patients were reviewed.
Results The patients with a delayed diagnosis were catego-
rized into three groups according to their tumor location:
suprasellar (nine patients), basal ganglia (six patients), and
pineal (two patients). Initial symptomatology corresponded
with the tumor location: central diabetes insipidus for the
suprasellar group, hemiparesis for the basal ganglia group,
and precocious puberty for the pineal group. The overall
survival of patients with germinoma and delayed diagnosis

was significantly shorter than that of patients who were diag-
nosed within 3 months (P=0.002).
Conclusions Clinical latency and delayed diagnosis are not
restricted to germinomas in the suprasellar area and basal
ganglia; they are canonical features of intracranial GCTs
including pineal non-germinomatous GCTs. Early detection
and proactive diagnosis of these tumors are required because
diagnosis delay may negatively influence patient survival.
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Introduction

Intracranial germ cell tumor (GCT) is an important pediatric
brain tumor. It is more prevalent in East Asian countries
where intracranial GCTs occupy around 10 % of all
pediatric brain tumors [1]. Intracranial GCTs predominantly
develop in specific sites, notably in the suprasellar area, pineal
region, and basal ganglia [2, 3]. All of these structures are
situated around the third ventricle, overlying the hypothala-
mus, which governs the endocrine and vegetative functions of
the body. The symptoms and signs of intracranial GCTs,
depending on the location and size of the tumors, include
headaches, visual disturbances, and endocrinopathy. For
patients with a GCT in the basal ganglia, progressive
hemiparesis is also a common complaint [4]. Intriguingly,
intracranial GCTs have a tendency to progress insidiously,
and many patients show a long symptomatic period before
GCT diagnosis [5]. A protracted course of disease can be
observed from symptom onset to the overt manifestation of an
intracranial GCT [6, 7]. These patients are characterized
by normal or slightly abnormal neuroimaging findings at
presentation, a long symptomatic period, and a delay in
the diagnosis, often more than several years. Occasionally,
patients exhibit only a loss of the bright signal intensity of
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the posterior hypophysis on the T1-weighted magnetic
resonance (MR) images, which represents the nonspecific
finding of central diabetes insipidus (CDI) [7]. This type
of clinical latency is challenging because surgical biopsy
cannot be performed unless there is a highly suspicious
contrast-enhancing lesion on neuroimaging. To date, experi-
ences of GCT latency have been restricted to germinomas
developing in the suprasellar area or basal ganglia, and
to our knowledge, there have been no reports of a pineal
GCT latency.

In this study, we assessed the clinical latency and delayed
diagnosis of intracranial GCTs in a large cohort of patients.
We found 17 patients with an intracranial GCT that had a
delayed diagnosis of more than 3 months because the initial
MRI provided no definitive clinical decision to perform a
surgical biopsy. We categorized these patients into three
groups according to the tumor location and analyzed their
pattern and clinical features. Interestingly, two patients with
a delayed diagnosis had a pineal non-germinomatous GCT
(NGGCT). This study demonstrated that latency and delayed
diagnosis are not restricted to suprasellar or basal ganglia
germinomas, but these are fundamental characteristics of
intracranial GCTs, including pineal NGGCTs.

Methods

Patient selection

The Institutional Review Boards of the Seoul National Uni-
versity Hospital approved this study protocol. We searched the
electronic patient databases of our institution for patients who
were diagnosed with intracranial GCTs. The databases
nonselectively included all the patients who checked into the
Seoul National University Children’s Hospital and the Seoul
National University Hospital. We limited our search to the
period between January 1998 and December 2010 because
the radiological and clinical records for patients enrolled before
1998 were not fully digitalized and many of them were not
available for review. We excluded metastatic germ cell tumors.
Within the study period, 181 patients were clinically diagnosed
with intracranial GCTs. Pineal region (N=81; 44.8 %) was the
most common tumor location, followed by the suprasellar
region (N=38; 21.0 %), basal ganglia (N=29; 16.0 %), bifocal
presentation in both suprasellar and pineal regions (N=23;
12.7%), and other regions (N=10; 5.5%). The detailed clinical
characteristics of these patients were described in a previous
study [8].

In the patient cohort, we investigated the period between
initial symptom onset and the definitive intracranial GCT
diagnosis (prodrome I). We then calculated the time interval
between the initial brain MRI and the definitive diagnosis
(prodrome II). The time at which a definitive diagnosis was

made was determined as the day the tissue biopsy was
performed or when elevated levels of tumor markers [i.e.,
beta-human chorionic gonadotropin (β-HCG) and/or alpha-
fetoprotein (AFP)] sufficient for a diagnosis of GCTwithout
biopsy were documented in either serum or cerebrospinal
fluid (CSF). As expected, prodrome I (median, 2 month;
range, 0–86 months) was more variable than prodrome II
(median, 0 month; range, 0–64 months) according to the
tumor location, the type and severity of symptoms, and the
patients’ access to medical resources. Prodrome II was
shortened because a tumor marker study and/or surgical
biopsy are readily performed if a suspicious lesion is found
in the MRI. In 160 patients (88.4 %), a definitive diagnosis
was made within 3 months (90 days) of the initial brain MRI
assessment. Twenty-one patients (11.6 %) had more than
3 months of prodrome II (Fig. 1). We excluded four patients
from a delayed diagnosis group because a surgical biopsy
could not be performed due to the refusal of the patient or
medical comorbidity although it was strongly recommended
before 3 months from initial MRI. Therefore, 17 patients
(9.4 %) had their diagnosis delayed more than 3 months
from the initial MRI. The yearly distribution of patients with
a delayed diagnosis is depicted in Fig. 2. There was a clear
decrease of incidence of delayed diagnosis after 2007.

Review of medical record

The medical records of the 17 patients, including radiological
images, surgical records, and laboratory data, were collected
and reviewed. The patients were categorized into three groups
based on the tumor location: suprasellar, pineal, and basal
ganglia. Patients with bifocal tumors (i.e., in both suprasellar
and pineal areas) were grouped with patients with suprasellar
tumors because of their similar symptomatology and initial
radiological findings. The clinical features of the groups
were described separately. Radiological images were
reviewed by neuroradiologists (Kim I-O and Cheon J-E).
The brain MRIs of patients with basal ganglia GCTs were
classified according to a previously proposed scheme [9]:
type I, a subtle patchy lesion mainly visible in T2-
weighted images with faint or no contrast enhancement;
type II, a small lesion (<3 cm in diameter) with contrast
enhancement; type III, a small lesion with subependymal
seeding and contrast enhancement; and type IV, a large
lesion (≥3 cm in diameter).

If pathologic polyuria (exceeding 2 L/m2/24 h) was
present, a CDI diagnosis was established if the serum
osmolality was greater than 300 mOsm/kg and the urine
osmolality was less than 300 mOsm/kg. Precocious puberty
was defined as the onset of secondary sexual characteristics
(i.e., breast development in girls and testis and/or phallus
enlargement in boys) before 8 years in girls and 9 years
in boys [10].
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Acquisition of survival data and statistical analysis

The survival data of patients with germinoma (N=119;
including 13 patients with a delayed diagnosis) were
acquired from the medical records. The event-free sur-
vival (EFS) was defined as the time interval from the
day in which a clinical diagnosis was made to the date
of the documentation of disease progression or develop-
ment of life-threatening treatment-related complications,
whichever came first. The overall survival (OS) was

defined as the time interval between the day of a
clinical diagnosis to the date of death or March 21,
2013, whichever came first.

For a nonparametric test for continuous variables
between three groups, a Kruskal–Wallis test was ap-
plied. A Kaplan–Meier method was used for survival
analyses and a log-rank test was used for comparison of
EFS and OS between groups. All P values were two-
sided and significance was set at P=0.05. MedCalc
version 12.4.0 (MedCalc, Ostend, Belgium; a free-trial

Fig. 1 Distribution of a
prodrome I (interval from
symptom onset to definitive
diagnosis) and b prodrome II
(interval from initial MRI to
definitive diagnosis) in 181
patients with intracranial
GCTs
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version) was used for Kruskal–Wallis test, and IBM
SPSS version 19.0 software (IBM, Armonk, NY) was
used for log-rank tests.

Results

Location, age, and sex

For the 17 patients with a delayed diagnosis, the location of the
tumor at the time of the definitive diagnosis was as follows:
suprasellar area (9 patients including 3 patients with bifocal
tumors), basal ganglia (6 patients), and pineal region (2 pa-
tients). The proportion of a delayed diagnosis in each
location group was 14.8 % [9/(38+23)] for the suprasellar
group including bifocal tumors, 20.7 % (6/29) for the basal
ganglia group, and 2.5 % for the pineal group (2/81).

Four patients were female, and 13 patients were male. The
median age at diagnosis was 13 years (range, 8–29 years). The
distribution of sex and age was highly associated with tumor
location. The four female patients had suprasellar GCTs,
whereas all the patients with basal ganglia and pineal GCTs
were male. The clinical characteristics of the 17 patients are
summarized in Table 1.

Symptomatology

The initial symptoms and signs were associated with the
tumor location groups. Eight patients with suprasellar GCTs
(including two patients with bifocal GCTs) presented with
polyuria and polydipsia, which is indicative of CDI. One
patient who later developed bifocal GCTs presented with
blurred vision without CDI. Five patients with basal ganglia
GCTs initially developed hemiparesis, and one patient
presented with recurrent vomiting and hiccups. Two patients
with pineal GCTs initially sought medical attention because
of precocious puberty.

Initial MRI and progression

In the suprasellar group, an initial brain MRI showed no
specific abnormality in one patient, bright signal loss of the
posterior hypophysis only in two patients, and a thickened
pituitary stalk (TPS) in six patients (i.e., equivocal thicken-
ing in three patients and overt thickening in three patients).
In the basal ganglia group, all the patients demonstrated
lesions in the basal ganglia. Five patients had subtle
non-enhancing lesions that corresponded to type I tumors
and one patient had small contrast-enhancing lesions that
corresponded to type II tumors. The initial brain MRIs of
the two patients in the pineal group revealed no specific
abnormalities.

All the patients had at least one more MRI examination
before the definitive diagnosis (median number of brain
MRIs, 3; range, 2–5). The median interval between the
initial MRIs and the definitive diagnosis (prodrome II) was
13 months (range, 3–64 months). There was no significant
difference in prodrome II among the three location groups
(P=0.664; Kruskal–Wallis test).

Fourteen patients showed disease progression during
the radiological follow-up. In the suprasellar group, five
patients later developed a suprasellar mass or a more
prominent TPS. One patient with an initial loss of the
bright signal of the posterior hypophysis developed bifo-
cal tumors 7 month later. Two patients with an equivocal
TPS at presentation developed bifocal tumors 8 and
24 months later. One of the patients also had multiple
subependymal seedings at follow-up (Fig. 3). One patient
had no change in an overt TPS for 3 months before the
definitive diagnosis. In the basal ganglia group, four
patients with initial type I lesions developed contrast-
enhancing lesions after 9–30 months. Two of these pa-
tients had bilateral basal ganglia lesions and later devel-
oped subependymal seedings (Fig. 4). The patient with
initial type II lesions had no change in the initially

Fig. 2 Year-to-year distribution
of patients with a delayed
diagnosis from 1998 to 2010.
The designated year is when
each patient’s initial MRI was
obtained
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detected basal ganglia lesions for 15 months. The two
patients in the pineal group developed a pineal mass 10
and 26 months after the initial normal MRI.

Tumor markers

An initial serum tumor marker (i.e., β-HCG and AFP) study
was performed in seven patients (i.e., three in the suprasellar
group, two in the pineal group, and two in the basal ganglia
group). The initial CSF tumor marker levels were measured

in one patient with overt stalk thickening. All the initial
tumor marker studies were within the normal limits except
for one patient in the pineal group who had an elevated
serum β-HCG level (46 mIU/ml).

At the definitive diagnosis, the serum tumor marker study
was performed in all patients and the CSF tumor marker
levels were evaluated in 12 patients. In the suprasellar
group, the serum and CSF tumor marker levels were within
normal limits in 7 patients. One patient (case no. 1) had
elevated serum and CSF β-HCG and one patient with

Fig. 3 Serial MRIs of a 15-year-
old boy presenting with polyuria
and polydipsia (case no. 4).
a An initial T1-weighted MR
image shows the loss of the
hyperintense signal of the
posterior hypophysis (arrow).
b The pituitary stalk showed an
equivocal thickening and
enhancement on a contrast-
enhanced T1-weighted image,
but c there was no remarkable
change after 1 year of follow-up.
d The MRI at the 2-year follow-
up reveals a thickened pituitary
stalk (arrow) and seeding in the
third ventricle (arrowhead)

Fig. 4 MRIs of a 13-year-old
boy presenting with hemiparesis
(case no. 12). b An initial T2-
weighted image reveals small
patchy lesions in the bilateral
basal ganglia. There is also a
mild focal thickening of the
interventricular septum.
b The MRI after 30 months
demonstrates a large contrast-
enhancing mass in the right basal
ganglia and seeding in the
interventricular septum (arrow)
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bifocal mixed GCT (case no. 9) had elevated serum β-HCG
and AFP. In the basal ganglia group, the serum tumor
markers were normal in five patients at definitive diagnosis.
Two patients (case no. 10 and 11) had slightly elevated CSF β-
HCG levels (14 and 12 mIU/ml, respectively) and one patient
(case no. 12) had highly elevated β-HCG levels (serum, 92
mIU/ml; CSF, 810mIU/ml) at definitive diagnosis. One patient
with a pineal choriocarcinoma demonstrated an exponential
increase in serum and CSF β-HCG levels. The other patient
with a pineal immature teratoma had elevated β-HCG (serum,
13.2mIU/ml; CSF, 31.1mIU/ml) and AFP (serum, 62.6 ng/ml;
CSF, 68.8 ng/ml) levels at the definitive diagnosis.

Diagnosis

Fifteen patients underwent a scheduled surgical biopsy. The
surgical approach was mainly determined by the tumor loca-
tion and topology. For patients in the suprasellar group,
open (three patients), endoscopic (three patients), and
transsphenoidal (two patients) biopsies were applied. All basal
ganglia lesions were biopsied via a stereotactic method. One
patient with a pineal lesion received an endoscopic biopsy.
The other patient with a pineal lesion received an urgent tumor
resection due to tumor bleeding. One patient was diagnosed
with a mixed GCT without a surgical biopsy due to highly
elevated serum and CSFAFP levels. CSF cytological analyses
were performed in four patients before the definite diagnosis
of GCT, and all were negative for malignant cells.

Thirteen patients were eventually diagnosed with a
germinoma. All the patients in the suprasellar group (including
the two bifocal) were diagnosedwith a germinoma except for the
patient described above with bifocal mixed GCTs. Five patients
with basal ganglia tumors had a germinoma, and one patient had
bilateral mixed GCTs. Two patients with pineal tumors were
diagnosed with a choriocarcinoma or an immature teratoma.

Pineal GCT with precocious puberty

Two boys who presented with precocious puberty initially had
nondiagnostic brain MRIs and later developed pineal GCTs. A
7-year-old boy (case no. 16) visited the hospital for the evalu-
ation of an enlarged phallus and voice change. He had serum
testosterone values in the early pubertal range. However, the
peak levels of luteinizing hormone and follicle-stimulating
hormone after stimulation with gonadotropin-releasing hor-
mone (GnRH) were in the prepubertal range. Thus, he was
diagnosed with peripheral precocious puberty and began taking
medroxyprogesterone. Although the serum β-HCG level was
elevated to 46 mIU/ml, the initial brain MRI showed no abnor-
mal contrast-enhancing lesions. A nodular enhancement was
observed in the pineal area, concordant with normal pineal
enhancement. Serial serum β-HCG levels fluctuated between
30 and 50 mIU/ml during 6 months of follow-up, and the

second follow-upMRI showed no pineal enhancement change.
At the 8 months of follow-up, the serum and CSF β-HCG
levels had risen to 397 and 933 mIU/ml, respectively. The
serum and CSF AFP levels were within the reference value
range. Two months after the second MRI, he was transferred to
the emergency room for a sudden headache and drowsy men-
tality. Computed tomography (CT) scans revealed an acute
intraventricular hemorrhage (IVH) and hydrocephalus.
Extraventricular drainage was immediately performed. A brain
MRI showed an IVH and a hemorrhagic mass in the pineal
area (Fig. 5). The serum β-HCG level was elevated to
11,510 mIU/ml. The pineal mass was subtotally removed,
and a pathological examination revealed a choriocarcinoma.

The other patient, a 6-year-old boy (case no. 17), developed
pubic hair and an enlarged phallus. He was administered
medroxyprogesterone for peripheral precocious puberty. No
other causes of peripheral precocious puberty, such as adrenal
or testicular disorders, were found. His β-HCG serum level
(11 mIU/ml), which was slightly higher than the reference
value at our institution (<10 mIU/ml), decreased to the normal
range 1 year later. His pubertal signs gradually progressed,
and gonadotropin showed pubertal response after GnRH
stimulation at age 10 years. Because central precocious
puberty followed peripheral precocious puberty, he was
administered a GnRH agonist. The initial MRI and regular
follow-up showed no abnormal contrast enhancement. Serum
tumor markers remained within the normal limits during
GnRH agonist therapy for the progressive central precocious
puberty. At age 13 years, he suddenly developed headache,
nausea, and diplopia. A brain MRI showed a large contrast-
enhancing mass with a honeycomb structure in the pineal area
and accompanying hydrocephalus. His serum AFP level was
62.6 ng/ml (reference value of our institution, <20 ng/ml), and
his serum and CSFβ-HCG levels were 13.2 and 31.1mIU/ml.
Endoscopic third ventriculostomy and tumor biopsy were
performed. The pathological examination revealed a mature
teratoma. Two weeks later, the patient received radical tumor
resection and the pathological examination of the tumor
revealed a Norris grade I immature teratoma.

Survival of patients with germinoma

In the whole patient cohort, 119 patients were diagnosed
with germinoma. The survival of patients with germinoma
and a delayed diagnosis (N=13) was compared with those of
patients who were diagnosed within 3 months (N=106).
There were only four patients with NGGCT in the delayed
diagnosis group, and the diagnoses were also heterogeneous;
no comparison of survival for NGGCTwas made. There was
no significant difference in EFS between the two groups
(P=0.221; log-rank test). However, the OS of germinoma
patients with a delayed diagnosis was significantly shorter
than those of other germinoma patients (P=0.002; Fig. 6).
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Discussion

Delay in the diagnosis is commonly observed for pediatric
brain tumors [11]. Flores et al. [12] reported that delay in
diagnosis was more significant for brain tumors than for
other childhood malignancies. Young-age onset and atypical
symptomatology may be the primal causes of delayed diag-
nosis, along with the lack of vigilance of medical personnel
[13]. Sometimes, the indolent nature of brain tumor itself
adds further difficulties to timely diagnosis of patients. The
long-term latency of intracranial GCTs before diagnosis has
been of interest to neuro-oncologists and endocrinologists.
Suprasellar germinoma is the prototype of GCT latency. The
association of CDI, thickening of the pituitary stalk, and
normal serum tumor markers has been well-recognized, and
together they constitute a syndrome of “occult” suprasellar
germinoma. Mootha et al. [14] described six patients with
occult suprasellar germinoma. Three of the patients had a
TPS, but the initial MRIs of the three other patients were
normal. The median time from presentation to the follow-up
MRI with a notable change was 9.5 months (range, 3–
14 months). Kato et al. [7] reported three patients in whom
the initial MRI revealed only a loss of bright signal in the
posterior hypophysis on T1-weighted images. Abnormal
contrast-enhancing lesions appeared on the follow-up MRI

after 12–50 months. Loss of the normal hyperintense signal
of the posterior hypophysis may be an early sign of occult
germinoma, but it is a nonspecific CDI finding [15–17].

In our study, the suprasellar group outnumbered the basal
ganglia and pineal groups. The majority (eight patients) of
the suprasellar group presented with CDI. It is known that
30–40 % of patients presenting with idiopathic CDI later
progress to tumorous conditions such as germinoma or
Langerhans cell histiocytosis [18, 19]. The serum β-HCG
and AFP levels observed at initial presentation (three patients)
and at the time of the surgical biopsy (seven patients) were
within the normal range. Mootha et al. [14] also reported
normal serum β-HCG levels in all patients with occult
suprasellar germinoma. Interestingly, they reported an elevated
CSF β-HCG level in one patient with a slightly thickened
pituitary stalk at initial presentation. The authors further
recommended a routine CSF examination for tumor markers
and cytology when evaluating patients presenting with CDI
and normal MRI or a TPS. However, it is unclear whether the
CSF β-HCG study is helpful for the early diagnosis of
germinomas in patients with CDI and a normal MRI or only
a loss of the hyperintense signal of the posterior hypophysis.
Leger et al. [20] recommended repeated MRI and tumor
marker studies during the first 3 years following CDI onset
because idiopathic TPS tended to spontaneously resolve, while

Fig. 5 Serial MRIs of an 7-year-
old boy presenting with
precocious puberty (case no. 16).
a A contrast-enhanced T1-
weighted image at initial
presentation shows a slight
prominent enhancement of the
pineal gland (arrow); however, it
is compatible with normal pineal
enhancement. b The MRI after
8 months shows virtually no
significant change of the pineal
area, but for a slightly
prominent enhancement
pattern. c A CT scan at the
catastrophe after 10 months
of initial presentation shows
bleeding in the pineal area
and intraventricular
hemorrhage. d A contrast-
enhanced T1-weighted image
reveals a hemorrhagic mass
in the pineal area
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the TPS of tumorous conditions progressed within 1.8±
1.6 years from the initial neuroimaging study. However, it is
precarious to establish a time limit for radiological follow-up
due to the report of a patient who developed a suprasellar
germinoma 9 years after CDI onset and 4.5 years after the
appearance of a TPS [21].

One interesting finding is that two patients who presented
with CDI later developed bifocal GCTs in the suprasellar and
pineal regions. The initial MRIs of these patients showed only
the loss of a hyperintense signal in the posterior hypophysis or
equivocal TPS. Bifocal tumor presentation in the suprasellar
and pineal regions has been an unexplained phenomenon of

intracranial GCT [22, 23]. Simultaneous tumor developments
in both areas and metastasis from one site to the other have
been proposed as the pathogenesis of bifocal tumors [24]. In
our previous study, we supposed that metastatic spread is more
likely than simultaneous development based on the demo-
graphic data and the high ventricular seeding rate in patients
with bifocal GCTs [8]. The two patients who presented with
CDI and developed bifocal tumors months later in this study
may support the metastatic hypothesis of bifocal GCT. One of
the patients developed multiple subependymal seeding, which
also adds supporting evidence to this hypothesis.

Basal ganglia GCTs are also notorious for latent clinical
courses and subtle imaging findings that prevent timely diag-
noses [4, 25]. One study reported an 8-year asymptomatic
history after the detection of a unilateral calcification in the
basal ganglia that later progressed to a germinoma [26]. We
previously reported the clinical course of 17 patients with
basal ganglia germinoma and classified the initial MRI pat-
terns [9]. Patients with subtle, non-enhancing abnormalities in
the basal ganglia (so-called type I lesions) required a signifi-
cantly longer time from the initial MRI to the pathological
diagnosis. This situation is similar to suprasellar GCTs pre-
senting with CDI and only the loss of a hyperintense signal of
the posterior hypophysis. If a patient presents with hemiparesis
and the MRI shows only a subtle abnormality of the basal
ganglia in T2-weighted images, an urgent surgical biopsy may
not be easily recommended. The usually normal serum tumor
markers also provide little help in this situation. However,
basal ganglia GCTs frequently show ancillary MRI findings
such as atrophy of the basal ganglia and cerebral peduncle [27,
28]. These findings may be of great use in the early diagnosis
of basal ganglia GCTs with subtle abnormalities [9]. Further
investigations including 11C-methionine positron emission
tomography and CSF tumor marker study could be useful
for early diagnosis [25, 29].

Clinical latency and diagnostic delay may not be synony-
mous because the latter results from either the intrinsic char-
acteristics of GCTs or from inappropriate application and
interpretation of work-ups by clinicians. Actually, some of
the patients in our study had a gadolinium-enhancing lesion
on the initial MRI: three patients in the suprasellar group had
overt TPS and one patient in the basal ganglia group had small
enhancing nodules (type II lesion). Clinical experience of
these patients may enable clinicians to cope with ambiguous
MRI properly. We observed a clear decrease of the incidence
of delayed diagnosis after 2007. This could be attributed to
enhanced knowledge and vigilance of primary physicians on
the disease who immediately refer suspicious patients to neu-
rosurgeons. In our study, the survival outcome of 13 patients
with germinoma and delayed diagnosis was significantly
worse than those of the other 106 patients with germinoma
who were diagnosed within 3 months from initial MRIs. It is
possible that clinical factors other than diagnostic delay may

Fig. 6 Kaplan–Meier survival plots of a EFS and b OS for 119 patients
with germinoma, including 13 patients with a delayed diagnosis and the
other 106 patients in whom diagnosis was made within 3 months from
initial MRI
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influence the patients’ survival. However, it is also noteworthy
that three germinoma patients who expired during the follow-
ups developed overt tumor masses after diagnostic delay,
whereas all patients without prominent changes on follow-
up MRIs were alive (see Table 1). Therefore, proactive appli-
cation of surgical biopsy is recommended for the patients with
overt enhancing lesions because diagnostic delay can influ-
ence the survival of patients.

Two patients presented with precocious puberty and later
developed overt pineal GCTs. Furthermore, they had an
NGGCT and not a germinoma. To the best of our knowledge,
this pattern of latency has not been reported for intracranial
GCTs. Although the pineal gland of the patient with chorio-
carcinoma was slightly prominent, the initial MRI of this
patient was essentially nondiagnostic. The rising β-HCG
levels raised clinical suspicion; however, an open or stereo-
tactic biopsy may be a challenging option for such a small,
deep-situated area. The abrupt enlargement and spontaneous
bleeding of a tumor after a rather long radiological latency is
intriguing. These two patients present a novel clinical pattern
of intracranial GCTs and demonstrated that the GCT clinical
latency is not restricted to suprasellar and basal ganglia
germinoma, and it is a general feature of intracranial GCTs
in all locations.

At present, clinical latency mechanism of intracranial
GCTs is unknown. Oosterhuis et al. [30] clarified that GCTs
found in the whole body are strictly coordinated by
genetic/epigenetic programs of germ cell development. The
majority of intracranial GCTs arise in late childhood and
during the teenage years. It is also noteworthy that intracranial
GCTs differ in the age of onset and location according to the
patient’s sex—female patients are younger than male patients
at diagnosis. Ectopic primitive germ cells in the brain can
proliferate at the original site, causing various site-specific
symptomatologies; however, they may need further environ-
mental cues, i.e., hormonal stimulation, to unleash full-blown
tumorigenesis when the patient reaches a critical age thresh-
old. Precocious puberty in GCTs is generally attributed to the
secretion of β-HCG from the tumor; however, precocious
puberty itself may precipitate the development of GCT in
cases with initial normal MRIs and normal β-HCG levels.
Whether these conjectures are true needs to be verified in
further research.

Conclusions

About 10 % of patients with intracranial GCTs present
with insidious symptoms, and the diagnosis is delayed.
Clinical latency and delayed diagnosis are not restricted
to germinomas in the suprasellar area and basal ganglia.
They are canonical features of intracranial GCTs including
pineal non-germinomatousGCTs. Early detection and proactive

diagnosis of these tumors are required because diagnosis delay
may negatively influence patient survival.
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