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Abstract
Purpose  Malignant intracranial germ cell tumors (GCTs) are rare diseases in Western countries. They arise in midline struc-
tures and diagnosis is often delayed. We evaluated imaging characteristics and early tumor signs of suprasellar and bifocal 
GCT on MRI.
Methods  Patients with the diagnosis of a germinoma or non-germinomatous GCT (NGGCT) who received non-contrast 
sagittal T1WI on MRI pre-therapy were included. Loss of the posterior pituitary bright spot (PPBS), the expansion and size 
of the tumor, and the expansion and infiltration of surrounding structures were evaluated. Group comparison for histologies 
and localizations was performed.
Results  A total of 102 GCT patients (median age at diagnosis 12.3 years, range 4.4–33.8; 57 males; 67 in suprasellar local-
ization) were enrolled in the study. In the suprasellar cohort, NGGCTs (n = 20) were noticeably larger than germinomas 
(n = 47; p < .001). Each tumor showed involvement of the posterior lobe or pituitary stalk. A PPBS loss (total n = 98) was 
observed for each localization and entity in more than 90% and was related to diabetes insipidus. Osseous infiltration was 
observed exclusively in suprasellar GCT (significantly more frequent in NGGCT; p = .004). Time between the first MRI and 
therapy start was significantly longer in the suprasellar cohort (p = .005), with an even greater delay in germinoma compared 
to NGGCT (p = .002). The longest interval to treatment had circumscribed suprasellar germinomas (median 312 days).
Conclusion  A loss of the PPBS is a hint of tumor origin revealing small tumors in the neurohypophysis. Using this sign in 
children with diabetes insipidus avoids a delay in diagnosis.

Keywords  Pituitary gland · Posterior pituitary bright spot loss · Germ cell tumor · MRI · Imaging · Child · Pediatric · 
Diabetes insipidus
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Introduction

Intracranial malignant germ cell tumors (GCTs) are a rare 
disease in European countries. There is a slightly higher 
incidence in boys, with a median age at diagnosis of 11.4 
years (for girls, 9.8 years) and a 5-year survival rate of 85% 
[1]. The World Health Organization (WHO) -classification 
of central nervous system tumors divides histologically 
between malignant germinoma and non-germinomatous 
germ cell tumors (NGGCT) [2]. Where intracranial GCTs 
originate is not yet clarified. There are two main theories, 
one that hypothesizes the mismigration of primordial germ 
cells along the sympathetic trunk in the midline of the 
body in the human embryo and the other that suggests the 
transformation of endogenous brain cell progenitors [3–6]. 
Intracranial GCTs are primarily located in the pineal gland, 
followed by the suprasellar region [7]. In Western countries, 
the bifocal localization (suprasellar and pineal tumor pro-
portion) is more frequent than in East Asia [8].

The posterior pituitary gland (neurohypophysis) devel-
ops from the hypothalamus and is divided into the intrasel-
lar pars nervosa and the infundibulum (pituitary stalk). The 
pars nervosa is composed of axonal terminations of neurons 
and pituicytes. Moreover, it secretes the hormones oxytocin 
and vasopressin, which can be visualized on T1WI in MRI. 
Radiologically the preserved posterior pituitary bright spot 
(PPBS) demonstrates the integrity of the neurohypophy-
sis. GCT patients with tumors involving the hypothalamo-
neurohypophyseal axis often present with endocrinopathies, 
most commonly diabetes insipidus (DI), and visual distur-
bances [9]. The disturbed secretion of vasopressin can lead 
to both the clinical manifestation of DI and, on MRI, to a 
loss of PPBS. That a loss of the PPBS is associated with DI 
which may indicate a suprasellar GCT has been the object 
of small suprasellar germinoma cohorts in the past [10–14]. 
Nevertheless, a delay in diagnosis of suprasellar GCT has 
been frequently reported [15, 16]. But early tumor diagnosis 
is important, because the risk of dissemination is increased 
with prolonged symptom intervals [17].

Therefore, we evaluated cranial MRI scans for the PPBS 
sign in a large Western European cohort of malignant GCT 
involving the hypothalamo-neurohypophyseal axis. We 
hypothesize that the loss of the PPBS is an early radiologi-
cal tumor maker. We also investigated whether the localiza-
tion of small tumors provides an indication of the site of 
origin of GCTs.

Materials and methods

Patients

In this retrospective evaluation only GCT patients with 
given written consent (by patients or parents) to the SIOP-
CNS-GCT-96 or SIOP-CNS-GCT II trial were included. The 
detection of an intact PPBS is based ideally on unenhanced 
thin sagittal T1WI. Between August 2006 and December 
2019 there were 102 bifocal and suprasellar GCT patients 
with a pre-treatment MRI, including a sagittal non-contrast 
T1WI, in the database of the National Reference Center for 
Neuroradiology. The tumor entity was confirmed by histol-
ogy or tumor markers (alpha-1-fetoprotein > 25ng/mL and/
or human chorionic gonadotropin > 50 IU/L) in at least 
one serum/cerebrospinal fluid compartment [18]. Patient’s 
symptoms at diagnosis like diabetes insipidus (DI), endo-
crinological dysfunction or disturbances of visual capacity 
were documented when available.

Imaging

The MRI data originated from multiple treating hospitals 
with differences in MRI scanner manufacturers and field-
strength. Two neuroradiologists (M. W.-M.,  A. S.) sepa-
rately evaluated the tumor expansion, the presence of the 
PPBS and affection of surrounding structures. In cases of 
disagreement consensus reading was performed.

The tumor volume was measured in three orthogonal 
dimensions (transversal, sagittal and coronal) and was calcu-
lated in cm³ using the rotation ellipsoid formula (AxBxC)/2. 
In bifocal GCTs, the volume was calculated for both tumor 
portions. The suprasellar tumor growth was rated as: (1) 
circumscribed, when the tumor grew within the pituitary 
gland or stalk and expanded to the floor of the third ven-
tricle or optic chiasm; (2) extended, when the tumor grew 
from the pituitary gland or stalk to the third ventricle with a 
tumor portion within the third ventricle or compression of 
diencephalic structures like the mammillary bodies or the 
mesencephalon.

The diameter of the pituitary stalk was measured in 
tumors, where the shape of the stalk was nearly preserved. 
The diameter was measured anterior-posterior at the 
entrance into the sellar diaphragm and at the level of the 
optic chiasm. According to current literature, there are no 
established limits for the thickness of the pituitary stalk in 
children. Since our cohort mainly consists of children, we 
have adhered to consensus recommendations, setting the 
cut-off at 3 mm [19, 20]. Therefore, it was further evaluated 
how often the diameter did not exceed 3 mm.

The cortical layer of the clivus is adjacent to the posterior 
pituitary gland and determinable as a dark ribbon in T2WI 
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and T1WI (Fig.  1). When this ribbon was not detectable, 
osseus destruction was assumed. Furthermore, the cases 
were evaluated for edema along the optic tracts as a sign of 
tract compression.

Intracranial dissemination was assessed as laminar (M2a) 
or nodular (M2b) [21]. The cases in which the T1WI post-
contrast did not cover the entire neurocranium were excluded 
for the evaluation of leptomeningeal dissemination.

Statistical analysis

Medians with ranges are given for metric data (age, mea-
surements, and time interval). The time between the first 
MRI performed due to specific symptoms suspicious of 
a GCT and the therapy start or surgery was calculated in 
days. Categorial variables are indicated in absolute or rela-
tive frequencies. To correlate clinical and tumor information 
with imaging findings, each encoded in categorial variables, 
Chi-square or Fisher exact test was performed. Group com-
parison between the medians of categorical variables was 
performed with the Mann-Whitney-U-test. Even though this 
was an explorative analysis, p values < 0.05 were interpreted 
as significant.

Results

Patients

Inclusion criteria were fulfilled in 102 GCT patients, 67 
were in suprasellar and 35 in bifocal localization (epide-
miology, clinical and imaging data in Table  1). Nearly 

two-third of bifocal and suprasellar GCT were diagnosed 
as germinomas (bifocal 74.3%, suprasellar 70.1%). Median 
age at diagnosis was 12.3 years. Patients of the suprasellar 
cohort were significantly younger (p = .018) and the bifocal 
cohort contained more male patients (p = .007).

Information about patients’ symptoms were available in 
61. In total, 45 patients showed symptoms of DI at diagnosis 
but only in 13 patients this was a single symptom. The most 
common clinical presentation in the suprasellar cohort was 
DI (52.5%) in combination with at least one disturbance of 
the ventral pituitary lobe, suggesting endocrine dysfunction. 
In contrast, the bifocal cohort presented most often with DI 
alone (42.9%) or other symptoms like headaches, vomit-
ing, appetite loss, fatigue and behavioral changes (33.3%). 
Impairment of the visual system was present in 15 patients 
but in 11/15 combined with other symptoms.

Imaging

Tumor size was at a median of 1.8 cm3 in suprasellar GCT 
and 0.8 cm3 in bifocal GCT. In the suprasellar cohort, germi-
nomas were significantly smaller than NGGCTs (p < .001). 
But in the bifocal cohort, the entities showed comparable 
sizes of the suprasellar tumor portion. The tumor portion 
within the pineal gland was larger with a median of 1.7 cm3 
and germinoma and NGGCT did not differed significantly.

The suprasellar tumor portion in both localizations most 
often expanded (61.8%) into the third ventricle or com-
pressed diencephalic structures. Within in the suprasellar 
cohort, NGGCT were significantly more often expanded 
than circumscribed compared to germinoma (85% vs. 
46.8%, p = .004). In this aspect, NGGCT and germinoma of 
the bifocal cohort did not differ significantly. Thirteen cir-
cumscribed tumors (12 in suprasellar localization) did not 
involve the floor of the third ventricle but 6 of them affected 
the optic chiasm.

Each tumor involved the pituitary gland or the stalk. No 
involvement of the posterior pituitary gland was found in 13 
tumors (4 suprasellar, 9 bifocal). In these cases, tumor was 
present in the pituitary stalk. Both structures were infiltrated 
simultaneously in 87. The posterior lobe was less often 
involved in bifocal germinoma (65.4%) than in NGGCT 
(100%; p = .07), suprasellar germinoma (93.6%) and supra-
sellar NGGCT (95%; group comparison suprasellar vs. bifo-
cal: p = .01). In the suprasellar cohort, growth into the third 
ventricle (p = .002) and affection of the mammillary bodies 
(p = .02) was significantly more frequent in NGGCT than 
in germinoma. The tumor expansion is illustrated in Fig. 2.

All patients with clinical information of DI showed no 
PPBS (one example in Fig.  3). Of the four cases with a 
PPBS, only one patient had available clinical information 
and no DI was reported. That patient presented endocrine 

Fig. 1  A T1-weighted sagittal image without contrast in a healthy per-
son. The arrow marks the cortical layer of the clivus, which presents 
as a physiological border between bone marrow fat and the bright spot 
(*) of the posterior pituitary lobe
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diameter ≤ 3  mm was observed in 15/40 suprasellar (14 
germinoma) and 12/24 bifocal (all germinoma) GCT. The 
diameter was substantially smaller in bifocal germinoma 
compared to NGGCT (p = .014). The superior pituitary stalk 
diameter was measurable in 61 of the 64 patients (median 
6.1 mm).

Optic tract edema was non-significantly more present in 
NGGCT (suprasellar 50%, bifocal 66.7%) than in germi-
noma in the suprasellar (26.1%, p = .06) and in the bifocal 

dysfunction and visual disturbance. The PPBS was pres-
ent in 4/102 cases (4%; Table 2; Fig. 4) without differences 
between histologies or localizations. All four cases needed 
a consensus between the readers, because there was only a 
slight but not regular appearing hyperintensity of the poste-
rior pituitary lobe. Two cases of expanded tumors showed a 
PPBS while an intrasellar tumor portion was present.

The inferior pituitary stalk diameter was measurable in 
64 patients with a median of 3.5 mm (range 0.6–11.4). A 

Fig. 3  The first MRI of a patient 
with diabetes insipidus. (A) Sag-
ittal non-contrast T1-weighted 
image shows the absence of the 
posterior pituitary bright spot. 
(B) Sagittal contrast-enhanced 
T1-weighted image with 2 mm 
slice thickness shows a small 
germinoma (black star) in the 
posterior pituitary lobe and 
inferior pituitary stalk, with a 
subtle thickening of the floor of 
the third ventricle. Please note 
that the contrast enhancement 
extends to the mammillary bodies 
(arrow), indicating a pathologi-
cal condition. The diagnosis was 
confirmed by surgery 19 months 
later

 

Fig. 2  The figure illustrates the tumor expansion observed in supra-
sellar tumors, delineating the proportion of both suprasellar and bifo-
cal germinomas, as well as non-germinomatous germ-cell tumors 
(NGGCT). Tumors solely affecting the posterior lobe of the pituitary 
gland were infrequent (n = 2) and were exclusively identified in cases 
of suprasellar GCT. In instances categorized as ‘intra-/suprasellar,’ 

tumors extended towards the optic chiasm or the floor of the third 
ventricle. Compression of diencephalic structures occurred when the 
mammillary bodies or the mesencephalon were affected. Extensive 
expansions into the lateral ventricles or invasion of brain parenchyma 
were relatively uncommon in suprasellar GCT compared to bifocal 
cases
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cohort (30.8%; p = .11). Of the 15 patients with visual dis-
turbances, each tumor showed contact to or compression 
of the optic chiasm while optic tract edema was rather rare 
(n = 4).

Destruction of the cortical layer of the clivus, assuming 
osseous infiltration, was exclusively present in suprasellar 
GCT (n = 18) and significantly more frequent in NGGCT 
than in germinoma (p = .004).

Contrast T1WI covering the whole neurocranium was 
available in 90 patients and demonstrated intracranial lep-
tomeningeal dissemination at diagnosis in 17 patients (more 
common in the bifocal cohort; p = .047). No suprasellar 
NGGCT showed leptomeningeal dissemination and bifocal 
NGGCTs showed less leptomeningeal dissemination than 
germinomas, but these results were not significant (supra-
sellar p = .09, bifocal p = .39).

Diagnosis and Delay

For the suprasellar cohort, 24 clinical reports offered infor-
mation about the duration of symptoms before the first MRI 
was performed. In nine patients, there was no relevant delay 
until the first MRI. Five patients underwent a first MRI with 
a latency of a few months (range between 3 and 7 months) 
and in further nine patients, the symptoms persisted for 
more than one year (up to 4 years in a patient with growth 
restriction and 3 years in one patient with diabetes insipi-
dus). Only five clinical reports were available in the bifocal 
cohort. Here symptoms occurred rather acute (two patients 
with DI and another one with nausea for four weeks) or 
persisted for a maximum of six months (two patients with 
weight loss).

Time between the first MRI being assessed as abnor-
mal and the first treatment accounted for a median of 18 
days. Treatment was initiated significantly more rapid in the 
bifocal cohort with a median of 10 days but 24 days in the 
suprasellar cohort, p = .005, without differences between the 
histological groups. Within the suprasellar cohort therapy 
started significantly later in germinoma patients than in 
patients with a NGGCT (p = .002). Furthermore, in supra-
sellar circumscribed tumors the longest intervals were 
found with a median of 312 days (Table 3, one example is 
given in Fig.  5). In contrast, suprasellar expanded tumors 
were treated after a median of 9, and bifocal circumscribed 
tumors after a median of 12 days.

Discussion

Within our large multi-center cohort, we found a nearly 
100% rate of PPBS loss in germinoma and NGGCT of 
the hypothalamo-neurohypophyseal axis. This finding is 
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diagnosis especially in cases with pituitary stalk thickening 
[25]. Since pituitary stalk thickening in inflammatory dis-
eases should regress within the first six months, close clini-
cal follow-up is necessary for a differentiation from small 
GCTs [26, 27]. However, it must be noted that pure ger-
minomas are often associated with immune cell infiltration, 
and therefore, treatment with corticosteroids could lead to 
an apparent reduction in tumor size in the short-term follow-
up [28].

Histologically, intracranial GCT do not differ from their 
extracranial counterparts. Furthermore, extra- and intracra-
nial GCT most often occur within the midline. It is hypoth-
esized that GCTs develop from non-eliminated mismigrated 
primordial germ cells that migrate along the sympathetic 
trunk can reach the midline of the brain [3]. Teilum hypoth-
esized that extragonadal GCT, germinoma and NGGCT, 
originate from stray primordial germ cells [29]. But germi-
noma are more sensitive to radiotherapy and chemotherapy 
which exhibits a better prognosis compared to NGGCT. This 
may be explained by their rapidly progressive, undifferenti-
ated cells leading to the assumption that NGGCT differenti-
ate from different cells of origin. Therefore, it is postulated 
that the primordial germ cells theory rather explains the 
evolution of germinomas, but for NGGCT the pluripotent 
stem cell hypothesis is more plausible [30]. Recently, it was 
suggested that the transformation from primordial germ 
cells to transformed embryonic stem cells is the most logical 

important in pediatric imaging, because it serves as a rather 
reliable diagnostic criterion for early tumor detection in 
malignant GCTs and has the potential to reduce delays in 
diagnosis.

GCTs are the most prevalent suprasellar pathology in 
pediatric patients with DI, particularly in the Asian popula-
tion [22]. In the general population, an absence of the PPBS 
is observed in 4.1% of individuals without endocrinopa-
thies, with a correlation to increasing age [23]. In a small 
cohort of 17 GCTs, absence of the posterior pituitary bright 
sport was reported in 82% [10]. We observed a loss of the 
PPBS in 96.1% in the total cohort and in the cases with 
available clinical information regarding an existing DI, each 
MRI revealed a PPBS loss.

The occurrence of a loss of the PPBS in other sellar 
tumors, such as adenomas, is uncommon, accounting for a 
mere of 20% [24]. Furthermore, adenoma exhibit an expan-
sion of the adenohypophysis, whereas microadenomas are 
distinguished by sparse areas of contrast enhancement. The 
distinction between small GCTs and Langerhans cell his-
tiocytosis may pose a greater challenge on MRI. However, 
the evaluation of alpha-1-fetoprotein and beta human cho-
rionic gonadotropin can serve as an additional diagnostic 
tool to ascertain NGGCTs and in non-secreting tumors skel-
etal evaluation may provide the diagnosis of a sellar lesion. 
Idiopathic central diabetes determined by inflammatory/
autoimmune causes is noted as one important differential 

Fig. 4  The upper row demonstrates the four cases with a preserved 
posterior pituitary bright spot on sagittal T1-weighted images with-
out contrast. The cases are named as in Table  2. Especially case D 
shows an irregular bright spot. The lower row shows the tumor appear-

ance in post-contrast T1-weighted images (a, c + d) and T2-weighted 
image (b; in that case, no post-contrast sagittal T1-weighted image 
was available)
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mechanism for all intracranial GCTs [31]. Both theories do 
not explain the midline location sufficiently, the authors 
assumed lateral ventricle location of GCT because neural 
stem cells are present in the subependymal zone. We only 
evaluated midline location of GCT and each tumor in our 
study involved the neurohypophysis, where hypothalamic 
neurons terminate. However, this does not explain the loca-
tion as well. The fact that small tumors were almost exclu-
sively located inferior to the optic chiasm may be a further 
hint of tumor origin. In these cases, the diagnostic value of 
the loss of PBBS is profound. Already Fujisawa et al. [32] 
postulated on a basis of seven patients that germinoma of 
the hypothalamo-neurohypophyseal axis arise from the neu-
rohypophysis and a theory by Tan [4] was that anterior mid-
line structures are highly active in hormone production and 
concentration in factors like GnRH, potentially playing a 
role in tumorigenesis. Ultimately, radiology cannot provide 
a definitive explanation for the origin of GCTS; however, 
we aspire that our findings will aid in the advancement of 
theories. Recently a novel MRI classification for intracra-
nial GCT, compromising bifocal and basal ganglia manifes-
tations, was introduced [33]. Within this report no GCT was 
localized only intrasellar. Therefore, they hypothesized that 
suprasellar GCT arise from the tuber cinereum and median 
eminence and infiltrate the stalk. We found 13 GCTs in the 
neurohypophysis not involving the third ventricle floor and 
therefore, we cannot support the results. One explanation 
for these different results may be that Esfahani et al. [33] 
evaluated only post-contrast T1WI.

In general, each tumor in our cohort involved the pos-
terior pituitary gland or the stalk and most tumors (61.8%) 
showed an expanded growth with compression of dience-
phalic structures. While suprasellar and bifocal location did 
not differ, we found that suprasellar NGGCT were signifi-
cantly more often (85%) expanded compared to suprasellar 
germinoma (46.8%). In bifocal GCT the posterior pituitary 
was significantly less often involved than in the suprasellar 
cohort, but this may result from the lower incidence of bifo-
cal germinoma. The pituitary stalk was involved in nearly 
100% in both location groups and was independent from 
histology. In the work by Zhang et al., the posterior lobe 
was less often infiltrated than the stalk in a bifocal GCT 
cohort [34]. The involvement of the suprasellar region was 
deemed as a metastatic seeding from a primary pineal GCT 
and rated as “false” bifocal location. False GCT were dif-
ferentiated from true GCT by their shape. Interestingly, 
the tumors rated being “false” bifocal, showed no involve-
ment of the posterior lobe. In four cases we found a present 
PPBS, but only one in a bifocal metastasized germinoma. 
Finally, the signal intensity of the PPBS in all four cases was 
lower than expected or not well delimitable to the clivus and 

Ta
bl

e 
3 

Tu
m

or
 d

at
a 

an
d 

ch
ar

ac
te

ris
tic

s b
y 

ex
pa

ns
io

n
su

pr
as

el
la

r, 
ci

rc
um

sc
rib

ed
n =

 28
su

pr
as

el
la

r, 
ex

pa
nd

ed
n =

 39
p-

va
lu

e
bi

fo
ca

l, 
ci

rc
um

sc
rib

ed
n =

 11
bi

fo
ca

l, 
ex

pa
nd

ed
n =

 24
p-

va
lu

e

si
ze

 o
f t

he
 su

pr
as

el
la

r t
um

or
 p

or
tio

n 
(c

m
3 , m

ed
ia

n 
an

d 
ra

ng
e)

0.
44

 (0
.0

8–
16

.7
3)

7 
(0

.2
3–

36
.2

4)
<

 0.
00

1
0.

39
 (0

.0
5–

0.
72

)
3.

1 
(0

.1
6–

21
.8

4)
<

 0.
00

1
tim

e 
be

tw
ee

n 
fir

st
 a

bn
or

m
al

 M
R

I a
nd

 th
er

ap
y 

st
ar

t (
da

ys
)

<
 0.

00
1

0.
52

 
• m

ed
ia

n
 

• I
Q

R
31

2 
(0

-1
10

2)
10

8;
 6

58
9 

(0
-6

19
)

5;
 2

4
12

 (1
-2

04
)

5;
 4

4
8 

(1
-1

82
)

3;
 2

3
br

ig
ht

 sp
ot

 p
re

se
nt

0
3 

(7
.7

%
)

0.
26

0
1 

(4
.2

%
)

1
po

st
er

io
r l

ob
e 

in
vo

lv
em

en
t

27
 (9

6.
4%

)
36

 (9
2.

3%
)

0.
64

7 
(6

3.
6%

)
19

 (7
9.

2%
)

0.
42

pi
tu

ita
ry

 st
al

k 
in

vo
lv

em
en

t
26

 (9
2.

9%
)

39
 (1

00
%

)
0.

17
11

 (1
00

%
)

24
 (1

00
%

)
n.

d.
si

ze
 o

f t
he

 in
fe

rio
r s

ta
lk

n =
 25

n =
 15

n =
 11

n =
 13

 
• m

ed
ia

n 
(r

an
ge

)
 

• I
Q

R
3.

1 
(1

.3
–7

.6
)

2.
1;

 4
.6

5.
5 

(1
.2

–1
1.

4)
3.

5;
 7

.4
0.

01
7

2.
7 

(0
.6

–5
.4

)
1.

8;
 3

.9
3.

6 
(1

.1
–5

.3
)

1.
7;

 4
.7

0.
49

Ta
bl

e 
3 

di
vi

de
s b

et
w

ee
n 

ex
pa

nd
ed

 G
C

Ts
 a

nd
 c

irc
um

sc
rib

ed
 o

ne
s. 

Ci
rc

um
sc

rib
ed

 w
as

 d
efi

ne
d 

as
 a

n 
ex

pa
ns

io
n 

un
til

 th
e 

flo
or

 o
f t

he
 v

en
tr

ic
le

 o
r r

ea
ch

in
g 

th
e 

op
tic

 c
hi

as
m

. A
bb

re
vi

at
io

ns
: n

.d
.=

 
no

t d
et

er
m

in
ab

le
; I

Q
R

 =
 in

te
rq

ua
rt

ile
 ra

ng
e,

 g
iv

en
 a

re
 p

er
ce

nt
ile

 2
5 

an
d 

75

1 3

1413



Neuroradiology (2024) 66:1405–1416

true leptomeningeal dissemination and therefore the “false” 
bifocal theory is quite possible.

There was, however, no noticeable difference in the 
diameter of the inferior stalk between suprasellar and bifo-
cal GCT in our study. Of note, the diameter was substan-
tially smaller in bifocal germinoma compared to NGGCT 
(p = .014) and in 40% within the range of the healthy 
population.

Even if the spectrum of causes for a PPBS loss is wide, 
each differential diagnosis needs rapid clarification. In pedi-
atric GCT patients, a delay in diagnosis has been reported 
in 83% with a median time interval between symptom 
onset and diagnosis of 25 months [16]. It is known that 
prolonged symptom intervals in GCT patients are associ-
ated with higher risk of developing a leptomeningeal dis-
semination [17]. Furthermore, poorer outcomes have been 
reported for germinoma patients treated after a delay [15]. 
The PPBS loss is only systematically reported in supra-
sellar germinoma [10]. With our work, we are the first to 
report this sign as common also in NGGCT. Our results led 
us to conclude that the tumor could be overlooked on the 
first MRI. For early tumor detection, especially small GCTs 
require a sufficient marker. The earlier treatment start in the 
bifocal cohort was expectable, but the maximum interval to 
treatment of 204 days in bifocal germinoma demonstrates 
the difficulty in smaller tumors as well. Regarding bifocal 

accordingly, consensus reading was necessary (of a total of 
11 consensus readings).

It may be challenging to distinguish bone marrow fat 
from the PPBS on MRI. In GCTs, the cortical layer of the 
clivus is not a reliable tool for spatial delineation, because, 
as we observed in suprasellar GCTs, it can be destroyed or 
infiltrated by the tumor. As a consequence, we propose that 
each patient with endocrinopathy should be evaluated by a 
non-contrast sagittal T1WI with fat-suppression for a better 
discrimination.

Kilday et al. [10] argued that a present PPBS in germi-
noma indicates residual pituitary function. Unfortunately, 
we do not have sufficient data on DI and serum sodium val-
ues in our patients to support this hypothesis. In our cohort, 
each patient with DI or polydipsia had no PPBS at diagnosis.

Consensus recommendations set a cut off of the diameter 
of the inferior pituitary stalk of 3 mm [19, 20]. Our study 
revealed that 27 out of the 64 (42.2%) measurable inferior 
stalks had a diameter within that range indicating that this 
is not a reliable indicator for early tumor detection. Zhang 
et al. [34] assumed that bifocal intracranial germinoma are 
“false”, if the inferior pituitary stalk is measuring less than 
3.0 mm or the bright sport sign is absent. We observed only 
one bifocal germinoma patient with a PPBS and an inferior 
stalk measuring 1.1  mm. In addition, this patient showed 

Fig. 5  A case of a prolonged diagnosis. The patient experienced poly-
dipsia and headaches for several months. The initial MRI examination 
revealed a loss of the posterior pituitary bright spot on a sagittal T1WI 
without contrast (A), and after gadolinium application (a), a tumor 

was found in the posterior pituitary gland.  T1-weighted images in (B, 
without contrast) and (b, with contrast) showed tumor growth and pro-
gressive pituitary stalk thickening 12 months later. Preoperative plan-
ning (C, c) did not occur until 20 months after the first MRI
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markers, short-term MRI follow-up can be performed. 
However, to prevent metastasis, a biopsy must ultimately be 
performed as soon as safely feasible, especially if the find-
ings are not regressive.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. The Neuroradiologic Reference Center of the HIT consor-
tium, University Hospital Wuerzburg, was supported by the German 
Children’s Cancer Foundation (Deutsche Kinderkrebsstiftung; grants 
no. 2001.05, 2003.09, 2005.07, 2008.07, 2011.02, 2013.21, 2014.15, 
2017.07, 2018.02 to M. Warmuth-Metz, B. Bison).
Open Access funding enabled and organized by Projekt DEAL.

Declarations

Conflicts of interest/Competing interests  The authors have no relevant 
financial or non-financial interests to disclose.

Ethics approval  The analysis of patient and MRI data was approved 
by the local (No. 20231010 01) and central ethics committees of the 
SIOP-CNS-GCT studies and performed in accordance with the Dec-
laration of Helsinki.

Informed consent  Informed consent for data storage and statistical 
analyses was given by all patients and/or their parents at the time of 
registration and treatment within the SIOP-CNS-GCT-96 or SIOP-
CNS-GCT II trials.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1.	 Kaatsch P, Häfner C, Calaminus G et al (2015) Pediatric germ 
cell tumors from 1987 to 2011: incidence rates, time trends, and 
survival. Pediatrics 135:e136–e143

2.	 Brat DJ, Ellison DW, Figarella-Branger D et al (2021) WHO clas-
sification of Tumours Editorial Board. Central nervous system 
tumours. WHO classification of tumours series, vol 6, 5th edn. 
International Agency for Research on Cancer, Lyon, pp 381–390

3.	 Mamsen LS, Brøchner CB, Byskov AG, Møllgard K (2012) The 
migration and loss of human primordial germ stem cells from the 
Hind gut epithelium towards the gonadal ridge. Int J Dev Biol 
56:771–778

4.	 Tan C, Scotting PJ (2013) Stem cell research points the way to 
the cell of origin for intracranial germ cell tumours. J Pathol 
229:4–11

5.	 Hoei-Hansen CE, Sehested A, Juhler M et al (2006) New evidence 
for the origin of intracranial germ cell tumours from primordial 

GCT, it is important to note the recently published consen-
sus recommendation on GCT in this context. When central 
diabetes insipidus is present with the absence of the PPBS 
on MRI, and the pituitary stalk or median eminence is not 
thickened, patients with pineal tumors and negative serum 
and cerebrospinal fluid α-fetoprotein and human chorionic 
gonadotropin markers should be considered as having suf-
ficient evidence of bifocal germinoma [20].

In our cohort, there was a delay in the time interval between 
MRI and treatment start, which was significantly longer in 
the suprasellar cohort (median 9 days in the bifocal cohort 
versus median 24 days in the suprasellar cohort). Moreover, 
the time interval was more prolonged in suprasellar germi-
noma compared to NGGCT (median 54 days versus 8 days) 
and in suprasellar circumscribed tumors when compared to 
expanded tumors (median 312 versus 9 days). We believe 
that this is caused by the significantly smaller tumor size 
that we have observed. A mono-institutional study deter-
mined the time interval between symptoms onset and diag-
nosis by surgery or biopsy exactly and reported a median 
interval of 25 months in sellar germinoma [16]. Because 
our study was retrospective with patients from multiple 
hospitals, there was a lack of clinical information. We were 
able to determine the time interval between the first MRI 
and the commencement of treatment or surgery. Hence, the 
duration of the delay is less than 25 months. Nonetheless, 
it is imperative to assume that the genuine interval based 
on clinical symptoms is significantly longer, as evidenced 
by the individual reports with available clinical data in our 
suprasellar cohort. Clinical reports of the bifocal group were 
rare (n = 5) and the symptom interval with up to six months 
less prolonged compared to the suprasellar cohort.

Conclusion

The diagnosis of intracranial germ cell tumors is based 
on clinical symptoms, measurement of tumor markers 
(α-fetoprotein and human chorionic gonadotropin) in serum 
and cerebrospinal fluid, cranial and spinal imaging and cere-
brospinal fluid cytology. On imaging, early detection of a 
PPBS loss is crucial in patients with diabetes insipidus since 
it is a reliable early sign in GCTs. Furthermore, fat-sup-
pressed imaging might be superior, because it allows a defi-
nite distinction from adjacent fat. Each tumor involved the 
posterior pituitary lobe or stalk. Radiologically GCTs seem 
to originate from the neurohypophysis but histopathologi-
cal evidence is missing. The radiologists have a significant 
objective in reducing the delay in diagnosis by conducting 
the technically best evaluation. In cases of small suprasel-
lar tumors presenting only with a loss of the PPBS, with or 
without thickening of the pituitary stalk and without tumor 

1 3

1415

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Neuroradiology (2024) 66:1405–1416

21.	 Chang CH, Housepian EM, Herbert C (1969) An operative stag-
ing system and a megavoltage radiotherapeutic technic for cer-
ebellar medulloblastomas. Radiology 93:1351–1359

22.	 Ji X, Wang Z, Wang W et al (2020) Clinical characteristics of 
Pediatric patients with Sellar and Suprasellar lesions who initially 
Present with Central Diabetes Insipidus: a retrospective study of 
55 cases from a large Pituitary Center in China. Front Endocrinol 
(Lausanne) 11

23.	 Klyn V, Dekeyzer S, Van Eetvelde R et al (2018) Presence of 
the posterior pituitary bright spot sign on MRI in the general 
population: a comparison between 1.5 and 3T MRI and between 
2D-T1 spin-echo- and 3D-T1 gradient-echo sequences. Pituitary 
21:379–383

24.	 Wang S, Lin K, Xiao D et al (2015) MR imaging analysis of pos-
terior pituitary in patients with pituitary adenoma. Int J Clin Exp 
Med 8:7634–7640

25.	 Di Iorgi N, Morana G, Napoli F et al (2015) Management of dia-
betes insipidus and adipsia in the child. Best Pract Res Clin Endo-
crinol Metab 29:415–436

26.	 Di Iorgi N, Allegri AEM, Napoli F et al (2014) Central diabetes 
insipidus in children and young adults: etiological diagnosis and 
long-term outcome of idiopathic cases. J Clin Endocrinol Metab 
99:1264–1272

27.	 Patti G, Ibba A, Morana G et al (2020) Central diabetes insipi-
dus in children: diagnosis and management. Best Pract Res Clin 
Endocrinol Metab 34

28.	 Zapka P, Dörner E, Dreschmann V et al (2018) Type, frequency, 
and spatial distribution of Immune Cell infiltrates in CNS ger-
minomas: evidence for inflammatory and immunosuppressive 
mechanisms. J Neuropathol Exp Neurol 77:119–127

29.	 Teilum G (1965) Classification of endodermal sinus tumour 
(mesoblatoma vitellinum) and so-called embryonal carcinoma of 
the ovary. Acta Pathol Microbiol Scand 64:407–429

30.	 Phi JH, Wang KC, Kim SK (2018) Intracranial germ cell tumor in 
the Molecular Era. J Korean Neurosurg Soc 61:333–342

31.	 Burnham EL, Tomita T (2023) Histogenesis of intracranial germ 
cell tumors: primordial germ cell vs. embryonic stem cell. Child’s 
Nerv Syst 39:359–368

32.	 Fujisawa I, Asato R, Okumura R et al (1991) Magnetic reso-
nance imaging of Neurohypophyseal Germinomas. Cancer 
68:1009–1014

33.	 Esfahani DR, Alden T, DiPatri A et al (2020) Pediatric Suprasellar 
Germ Cell Tumors: A Clinical and Radiographic Review of Soli-
tary vs. Bifocal Tumors and Its Therapeutic Implications. Cancers 
(Basel) 12:2621

34.	 Zhang H, Qi ST, Fan J et al (2016) Bifocal germinomas in the 
pineal region and hypothalamo-neurohypophyseal axis: primary 
or metastasis? J Clin Neurosci 34:151–157

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations. 

germ cells: expression of pluripotency and cell differentiation 
markers. J Pathol 209:25–33

6.	 Oosterhuis JW, Looijenga LHJ (2019) Human germ cell tumours 
from a developmental perspective. Nat Rev Cancer 19:522–537

7.	 Lee D, Suh YL (2010) Histologically confirmed intracranial germ 
cell tumors; an analysis of 62 patients in a single institute. Vir-
chows Arch 457:347–357

8.	 Takami H, Perry A, Graffeo CS et al (2020) Comparison on epide-
miology, tumor location, histology, and prognosis of intracranial 
germ cell tumors between Mayo Clinic and Japanese consortium 
cohorts. J Neurosurg 134:446–456

9.	 Jorsal T, Rørth M (2012) Intracranial germ cell tumours. A review 
with special reference to endocrine manifestations. Acta Oncol 
51:3–9

10.	 Kilday JP, Laughlin S, Urbach S et al (2015) Diabetes insipidus 
in pediatric germinomas of the suprasellar region: characteristic 
features and significance of the pituitary bright spot. J Neuroon-
col 121:167–175

11.	 Maghnie M, Cosi G, Genovese E et al (2000) Central dia-
betes insipidus in children and young adults. N Engl J Med 
343:998–1007

12.	 Leger J, Velasquez A, Garel C et al (1999) Thickened pituitary 
stalk on magnetic resonance imaging in children with central dia-
betes insipidus. J Clin Endocrinol Metab 84:1954–1960

13.	 Tien R, Kucharczyk J, Kucharczyk W (1991) MR imaging of the 
brain in patients with diabetes insipidus. AJNR Am J Neuroradiol 
12:533

14.	 Alter CA, Bilaniuk LT (2002) Utility of magnetic resonance 
imaging in the evaluation of the child with central diabetes insipi-
dus. J Pediatr Endocrinol Metab 15 Suppl 2:681–687

15.	 Phi JH, Kim SK, Lee YA et al (2013) Latency of intracranial germ 
cell tumors and diagnosis delay. Child’s Nerv Syst 29:1871–1881

16.	 Zhang Y, Deng K, Zhu H et al (2019) Delays in diagnosis of 
Pediatric histologically confirmed Sellar Germ Cell tumors in 
China: a retrospective risk factor analysis. World Neurosurg 
122:e472–e479

17.	 Hayden J, Murray MJ, Bartels U et al (2020) Symptom interval 
and treatment burden for patients with malignant central nervous 
system germ cell tumours. Arch Dis Child 105:247–252

18.	 Calaminus G, Frappaz D, Kortmann RD et al (2017) Outcome 
of patients with intracranial non-germinomatous germ cell 
tumors—lessons from the SIOP-CNS-GCT-96 trial. Neuro Oncol 
19:1661–1672

19.	 Cerbone M, Visser J, Bulwer C et al (2021) Management of chil-
dren and young people with idiopathic pituitary stalk thickening, 
central diabetes insipidus, or both: a national clinical practice 
consensus guideline. Lancet Child Adolesc Health 5:662–676

20.	 Morana G, Shaw D, MacDonald SM et al (2022) Imaging response 
assessment for CNS germ cell tumours: consensus recommenda-
tions from the European Society for Paediatric Oncology Brain 
Tumour Group and North American Children’s Oncology Group. 
Lancet Oncol 23:e218–e228

1 3

1416


	Imaging in malignant germ cell tumors involving the hypothalamo-neurohypophyseal axis: the evaluation of the posterior pituitary bright spot is essential
	Annika Stock, Gabriele Calaminus, Mathilda Weisthoff, Julia Serfling, Torsten Pietsch, Brigitte Bison, Mirko Pham, Monika Warmuth-Metz
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  

	﻿Imaging in malignant germ cell tumors involving the hypothalamo-neurohypophyseal axis: the evaluation of the posterior pituitary bright spot is essential
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients
	﻿Imaging
	﻿Statistical analysis

	﻿Results


