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Abstract

Pineal parenchymal tumor of intermediate differentiation (PPTID) is a WHO grade II and III tumor arising from pineal
parenchymal cells. PPTID is a rare tumor accounting for less than 1% of all primary central nervous system neoplasms.
Therefore, reports describing the clinical characteristics and biological features of PPTID are lacking. Moreover, the thera-
peutic strategy remains controversial. The current study aimed to evaluate treatment results and problems of contemporary
therapeutic modalities of PPTID based on its features compared with other pineal parenchymal tumors. A comprehensive
systematic literature review of 69 articles was performed, including articles on PPTID (389 patients) and similar tumors.
Patient demographics, disease presentation, imaging characteristics, biological features, and current therapeutic options and
their results were reviewed. We found that histopathological findings based on current WHO classification are well associated
with survival; however, identifying and treating aggressive PPTID cases with uncommon features could be problematic. A
molecular and genetic approach may help improve diagnostic accuracy. Therapeutic strategy, especially for grade III and
aforementioned uncommon and aggressive tumors, remains controversial. A combination therapy involving maximum
tumor resection, chemotherapy, and radiotherapy could be the first line of treatment. However, although challenging, a large
prospective study would be required to identify ways to improve the clinical results of PPTID treatment.

Keywords Pineal parenchymal tumor of intermediate differentiation - Pineal parenchymal tumor - Pineal gland -
Pathology - Radiotherapy - Chemotherapy

Introduction

The pineal body, a small endocrine gland that modulates
circadian and seasonal rhythms by melatonin secretion, is
located in the epithalamus, ventral to the cerebral aqueduct.
Pineal gland tumors are rare and account for less than 4% of
all primary tumors in the central nervous system (CNS) [1,
24, 66]. Pineal parenchymal tumors (PPTs), including pineo-
cytoma (PC), the pineal parenchymal tumor of intermediate
differentiation (PPTID), and pineoblastoma (PB), are the
second most common tumors of the pineal gland after germ
cell tumors, comprising approximately 11-28% of all pineal
region tumors [1, 5, 37, 88].

PC is a low-grade (WHO grade I) tumor, and total resec-
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tion is an important prognostic factor. In contrast, PB is a
high-grade (WHO grade IV) tumor, and due to a high risk
of recurrence and cerebrospinal dissemination, a combi-
nation therapy involving direct surgery, radiotherapy, and
chemotherapy is often recommended [50]. PPTID was
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first described by Schild et al. in 1993 and subsequently
included in WHO classification 2000. It is now defined as
a PPT with an intermediate malignancy between PC and
PB and includes intermediate-grade (WHO grade II and III)
tumors [61, 86]. Although some reports have recommended
complete removal for low-grade (WHO grade II) and com-
bination therapy for high-grade (WHO grade III) PPTID, in
practice, it is not that straightforward [21, 79, 112]. Because
of their rarity and heterogeneous biological aspects, there is
no standard protocol for treating PPTID.

As large prospective PPTID case studies might not be
feasible, personalized management of PPTID is needed for
successful treatment. A better understanding of the tumor’s
pathological and clinical characteristics and the available
therapeutic options may help accomplish this goal. There-
fore, a systematic review was performed to characterize
the clinical features of PPTID compared with from those
of other PPTs. In addition, we evaluated the treatment out-
comes and challenges associated with contemporary thera-
peutic modalities. Furthermore, a perspective is provided
based on recent biological and technological advances to
improve the clinical outcome of PPTID. Lastly, recommen-
dations regarding future studies have been discussed.

Methods
Search strategy

The first study objective was to categorize the literature for
data associated with clinical characteristics, biological fea-
tures, and current therapeutic options of PPTID. Therefore,
relevant literature describing the cases of PPTID with or
without PC or PB cases was identified through a systematic
search. A comprehensive review following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines of the bibliographic database Pub-
Med, Embase, Web of Science, and Cochrane Library data-
bases to December 2020 was performed [69]. The study
protocol is available in PROSPERO (CRD42021259239).
We also reviewed the related citation links suggested by the
PubMed websites and reference lists of retrieved articles.
The keywords used for the search were “pineal parenchymal
tumor,” “PPTID,” and “intermediate differentiation,” along
with appropriate Boolean connectors.

Selection criteria

Through careful review of the abstract, we included prospec-
tive or retrospective studies, case reports, and case series
related to PPTID, published until December 2020. The lit-
erature search was restricted to articles written in English or
Japanese. We excluded review or video articles, conference

@ Springer

abstracts, book chapters, technical notes, or articles without
clinically relevant PPTID data. When a patient’s information
overlapped in two different studies, information from only
the primary study was included in our analysis.

Search results

The initial search identified 327 records from the PubMed,
Embase, Web of Science, and Cochrane Library databases.
After removing 178 duplicate records, 82 of the remaining
149 articles were excluded as they were unrelated to the pre-
sent analysis, and one article was excluded based on further
eligibility assessment of the full text. A further three articles
were included after reference crosscheck. As a result, 1039
cases of PPTs were reported (Table S1). Among them, 389
cases of PPTID from a total of 69 articles, including 24 case
reports, 22 case series, or 23 cohort studies [2, 4, 7-13, 16,
18-21, 25-31, 35, 39, 40, 42-53, 55, 58, 59, 62, 63, 65, 67,
68, 73-76, 78-80, 83, 85, 87, 89, 90, 94, 99-102, 105-108,
110-112, 114], were identified and summarized for system-
atic review (Fig. 1, Table 1, Table S2, S3).

Data extraction

The following information was extracted: age, sex, histo-
pathological diagnosis of PPTs (PC, PPTID, PB, or mixed
PC-PB), WHO grades of PPTID, reported number of each
PPT subtype, treatments, clinical outcomes, and com-
plications. Recent updates on the PPTID study were also
extracted.

Quality assessment criteria

The methodological quality of these studies was evaluated
on four different domains, as previously described [41, 70],
with slight modifications (Table 2). The domains were as
follows: patient selection (Is the patient’s case representa-
tive of the study, or is there some ambiguity in the selection
criteria/methods which may result in patients with similar
presentation not being reported?), ascertainment (Did the
diagnosis of PPTID [and similar tumors] adequately meet
WHO classification?), causality (Was a certain volume of
the tumor resected (not including biopsy)? Was the follow-
up long enough (a year or more) for outcomes to occur? Are
any adverse events or complications reported?), and report-
ing (Is the case(s) described with sufficient detail to allow
other researchers to replicate the study or to allow practition-
ers to make inferences related to their practice?). For each
domain, the information quality of an article was rated as
good, moderate, or insufficient (Table 3). Detailed informa-
tion about the articles included in this review is provided as
supplementary information (Table S2).
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Fig.1 Study selection diagram and study design

Statistical analysis

All statistical analyses were carried out using GraphPad
Prism (Version 8.4.3, GraphPad Software LLC). In sum-
mary, chi-square tests were performed to compare two or
more different groups of patients. Two-way ANOVA with
Tukey post hoc test was performed to analyze age in the
current WHO subtypes, such as PC, PPTID, and PB, and
between sexes. Unpaired #-tests with Welch’s correction
were performed to compare ages between the male and
female patients in cases of total reported PPTs, mixed
PC-PB and PC with anaplasia, or mixed PC-PB/PPTID. Var-
iables were described using means and standard deviations.
Detailed information regarding the analysis is provided as
supplementary information.

Results
Clinical characteristics
Demographics

PPTID occurs across all age groups (mean age,
37.9+17.3 years; Table 4, S2) with two peaks, one in
young adults and the other in aged individuals (Fig. 2A).
As Fauchon et al. previously reported, higher grade tumors
(according to WHO classification) occurred at a significantly
younger age (p <0.001, Table 4, Fig. 2A) [25]. Furthermore,
grade II PPTID cases were significantly older than grade

III cases (p =0.022, Table 4, Fig. 2B) (demographics of the
total PPT cohort is also shown in Supplemental Materials).

In presenting symptoms of PPTID, symptoms pertain-
ing to increased intracranial pressure (ICP) mostly due to
hydrocephalus (such as headaches, nausea, vomiting, or
papilledema) were the most common, and similar to those
observed with other pineal region tumors or PPTs (Table 5).
Midbrain compression resulted in the second most common
symptom: visual impairment, including Parinaud syndrome
or other unspecified visual symptoms. Lower limb symp-
toms, such as gait disturbance (ataxia or spasticity), were
also reported. Cognitive or memory disturbances and confu-
sion were seen in six out of 85 patients.

Imaging characteristics

On computed tomography, PPTID demonstrated vascular
lobulated pineal masses, extending into adjacent structures
such as ventricles or thalami, that are usually hyperdense
due to high cellularity, with peripheral exploded calcifica-
tions [111]. Magnetic resonance imaging (MRI) showed
several patterns, usually a heterogeneous hypointensity
on T1-weighted images, heterogeneous hyperintensity on
T2-weighted images, and heterogeneous cystic enhancement
with less progressive local invasion, and a lower possibility
of intracranial dissemination and CSF-spread to the spine
than PB [40, 49, 100, 111]. Komakula et al. showed the
results of contrast scans demonstrating marked heterogene-
ous (10/11) and uniform (1/11) enhancement in PPTID [49].

@ Springer



Neurosurgical Review (2022) 45:1135-1155

1138

0S ¢ S 4 01 1002-0661 (I'T1-9IA) dH ~ SOLIds 3se) [X] (6002) Te 12 uorex
001 I I VIN dH ‘W[ ‘Sd  Modarese) [X] (6002) Susey
001 I I 002 dH ‘W[ ‘Sd  Modarese) [X1 (60027) Te 30 wry
001 I I VIN (I'T 1-9IN) dH ‘W] ‘Sd ~ 1odarase) [X1 (8007) 'Te 10 epewiiys
001 I I VIN LY ‘dH ‘Wi ‘Sd  Modarase) [X1 (8007) Te 12 Jyuag
(9007) "Te 10 a3ueIuON
8L L ré 6 -9IAQ, JO 9)e0T[dNp JOU SOSBD) 44
——bel
0S L L ¥1 9002-6L61 VO ‘dH  SOUAs ase) (8007) 'T& 10 3UBIUOIN-QIAR]
1T LI L € 9 €¢ #002-0661 dH Apmus 1040D) [x] (8007) ‘e 10 ueSeyzeAlry
001 I I VIN dH ‘Sd  Modarase) [X1 (9000) ‘Te 12 Dyeses
001 I I VIN dH ‘Sd  Modarase) [X1 (9002) ‘e 10 110zseIZSNg
) L 14 1T €00-1661 dH  souos ose) [X1(9002) ‘e 10 rewny]
9% ¥ 9 € €l VIN vD  seuesase)  [X](9007) ‘[ 30 95URIUOIN-OIAS]
001 I I VIN IO LY ‘SS ‘wy‘sd Modarase) [X]1(9002) ‘Te 30 ueuy
Tl S 14 €T VIN dH Apmis 11040D [X1 (2002) ‘Te 10 ouewrex
(00027) Te 30
VIN VIN VIN 1 uoyone, JO 93ed1[dNp JOU SISBD 455
#(LE) Tt #(1071) ¥9 VIN SO ‘Sdd ‘LD ‘LY ‘SS  Apms 11040 s X1 (2TO0T) T& 30 Yoeqronng
€€ € € € 6 6661-C861 VO ‘UT1-9IN) JH  SouIes ase) [X1 (1002) Te 32 110301y
(2007) TR 30
4 1zl 8C ORQIONNT WOILf PAIORIXD LIR(T 45
VIN 62 8C 6l 9L L661-CTL6T SO ‘SAd ‘LD “L¥ ‘dH ‘SS ‘Wl Aprus 11040) x+[X1 (0007) '[& 10 uoyone]
0 ¢ AN 4 €1 8661-8561 LD “I¥ ‘(I'T 1-91A) dH ‘SS  Apmis 11040) [X1 (6661) Te 10 ewnuewnsy,
0 I T 1 14
0 0T Ly L9 0661861 SO LD LY ‘'Sd  Souas ase) [X]1 (8661) "Te 10 exesLy]
(r661) Te 10
VIN Tl €€ 6 S joAN0[ JO )e2I[dNp 10U SISED
VIN 91 6c 11 99 S661-TL6T SO ‘Sdd ‘dH  Apmis 110yoD x[X] (0007) 'Te 32 30An0f
€SI ¥ T 6 0¢ S661-5€61 SO ‘LD ‘I¥ Apmus 104oD [X1 (9661) Te 32 PIIYdS
0 II 9 4 ¢ 066T-0L6T SO ‘dH ‘wy Apmis 11070) [X]1 (S661) Te 10 eUay
0o (A 1 V/IN dH 'SS  souws ose) [X] (+661) orownN
v ¢ L L LT V/IN dH  SOuUas 9se) [X] (+661) Te 12 U
or 9 8 | 0c T661-SL61 dH  Sous ose) [X] (#661) Te 12 10An0¢
eiserd
ré QU«EM -eue JJIm Um—
(AILddJo %) dd €°pelS OHM  OHM  ‘dd-Dd PXIA  Dd [PI0L, JUSWI[OIUD JO STEQX eIep Uy uSisep Apmig (1eaK) JOyINY
dlLdd
$9sed 1 dd Jo IoqunyN

SOIPMIS POPN[OUT JO SONSLIAJOBIRYD) | 'd|qel

pringer

Qs



1139

Neurosurgical Review (2022) 45:1135-1155

0S 11 8T LT 9 V/IN dH Apmus 1040D) [X]1(L102) 'Te 3 £0D
001 6 81 LT T102-500C SO ‘Sdd ‘LD ‘1Y ‘SA ‘dH ‘Sd  Apmis 11040D [X1(9100) e 30 nx
001 I I VIN dH ‘wy‘sd Modarase) [X1(9102) Te 10 uoox
001 I I V/IN dH ‘SS ‘W ‘Sd  Hodarase) [x]1(9107) 'Te 10 e[SUIS
001 I I VIN SA VO dH ‘W] ‘Sd  Hodarase) [X] (91027) "Te 3 Suey
LY ‘sa
001 T € S €102-010¢ ‘(I'T T-91A) dH ‘(SYN) W] ‘dH ~ SOLIds ase) [X](9107) Te 3 sed
001 I I VIN dH ‘SS ‘wy ‘Sd  Modarese) [X](S102) T2 1@ [ned
€9 S € 8 $102-L661 LD ‘1Y ‘SA ‘dH ‘SS ‘W[  SOLILS 9sE) [X]1 (S10T) Te 3 Yred
91 11 € S 61 01026861 dH ‘W] SOLILS OSED) [X] (+10T) "Te 10 euRyORY
o 9 8 9 0t €107-5661 wy ‘gq Apnis 10yo) [X] (#107) Te 10 oMY
SO ‘Sdd ‘LD
001 S S €10C-000C  “L¥ ‘SA “(I'T I-9IA) dH ‘SS ‘W[  SOLIds ase) [X] (+102) "Te 12 aquueiepm
€€ € ¥ S 4! T107-€661 (LAd-Oa:D) wy  Apms 110yo) [X] (#107) Te 30 13yEY]
(T100) B 10
0 7 7 SO rmmm A,HU ouuey jo 3&0:&5.@ 10U SASB) s e e
oy ¢ I S 9 SI 1102-2661  “L¥ ‘SA'(I'T 1-9IA) dH ‘SS ‘W[  SOLIds ase) wxwix[ X1 (F10T) TE 10 0I]
001 I I 8661 dH ‘Wi ‘DD ‘Sd  Modarsse) [X] (+102) Te 12 9[jorg
001 I I 0102 1D LY ‘wl‘Sd  wodarese) [x1(c102) TR 91X
001 I I VIN (Axordode) wy ‘sd  31odarase) [X] (€100) Te 30 Suepm
001 I I VIN L¥ ‘dH ‘SS ‘Wl ‘Sd  Modar ase) [x]1(£102) Te 30 [edyey
0S € I S € 4! 11022661 (I'T1-4IIN) dH ~ SOLIds 9se) [X1(2102) ‘Te 10 ouuey]
001 I I VIN (I'T 1-91IN) dH ‘LD ‘Ld ‘W[ ‘Sd ~ 1odarase) [X1(2102) Te 10 eyonyng
[4: 3. 4 8 61 4 €€ V/N  S4d ‘1D ‘LY ‘SA ‘01 1-9IA) dH Apmis 1oyo)  [X] (Z102) ‘T8 10 95UBIUOIN-IAS]
001 T (4 600¢ DD °‘Sd  Modarasse) X1 (1102) Te 32 oey0
Lz 6 L 01 9C 0102-5002 (I'T 1-941N) dH “(QAV) wy Apms 110yo) [X]1 (1102) e %@ nyz
001 1 1 S661-5861 IO 1Y 'SS W 'Sd  SOLIds ase) [X] (1102) e 10 e[nyewoy]
4! S I I L L00T—£002 (SYN) wp  Apms 310y0) X1 (1100) "Te 1 sty
001 I I VIN SA ‘dH ‘W[ ‘Sd  Modarase) [x] (1102) Te 12 ueyo)
L 6 I ¥ 4! £002-C861 IO 1Y 'SA‘Sd  SOuas ase) [X1 (0102) "Te 12 10q1015
001 I I VIN Od4/dM ‘IT-T9IN) dH ‘W ‘Sd ~ Hodar ase) [X](0102) Te3R 1]
S €1 91 6 8 9t V/IN (I'T 1-91N) dH  Apnus 1104o) [X1 (0102) Te 3 epmng
eiserd
4 oﬁﬂuw -eue JJIm Um
(AILddJo %) dd €°pelSOHM  OHM  ‘dd-Dd PXIA  Dd [eIOL, IUSWI[OIUS JO STESL elep Ul uSisep Apmig (1eak) JOyINY

dlldd

sased [ dd Jo JequunN

(ponunuoo) |3jqer

pringer

a's



Neurosurgical Review (2022) 45:1135-1155

1140

"[EATAINS [[BISAO SO ‘TRATAINS 921J-U0ISSaIS01d §.7J ‘TEATAINS QOIJ-JUSAS /7 ‘[BATIAINS 9IJ-3seAsIp §.7(7 ‘Aderoyjowayo 1) ‘Aderoyiorper 1y ‘“K10SIms 10011p JO JUIX0 S
‘sIsATeue o1WIOUAT YO ‘ANOWOIAD MOY/0[q UINsIM D.f/gM ‘A3ojoyedolsty g ‘uoneurwassip 19y1o Jo 3urpass [eurds §¢ ‘Apms Surewn wy ‘swojdwiAs Funuasard §g ‘sonsiroioereyd juoned Hg

001 I I VIN SA ‘dH DD ‘Sd  Modarase) [X1 (0202) "Te 10 Tewnyy
IL 6 T1I 81 € |87 L102-800C SO ‘LY ‘(I'T I-9IN) dH ‘dH  Apmis 31040D [X1(0202) Te 10 np
T 0S I IS VIN SO ‘SHA ‘LD ‘LY ‘SA ‘'VD Apms 31040 [X1 (0207) TR 3R 1T
I¥‘sa
00T I I V/IN VO ‘0T 1-4IN) dH ‘SS ‘W ‘Sd ~ Modar ase) [X] (0202) ‘e 12 oyuayowo]
00T I I VIN LY °SS ‘wy‘sd  Modarase) [X1 (0202) ‘Te 12 3npag
L9 14 (4 9 9107-600C  I¥ ‘SA ‘T 1-4IN) dH ‘W[ ‘Sd ~ SOUAs ase) [X1(0202) Te 10 ugy
7o)
€¢ 0¢ 8 1€ S YL 9107-L00C ‘LI ‘(I'T I-9IA) dH ‘SS ‘W[ ‘dH  SSLIds ase) [X1(6107) Te 10 BULIOA
001 [4 [4 VIN VD dH ‘W[ ‘Sd  Modar ase) [X1 (6107) 'Te 10 zountey
8¢ 14 € I 8 VIN VD 'dH  SSues 9se) [X1 (6107) Te 10 99T
oL ¢ 91 ¥ €T S10T-L661 I¥‘sa Apmsioyod [X](6107) ‘Te 19 zenbse[ap-onboy)
001 01 9 91 9102-900C  SAd “L¥ ‘(I'T [-4IIN) dH 'SS 'Sd ~ SoLIas ase) [x1 (6107) 'Te 10 dal1aney)
YA 1 I ¥ 9102-€102 SAd ‘SA ‘Sd  SouIds ase) [x1(8107) ‘Te 10 Asseqqy
vwooC 14 € 6 9107-€00C (SYN DAV) W Apmis 11040 [X] (8107) "Te 30 Dyesewrex
6c ¢ 14 8 v1 9102-900C SO ‘SdAd ‘LY ‘SA ‘SS ‘wI  Aprus 11040 [X1 (8107) "Te 10 rewny|
0 I I 600 LD ‘LY ‘SA ‘dH ‘SS ‘W ‘Sd  Modar ase) [x] (8107) ‘Te 12 opueg
Ly L 8 01 €l 8¢ ST10T-2661 SO ‘SdAd ‘LD ‘LY ‘S ‘dH ‘SS  Apmus 1104yoD) [x1(L107) ‘Te 30 ySie[ey
ST €1 L 9C 9t ¥10C- SO ‘SdAd ‘L¥  Apms 1104yoD) [X1 (L10T) "Te 30 ULIOA-0LI0]
eiserd
4 wﬁﬂuw -eue JJIm Um—
(AILddJo %) dd €°pelSOHM  OHM  ‘dd-Dd PXIA  Dd [eIOL, IUSWI[OIUS JO STESL elep Ul uSisep Apmig (1eak) JOyINY
dlLdd
$9sed 1 dd Jo IoqunyN

(ponunuoo) |3jqer

pringer

Qs



Neurosurgical Review (2022) 45:1135-1155

1141

Table.2 Tool for evaluating the

Leading explanatory questions

1. Does the patient(s) represent(s) the whole and consecutive experience of the investi-

gator (center) or is the selection method unclear to the extent that other patients with
similar presentation may not have been reported?

2. Did the diagnosis pf PPTID (and similar tumors) adequately meet WHO classification?
3. Was a certain volume of the tumor resected (not including biopsy)?

4. Was the follow-up long enough (at least more than a year) for outcomes to occur?

5. Are any adverse events or complications reported?

) . Domains
methodological quality of case
reports and case series Selection
Ascertainment
Causality
Reporting

6. Is the case(s) described with sufficient details to allow other researchers to replicate the

study or to allow practitioners make inferences related to their practice?

Biological features
Histopathological and molecular features

Histopathological studies to characterize and distinguish
PPTs from other pineal tumors have been performed for
many years. Moreover, immunostaining techniques are now
widely used for classifying PPT grades.

Neurofilament (NF), a neuronal marker expressing
in soma, axon, or dendrite, is one of the most important
benign markers of PPT, with intensive immunopositivity
of NF suggesting PC [28, 107]. In an international mul-
ticenter retrospective study with 66 PPT cases from 12
institutions, in addition to grades I (PC) and IV (PB), the
authors divided the “mixed/intermediate” types of PPT into
two grades (II and III) based on NF staining and mito-
sis index [43]. Grade II included PPT with fewer than six
mitoses and positive immunostaining of NF, and grade
III included PPT with either six or more mitoses or fewer
than six mitoses but negative immunohistochemistry of NF.
This histopathological feature—based grading successfully
demonstrated clinical prognosis and event-free 5-year sur-
vival (grades I through IV with 100%, 87.5%, 65%, and
20% survival, respectively) [43]. Furthermore, Fauchon
et al. reported that PPTID grades II and III differed based
on 5-year survival (74% and 39%) and recurrence rates
(26% and 56%) [25].

Other neuronal markers that vary depending on the sub-
type, and thus could be useful to distinguish PPTID from
other PPTs, are also available. Immunostaining of synap-
tophysin, which normally participates in synaptic transmis-
sion, showed diffuse, cytoplasmic, and variable intensity,
especially in PC or PPTID [42, 76]. Chromogranin A, which
has multiple functions, such as forming complexes with ATP
and catecholamines, can also be expressed in PC or PPTID,
with a pseudostratified architecture [42, 43, 84]. Neuron-
specific enolase (NSE) demonstrated immunopositivity
in a wide spectrum of PPTs but was strongly expressed in
PC or PPTID [43]. Glial markers, such as glial fibrillary
acid protein (GFAP) or S-100 protein, are rarely positive in
PPTs with glial differentiation [107]. Although there is no

evidence of correlation with survival, NeuN, a biomarker for
neurons, was also expressed in PPTID with a higher rate in
low-grade tumors [16, 46].

The MIB-1 index via immunostaining with a monoclo-
nal antibody, detecting cell proliferation-associated antigen
Ki-67, is also used to categorize PPTs. The MIB-1 index
was reported as a malignancy factor associated with PPT
grades (I: 0%; 11: 5.2%; 111: 11.2%; IV: 36.4%) [28] and is an
important marker for distinguishing PPTID from PB or even
between grades II and III. More specifically, Verma et al.
reported that clinical progression occurred in both grades II
and III of PPTID but was more common in the cases with
an MIB-1 index of > 10% in their large single-institutional
series [100]. In a recent study of grade II (n=18) and III
(n=11) cases, the group with MIB-1 index <5% and mitotic
count<3/ 10 HPFs had a significantly longer overall survival
than the group with MIB-1 index > 5% and mitotic count >3/
10 HPFs, respectively, suggesting that, like other neoplasms
in the CNS, cell proliferation and mitosis are critical fac-
tors related to clinical prognosis of PPTID [105]. Further-
more, this study demonstrated that CD24 and preferentially
expressed antigens in melanoma (PRAME) expression are
markers that, along with the WHO criteria, may help evalu-
ate PPTID grading and prognosis, and aid in making thera-
peutic decisions. Classification of PPTID into small-cell or
large-cell morphologic subtypes also showed distinct clini-
cal outcomes [79].

In a unique case report with multiple RNA and protein
analyses of PPTID, a mutation of the epidermal growth
factor receptor variant III (EGFRVIII) was reported. Since
EGFRVIII, the most common variant of the EGF receptor
has been detected in a large percentage of patients with
glioblastoma multiforme but not in normal brain tissue,
the author indicated the possible future use of molecular-
targeted agents against EGFRVIII probably being beneficial
to PPTID patients [59, 60].

Genetic features

Little is known about underlying genetic alterations or
molecular subgroups of the aggressive variants of PPTs,

@ Springer



1142

Neurosurgical Review (2022) 45:1135-1155

Table.3 Included articles were assessed on the domains of patient selection, ascertainment, causality, and reporting. With respect to each
domain, the available information in the studies was evaluated as good (green), moderate (orange), and poor (red)
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Author (Year)

Methodological quality of case reports/series

Jouvet et al. (1994) [X]

Min et al. (1994) [X]

Numoto (1994) [X]

Mena et al. (1995) [X]

Schild et al. (1996) [X]

Jouvet et al. (2000) [X]*

* Cases not duplicate of Jouvet et al. (1994)

Kurisaka et al. (1998) [X]

Tsumanuma et al. (1999) [X]

Fauchon et al. (2000) [X]**

** Data extracted from Lutterbach et al. (2002)

Rickert et al. (2001) [X]

Lutterbach et al. (2002) [X]***

*** Cases not duplicate of Fauchon et al. (2000)

Yamane et al. (2002) [X]

Anan et al. (2006) [X]

Fevre-Montange et al. (2006) [X]

Kumar et al. (2006) [X]

Pusztaszeri et al. (2006) [X]

Sasaki et al. (2006) [X]

Arivazhagan et al. (2008) [X]

Fevre-Montange et al. (2008) [X]****

Ascertainment Causality Reporting

N/A

N/A .

N/A

N/A
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Table.3 (continued)

**** Cases not duplicate of Fevre-Montange et al. (2006)

Senft et al. (2008) [X]

Shimada et al. (2008) [X]

Kim et al. (2009) [X]

Maeng (2009) [X]

Yalcin et al. (2009) [X]

Fukuda et al. (2010) [X]

Li et al. (2010) [X]

Stoiber et al. (2010) [X]

Cohan et al. (2011) [X]

Harris et al. (2011) [X]

Komakula et al. (2011) [X]

Zhu et al. (2011) [X]

Ohtake et al. (2011) [X]

Fevre-Montange et al. (2012) [X]

Fukuoka et al. (2012) [X]

Kanno et al. (2012) [X]

Kathpal et al. (2013) [X]

Wang et al. (2013) [X]

Yietal. (2013) [X]

including PPTID [77]. Recently, unsupervised clustering
based on DNA methylation patterns was performed in an
international collaborative study investigating 195 pineal
region tumors and 20 normal pineal gland controls. This

"

revealed different entities and subtypes using primary
histopathological diagnoses of pineal region tumors,
including PPTID [77]. Methylation-based findings pro-
posing a PPTID marker may not apply to all cases [58];
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Table.3 (continued)

Bielle et al. (2014) [X]

Ito et al. (2014) [X]*****
**%* Cases not duplicate of Kanno et al. (2012)
Kakigi et al. (2014) [X]
Watanabe et al. (2014) [X]
Awa et al. (2014) [X]
Rachana et al. (2014) [X]
Park et al. (2015) [X]

Patil et al. (2015) [X]

Das et al. (2016) [X]

Kang et al. (2016) [X]

Singla et al. (2016) [X]
Yoon et al. (2016) [X]

Yu et al. (2016) [X]

Coy et al. (2017) [X]
lorio-Morin et al. (2017) [X]
Raleigh et al. (2017) [X]
Bando et al. (2018) [X]
Kumar et al. (2018) [X]

Yamasaki et al. (2018) [X]

nevertheless, genetic approaches for PPT recharacteriza-
tion would help define a more rational patient stratification
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in clinical trials and optimize the treatments with more
targeted therapeutic approaches [77].
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Table.3 (continued)

Abbassy et al. (2018) [X]

Chatterjee et al. (2019) [X]

Choque-Velasquez et al. (2019) [X]

Lee et al. (2019) [X]

Martinez et al. (2019) [X]

Verma et al. (2019) [X]

Ahn et al. (2020) [X]

Beduk et al. (2020) [X]

Fomchenko et al. (2020) [X]

Li et al. (2020) [X]

Wau et al. (2020) [X]

Kumar et al. (2020) [X]

Current therapeutic approaches
Direct surgery

Definitive management of PPTID is still unclear. Previous
studies have recommended various treatment approaches
ranging from microsurgery or radiotherapy alone to com-
bined treatment with direct surgery, external irradiation, and
chemotherapy [53]. Among them, microsurgery reportedly
plays a vital role in decreasing the local mass effect and
providing a maximal tumor sample. Therefore, gross total

Good

Moderate

-Poor

N/A

resection (GTR) has been considered the treatment strat-
egy of choice for PPTs, especially for cases demonstrating
less aggressive clinicopathological features, such as PC or
grade II PPTID [50, 85, 90]. Moreover, long-term follow-
up indicated that achievement of GTR is associated with
improved disease control and overall survival, regardless
of tumor grade of PPTID [112] and even PPTs [79, 112].
Indeed, in some cases, GTR can be achieved by greater
progress in microsurgery and perioperative care or even by
staged surgery; however, aggressive resection could result
in debilitating neurological deficits because of proximity to
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Table.4 Age and sex of 551 PPTs cases

N=551 Total Male Female p-value Statistic
(N=261) (N=290)
Age (years, mean+SD) 31.8+20.0 29.7+19.5 33.8+20.3 0.016 Welch
PC 4124172 (N=112) 37.7+162% (N=52) 44.7+17.0% (W=60) 1i};<0.001 2way ANOVA
PPTID 37.9+17.3% (N=226) 35.2+16.5 (N=107) 40.3+17.6" (N=119) (<0.001; PC vs PPTID) (Tukey post hoc)
Grade unknown 361+184 (N=64)  30.7+183 (N=26) 39.4+17.6(N=38) (<0.001; PPTID vs PB) (Tukey post hoc)
WHO grade 2 41.4+16.1* (N=89) 38.5+14.4°(N=40) 43.9+17.1% W=49) # vs##; 0.004 2way ANOVA
WHO grade 3 35.0+16.8* (N=73) 34.9+16.6° W=41) 352+172%(N=32) *;0.022 2way ANOVA
PB 163+16.3%H (N=168) 15.6+17.2* (N=82) 17.0+154" (N=86) § vs §§; 0.28 2way ANOVA
Mixed PC-PB, PC with 37.5+23.9 (N=12)  39.6+25.5(N="7) 34.0+20.9 (N=5) 0.028 Welch
anaplasia

Mixed PC-PB/PPTID 37.0+17.0(N=33) 358+153(N=13) 37.8+18.0 W=20) 0.72 Welch

0.74 Welch

critical structures [45, 89]. In a surgical series with 38 PPTs,
including ten grade II and eight grade III PPTID cases, GTR
was achieved in four cases (40% grade II and 50% grade
III cases) and was associated with improvement of disease
control and overall survival regardless of tumor grade [79].
In another series of eighteen grade II and nine grade III
PPTID cases, with sixteen cases of GTR, both PFS and OS
were significantly longer in the GTR cases than in the non-
GTR cases (5-year PFS; 80% in GTR and 45.5% in non-
GTR, 5-year OS; 100% in GTR and 53% in non-GTR) [112].

Following chemotherapy and radiation, comparatively low
rates of disease recurrence (grade II; 10%, grade III; 25%)
and mortality (grade II; 10%, grade III; 37.5%) were demon-
strated with long overall follow-up (median 4.1 years) [79].

As for the selection of surgery for PPTID, due to tumor
location and invasion toward the surrounding prominent
areas, less resection or even biopsy may be feasible [21].
Depending on tumor extension, supracerebellar infratento-
rial or occipital interhemispheric approaches have commonly
been used, with or without modifications, for approaching
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All PPTID cases
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Fig.2 A In all PPT cases diagnosed according to WHO guide-
line, higher grade PPT is significantly younger than lower grades
(p<0.001; 1-way ANOVA, *fp<0.001 vs PC or PPTID; l-way
ANOVA with Tukey post hoc test). B In PPTID cases, grade II is
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significantly younger than grade III (¥*p=0.022; 2-way ANOVA). C
In the total cohort of PPTID regardless the grade, PPTID occur sig-
nificantly earlier in men than women (*p =0.028; unpaired #-test with
Welch’s correction)
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Table.5 Presenting symptoms of 85 PPTID cases

Presenting symptoms N=385

ICP increased symptoms
Headache 63
Nausea

Vomiting

Nausea and/or vomiting 26
Papillo edema 3
Hydrocephalus

Limb symptoms

Gait disturbance 16
Weakness 4
Spasticity/tremor 4
Cognitive/memory disturbance 6
Confusion

Visual impairments 36
Photophobia

Parinaud

Anisocoria

Double vision

Other unspecified visual impairments
Hemifacial hypoesthesia

Hearing impairment

Tinnitus

Giddiness

Urinary incontinence

Seizures

Hyponatremia

Hemorrhage (radiographical)

[ \C YRS G W N© Y S U U

No symptoms (incidental)

the pineal region [18]. Especially, in the supracerebellar
infratentorial approach, Choque-Velasquez et al. reported
that approach-related postoperative complications were sig-
nificantly lower in paramedian approaches than in midline
approaches (9% and 29%, respectively) [18]. Cerebrospinal
dissemination at diagnosis, an important factor determining
the outcome in PPTs, is less common in PPTID, and only a
biopsy might be feasible in such cases [79, 90, 102]. Since
possibilities of tumoral recurrence and spread certainly exist,
adjuvant therapies, such as chemotherapy or (stereotactic)
radiation, may be required, especially in aggressive high-
grade PPTID [16, 52].

Radiotherapy

Because of the complexity of PPT surgery, especially con-
sidering the proximity of an irregularly shaped tumor to the
critical surrounding nervous system, nonsurgical manage-
ment options, such as radiotherapy, have emerged as impor-
tant alternative treatments for PPTID, mainly after surgical

intervention. However, optimal management is yet to be
determined.

PC is treated with surgical resection, sometimes fol-
lowed by conventional local radiotherapy or stereotactic
radiosurgery, depending on tumor behavior and recurrence
[27, 50]. PPTID, especially WHO grade III, or PB, usually
requires alternative treatments. Chatterjee et al. reported on
16 PPTID cases (median age, 29 years; range, 2-50 years),
including six grade II and ten grade III cases, treated mainly
by microsurgery and conventional radiotherapy, except
for a case which required additional chemotherapy due to
local recurrence [16]. Three out of six patients with low-
grade (grade II PPTID) tumors were followed up and all
patients were alive without recurrence. In high-grade (grade
IIT) cases, among seven out of ten patients, four were alive
(57%; 2 had local recurrences, 1 showed spinal metastasis)
with over 15-month progression-free survival, and three
patients died. Among the three unfavorable outcomes, two
showed higher MIB-1 index values of 12 and 30 [16]. Das
et al. reported five PPTID cases, including three grade II,
and two grade III cases, treated using radiotherapy alone.
Four patients underwent R2 resection (macroscopic resid-
ual tumor at primary tumor site), and the other only had
a biopsy. Nevertheless, a dose of 54 Gy in 30 fractions to
the primary lesion resulted in a good partial response in
four cases and one stable case, with neither recurrence nor
neurocognitive disorders [21]. However, their cohort was
adult (median age, 44 years; range, 24—62 years) and the fol-
low-up period was short (median, 21.4 months). Ahn et al.
treated four cases of grade unspecified PPTID (median age,
44.5 years; range, 8—58 years) using cyberknife radiosur-
gery (CKRS) alone (marginal dose, 18 Gy; isodose curve,
80-85%; 3 fractions), with a longer follow-up (median,
42 months; range, 22—140 months) period. Two tumors dis-
appeared completely, and one tumor partially regressed after
CKRS with no acute or late CKRS-related complications;
however, a case with high MIB-1 index (30%) showed local
progression 14 months after CKRS and died 21 months after
CKRS. One of the biggest PPTID cohort studies, including
18 grade Il and 11 grade III cases, combining direct surgery
with radiation, demonstrated that the median overall survival
of grade II and IIT was significantly different (77 months
and 22 months) [105]. This report also showed the differ-
ence in median overall survival rate between recurrent and
non-recurrent cases (46 months and 77 months respectively).

Chemotherapy
Currently, microsurgery and radiotherapy are regarded as the
preferred treatments for high-grade PPTs, including PPTID.

In fact, among 69 included papers on PPTID, 49 (71.0%)
and 39 (56.5%) described direct surgery and radiotherapy,
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respectively. In turn, only 27 (39.1%) of them addressed
chemotherapy (Table S3).

To date, platinum-based antineoplastics are commonly
used for PPTID, but the indications and protocols for chemo-
therapy are yet to be standardized [10], and various com-
binations of systemic chemotherapy for PPTID have been
reported. Before the WHO classification 2000, Kurisaka
et al. reported two cases of mixed PC-PB, which is con-
sidered a similar entity to PPTID, treated with combined
adjuvant treatment, including chemotherapy. After initial
mass reduction, chemotherapy via carboplatin/ifosfamide or
cisplatin/vinblastine/bleomycin was administered, followed
by radiation. The result of Karnofsky’s performance scale
after over 2 years of follow-up indicated that chemotherapy
should be administered before radiotherapy; otherwise, a
lower concentration of drugs in the tumor tissue resulting
from a reduced blood supply causes damage to the blood
vessels after irradiation [53].

Other combination regimens, such as carboplatin/etopo-
side, cisplatin/carboplatin/etoposide, vincristine/lomustine/
cisplatin, cisplatin/etoposide/cyclophosphamide/vincristine,
vincristine/nimustine/carboplatin/interferon P, and ifosfa-
mide/cisplatin/etoposide (ICE), were used for some grade II
and III PPTID cases [7, 10, 31, 48, 78, 102]; a previous arti-
cle has described the details of each of these drugs [102]. Yi
et al. reported the case of a 37-year-old patient with PPTID
grade IIT who was successfully treated with a procarbazine/
lomustine/vincristine (PCV) regimen combined with par-
tial surgical removal and irradiation (54 Gy; 27 fractions)
1 month after surgery [110]. Despite the shorter follow-up
period in this study (only 6 months), no signs of recurrence
or neurological deficits were reported. The authors sug-
gested that combining microsurgery and radiotherapy with
chemotherapy may be a feasible and efficient therapeutic
approach for treating PPTID.

Discussion

The current systematic review evaluated the patients’
clinical characteristics, biological features, and the cur-
rent therapeutic options for treating PPTID. The review
aimed to gain insights for individualized PPTID manage-
ment in the future.

The principal cell of the pineal gland is the pineal
parenchymal cell or pinealocyte, which is surrounded by
a stroma of fibrillary astrocytes and sympathetic neurons
[57, 76]. Most tumors are a result of displaced embry-
onic tissue (germ cell tumors), malignant transforma-
tion of pineal parenchymal cells (PPTs), or transforma-
tion of surrounding astroglia (gliomas) [5, 91]. Pineal
region tumors constitute 3—8% of pediatric brain tumors
[1, 50, 66, 81] and 0.4-4.0% of all intracranial tumors
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in adults [51, 66, 81]. Among them, PPTs account for
1.2-42% [51]. Kumar reported that PPTs have a higher
incidence in the Western population than in the Far East.
Before PPTID was classified as a PPT with an intermedi-
ate prognosis between PC and PB by WHO in 2000, the
subtype showing intermediate histological characteristics
was not clearly defined, and was thus described as mixed
PC-PB or PC with anaplasia [42, 43, 53, 67, 73, 99].
Despite the 10% incidence of PPTID previously reported
in systematic reviews [6, 14], the current review reports
an incidence of 15-82% in the literature, with 20 or more
PPTID cases [9, 20, 28, 30, 39, 43, 46, 51, 62, 79, 105,
107, 114]. Furthermore, studies with a relatively large
number (> 50) of PPT cases reported the PPTID inci-
dence to be 40-60% of all PPTs (Table 1 and S2).

Although previous reports suggested that PPTs (includ-
ing PPTID) occur predominantly in women [14, 64], our
comprehensive analysis did not show any significant sex-
related differences in PPTID (n=332; 161 men and 171
women, Table S4), the same as in the total PPT cohort
(n=727; 359 men and 368 women, Table S4). Regard-
ing the age, our findings demonstrated that higher grade
PPTs were significantly more common in younger indi-
viduals (Table 4, Fig. 2, and S1), and importantly that the
cohort of higher grade (grade III) PPTID was significantly
younger than that of the lower grade PPTID cohort (grade
II) (Fig. 2B). Moreover, the present study indicates that
PPTs (Figure S1) and even PPTID (men; 35.2+16.5 years
old, women; 40.3 + 17.6 years old, Fig. 2C) occur signifi-
cantly earlier in men than in women. These findings sug-
gest that sex-specific factors might not affect neoplasmic
transformation but could be associated with tumor pro-
gression of PPTs, including PPTID [36, 93, 96, 103, 109].
Previous research on malignant tumors has reported sex-
related differences in the frequency of DNA methylation.
Furthermore, studies have shown a possible relationship
between the methylation rate and the malignancy risk and
even a possible difference in therapeutic reactiveness [54,
82, 104]. DNA methylation was also studied in PPTID,
as mentioned above [77]. Still, little is known about sex-
specific impact. Therefore, further studies in cases of
PPT, including PPTID, focusing on sex-specific factors,
may have significant implications and could lead to novel
therapeutic approaches.

As expected, in disease presentations of 85 PPTID cases,
the increased ICP-related symptoms due to obstructive
hydrocephalus were the most common in PPTID, followed
by visual impairments, including Parinaud’s syndrome
(Table 5) [16, 49, 112]. In addition to other symptoms,
such as gross motor symptoms and cognitive or memory
disturbance, several other minor symptoms were reported.
Among them, seizures are usually a late sign associated
with increasing ICP due to obstructive hydrocephalus [49].
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Importantly, our study revealed that intratumoral hemor-
rhage is less common in PPTID than in PB or some germ
cell tumors that often demonstrate hemorrhage or necrosis in
the pineal region [17, 66, 86]. A study in 23 PPTs, including
16 PPTID, stated apoplectic hemorrhage as a rare presenta-
tion, which is consistent with our study as we observed only
one PPTID case with a hemorrhagic presentation [18, 49].
This observation may help in the preoperative prediction
of the tumor subtype. Urinary incontinence was observed
in only two (one grade II and one grade III case) out of 85
cases. Although uncommon in PPTID [63, 65], it could be
a hazardous feature in pineal region tumors once the tumor
invades the periaqueductal gray of the midbrain, which
forms part of the neural circuit of the micturition reflex [3,
34, 63, 65, 97].

Various imaging patterns of PPTID have been reported
in 38 papers (Table S3). These reports summarized that
it is challenging to distinguish PPTID from other PPTs
or pineal region tumors based on imaging, even with
positron emission tomography [44]. Compared with
the pineocytoma and PPTID on computed tomography,
PB and germinoma frequently presented with hyper-
attenuating masses, reflecting highly cellular histologi-
cal features [44]. In their preoperative MRI study of 25
PPTID, Yu et al. reported that irregular marginal and
aggressive masses with local brain invasion were seen in
60% of cases, and nodular and clear marginal masses in
the remaining 40%. Similarly, Komakula et al. showed a
broad spectrum of PPTID imaging in 11 cases, demon-
strating bulky, aggressive masses with local brain inva-
sion in nine cases and circumscribed masses in two cases
[49]. MR spectroscopy (MRS) is sometimes used to detect
metabolites or molecules in a CNS tumor. Harris et al.
used MRS for evaluating nine germ cell tumors and seven
PPTs, including one PC, one PPTID, and five PB, and
suggested the usefulness of MRS in PPT characterization
[35]. On the other hand, MRS in one out of five patients
in Das et al. showed non-specific results for PPTID [21].
Yamasaki et al. conducted the most recent MRS study,
including PPTID. They showed a lower lipid peak non-
specifically in PPT subtypes compared to germinomas.
Therefore, MRS may be a valuable option to detect the
specificity of PPTID; however, it has not yet been stud-
ied extensively. In summary, none of the current imaging
modalities can differentiate PPTID from other PPTs or
germ cell tumors. Imaging studies have been primarily
used for deciding the treatment strategy (direct or radio-
surgery) rather than a preoperative diagnosis of PPTID.

Dissemination or spinal seeding is usually one of the poor
prognostic factors of CNS tumors. Twenty previous articles
on PPTs, including PPTID, examined disseminated cases
and suggested that dissemination is a crucial radiological
finding that could affect the treatment strategy [40, 49].

Current and future diagnostic approaches

Histopathological study is an accessible and widely used
method to predict the biological aggressiveness and clinical
prognosis of PPTID. Indeed, the WHO classification, mainly
based on histopathological assessment such as MIB-1 index,
is generally consistent with patient survival. Therefore, it is
the gold standard for PPTID diagnosis and plays an essen-
tial role in the clinic [16, 20, 25, 27, 30, 39, 42, 43, 67, 68,
73,79, 99, 106, 107]. However, histopathological study for
PPTID grading and therapeutic decision-making has some
critical limitations and caveats. Most importantly, histo-
pathological assessment can be subjective and may vary
depending on the size of the resected tumor and intratumoral
heterogeneity of the molecular and morphological aspects
[12,29]. Some unusual and aggressive cases of PPTID have
been reported [45, 47, 100]; therefore, creating a therapeutic
strategy based on histological diagnosis alone may not be the
best approach, especially in biopsy cases.

In recent studies, genetic analysis led to a change in
the primary diagnosis of some cases [77]. Pfaff et al. sub-
grouped 27 cases of PPTID based on DNA methylation pat-
terns. These subgroups correlated with distinct clinical fea-
tures and genetic alterations; however, only 15 cases (56%)
were primarily diagnosed as PPTID based on histopathologi-
cal assessment [77]. Another study by Fomchenko et al. pre-
sented an unusual case that was most consistent with PPTID,
but resulted in extensive metastasis despite aggressive surgi-
cal interventions, radiotherapy (proton beam), and chemo-
therapy (temozolomide), and required subsequent resection
of metastatic lesions and craniospinal radiation [29]. Exon
sequencing of the case demonstrated an H3K27M mutation,
which is usually seen in pediatric glioma, and suggested that
genomic analysis may be needed to develop a further under-
standing of the biological features of PPTID. Since PPTID
exhibits substantial heterogeneity and sometimes includes
aggressive variants, comprehensive molecular and genetic
characterization might reduce the intensity of the treatment
and improve the clinical prognosis [65].

Therapeutic options and strategy

According to previous reports, grade II PPTID without
metastasis or the presence of neurofilament were adequately
managed by microsurgery with or without radiotherapy [28,
87]. However, the treatment approach of grade III PPTID, or
cases with spinal seeding or histological evidence of necro-
sis or mitosis, is not consistent across studies. It is clear
that GTR seems the most appropriate treatment for all these
neoplasms and that complete resection should also be rec-
ommended even in aggressive variants [28].

Due to concerns regarding operative complications in
microsurgery, radiotherapy is helpful as a non-invasive
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treatment, especially in developing brain tissue [113]. Some
studies have demonstrated favorable radiotherapy results and
suggested it as the primary therapeutic option for PPTID
[4, 21]. However, these studies had some significant limita-
tions. Das et al. (median age, 44 years; range, 24—62 years)
and Ahn et al. (median age, 44.5 years; range, 8—58 years)
primarily consisted of adult patients, and their cohorts were
older than the overall average age in our study. Further-
more, these studies had a shorter follow-up period (median,
21.4 months) than similar studies [4, 49, 113]. Moreover, the
latter study did not specify the WHO grading of the included
PPTID cases; therefore, the effectiveness of CKRT against
aggressive cases cannot be evaluated. These studies suggest
that (stereotactic) radiosurgery could be a useful therapeutic
option for PPTID. Even though PPTID is a rare disease,
further study with aggressive cases with a higher recurrence
risk is needed to evaluate the role of radiotherapy in PPTID
treatment [4].

Even though some reports showed the effectiveness of
(stereotactic) radiotherapy for PPTID, a critical dilemma
is that the majority of the higher grades of PPTID cases
are pediatric or belong to the younger age group. Thus, the
toxic effect of radiotherapy on the developing CNS, includ-
ing cognitive or endocrine functions, is of great concern, and
its use should be reduced if possible. Combination treatment
with chemotherapy may play a crucial role in some cases.
However, chemotherapy has its independent adverse effects.
Few articles have discussed the evidence of chemotherapy-
specific side effects on PPTID. An in vitro study using nor-
mal human neural stem and precursor cells (NSPCs) sug-
gested that certain types of chemotherapy could result in
neurocognitive toxicity because of the sensitivity of NSPCs
to the adverse effects [32, 33]. Furthermore, molecularly
targeted agents were reported as potentially neurotoxic com-
pared to ordinary chemotherapeutic agents [33]. Since larger
molecules, such as chemotherapeutic agents, cannot pass the
blood-brain barrier, the effect of chemotherapy could be
enhanced with radiotherapy. Further research of the adverse
events related to combining chemotherapy and radiotherapy
is required.

These studies provide valuable insights into the contem-
porary management of PPTID in daily practice. Based on the
current evidence, primary surgical debulking is advised for
both grades of PPTID. For cases with additional risk factors,
additional chemotherapy, radiotherapy, or their combination
should be planned while carefully considering their long-
term adverse effects [18].

Future perspective for improving clinical outcomes
Endovascular embolization currently plays a supporting and

vital role in CNS tumors, especially in benign cases, and
may be considered a therapeutic option for PPTID. However,
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possibly due to the vascular, anatomical, and functional loca-
tion, limited experience has been reported for pineal lesion
and nothing has been demonstrated for the tumors arising
from the pineal region [92]. Besides, no study has evalu-
ated endovascular embolization as a therapeutic choice for
PPTID microsurgery, possibly because of the blood sup-
ply complexity and vascular fragility based on malignant
features. However, recent technological developments in
endovascular treatment may enable the local delivery of
chemotherapeutic agents into the arterial territory of malig-
nant intracranial neoplasms [15, 22, 95, 98]. Intra-arterial
administration of chemotherapeutic agents has long been a
therapeutic modality for brain tumors owing to the increased
association of systemic drug toxicity and poor concentration
within the tumor with intravenous administration [53]. Poor
rationalization of drug injection protocol due to an intact
blood—brain barrier has limited the translation for clinical
cases [22]. A recent challenging in vivo animal study using
radiolabeled bevacizumab conjugated with deferoxamine
model of glioblastoma in mice has demonstrated the effec-
tiveness of intra-arterial administration of the chemothera-
peutic agent into the brain, and also osmotic opening of the
blood-brain barrier, in contrast to the intravenous route [56].
Therefore, further development of endovascular drug deliv-
ery combined with an accurate choice of chemotherapeutic
agents may provide novel therapeutic alternatives in previ-
ously hard-to-tread malignant tumors of the CNS.

Robot-assisted surgery has evolved since the early
1980s and expanded to several specific fields. In the neu-
rosurgical field, robot-assisted procedure has been used
to improve the feasibility and effectiveness of several
procedures requiring high-level accuracy and safety, such
as surgery of deep-seated brain tumors [23]. The pineal
region is one of the deepest and smallest and is located
close to a highly vascular area. Therefore, stereotactic
robot-assisted biopsy seems to have several advantages in
avoiding complications or improving diagnostic accuracy,
especially for malignant tumors such as higher grades of
PPTID. Further development of robot-assisted neurosur-
gery may contribute to better clinical outcomes and thera-
peutic indications of PPTID.

The main reasons why the therapeutic strategy of PPTID
has not yet been clearly defined include a low number of
patients in research studies, a broad spectrum of underlying
molecular and genetic mechanisms, and varying therapeutic
timings and options, including the dose of radiotherapy or
the variety of chemotherapy. To overcome these limitations
and standardize the therapeutic strategy of PPTID, an inter-
national bidirectional study, including both retrospective and
prospective clinical trials, will be helpful. Moreover, further
assessment of clinical and biological features and correla-
tional studies with gene expression and regulation would
lead to a novel classification of PPTID or other subtypes
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of PPTs. It might not seem currently feasible; however, the
recent success in the genomic study of medulloblastoma is
encouraging for conducting time-consuming studies in rarer
CNS tumors [38, 71, 72].

Potential biases and limitations

Our study had limitations. Firstly, we did not search for lit-
erature describing tumors similar to PPTID other than mixed
PC-PB or PC with anaplasia because the PPTID defined by
WHO classification 2007 was the focus of our study. Sec-
ondly, we only included observational studies, and they had
a small sample size, possibly resulting in a lack of high-
quality evidence in our study. Thirdly, none of the included
studies had performed statistical analyses for the treatment
of PPTID; thus, the golden therapeutic standard is still lack-
ing. Lastly, adverse effects of included treatments for PPTs,
such as radiotherapy and chemotherapy, have not been fully
assessed yet.

Conclusions

In PPTID, higher grade tumors arise in younger population
than lower grade tumors, and female patients are older than
male patients. PPTID includes a broad spectrum of char-
acteristics, including both benign and malignant forms.
Better local control can be achieved through the contempo-
rary management of benign cases, such as grade II tumors.
However, a standard approach to treat malignant tumors,
including grade III tumors or cases with aggressive fea-
tures, is lacking. Other therapeutic strategies need to be
evaluated through international multicenter studies. Novel
technology—assisted surgery would help maximize the ini-
tial debulking. Genetic and molecular targeting strategies
might improve the effect of adjuvant therapy and the clinical
outcomes of PPTID.
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