
CLINICAL ARTICLE
J Neurosurg 134:437–445, 2021

IntracranIal germ cell tumors (iGCTs) are rare CNS 
neoplasms that predominantly occur in pediatric and 
young adult patients. According to the Central Brain 

Tumor Registry of the United States, the incidence in the 
US was 3.8% among patients younger than 20 years.21 
Midline tumors, iGCTs most frequently arise in the pineal 

region, followed by the neurohypophysis, which is defined 
as the pituitary gland proper, its infundibulum, and the 
hypothalamus. The WHO classification of CNS tumors 
defines 5 histopathological iGCT subtypes: germinoma, 
mature and immature teratoma, yolk sac tumor, choriocar-
cinoma, and embryonal carcinoma.15 However, in practice, 
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OBJECTIVE Intracranial germ cell tumors (iGCTs) often arise at the neurohypophysis, their second most common 
origination, following the pineal region. Neurohypophyseal iGCTs present with stereotypical symptoms, including pituitary 
dysfunction and visual field deficit, due to their suprasellar location. The goal of this study was to present a large, longi-
tudinal single-institution experience with neurohypophyseal iGCTs to better understand their natural history and identify 
opportunities for further improvement in treatment outcomes.
METHODS This is a retrospective, single-institution cohort study of neurohypophyseal iGCTs treated between 1988 and 
2017, with a focus on the epidemiology, presentation, natural history, and treatment.
RESULTS Thirty-five neurosurgically managed patients met inclusion criteria; the median age was 18 years (3 months 
to 49 years), and 74% of patients were male (n = 26). Thirty-one tumors were germinomas, and 4 were nongerminoma-
tous iGCTs. Presenting symptoms included pituitary insufficiency in 76% (n = 25), visual deficit in 45% (n = 15), and dia-
betes insipidus (DI) in 61% (n = 20) of patients. Index symptoms included isolated DI in 10 (36%), isolated hormone de-
ficiency in 14 (50%), and concomitant DI and hormone deficiency symptoms in 4 (14%). Radiographic diagnostic latency 
was common, occurring at a median of 363 days (range 9–2626 days) after onset of the first symptoms and was signifi-
cantly associated with both DI and hormone deficiency as the index symptoms (no DI vs DI: 360 vs 1083 days, p = 0.009; 
no hormone deficiency vs hormone deficiency: 245 vs 953 days, p = 0.004). Biochemical abnormalities were heteroge-
neous; each pituitary axis was dysfunctional in at least 1 patient, with most patients demonstrating at least 2 abnormali-
ties, and pretreatment dysfunction demonstrating a nonsignificant trend toward association with long-term posttreatment 
hormone supplementation. Among germinomas, whole-brain or whole-ventricle radiotherapy demonstrated significantly 
improved progression-free and overall survival compared with local therapy (p = 0.009 and p = 0.004, respectively).
CONCLUSIONS Neurohypophyseal iGCTs are insidious tumors that may pose a diagnostic dilemma, as evidenced by 
the prolonged latency before radiographic confirmation. Serial imaging and close endocrine follow-up are recommended 
in patients with a characteristic clinical syndrome and negative imaging, due to the propensity for radiographic latency. 
Pretreatment biochemical abnormalities may indicate higher risk of posttreatment pituitary insufficiency, and all patients 
should receive careful endocrine follow-up. Local radiotherapy is prone to treatment failure, while whole-ventricle treat-
ment is associated with improved survival in germinomas.
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tumors commonly demonstrate mixed features and have 
characteristics of multiple histopathological subtypes. 
Correspondingly, the more clinically meaningful iGCT 
division is between germinomas and nongerminomatous 
germ cell tumors (NGGCTs).

Despite this heterogeneous nature of GCTs, primordial 
germ cells (PGCs) have been suggested as the common 
cell of origin.19,28 It is now hypothesized that totipotent 
PGCs during the migrating stage from the yolk sac to 
the genital ridge gain copy number alteration and/or mu-
tational insults, which leads to mismigration of PGCs to 
the CNS and cause tumorigenesis.8,20,26 Although approxi-
mately 60% of iGCTs were shown to harbor a mutation in 
either the MAPK or PI3K pathway, an alternative patho-
genic molecular background remains to be clarified.12

Neurohypophyseal iGCTs manifest stereotypical 
symptoms due to their anatomical location, including pi-
tuitary insufficiency, visual deficits attributable to optic 
pathway compression or invasion, and hydrocephalus in 
large tumors compressing the third ventricle.16 Standard-
of-care treatment involves protocol-based chemotherapy 
and radiation therapy, with the exception of mature tera-
tomas, which do not respond to chemo- and/or radiation 
therapy and therefore require resection. According to 
the Children’s Oncology Group (COG) study protocol, 
localized germinomas and NGGCTs are treated with 
platinum-based chemotherapy and whole-ventricle irra-
diation (WVI)/focal irradiation. In Europe, according to 
the SIOP-CNS-GCT-96 trial (clinicaltrials.gov), germi-
noma is treated with either low-dose craniospinal irra-
diation (CSI) or chemotherapy, while NGGCT is treated 
with chemotherapy followed by focal irradiation or CSI, 
depending on the presence of metastases.5,6 As a common 
practice, iGCTs are diagnosed based on clinical presen-
tation and tumor markers along with imaging findings if 
a case presents with typical findings, although there are 
controversies regarding the necessity of histopathological 
diagnosis and the best cutoff values for tumor markers.18

The neurohypophysis is a common site for iGCTs, 
second only to the pineal region, with bifocal neurohy-
pophyseal/pineal lesions regularly reported. Although the 
majority of bifocal tumors are diagnosed as germinomas, 
rare cases have demonstrated bifocal yolk sac tumors and 
even bifocal primitive neuroectodermal tumors, reaffirm-
ing the need for cautious follow-up, as well as the potential 
benefits of surgical biopsy for definitive histopathological 
diagnosis.2,22 Germinoma potentially disseminates along 
the CSF space, which is clearly visualized with the aid of 
neuroendocopy;23 generally speaking, bifocal germinoma 
cases are safely treated with WVI with chemotherapy, al-
though some controversy persists regarding possible indi-
cations for CSI in this patient population.30

Germinomas are the dominant neurohypophyseal his-
tological entity and demonstrate an excellent clinical re-
sponse to chemo- and radiation therapy, which achieves a 
good prognosis in approximately 90% of cases.1,6,16 Cor-
respondingly, management of both disease- and treatment-
related symptoms—in particular, hormone deficiency syn-
dromes—is critical to the long-term care of these young 
patients. In parallel, early detection and diagnosis have 
been shown to minimize morbidity and mortality; there-

fore, the goal of our study was to present a large, longitu-
dinal single-institution experience with neurohypophyseal 
iGCTs to better understand the natural history and iden-
tify opportunities for further improvement in treatment 
outcomes.14

Methods
A comprehensive, prospectively maintained neurosur-

gical patient registry was retrospectively queried for pa-
tients presenting with primary CNS iGCTs between 1988 
and 2017. Captured clinical endpoints included age, sex, 
presenting symptoms, lesion location and size, histopatho-
logical diagnoses, surgical details, chemotherapy and/or 
radiation treatment details, recurrence, and vital status at 
last follow-up. All final histopathological diagnoses were 
made or confirmed at our institution. All pertinent com-
ponents of the study were approved by our institutional re-
view board. Statistical analysis included the Wilcoxon test 
for nonparametric values, log-rank test for survival data, 
and McNemar test for paired categorical data; multivari-
ate modeling was completed via Cox regression analysis. 
All statistical analysis was carried out using JMP 13 (SAS 
Institute Inc.). An alpha level of 0.05 was used to define 
statistical significance.

Results
Demographics and Pathologic Diagnoses

At our institution, 98 iGCT patients were treated dur-
ing the study period, including 35 with neurohypophyseal 
tumors. Of 98 cases, 80 were primary and 18 were metas-
tases from other organs, including testis and ovary. The 
80 primary cases included 47 germinomas, 5 mature tera-
tomas, 4 immature teratomas, 1 yolk sac tumor, 1 chorio-
carcinoma, 10 cases of mixed germinoma and NGGCT, 1 
case of mixed NGGCT, and 11 iGCTs not otherwise spec-
ified. Among the 35 neurohypophyseal tumors, histopath-
ological diagnosis was made in 32 cases, and 3 cases were 
diagnosed based on clinical findings, including imaging 
appearance, clinical manifestations, and tumor markers. 
All included tumors were primary (not metastatic) CNS 
disease; multifocal lesions were included, provided that 
at least 1 tumor occurred in the neurohypophysis (n = 15 
concomitant neurohypophyseal and pineal lesions; n = 3 
polycentric lesions).

Age distribution data were stratified by 5-year incre-
ments, with the highest disease incidence noted among 
patients aged 15–19 years, and an overall median age of 
18 years (3 months to 49 years) and mean 18.4 years (Fig. 
1). The female-to-male sex distribution was approximately 
1:3 (9:26). Thirty-one (89%) of the iGCTs were germino-
mas; the remaining 4 cases included 1 mature teratoma, 
1 immature teratoma, and 2 mixed iGCTs (germinoma + 
immature teratoma + yolk sac tumor + embryonal carci-
noma; and germinoma with syncytiotrophoblastic giant 
cells + mature teratoma). Bifocal lesions were histopatho-
logically confirmed as germinoma in all locations.

Tumor Markers and Treatment
In all but 3 cases, MRI studies were available for re-
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view. The full neuraxis was imaged in 24 cases to rule 
out dissemination; 2 of these cases were positive, both of 
which were treated with CSI. CSF cytology was tested 
in 23 cases, among which 4 were positive. Pretreatment 
tumor markers were documented in 25 cases; among 23 
cases of germinoma with available data, 2 cases demon-
strated human chorionic gonadotropin levels elevated be-
yond the standard criteria of NGGCTs (serum or CSF to-
tal human chorionic gonadotropin > 50 IU/L). Among the 
32 cases diagnosed based on histopathological findings, 
specimens were obtained through endoscopic surgery (n 
= 9), stereotactic needle biopsy (n = 5), open craniotomy 
procedure (n = 15), and unknown procedures (n = 3).

After histopathological or clinical diagnosis, all pa-
tients underwent adjuvant treatment including chemother-
apy and radiation therapy, except for 1 patient with a ma-
ture teratoma. Treatment regimens were based on updated 
COG and/or institutional protocols, depending on the time 
of treatment. One germinoma in the medulla was treated 
as an NGGCT with 6 cycles of carboplatin/etoposide al-
ternating with ifosfamide/etoposide followed by CSI and 
focal irradiation based on the ACNS0122 study (clini-
caltrials.gov).9 Most of the other germinoma cases were 
treated based on the ACNS0232 study (radiation alone or 
chemotherapy followed by radiation), ACNS1123 (chemo-
therapy followed by WVI + focal irradiation), or the in-
stitutional protocol. The protocols followed were chemo-
therapy and focal irradiation for 10 cases, focal irradiation 
only for 2 cases, chemotherapy and CSI for 12 cases, CSI 
only for 3 cases, chemotherapy and WVI for 2 cases and 
WVI only for 1 case. The mature teratoma was resected 
without adjuvant therapy. Three other NGGCT cases were 
treated with chemotherapy, followed by focal irradiation.

Three of 31 germinomas required second-look surgery, 
which yielded mature teratoma (n = 2) or fibrous tissue (n 
= 1) as the histopathological diagnoses, but no further at-
tempt to resect the tumor was made if the diagnosis was 
germinoma during the initial workup and treatment.

Complications
Among 32 surgical cases, there was 1 wound infection 

with abscess formation following craniotomy. Rare com-
plications included anosmia and diplopia (n = 1), Parinaud 
syndrome after second-look surgeries for neurohypophy-
seal mature teratoma/pineal fibrous tissue (n = 1), third 

and sixth nerve palsies after subtotal resection of a neu-
rohypophyseal germinoma (n = 1), homonymous hemi-
anopia after gross-total resection of a neurohypophyseal 
NGGCT (n = 1), and new seizures (n = 3).

Comparison With Pineal GCTs
The characteristics of neurohypophyseal iGCTs were 

compared with those of pineal iGCTs. There were 20 neu-
rohypophyseal, 40 pineal, and 15 bifocal cases. The neuro-
hypophyseal cohort was more sex balanced (p = 0.0047), 
had more germinomas than NGGCTs (p < 0.0001), and 
presented with more endocrine symptoms (pituitary insuf-
ficiency in general and diabetes insipidus [DI], both p < 
0.0001) than pineal-only cases (Table 1).

Radiographic Latency as a Function of Index and 
Presenting Symptoms

Due to the complex, often halting course iGCT patients 
experience between first symptoms and definitive diag-
nosis, we distinguished between the index symptoms, de-
fined as the initial disease features reported in the patient 
history, and presenting symptoms, defined as all disease 
features documented at the time of their first medical as-
sessment. Presenting symptoms were reported in 33 cases, 
which included 15 instances of visual deficit (45%), 25 
hormone deficiency syndromes (76%), and 20 cases of DI 
(61%; Fig. 2A).

Index symptoms were clearly documented in 28 patients 
and included isolated DI in 10 (36%), isolated hormone 
deficiency in 14 (50%), and concomitant DI and hormone 
deficiency symptoms in 4 (14%) patients. Among the 14 
patients with DI as an index symptom, 7 underwent MRI 
within 1 year; 5 of these studies were negative. Subsequent 
neuroimaging ultimately diagnosed neurohypophyseal tu-
mors in all individuals; however, the latency periods were 
150, 315, 889, 942, and 1366 days. In this last, most pro-
longed radiographic delay, MRI studies were persistently 
negative at 918 days, subsequent to which the first MRI 
study with positive findings was conducted 1366 days after 
initial symptomatic presentation (Fig. 2B). Compared with 
patients without DI as an index symptom, the latency peri-
od from symptomatic onset to diagnosis was significantly 
longer among patients who developed early DI (1083 vs 
360 days, p = 0.009; Fig. 2C). Similarly, patients whose 

FIG. 1. Age- (A) and sex- (B) based distributions of 35 patients with neurohypophyseal iGCTs. The median and mean ages were 
18 years.
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index symptoms included a hormone deficiency syndrome 
had significantly increased latency periods prior to diag-
nosis (953 vs 245 days, p = 0.004; Fig. 2D).

Pituitary Insufficiency: Biochemical and Clinical Profiles
Data on laboratory assessments at presentation were in-

complete; however, as available, we captured parameters 
pertinent to the major pituitary axes, including adrenocor-
ticotropic hormone (ACTH; corticotrophin and cortisol), 
thyroid-stimulating hormone (TSH; TSH and free T4), 
growth hormone (GH) axis (GH, insulin-like growth fac-
tor [IGF]–1, IGF-BP3), testosterone, luteinizing hormone/
follicle-stimulating hormone (LH/FSH), and prolactin. 
Quantitative data were dichotomized as normal and ab-
normal using institutionally validated reference ranges 
with age- and sex-adjusted thresholds. In patients with at 
least 2 years of follow-up, long-term hormone supplemen-
tation was also tracked.

Biochemically confirmed pretreatment pituitary func-
tion abnormalities included ACTH deficiency in 11 of 20 
(55%), TSH deficiency in 7 of 19 (37%), GH/IGF-1 in 11 
of 17 (65%), testosterone in 13 of 14 (93%), LH/FSH de-
ficiency in 5 of 12 (42%), and hyperprolactinemia in 16 
of 24 (67%; Fig. 3A). At last follow-up, chronic hormone 
supplementation requirements included corticosteroids in 
24 of 32 (75%), thyroid hormone in 22 of 32 (69%), GH in 

5 of 29 (17%), testosterone in 17 of 29 (59%), and antidi-
uretic hormone (ADH) in 23 of 32 (72%; Fig. 3B) cases.

Dichotomized, paired data for preoperative biochemi-
cal status and postoperative hormone supplementation 
were tested for correlation. No significant associations 
were observed; however, a large proportion of patients 
with preoperative hormone deficiency syndromes were 
noted to require supplementation in follow-up, including 
corticosteroids in 100%, TSH in 100%, GH in 38%, tes-
tosterone in 73%, and ADH in 94% (p = 0.13, p = 0.07, p = 
0.22, p = 0.25, and p = 0.22, respectively; Fig. 3C).

Prognosis and Radiation Coverage
Radiation field size was tested in association with prog-

nosis in germinomas (n = 31). Progression-free survival 
(PFS) and overall survival (OS) were both significantly 
longer after whole-brain irradiation (WBI) or WVI, com-
pared with local treatment (p = 0.009 and p = 0.004, re-
spectively). Several patients with unifocal disease did not 
undergo platinum-based chemotherapy. This prompted 
a multivariate analysis to control for the potential con-
founder, which confirmed that both WBI and WVI were 
independently associated with statistically significant im-
provements in PFS and OS, compared with local radiation 
(p = 0.009 and p = 0.025, respectively; Fig. 4).

TABLE 1. Comparison of clinical manifestations based on tumor location

Neurohypophysis Pineal Gland Both p Value*

No. of patients 20 40 15
F/M ratio 6:14 1:39 3:12 0.0047
Female sex (%) 30.0 2.5 20.0
Age, yrs 0.22
 Range 0–49 7–46 9–42
 Median 19 15.5 17
 Mean 18.5 16.7 18.4
Histology† <0.0001
 Germinoma 16 15 15
 Mature teratoma 1 2 0
 Immature teratoma 1 2 0
 MaligT 0 0 0
 Yolk sac tumor 0 1 0
 Embryonal carcinoma 0 0 0
 Choriocarcinoma 0 1 0
 Mixed iGCT 2 8 0
 Mixed NGGCT 0 0 0
 GCT not otherwise specified 0 11 0
Presenting symptoms
 Pituitary insufficiency 73.7% (14/19) 8.8% (3/34) 78.6% (11/14) <0.0001
 DI 52.6% (10/19) 0.0% (0/31) 71.4% (10/14) <0.0001
 Visual deficit 47.4% (9/19) 28.6% (10/35) 42.9% (6/14) 0.21

MaligT = teratoma with malignant transformation.
Boldface type indicates statistical significance.
* Comparison between cases with neurohypophyseal lesion and cases without neurohypophyseal lesion.
† Histology was compared in terms of germinoma or nongerminoma.
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Discussion
We present a single-institution retrospective case series 

of neurohypophyseal iGCTs, with a focus on the epidemi-
ology, natural history, and prognostic factors. Our analysis 
demonstrates that, compared with other major iGCT sub-
groups, neurohypophyseal tumors predominantly occur 
in children, adolescents, and young adults, and, although 
a male sex predominance was noted in both groups, the 
distribution was more markedly skewed among patients 
with pineal iGCTs, greater than 90% of which arose in 
men, compared with approximately 75% of patients with 
neurohypophyseal iGCTs. Germinomas accounted for the 
vast majority of neurohypophyseal iGCTs—89% overall, 
including all multifocal lesions—highlighting a poten-
tially defining feature of neurohypophyseal lesions. This 
possibility is further reinforced when considered in con-

trast to pineal region iGCTs, for which previous reports 
have described the germinoma incidence as 30%–40%, 
which is in agreement with our institution’s observation of 
15 germinomas among 40 tumors (37.5%) (Table 1).11,13,16

Although a significant proportion of patients described 
presenting symptoms that included visual deficit (45%) or 
endocrinopathy (76%), one of the most intriguing find-
ings of our study was the prevalence of DI as an index 
symptom (50%) and the association between early DI and 
prolonged radiographic latency. Sethi et al. reported that 
as much as 93% of patients with suprasellar iGCTs had 
polyuria and/or polydipsia symptoms, and 82% of patients 
with suprasellar iGCTs experienced delay in diagnosis ≥ 
6 months.25 On focused review, these challenging cases 
were frequently misdiagnosed as histiocytosis X or neuro-
hypophysitis, given the propensity of the patients to pres-
ent with imaging-negative pituitary dysfunction. In our 

FIG. 2. A: Presenting symptoms, those documented at the time of primary medical examination, included visual deficits in 15 of 33 
(45%), hormone deficiency syndromes in 25 of 33 (76%), and DI in 20 of 33 (61%) patients. B: Individual patient plots (index cases) 
highlight the frequency of nondiagnostic imaging in radiographically latent DI-associated iGCT. C and D: Index symptoms, defined 
as the first disease feature noticed by the patient and reported in the patient’s history, were reported in 28 patients, of whom 14 
reported isolated DI (C, 50%), 10 identified isolated hormone deficiency (D, 36%), and 4 described concomitant DI and hormone 
deficiency symptoms (C and D, 14%). Both DI and hormone deficiency as an index symptom were significantly associated with 
radiographic latency (360 vs 1083 days [p = 0.009] and 245 vs 953 days [p = 0.004], respectively). *p < 0.05.
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FIG. 3. Split bar graphs. A and B: The proportions of patients with biochemical evidence of pituitary dysfunction prior to treatment 
(A) or chronic posttreatment hormone supplementation (B). C: Correlation studies demonstrated a trend toward increased risk of 
posttreatment supplementation in association with pretreatment biochemical abnormalities; these differences did not reach statisti-
cal significance.

FIG. 4. Kaplan-Meier survival analyses performed on germinoma patients demonstrate statistically significant improvements in 
PFS (A) and OS (B) in association with WBI/WVI compared with local radiotherapy.
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most extreme case, a patient underwent 3 MRI sessions 
during a latency period of 918 days from initial onset of 
DI until a lesion had finally grown large enough to be de-
tected on the fourth study, nearly 4 years after the initial 
symptom. In part, this is attributable to technological limi-
tations and the capacity for microscopic lesions to mani-
fest dramatic hormone symptoms, particularly when com-
pared with the significant mass effect required for iGCTs 
to produce visual deficits.14 Although rare, the natural his-
tory of prolonged latency prior to radiographic diagnosis 
is among the previously described trajectories for iGCTs, 
which Jennings et al. identified as particularly pronounced 
among suprasellar lesions, relative to other common iGCT 
locations.13 Yet another case report described a pineal 
iGCT associated with DI as an index symptom, which 
the authors speculated was likely attributable to an occult 
neurohypophyseal lesion.27 Indeed, even many confirmed 
iGCTs manifest little more radiographic evidence than a 
thickened infundibulum or the disappearance of posterior 
pituitary hyperintensity on T1-weighted sequences.10,17

With these findings in mind, we recommend close 
monitoring of pituitary function and serial imaging stud-
ies whenever iGCT is suspected, to both improve the 
probability of an early diagnosis and potentially avert the 
morbidity associated with extended pituitary dysfunc-
tion.17 Indeed, the relationship between DI and diagnosis 
is the core narrative describing how our understanding of 
iGCTs and their optimal management has evolved over 
the 3 decades encompassed within the study period of this 
analysis. More specifically, we have become uncompro-
misingly vigilant in our approach to serial imaging stud-
ies for DI with imaging studies negative for iGCT, par-
ticularly among patients 12–20 years of age. Furthermore, 
standardization of surveillance and treatment protocols 
via the COG has come to define standard of care, with 
marked benefits for patients and the shared knowledge 
base regarding this rare entity alike.

While most aspects of the COG protocols are pertinent 
to treatment features such as timing, sequence, and modali-
ty, a parallel area of evolution in our practice has been with-
in the specific niche of patients requiring operative neuro-
surgical treatment. Defining patients requiring surgery is 
a function of diagnosis, which is generally reached via the 
stepwise progression of assessing for serum and CSF tu-
mor markers, followed by consideration for tissue biopsy in 
equivocal cases. If initial laboratory studies confirm germi-
noma, our standard protocol is to proceed directly to radio-
therapy; however, this is infrequently the case, but as most 
nonteratomatous iGCTs are radiosensitive, our preferred 
initial operation is a biopsy. Approach options include a 
transsylvian one for predominantly parasellar lesions ver-
sus an endoscopic transventricular biopsy in patients with a 
defined intraventricular component, as well as hydrocepha-
lus. The endoscopic option, although suboptimal for certain 
anatomical configurations, has the benefits of being more 
minimally invasive while allowing for simultaneous per-
formance of an endoscopic third ventriculostomy for treat-
ment of hydrocephalus. Following tissue diagnosis, radio-
sensitive iGCTs go on to receive 6 cycles of COG protocol 
chemotherapy, followed by radiotherapy.

Mature teratomas are the predominant neurohypophy-

seal iGCTs for which patients are returned to the operat-
ing for an attempt at definitive resection relatively early 
in their clinical trajectory. For most lesions, a transsylvian 
trajectory is the safest and most reliable means of protect-
ing the optic nerves, optic chiasm, major blood vessels, 
and pituitary infundibulum. Patients with pronounced hy-
drocephalus or large intraventricular lesions may be can-
didates for an interhemispheric transventricular approach; 
however, visualization of the chiasm is challenging in this 
setting, and it should be reserved for carefully selected in-
dividuals with ideal tumor anatomy.

Turning to the implications of our findings in the ante-
rior gland, we identified significant dysfunction in at least 
1 pituitary axis among more than half of all patients at 
presentation, in particular, ACTH, GH/IGF-1, testoster-
one axis, and prolactin. Although our sample size was 
too small to reach statistical significance, we observed a 
trend in which preoperative biochemical abnormalities 
appeared to be more prevalent among patients who went 
on to require chronic hormone supplementation at 2 years 
posttreatment, predominantly for the replacement of cor-
ticosteroids, thyroid hormone, testosterone, or ADH. This 
is a retrospective, single-institution study, and is therefore 
subject to selection, recall, and other pertinent sources of 
bias; our findings require further exploration in a larger 
cohort. Despite this, we do emphasize the need to improve 
screening and surveillance of potential patients to bet-
ter improve diagnostic accuracy, identify candidates for 
prompt treatment, and ensure close follow-up of those in-
dividuals at highest risk of postoperative endocrine failure. 
Other authors have reached similar conclusions, including 
Jorsal and Rørth, who identified one or more endocrine ab-
normalities in > 90% of cases at diagnosis (including DI, 
the most common), and Sawamura et al., who described 
chronic, supplementation-dependent endocrinopathy in 
58 of 85 cases (68%).14,24 Although these studies were not 
restricted to neurohypophyseal lesions, they provide sup-
porting evidence for the need to include a complete en-
docrinological assessment at the time of diagnosis in all 
iGCTs, with a low threshold to initiate supplementation, 
and close posttreatment follow-up, ideally by a dedicated 
neuroendocrine team whenever possible.

The finding of our study that local radiation therapy is 
insufficient treatment for neurohypophyseal germinomas, 
both in terms of recurrence and survival, corroborates 
the ongoing clinical study in COG and SIOP (European 
Society for Paediatric Oncology), where localized germi-
noma is treated with WVI and boost to the primary site 
(ACNS1123). It is noteworthy that all observed recur-
rences occurred outside of the radiation field in patients 
who underwent local radiation therapy, whereas no cases 
with radiation therapy covering the ventricles recurred. 
Our study is the first to report this finding in the neuro-
hypophyseal iGCT population, which echoes earlier work 
on field-associated survival differences reported in both 
the general iGCT population and intracranial germinomas 
in any location.4,7,29 Still, other reports have demonstrated 
that, in germinomas treated with local radiotherapy, recur-
rences occur not just outside of the treatment fields6 but 
most frequently in the periventricular regions, supporting 
WVI as perhaps the most balanced strategy between the 
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demands of tumor control and reducing radiation burden.3 
With our results and these corroborating findings from the 
literature in mind, we strongly recommend against reduc-
tion of the radiation field in germinoma treatment proto-
cols, given the mounting evidence that both PFS and OS 
benefit from ventricular coverage.

Conclusions
We report a 35-patient series of neurohypophyseal 

iGCTs, characterizing several unique features of these 
challenging and nuanced tumors. Our key findings include 
the propensity for radiographic latency of iGCT on presen-
tation, particularly in patients who develop DI or pituitary 
insufficiency as their index symptom, the potential associ-
ation between preoperative biochemical abnormalities and 
long-term dependence on hormone supplementation, and 
the survival advantages of WBI/WVI over local radiation 
in the specific subpopulation of germinomas. The major 
limitation of our study is sample size, an intrinsic chal-
lenge of studying a rare disease; additionally, the analysis 
was carried out retrospectively. Indeed, further study in 
larger cohorts is clearly required to expand, confirm, and 
better characterize these findings; notwithstanding, our 
analysis represents a small but critical step forward in our 
understanding of the natural history and best management 
practices in these rare tumors, which we anticipate will 
helpfully inform clinical decision-making and direct fu-
ture iGCT research.
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