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ABSTRACT
Background: Pineal parenchymal tumor of intermediate differentiation (PPTID) is a rare tumor. This study 
aims to evaluate patient outcomes and propose a treatment algorithm based on existing literature and our case 
series.

Methods: This prospective observational study includes seven patients diagnosed with PPTID through 
histopathology. We analyzed their clinical presentation, magnetic resonance imaging findings, surgical 
approaches, histopathological and immunohistochemical analysis, adjuvant treatments, and outcomes. We 
conducted univariate and multivariate statistical analyses.

Results: The mean patient age was 40 years, with a male predominance. All patients presented with hydrocephalus, 
four of which required cerebrospinal fluid diversion procedures. The average tumor size was 3.13cm, with 85.7% 
showing brain invasion. Surgical outcomes included one gross total resection, two near total resections, and four 
subtotal resections. The supracerebellar infratentorial (Krause) approach was used in 71.4% of cases. About 85.7% 
were diagnosed with grade  3 PPTID. Five patients received adjuvant radiotherapy. The analysis showed each 
additional mitosis unit decreased survival by 0.17 units, equating to roughly 2 months (P < 0.016). Follow-up 
ranged from 6 to 120  months, with a 5-year survival rate of 57.1%. Factors influencing survival included the 
extent of tumor resection, brain invasion, tumor grade, and adjuvant treatment, although it was not statistically 
significant due to the small sample size.

Conclusion: We propose a treatment algorithm for PPTID and highlight the importance of further 
research to understand its biological characteristics. Safe maximal resection appears beneficial for higher-
grade  PPTID, but the role of adjuvant treatment after complete resection of lower-grade tumors remains 
uncertain.

Keywords: Hydrocephalus, Pineal gland, Pineal parenchymal tumor of intermediate differentiation, Pineal 
parenchymal tumor, Radiotherapy, Safe maximal resection
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INTRODUCTION

The pineal gland, traditionally addressed as Descartes’ seat 
of the soul, is a pine-cone-shaped structure located in the 
superior aspect of the posterior third ventricular recess.[47] The 
gland has been theorized to be a center of “rational thought.” 
It secretes an indoleamine, “melatonin,” which is responsible 
not only for orchestrating the circadian rhythm in 
vertebrates but also for recently discovered antineoplastic 
properties.[16] About 95% of the pineal gland comprises 
pinealocytes with dendritic projections and 5% glial cells.[15] 
Unfortunately, both of the above cell lines are harbingers of 
neoplasia.[7,44,68] The most common pineal region tumors are 
germ cell tumors, and they account for 50% of intracranial 
germ cell tumors.[49] On the contrary, parenchymal tumors 
are relatively rare compared to germ cell tumors and 
comprise <1% of CNS tumors.[12,67] In 2021, the World Health 
Organization (WHO) classified pineal parenchymal tumors 
as pineocytoma, pineoblastoma, papillary pineal tumors, 
pineal parenchymal tumors of intermediate differentiation 
(PPTID), and desmoplastic myxoid tumor of the pineal 
region – SMARCB1-mutant.[38] Pineal parenchymal tumors 
are neoplasms arising from pineocytes. Pineocytomas are 
benign tumors and have an indolent course. The other 
end of the spectrum comprises pineoblastomas, which are 
aggressive tumors with a 5-year survival rate of <60%.[35,36]

PPTIDs represent an even rarer subset within the pineal 
parenchymal tumors (10–50%).[20,40] PPTID was first 
described by Schild et al. in 1993 and was included as a part 
of the WHO classification in 2000.[57] Verily, these entities 
are regarded as neoplasms with histology blending with both 
pineocytoma and pineoblastoma.[40] The optimal treatment 
strategy for this type of tumor has not been devised due 
to its rarity. The question of whether such tumors can be 
effectively treated with surgery, a combination of adjuvant 
chemotherapy and radiation, or radiotherapy alone remains 
a topic of ongoing debate.[1]

Therefore, we bring to light a series of seven cases of PPTID 
from a tertiary care neurosurgical unit in South Asia, which 
can add to understanding the progress and outcome of this 
ailment.

MATERIALS AND METHODS

The Institutional Ethics Board review clearance was obtained 
(IRB:48/2023). Informed consent was obtained from all 
patients and their next of kin.

Patients

Seven patients with histologically proven PPTID treated 
in the Department of Neurosurgery, Kasturba Medical 
College and Hospital, Manipal, Karnataka, India, between 

January 2014 and January 2024 were a part of this 
cohort. This study analyzed the clinical records, clinical 
presentation, preoperative neurological deficits, radiological 
features, surgical strategy executed, histopathological 
features, immuno-histochemistry markers, postoperative 
complications/neurological deficits, adjuvant treatment, 
recurrence of tumor, 5-year outcomes based on modified 
Rankin scale (mRS) dichotomized into good as 0–3 and 
poor as 4–6, and overall survival. The data of the above seven 
patients are shown in Table  1. Moreover, we conducted an 
exhaustive search on PUBMED and MEDLINE, employing 
MeSH terms and specific keywords such as “pineal 
parenchymal tumors” and “pineal parenchymal tumors of 
intermediate differentiation.” Since 2008, we have gathered 
and reviewed all accessible articles on PPTID. When the 
available data were deemed sufficient to infer the extent of 
resection, adjuvant treatment, and outcomes, we compiled 
this information into Table 2. The purpose of this literature 
review was to understand how, over time and with increased 
awareness among clinicians, the trends in diagnosis, 
treatment, and outcomes have evolved.

Caveats in managing PPTID

Broadly, the following issues were factored into consideration 
for optimizing and executing a holistic treatment strategy 
individualized to each of our patients: -
1)	 Treatment for acute hydrocephalus – Endoscopic Third 

Ventriculostomy (ETV), Ventriculoperitoneal Shunt 
(VP shunt), or External Ventricular Drain (EVD).

2)	 Tissue diagnosis – Endoscopic third ventriculostomy/
stereotactic biopsy versus open surgical biopsy?

3)	 Pre-operative imaging – Plane of tumor on magnetic 
resonance imaging (MRI) with adjacent vital structures, 
that is, brainstem, thalamus, and deep venous system.

4)	 Approach to be undertaken for the definitive surgery – 
Supracerebellar infratentorial (Krause), Infraoccipital 
transtentorial (Poppen), or Interhemispheric 
transcallosal?[48]

5)	Th e extent of resection – based on the plane of tumor 
preoperatively and intraoperatively.

6)	 Adjuvant radiation is based on histopathological 
examination, the extent of resection, and recurrence.

We defined the extent of resection as

Gross-total resection

•	 Complete microscopic resection and no evidence of 
residual tumor on postoperative imaging

Near-total resection

•	 Complete microscopic resection with some radiological 
evidence of residual tumor on postoperative imaging.
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Sub-total resection

•	 50–70% tumor decompression performed. A significant 
amount of the tumor was not removed due to adhesion/
loss of plane with adjacent vital structures.

Statistical analysis

Due to the non-parametric nature of our data set and the 
small sample size due to disease rarity, we applied the 
Spearman correlation coefficient and Fischer’s exact test to 
identify any possible association. Univariate and multivariate 
statistical analyses, including log-rank test and Cox 
regression analysis for assessing all variables against survival 
outcomes, were conducted using IBM Statistical Package for 
the Social Sciences software for Mac OS.

RESULTS

Demographics and clinical symptomatology

All our patients were adults with a mean age of 40.43 ± 10.03 
(years). Five (71.4%) of the group were male, and 2  (28.6%) 
were female. All seven patients had either clinical symptoms 
or radiological evidence of hydrocephalus. Apart from 
hydrocephalus, the clinical presentation was predominantly that 
of headache (71.4%), papilledema (71.4%), projectile vomiting 
(57.1%), diplopia (42.9%), and others, which are shown in 
Figure 1. None of the tumors were detected incidentally.

Imaging characteristics

On MRI of the brain with intravenous Gadolinium contrast, 
most patients had a bulky, solid tumor with heterogeneous 

Table 1: Summary of the seven patients in our case series.

Case No Age Sex Predominant 
symptom

Tumor size 
(cm)

CSF 
diversion 

Pre‑ 
operative biopsy

1 40 M Parinaud syndrome 2.3×1.8×1.9 ETV No

2 50 M Memory disturbance 
and altered gait

1.2×1.6×1.3 ETV No

3 48 M Headache and 
vomiting

2.7×2.6×2.6 No No

4 46 M Headache 2.7×1.8×1.7 No No
5 25 F Headache 2.9×1.7×1.5 VP Shunt 

after surgery
No

6 28 M Severe headache 5.8×4.7×3.4 VP Shunt No
7 46 F Headache and 

vomiting
3.3×2.8×2.8 VP shunt 

after 
Recurrence

No

Case No Surgical approach Extent of 
resection

Leptomeningeal 
metastasis

Adjuvant 
treatment

Outcome at 
5 years

Time to recurrence 
after 1st surgery

1 Infratentorial Supracerebellar 
approach

STR No No Dead NA

2 Anterior interhemispheric 
transcallosal

NTR No RT mRS 1 NA

3 Right infra‑occipital 
transtentorial approach

NTR No RT mRS 0 18 months

4 Infratentorial supracerebellar 
approach

STR Present No Dead 6 months

5 Infratentorial Supracerebellar 
approach

STR No RT mRS 0 NA

6 Infratentorial supracerebellar 
approach

STR Present RT Dead NA

7 Infratentorial supracerebellar 
approach

GTR No RT mRS 0 60 months

CSF: Cerebrospinal fluid, ETV: Endoscopic third ventriculostomy, VP: Ventriculoperitoneal, STR: Subtotal resections, NTR: Near total resections,  
GTR: Gross total resection, NA: Not available, mRS: modified Rankin scale, RT: Radiotherapy
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Table 2: Summary of articles from 2008 on PPTID.

S. No. Type of study Study ‑ First author et al. Total PPTID cases Grade 2
1. Case Report Senft et al., 2008[58] 1 ‑
2. Case Report Kim et al., 2009[31] 1 ‑
3. Case Series Komakula et al., 2011[32] 11
4. Retrospective Study Fevre‑Montange et al., 2012[17] 27 19
5. Case Series Kanno et al., 2012[27] 6 5
6. Case Report Fukuoka et al., 2012[19] 1 1
7. Case Report Yi et al., 2013[74] 1 ‑
8. Case Series Watanabe et al., 2014[69] 5 5
9. Case Series Ito et al., 2014[23] 6 2
10. Case Series Park et al., 2015[51] 5 5
11. Retrospective Study Das et al., 2016[13] 5 3
12. Systematic Review Mallick et al., 2016[42] 127 ‑
13. Cohort Study Yu et al., 2016[75] 27 18
14. Retrospective Study Chatterjee et al., 2019[9] 16 6
15. Retrospective Study Khodayari et al., 2018[30] 12 ‑
16. Case Report Fomchenko et al., 2019[18] 1 ‑
17. Case Report Bando et al., 2018[3] 1 ‑
18. Cohort Study Choque‑Velasquez et al., 2019[11] 16 ‑
19. Case Series Martínez et al., 2019[43] 2 0
20. Case Series Verma et al., 2019[66] 39 31
22. Cohort Study Wu et al., 2020[71] 29 18
23. Case Series Nam et al., 2020[50] 17 patients, 23 specimens 11
24. Case Report Kumar et al., 2020[33] 1 ‑
25. Case series Lu et al., 2021[40] 3 1
26. Retrospective Study Kunigelis et al., 2021[34] 9 5
27. Case Report Tandean et al., 2022[62] 1 ‑
28. Retrospective Study Webb et al., 2022[70] 36 3
29. Retrospective Study Chalif et al., 2022[8] 142 79
30. NCDB Registry Kerezoudis et al., 2022[29] 90 ‑
31. Cohort Study Yamashita et al., 2023[73] 28 11
32. Case Report Kato et al., 2023[28] 1 ‑
33. Case Report Samkari et al., 2023[55] 1 1
34. Retrospective Study Rahmanzade et al., 2023[54] 34 (Lost to follow‑up‑15) ‑
35. Case Report Chen et al., 2023[10] 1 1
36. Case Report Shrateh et al., 2023[59] 1 ‑
37. Retrospective Study Park et al., 2023[52] 13 8
38. Case Report Ito et al., 2024[22] 1 ‑
39. Case Report Miyazaki et al., 2024[46] 1 ‑
S. No. Grade 3 Grade not categorized/Unclear Surgery ‑ Extent of resection
1. ‑ NC NTR
2. 1 ‑ Bx
3. NC STR‑4 others NA
4. 8 ‑ GTR‑9, STR‑11, Bx‑7

(Contd...)



Srinivasan, et al.: Pineal parenchymal tumor of intermediate differentiation – Is it time for a consensus?

Surgical Neurology International • 2025 • 16(138)  |  5

Table 2: (Continued).

S. No. Grade 3 Grade not categorized/Unclear Surgery ‑ Extent of resection
5. 1 ‑ N/A
6. ‑ ‑ STR
7. 1 ‑ STR
8. 0 ‑ STR‑3, Bx‑2
9. ‑ NC‑4 STR‑4, Bx‑2
10. 0 ‑ Bx‑5 
11. 2 ‑ STR‑4, Bx‑1
12. ‑ NC GTR/NTR‑32, STR‑50, Bx‑ 40
13. 9 ‑ GTR‑16, STR‑6, Bx‑5
14. 10 ‑ GTR‑4, STR‑5, Bx‑7
15. ‑ NC GTR‑5, STR‑5, Bx‑2 
16. ‑ NC STR
17. ‑ NC GTR
18. ‑ ‑ GTR‑11, STR‑1, NTR‑2, Bx‑1
19. 2 ‑ GTR‑1, NTR‑1
20. 8 ‑ N/A
22. 11 ‑ N/A
23. 11 NC‑1 GTR‑7, STR‑ 6, Bx‑3, Unknown‑1
24. 1 ‑ NA
25. 2 ‑ GTR‑1, STR‑2
26. 4 ‑ GTR‑4 STR‑4 U‑1
27. 1 ‑ NTR
28. 4 NC‑26, U‑3 GTR‑16, STR ‑12, Biopsy‑6
29. 63 ‑ GTR‑34, STR‑53, U‑85
30. ‑ NC GTR‑9, STR‑35, Bx‑34 
31. 17 ‑ GTR‑ 13
32. 1 ‑ GTR 
33. ‑ ‑ NTR
34. ‑ Classified into Wild and Mutant GTR‑12, STR‑2, Bx‑ 3, NA‑2 
35. ‑ ‑ STR
36. ‑ NC GTR‑1 
37. 5 ‑ GTR/NTR‑3, STR‑3, Bx‑7 
38. 1 ‑ GTR
39. 1 ‑ GTR‑1
S. No. Adjuvant treatment Overall survival Follow‑up
1. GKRS 12 m 12 m
2. GKRS 48 m NA
3. RT‑3 Cases, Both‑3 cases 5 years survival‑37.5%, 3 patients lost 

to follow‑up 
6 m–252 m

4. RT‑16, Both ‑CT/RT‑3, 
None‑7

5 years survival‑37% 6 m–216 m

5. NA NA NA
6. Both CT/RT+SRS 17 m 17m

(Contd...)
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contrast enhancement (85.7 %). The mean tumor size was 
3.13 ± 1.34 cm. Four patients had calcifications (57.1%). In 
85.7 % of cases, there was adjacent brain invasion in the form 

of loss of plane superiorly between the thalamus, tectal plate, 
4th  ventricular floor, or complete brainstem involvement 
inferiorly. Preoperative complete neuraxial screening was 

Table 2: (Continued).

S. No. Adjuvant treatment Overall survival Follow‑up
7. Both CT/RT 20 m NA
8. RT‑5, Both‑CT/RT‑4 Mean OS‑79.9 m 13 m–106 m
9. RT‑5, Both‑CT/RT‑3, 

None‑1
5 years OS‑33% mean‑41m

10. GKRS‑5 Mean OS‑78.6 m 14 m–223 m
11. RT‑5 Mean‑24 m 7 m–43 m
12. RT‑46, CT ‑29 5‑years survival‑84.1% NA
13. RT‑17, Both CT/RT‑2, 

SRS‑2, None‑8
81.1% at 3 years 18 m–107 m

14. RT‑16, Both‑1 PFS: 3 m–127 m 6 patients lost to follow‑up 
15. RT‑10, Both CT/RT‑5, 

None‑2
5 years survival‑62% 16 m–134 m

16. PT+CT 18.5 m 18.5m
17. SRS+RT 8 years 8 years 
18. RT‑10 5 year‑ 92%, 10 year‑71 39 m–248 m
19. RT‑1, PT+CT‑1 6 m NA
20. N/A N/A N/A
22. N/A Grade 2‑77 m, Grade 3‑22 m 4 m–99 m
23. RT‑16, Both CT/RT‑4 5 years survival‑47% 0.1 m–162.8 m
24. NA NA NA
25. RT‑3, Both CT/RT‑2 49 m–75 m 49 m–75 m
26. RT‑5, SRS‑1 5 Years survival‑66% 24 m–203 m 
27. RT 24 m 24 m
28. SRS‑5; RT‑14, PT‑9, Both 

CT/RT‑7 
Average OS‑62.3 m 3 m–88 m

29. RT‑103, CT‑20, U‑6, No 
RT‑69

5 Years OS‑Grade 2‑78.3%, Grade 
3‑66.4%

0.13 m–109.7 m

30. RT‑50, Both CT/RT‑16, 
No‑24

5 years survival‑75–83% NA

31. RT‑23, Both CT/RT‑13 5 years survival‑70.4% NA
32. PT 13 years 13 years 
33. RT NA NA
34. RT‑5 NA 6 m–169 m
35. RT 23 m 23 m
36. Both‑‑1 ‑ 2 m
37. RT‑7, GKRS‑6, CT‑6, 

ITCT‑1
5 Years OS‑61.5% Median‑90 m

38. RT NA NA
39. Both‑1 14 years 14 years
PPTID: Pineal parenchymal tumor of intermediate differentiation, RT: Radiotherapy, CT: Chemotherapy, PT: Proton beam therapy, SRS: Stereotactic 
radiosurgery, GKRS: Gamma Knife radiosurgery, GTR: Gross total resection, NTR: Near total resection, STR: Sub total resection, Bx: Biopsy, NC: Not 
categorized, U: Unclear, OS: Overall survival, NA: Not available
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not performed. All patients had negative tumor markers such 
as alpha-fetoprotein, human chorionic gonadotropin, and 
carcinoembryonic antigen.

Cerebrospinal fluid (CSF) diversion

Four out of seven patients required CSF diversion (57.1%). 
Two patients underwent ETV (28.57%). In patients where ETV 
was undertaken to treat the hydrocephalus, tumor biopsy was 
precluded by the inter-thalamic adhesions obstructing the path.

Definitive surgery

Our strategy for the surgical corridor was planned based 
on the displacement of the internal cerebral veins, the vein 
of Galen, and the lateral/anterior extent of the tumor. If the 
veins were displaced cranially, Krause’s approach (71.4%) was 
favored over Poppen’s (14.3 %). In one patient, due to the 
anterior projection of the tumor into the 3rd ventricle and vein 
of Galen draping the tumor posteriorly, an interhemispheric 
trans-callosal, trans-choroidal approach was utilized.

Grade of resection and complications

The extent of tumor resection and the need for adjuvant 
treatment was tailored to individual patients based on 
preoperative MRI and intraoperative tumor plane with an 
adjacent normal eloquent brain. In only 1 patient (14.3 %), 
gross total resection was undertaken. The other six patients 
underwent either a subtotal (57.1%) or a near-total resection 
(28.6%) due to poorly defined arachnoid planes. Two 
patients developed immediate postoperative complications. 
One patient developed a tectal infarct and became vegetative, 
following which his mRS did not improve. The other patient 
developed an operative site hematoma, which was managed 
conservatively with anti-edema measures, after which the 
patient improved. We postulate that the complications were 
due to a lack of clear arachnoid planes, distorted anatomy, 
and significant vascularity of the tumor, which is a challenge 
in itself to secure hemostasis in a deep, narrow surgical 
corridor besieged by vital structures.

Histopathological examination and 
immunohistochemistry

Six out of seven patients in our study group had grade  3 
PPTID (85.71%). The presence of high mitoses diagnosed a 
higher grade of the tumor [Figure  2a] and the Ki-67 index 
[Figure 2b]. The mean (standard deviation [SD]) of Mitoses 
was 10.43 (8.12). The median (interquartile range [IQR]) of 
Mitoses was 6.00  (5–13). The Mitoses ranged from 5 to 26. 
The mean (SD) of Ki-67 was 19.14 (19.97). The median (IQR) 
of Ki-67 was 12.00 (7-26). The Ki-67 ranged from 1 to 55. Six 
patients (85.7%) were positive for synaptophysin [Figure 2c].

Tumor grade change

One patient demonstrated a grade change from pineocytoma 
[Figure  2d] to PPTID after a 5-year disease-free interval. 

Figure  1: Graph depicting the clinical symptomatology in our 
patient cohort.

Figure 2: (a) Tumor composed of sheets of neoplastic tumor cells showing 
pleomorphism and increased mitosis suggestive of pineal parenchymal 
tumor of intermediate differentiation (H&E, ×40). (b) Tumor cells showing 
high Ki67 index (×10). (c) Tumor cells showing immunoreactivity to 
Synaptophysin (×40). (d) Photomicrograph showing uniform cells with 
round nuclei, moderate amount of eosinophilic cytoplasm, and absence of 
mitosis (H&E, ×40). H & E: Hematoxylin and Eosin Stain
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Following the second surgery, she developed hydrocephalus, 
for which she underwent a VP shunt. During the second 
surgery, only a subtotal decompression of the tumor was 
plausible due to adhesions with adjacent structures.

Mitoses of tumor and survival

Non-parametric tests (Spearman Correlation) were used to 
explore the correlation between the two variables, as at least 
one of the variables was not normally distributed. Mitoses 
and survival (Years) had a strong negative correlation, which 
was statistically significant (rho = −0.85, P = 0.016). For every 
1 unit increase in mitoses, the survival (Years) decreases by 
0.17 units, that is, around 2 months [Figure 3].

Adjuvant treatment

All patients with Karnofsky Performance Status (KPS) 
of more than 70 were subjected to adjuvant whole-brain 
radiation therapy (RT) with a boost to the pineal region. The 
typical radiation dosage administered was 55 Gy delivered in 
25–30 fractions. In two patients (28.5%), the residual tumor 
was stable and showed a good response to RT. In one patient, 
the tumor demonstrated a remarkable response, and there 
was complete radiological remission of the disease on follow-
up. Two patients (28.5%) developed a recurrence of the tumor 
despite RT. One patient (14.2%) did not receive RT since the 
biopsy was suggestive of pineocytoma, and she had undergone 
a gross total resection. After 60  months, she developed a 
recurrence. After the second surgery, she is receiving RT and 
is on follow-up. Two patients (28.5%) did not receive RT due 
to aggressive disease progression and poor KPS.

Recurrence and leptomeningeal spread

Three patients (42.8%) developed recurrence after 6 months, 
18 months, and 60 months, respectively, after the first surgery. 
One patient succumbed to the aggressive recurrent disease, 
while the other two patients are on follow-up treatment. Two 
patients (28.5%) developed leptomeningeal seeding of the 
tumor on follow-up imaging.

Outcome and survival

Four out of 7  patients (57.1%) are on follow-up with good 
outcomes (mRS <3). One patient had an aggressive tumor 
occupying the whole of the fourth ventricle and was adherent 
to the floor at the time of diagnosis. One patient developed an 
extensive recurrence with leptomeningeal spread, following 
which the patient and family opted for palliative care. The 
mean survival rate in our patient data set was 35  months 
± 2  months (51.7%) over a follow-up of 120  months. All 
patients were on regular, compliant follow-up. The 5-year 
progression-free rate was 71.43 % in this cohort of patients. 
However, due to the small sample size, we could not 
demonstrate a statistically significant association between the 
tumor grade and progression-free survival/overall survival.

Illustrative cases

Case 2

A 50-year-old male presented with a homogenous T1 
isointense non-contrast-enhancing tumor on MRI 
[Figure  4a]. Planning the approach to a posterior third 
ventricular tumor is essential in attaining good tumor 
decompression without causing undue complications. On a 
more detailed analysis of the MRI, we noticed that he had a 
very steep tentorial angle with the vein of the Galen complex 
draping the tumor posteriorly. Hence, a transcallosal, 
subchoroidal approach was advocated for this case. Near-
total tumor resection was achieved in this case [Figure 4b].

Case 4

A 48-year-old male presented with a homogenously calcified 
lesion in the pineal recess [Figure 4c]. He underwent a near-
total resection. The tumor was dissected from the midbrain. 
Part of the tumor adherent to the vein of the Galen complex 
was not removed [Figure 4d].

Case 5

A 25-year-old female presented with signs and symptoms 
suggestive of raised intracranial pressure (ICP). MRI 
brain with contrast revealed a large tumor in the pineal 
recess extending rostrally to involve the thalamus 
[Figure  4e and f]. She underwent tumor decompression 
and biopsy. Post-surgery, she was subjected to radiotherapy. 
She received 55Gy over 30 fractions with a pineal region 

Figure 3: Co-relation between mitoses and survival 
based on Spearman’s Co-relation coefficient.
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Figure 4: (a) Case 2: magnetic resonance imaging (MRI) – brain, mid-sagittal section T1 contrast sequence: Non-enhancing pineal region 
tumor, with vein of Galen Complex draping the tumor posteriorly. (b) Case 2: Postoperative computed tomography (CT) brain: Craniotomy 
defect centered around the coronal suture, Interhemispheric trans callosal sub-choroidal approach was advocated. Near-total resection (NTR) 
was achieved. (c) Case 3: Before radiotherapy (RT) – MRI brain axial T1 contrast sequence demonstrating the extensive nature of the lesion 
extending rostrally to involve the thalamus (d) Case 3: After RT–MRI brain axial T1 contrast, depicting good response to RT. (e) Case 4: 
Preoperative CT brain showing homogenous hyperdensity suggesting that pineal parenchymal tumor of intermediate differentiation can not 
only have speckled or peripheral calcifications. (f) Case 4: Postoperative MRI demonstrating NTR. (g) Case 3: Before RT–MRI brain T1 contrast 
mid-sagittal section showing a diffuse heterogeneous contrast-enhancing tumor involving the thalamus and callosum. (h) Case 3: After RT–
MRI brain T1 post contrast sequence mid- sagittal section. Complete radiological remission of the lesion is noted. The neurovascular structures, 
including the vein of Galen complex, can be well delineated. (i) Case 7: Homogenous contrast-enhancing lesion on T1 MRI, with visibly well-
defined planes. HPE was suggestive of pineocytoma. (j) Case 7: Postoperative CT brain. Gross-total resection of the tumor was achieved. 
(k) Case 7: MRI brain after 5 years of disease-free interval depicting an aggressive recurrence with poor planes and supra-tentorial extension. 
(l) Case 6: Neuraxis screening for this patient revealed diffuse leptomeningeal contrast-enhancing lesions suggestive of drop metastasis.
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boost. This patient was diagnosed with high-grade  PPTID 
and underwent a subtotal decompression. However, she 
demonstrated an excellent response to radiotherapy, and 
there was complete radiological remission on follow-up 
imaging [Figure 4g and h].

Case 7

A 48-year-old lady presented with symptoms suggestive of 
raised ICP. MRI brain evaluation revealed homogenous 
enhancing posterior third ventricular tumor [Figure  4i]. 
She underwent gross total resection as demonstrated on 
the postoperative computed tomography brain [Figure  4j]. 
The biopsy was suggestive of pineocytoma. Five years later, 
she presented with similar complaints, and the MRI showed 
an aggressive recurrence of the tumor with a significant 
component extending above the tentorium [Figure 4k]. This 
time, due to the adherence of the tumor to the deep venous 
system, only a subtotal decompression was achieved. Biopsy 
revealed grade 3 PPTID.

DISCUSSION

Since the incorporation of PPTID into the WHO classification 
system in 2000, more discoveries and advancements have 
been made in diagnosing and treating these tumors.[1,61,68,75] 
Nevertheless, to this day, there remains a lack of consensus 
on the optimal approach and guidelines for directing 
treatment options for this tumor. What exacerbates the 
situation is that the incorrect grouping of these tumors may 
underestimate the likelihood of CSF seeding (as illustrated in 
Figure 4l, which depicts a patient from our cohort exhibiting 
leptomeningeal dissemination) and prognosis.[57]

PPTID can manifest across all age demographics, 
predominantly in adults.[25,45,57] All our patients were adults 
with a mean age of 40  years. Contrary to the available 
literature, most of our patients were male (71.4%).[15,39,42] 
Some series highlight equal sex distribution.[11] Our patients 
exhibited symptoms consistent with hydrocephalus, aligning 
with findings from most series. In addition, we observed 
that Parinaud syndrome is a rare presentation, even when 
radiological evidence indicates the involvement of the 
midbrain tectum.

Many authors emphasize that gross total resection of tumors 
translates into better overall survival. It is crucial for the 
skilled neurosurgeon to carefully weigh the pros and cons of 
pursuing an aggressive gross total resection, considering the 
potential neurological morbidity involved. We opt for a safe 
maximal resection followed by adjuvant radiation akin to that 
utilized for pineoblastoma or a high-grade glioma to mitigate 
the risk of neurological deficits.[5,41,60,63] It is imperative to 
remain cognizant that injury to critical structures such as the 
vein of the Galen complex, posterior thalamus, or midbrain 

tectum can result in significant morbidity. When the tumor 
exhibits well-defined arachnoid planes, advocating for a gross 
total resection is feasible. In our series, most patients (85.7%) 
underwent either a near-total or subtotal resection followed 
by adjuvant radiation. Our outcomes align with those 
reported in other series. Endoscopic surgery or endoscope-
assisted microsurgery has gained popularity over the past 
few years, and studies have demonstrated better gross total 
resection and reduced rates of hydrocephalus.[72]

The histopathological diagnosis is the most crucial 
yet perplexing aspect of PPTID. These tumors exhibit 
significant histological heterogeneity, and their behavior 
often defies prediction.[26] While some authors propose 
an aggressive treatment approach regardless of the tumor 
grade, others advocate for tumor decompression followed 
by adjuvant radiation therapy.[11,13] Many have utilized 
adjuvant temozolomide chemotherapy, whereas others 
have used procarbazine, vincristine, lomustine, nimustine, 
carboplatin, and interferon B in different combinations.[69,74] 
It was traditionally considered that chemotherapeutic agents 
have poor blood-brain barrier penetration.[24] However, 
post-irradiation, there is a possibility that due to 
capillary bed disruption, the blood-brain barrier is more 
permissible to chemotherapeutic agents, which could be 
the rationale.[6] Nonetheless, some authors even propose 
that we might be overtreating PPTID, suggesting that it can 
be managed effectively with radiation therapy alone.[13] We 
opted not to administer chemotherapy to any of our patients. 
Among the cohort, three out of seven patients exhibited 
stable disease and are alive, while one patient demonstrated 
an excellent response to radiotherapy. This suggests a 
potential radiosensitivity of the tumor. However, Chalif et al., 
in a recent study, concluded that radiotherapy does not affect 
the outcomes of grade 2 PPTID.[8]

In general, PPTIDs demonstrate moderately high cellularity, 
mild-to-moderate nuclear atypia, and moderate mitotic 
activity, displaying diffuse or lobulated growth patterns.[37] 
Further prognostic stratification is facilitated by assessing 
the extent of necrosis, the mitotic index, and the presence of 
neurofilament protein.[4,14,25] The 2007 WHO Classification 
of Central Nervous System Tumors considers 2 variables – 
proliferative activity and immunoreactivity for neurofilament 
protein – as outcome predictors.[11,56] These tumors can 
generally present a positive expression for neurofilament, 
synaptophysin, renal S antigen, and chromogranin A.[15] 
Neurofilament protein expression has a very debatable 
role in predicting outcomes. Jouvet et al. suggested that 
neurofilament is expressed only in low-grade  PPTID 
(grade  2) and correlates with better outcomes.[25] However, 
various studies over the last decade have questioned its 
utility.[9,75] Due to the variability of neurofilament expression, 
other immunohistochemistry markers, such as the MIB-1 
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labeling index (MIB-LI) and Ki-67, have been considered 
more reliable for diagnostic purposes.[15,27,53] MIB-LI and 
mitoses have a significant implication in the prognostication 
of the disease and in determining recurrence.[2,19,21,27,64] More 
recently, it has been discovered that an in-frame mutation 
in the KBTBD4 gene is positive in approximately 80% of 
cases and is specific to PPTID. Consequently, this discovery 
can aid in clearly distinguishing PPTID from pineocytoma, 
allowing for a more definitive diagnosis beyond solely relying 
on pineocytomatous pseudo-rosettes.[65]

Numerous authors have made efforts to classify the tumor 
based on histopathological characteristics. Yu et al. classified 
tumors into high-risk and low-risk groups. The high-risk 
group comprised a mitotic count ≥3/10 high-power field 
(HPF) or Ki67 LI ≥5, whereas the low-risk group was defined 
as mitotic count <3/10 HPF and Ki67 LI <5.[75] The former 
category is associated with dismal outcomes. Chatterjee 
et al. have proposed a classification for PPTIDs with mitosis 
<4/10 HPF and Ki-67 <5% as grade II and cases with mitosis 
>4/10 HPF and/or Ki-67 >5% as grade  III PPTID.[9] While 
these classification systems can assist in forecasting outcomes 
and planning adjuvant treatment for the high-risk category, 
they do not assist in devising holistic tumor management 
strategies. In our series, all patients had mitoses > 5/10 
HPF, and 6 out of 7 patients (85.7%) had Ki-67 >5%. Only 
an increase in mitotic count demonstrated a correlation 

with survival and achieved statistical significance. We did 
not find a significant statistical association between Ki-67 
and outcomes. In one patient, the tumor exhibited a grade 
change, initially presenting with absent mitoses, which 
subsequently increased to 15–20/10 HPFs and Ki-67 of 3 % 
upon diagnosis as PPTID grade  3. Apart from our patient, 
various other reports have documented grade changes in 
pineal tumors.[3,28,31,52] From these instances, one may deduce 
that PPTID is an intermediary pathological condition 
capable of originating or transitioning from a pineocytoma, 
displaying the propensity to advance into or imitate the 
characteristics of a pineoblastoma. This may suggest that it is 
unlikely that PPTID arises de novo.

In 2011, the guidelines set forth by the British Neuro-
oncology Society for rare tumors offer a delineated algorithm 
elucidating the procedural steps to be undertaken in 
managing a tumor located within the pineal region. The 
British Neuro-oncology Society recommends surgical 
resection as the primary intervention for PPTID while 
indicating that the efficacy of radiotherapy remains 
uncertain.[1,58] Indeed, the current landscape reveals a notable 
absence of consensus regarding diagnostic methodologies 
and therapeutic strategies. However, similar to the above 
guidelines and review by Mallick et al., we have devised a 
simple pragmatic algorithm that can help clinicians tailor 
their treatment for PPTID [Figure  5].[42] Due to a lack 

Figure 5: A practical management algorithm for pineal parenchymal tumor of intermediate 
differentiation. PPTID: Pineal parenchymal tumor of intermediate differentiation, ETV: Endoscopic third 
ventriculostomy, GTR: Gross total resection, STR: Sub total resection, NTR: Near total resection, MRI: 
Magnetic resonance imaging, RT: Radiotherapy, CSF: Cerebrospinal fluid
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of strong evidence, we have not incorporated adjuvant 
chemotherapy into the algorithm. However, the algorithm 
serves as a foundational framework for managing patients 
and a stepping stone for future research.

Limitations

Due to the rarity of the disease, data can only be derived 
from a small sample size case series. This indicates the need 
for systematic reviews. We humbly acknowledge the criticism 
for not incorporating neuraxial screening at the presentation. 
We strongly emphasize that MRI screening of the neuraxis is 
essential in PPTID. However, we remain uncertain about the 
necessity of routine CSF sampling. Given the diversity in the 
existing literature and our small sample size, conducting a 
quantitative meta-analysis was not feasible. This is primarily 
due to the limited availability of literature, which consists 
mainly of case reports and a few small case series.

CONCLUSION

Drawing on insights and observations from various eminent 
authors over the past two decades, a tentative consensus 
may be reached suggesting that low-grade  PPTID could 
potentially undergo gross total resection safely, given the 
preservation of the tumor-arachnoid interface. Conversely, in 
cases of high-grade PPTID, surgical precision is paramount to 
avoid grave neurological deficits/morbidity. Following near-
total or subtotal resection, adjuvant chemo/radiotherapy 
becomes imperative for comprehensive management and 
better overall survival.

Definitive lacunae revolve around these pivotal questions: -
1)	 In the scenario where a high-grade lesion has undergone 

gross total resection, is adjuvant therapy mandatory, or 
is there an acceptable level of risk in opting for vigilant 
follow-up with regular imaging?

2)	 Should patients with low-grade  PPTID, despite gross 
total resection, require rigorous follow-up imaging 
or adjuvant therapy, considering its potential for 
progression to a higher-grade recurrence?

The above questions are still devoid of answers and will 
require larger multicenter observational studies to address.
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