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Tumors of the pineal region are rare and their optimal management remains controversial. In this editorial, we propose a
simplified and stratified management scheme for tumors in
this region.

Incidence, presentation, and different types of pineal
region tumors
Pineal region tumors comprise 2.5–8.5 % of pediatric intracranial tumors, being more common in the Asian populations
[1, 2]. These tumors are diverse in cell origin [3, 4], most
commonly germ cell tumors (GCT) followed by pineal parenchymal tumors (PPT) (Fig. 1).
Patients usually present with obstructive hydrocephalus, symptoms/signs of brainstem compression, or evidence of precocious puberty or diabetes insipidus from
metachronous GCTs, which are bifocal tumors occurring
in the pineal and suprasellar regions simultaneously
[5, 6]. Brain and whole spine MRI with and without
contrast should always be performed upon presentation
(Fig. 2 and cover image) and prior to any procedure to
assess for extent of disease [7].

* Liliana C. Goumnerova
liliana.goumnerova@childrens.harvard.edu
1

Department of Neurosurgery, Boston Children’s Hospital, 300
Longwood Avenue, Hunnewell 2, Boston, MA 02115, USA

Management of GCTs
Role of markers
Specific proteins, namely alpha-fetoprotein (AFP) and beta
human chorionic gonadotropin (βhCG), are secreted by nongerminomatous GCTs (NGGCTs) or immature teratomatous
elements and can be detected both in serum and/or cerebrospinal fluid (CSF) [8]. These markers can be used to diagnose
NGGCTs even without tissue confirmation thereby avoiding
surgery at presentation and its associated complications.
Markers can also be used to reflect prognosis, evaluate response to treatment, and monitor disease recurrence [9–11].
AFP is secreted by yolk sac tumors mainly, as well as
embryonal carcinomas and immature teratomas. βhCG is secreted primarily by choriocarcinomas and by some embryonal
carcinomas [12].
Elevations of serum or CSF AFP >10 ng/ml and/or βhCG
>50 mIU/ml is considered marker-positive [7]. Usually,
germinomas (GGCTs) and mature teratomas do not have elevated markers [13]. A subgroup of germinomas with a
syncytiotrophoblastic component (G/S) can secrete βhCG
and have a slightly poorer prognosis compared to pure
GGCTs necessitating treatment similar to that of NGGCT [14].
The AFP elevations in serum and CSF tend to correlate
with each other. βhCG elevations in the CSF are not always
associated with identical serum elevated levels. Therefore, it is
necessary to obtain CSF samples in patients whose serum
βhCG levels are not diagnostic [8].
Markedly elevated AFP levels (>1000 ng/ml) appear to
have poorer prognosis. In contrast, marked elevations in
βhCG levels (>1000 mIU/ml) did not reflect the same prognostic significance [11].
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Fig. 1 Pathology of pineal region
tumors, incidence, and prognosis
[1, 2, 4, 5, 7, 14]. GCTs germ cell
tumors, NGGCT nongerminomatous germ cell tumor,
PPT pineal parenchymal tumor
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In non-secreting pineal region tumors, tissue diagnosis is
always required to guide further management [7].
Endoscopy: ETV, CSF sampling, biopsy, and resection
The introduction of neuroendoscopy has helped improve
the morbidity and mortality of procedures in the pineal
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region [15]. For patients presenting with obstructive hydrocephalus, the initial management is endoscopic third
ventriculostomy (ETV), inspection of the ventricular system for evidence of CSF dissemination, and biopsy of the
tumor (if technically feasible) along with CSF sampling
for cytology and markers (Fig. 2 and cover image) [16]. If
possible, the endoscope can also be used to resect the
tumor, for example, in small and avascular tumors.
ETV should be the first line of treatment for obstructive
hydrocephalus in patients with tumors in the pineal/tectal area
[17]. However, if not available, placement of a ventriculoperitoneal shunt can be performed in the initial management
of the hydrocephalus but carries the risk of peritoneal dissemination [18].
If ETV and tumor biopsy will be performed in the same
session, the ETV should be done first to avoid obscuration
of the operative field by bleeding from the tumor after
biopsy [19].

Chemotherapy, radiotherapy, and combination

Fig. 2 Sagittal T1 weighted image MRI with contrast enhancement
demonstrating a pineal region tumor, with endoscope illustrations and
intraoperative endoscopic views of the following: (left) the floor of the
third ventricle after an endoscopic third ventriculostomy has been
performed; (right) pineal region tumor obstructing the aqueduct of Sylvius

GGCTs are highly radiosensitive, therefore, can be treated
with radiotherapy alone. However, in order to reduce the
long-term side effects of radiotherapy, adjuvant chemotherapy can be added. This has shown to lower the needed
dose and field of radiotherapy while achieving comparable outcomes. In localized GGCTs, controversy exists regarding dose and field (whole ventricle versus whole
brain) of radiotherapy [20, 21]. In recurrent or
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disseminated GGCTs, craniospinal irradiation (CSI) is utilized [6].
NGGCTs and teratomas (except mature teratoma) are
more aggressive tumors, so management usually incorporates a combination of chemotherapy followed by CSI
[22]. In contrast, management of mature teratomas can
be through surgery alone if gross total resection is
achieved, without the need for adjuvant therapy [23].
Mixed GCTs are managed according to the most malignant component present in the tumor [24].
Residual mass remaining after anti-neoplastic therapy
could reflect fibrosis or necrosis as a consequence of therapy or could be residual tumor. If residual tumor is
suspected, Bsecond look surgery^ is performed to resect
the mass and achieve NED (no evidence of disease). In
Fig. 3 Algorithm for step-bystep management of a pineal
region tumor. CSF cerebrospinal
fluid, ETV endoscopic third
ventriculostomy, +ve positive,
−ve negative, GGCT
germinomatous germ cell tumor,
NGGCT non-germinomatous
germ cell tumor, G/S germinoma
with syncytiotrophoblastic component, Chemo. chemotherapy

some cases, this may require further chemotherapy to accomplish NED [19, 25].

Growing teratoma syndrome
Occasionally, progression can be detected either during or
following initiation of chemotherapy and after normalization
of tumor markers. This condition is referred to as growing
teratoma syndrome (GTS) and is more common in immature
teratomas and NGGCTs. Early attempt at complete excision is
the treatment of choice, followed by standard treatment of
NGGCTs [26].
The algorithm shown in Fig. 3 acts as a step-by-step guide
towards management of patients presenting with pineal region
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tumors. Long-term follow-up is done using routine imaging
and marker surveillance.
Role of open surgery
With the advancements in endoscopic neurosurgical procedures and stereotactic biopsies and the ability to reach the
diagnosis by markers, the role of open surgery to obtain a
tissue diagnosis has declined [27]. However, if tumor
resection/debulking is indicated after tissue diagnosis, open
surgery is still a viable option. Several approaches can be used
to access the pineal region, including interhemispheric
transcallosal, suboccipital transtentorial, and supracerebellar
infratentorial. These are determined by the surgeon’s preference, risk of morbidity, and tumor location [18].
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Pineoblastomas (PBs)
These are considered primary neuroectodermal tumors
(PNETs) and are classified as WHO grade IV. PBs are aggressive tumors (especially when presenting in children <3 years)
that frequently metastasize. Optimal management includes
gross total resection, whenever possible, followed by combination chemotherapy and CSI [33–35].

Less common tumors in pineal region
These tumors are shown in Fig. 1 and are managed according
to their primary pathology.

Molecular oncology of GCTs

Conclusion

The activation of the MAPK pathway by KIT or RAS mutations plays a role in the pathogenesis of GGCTs. Such mutations are mutually exclusive and are positively correlated with
KIT mRNA overexpression and chromosomal instability [28].
The importance of these findings is that molecular targeting
agents, such as imatinib, which is an inhibitor of specific tyrosine kinases, including KIT, can be used in the management
of GGCTs that harbor KIT mutations. These alternative management options can help avoid long-term adverse effects associated with radiotherapy which include neurocognitive impairment, secondary neoplasms, radiation-induced occlusive
vasculopathy, and endocrinological dysfunctions [29, 30].
The relationship between KIT mutations and the prognosis
of GGCTs is controversial [31]. However, some suggest that
patients with these mutations require long-term follow-up due
to the risk of secondary GCTs [29].
Similar molecular and genetic findings have not been clearly uncovered in the pathogenesis of NGGCTs [28].
Further genetic studies are required to understand the pathogenesis of GCTs and subsequently improve the outcomes of
these tumors, especially those who fail conventional treatments [28, 29, 31].

Pineal region tumors in the pediatric population are primarily
GCTs where diagnosis can be made via serum and CSF
markers and can help guide therapy. These markers are also
utilized in the monitoring of response to therapy and longterm follow-up.
Advancements in neuroendoscopy have led to the ability to
simultaneously treat the hydrocephalus (ETV) and obtain tissue diagnosis, when necessary, thereby obviating the need for
more invasive and morbid procedures.
This paper provides a schema for the management of these
tumors at time of presentation that will hopefully assist in the
initial management and guide therapy once pathologic diagnosis is made. The subsequent management of this diverse
group of tumors is dependent on response to therapy and is
tailored to the original pathology.
Better understanding of the molecular genetics behind the
pathogenesis of GCTs is required to introduce safer treatment
modalities and improve outcomes.
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Management of PPTs
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