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Histopathologic review of pineal parenchymal tumors 
identifies novel morphologic subtypes and prognostic 
factors for outcome

The pineal body is an endocrine gland within the epi-
thalamus that modulates circadian rhythms through the 
production of melatonin.1 Tumors affecting the pineal 

gland are uncommon and account for <0.5% of all intrac-
ranial malignancies.2 Despite their rarity, a large spec-
trum of neoplasms can arise in the vicinity of the pineal 
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Abstract
Background.  Pineal parenchymal tumors (PPTs) are rare neoplasms of the central nervous system, and data con-
cerning clinical outcomes are limited. The purpose of this study was to define the clinical behavior of PPT according 
to current histopathologic criteria and identify prognostic factors to guide therapeutic decisions.
Methods.  Seventy-five patients treated for PPT at a single institution between 1992 and 2015 were retrospectively 
identified. Forty-five resection specimens were available and re-reviewed. Freedom from progression (FFP) and 
overall survival (OS) were estimated using the Kaplan-Meier method and compared using log-rank tests.
Results.  Median follow-up was 4.1 years. All patients initially underwent surgery; 78% of patients with PPT of inter-
mediate differentiation (PPTID) and all patients with pineoblastoma received adjuvant therapy. Pathologic re-review 
refined classification in 27% of cases, with the majority of these being adult patients with pineal tumors originally 
classified as pineoblastomas that more accurately resembled PPTID based on the 2007 WHO classification.
Classification.  Our histologic review also identified that PPTIDs can be classified into small-cell and large-cell mor-
phologic subtypes, which have distinct clinical outcomes. Tumor grade, extent of resection, and neuraxis spread 
were prognostic for FFP. PPTID subtype, extent of resection, and neuraxis spread were prognostic for OS. Genetic 
analysis of a pineoblastoma case identified somatic mutations of DICER1, ARID1A, and KDM5C genes.
Conclusions.  PPTIDs can be classified into 1 of 2 novel morphologic subtypes that are associated with distinct clin-
ical outcomes. Tumor grade, neuraxis spread, and extent of resection also influence outcome for patients with PPT.
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gland or spread to the pineal region including germ cell 
tumors, gliomas, papillary tumor of the pineal region, 
and metastases. Primary neuronal tumors arising intrin-
sically within the pineal gland are referred to as pineal 
parenchymal tumors (PPTs). The most recent World Health 
Organization (WHO) Classification of Tumors of the Central 
Nervous System from 2007 categorizes PPT as pineocyto-
mas (grade I), pineal parenchymal tumors of intermediate 
differentiation (PPTID, grade II or grade III), or pineo-
blastomas (grade IV).3 Surgery is essential for all pineal 
tumors in order to obtain a tissue diagnosis and often to 
alleviate symptoms from impaired cerebrospinal fluid 
flow from the third ventricle into the cerebral aqueduct.4 
Despite their common origin and the importance of sur-
gical resection, the epidemiology and treatment of PPTs 
are diverse. Classically, pineoblastomas arise in pediat-
ric patients, whereas pineocytomas and PPTIDs typically 
occur later in life.5 Pineocytomas have a favorable progno-
sis, with 5-year survival approaching 90% following gross 
total resection (GTR).6 Conversely, pineoblastomas, which 
have a high rate of recurrence and a propensity for neu-
raxial spread, are often managed with adjuvant cranio-
spinal irradiation and multi-agent chemotherapy.7 PPTID 
is an intermediate entity, with histologic features falling 
between well-differentiated pineocytomas and undifferen-
tiated pineoblastomas.

Given the relative rarity of PPTs in general, and PPTIDs 
in particular, outcomes data are largely limited to retro-
spective case series. The largest primary report of PPT 
outcomes compiled data documented 76 patients in 12 
European centers treated from 1972 to 1997.8 This study 
demonstrated 5-year survival of 91%, 74%, 39%, and 10% 
for grades I–IV neoplasms, respectively, but relied on 
diagnostic criteria that have since been revised. Tumor 
diameter <2.5 cm and low-grade histology were found to 
be prognostic for outcome, but extent of resection and 
radiotherapy had no clear influence on survival. Shortly 
thereafter, a pooled analysis of 37 previously published 
cases with 64 newly reported patients identified metas-
tases at diagnosis, high-grade histology, and subtotal 
resection (STR) as variables that negatively influenced 
overall survival (OS) for PPTID and pineoblastoma.7 Most 
recently, a systematic review of 64 studies consisting of 
168 pineocytoma patients demonstrated that 5-year OS 
for low-grade PPT decreased precipitously in patients 
who received STR followed by radiotherapy (17%) ver-
sus GTR without adjuvant therapy (88%).9Beyond these 
reports, the majority of literature pertaining to PPT con-
sists of retrospective case series from single institutions 
with few patients and short follow-up.10–33 Furthermore, 
the updated diagnostic classification of PPT in the 2007 
release of the WHO Classification of Tumors of Central 
Nervous System renders interpretation of pathophysi-
ologic and outcome data from prior reports challenging.3 
We therefore sought to characterize outcomes and pat-
terns of failure for PPT according to the latest histopatho-
logic criteria as well as identify prognostic factors to 
guide therapeutic decisions. Toward that end, 75 patients 
with pineal region tumors treated at a single institution 
from 1992 to 2015 were retrospectively identified, and all 
available resection specimens (n = 45) were re-reviewed 
centrally. The data from this cohort, which is one of the 

largest groups of patients with PPT according to current 
diagnostic criteria published to date, reveal new insights 
about the epidemiology, histopathology, clinical behav-
ior, and optimal treatment of PPT.

Materials and Methods

Pathologic Review

Seventy-five patients treated for a diagnosis of PPT at the 
University of California San Francisco between June 1988 
and August 2015 were retrospectively identified for this anal-
ysis, which was approved by the Institutional Review Board. 
Forty-five cases from July 1992 to August 2015 were avail-
able and were pathologically re-evaluated by 2 neuropathol-
ogists (D.A.S.  and T.T.) based on grading criteria from the 
2007 WHO Classification of Tumors of the Central Nervous 
System3 (Fig. 1). Both neuropathologists agreed on the 
diagnosis for all cases without interobserver discordance. 
This led to reclassification of diagnoses in 12 instances (27% 
of cases), all but one of which were diagnosed before 2007. 
Nine tumors that were previously classified as pineoblas-
toma in adults were revised to PPTID (Supplementary mate-
rial, Table S1). Two tumors in adult patients that were initially 
classified as PPT were determined to most likely represent 
metastases (one from pulmonary small-cell carcinoma and 
the other a malignant melanoma with small-cell features). 
The last case was a pineal region tumor in a 20 year old man 
that had been previously classified as “malignant neoplasm 
most compatible with pineoblastoma, WHO grade IV” but 
which lacked the typical histologic features of pineoblas-
toma such as Flexner-Wintersteiner rosettes or the usual 
small blue cell appearance and had an atypical immuno-
histochemical profile including positivity for CD117 (c-Kit). 
As such these 3 cases, which were thought not to definitely 
represent PPT on re-evaluation, were excluded from all sub-
sequent analyses (Fig. 1). Outcomes data from 17 additional 
patients originally treated for PPT according to diagnostic 
criteria from their respective eras, but for whom resection 
specimens were not available, were added to the clinical 
data from pathologically re-reviewed cases to sufficiently 
power survival analysis according to histology or neuraxial 
spread (Figs 1 and 4).

Immunhistochemical Staining

Immunohistochemistry was performed on formalin-
fixed, paraffin-embedded tissue sections at the UCSF 
Immunohistochemistry Laboratory. Primary antibodies used 
were as follows: synaptophysin (polyclonal, Cell Marque, 
1:100 dilution, ER2 antigen retrieval buffer), neurofilament 
(clone 2F11, Cell Marque, undiluted, ER1 antigen retrieval 
buffer), NeuN (clone A60, Chemicon, 1:4000 dilution, ER1 
antigen retrieval buffer), MAP2 (clone HM2, Sigma, 1:20 000 
dilution, ER1 antigen retrieval buffer), GFAP (polyclonal, Dako, 
1:300 dilution, no antigen retrieval), and OLIG2 (polyclonal, 
Immuno Bio Labs, 1:200 dilution, ER1 antigen retrieval buffer). 
All staining was performed in a Leica Bond 3 automated stain-
ing processor following antigen retrieval in the indicated 
buffer and Ventana ultraView Universal DAB detection.
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Clinical Outcomes Assessments

Demographic and clinical follow-up data were extracted 
from the medical records and institutional cancer registry 
for all cases. Unless specified otherwise, all statistical anal-
yses were performed on 38 pathologically confirmed cases 
of PPT with available follow-up data using the revised his-
tologic grade when applicable. The length of follow-up was 
defined as the duration of time from each patient's most 
definitive surgery to the date of recurrence for freedom 
from progression (FFP), the date of death for OS, or the 
most recent clinical or radiographic evaluation for those 
who experienced neither recurrence nor death.

Age at diagnosis (continuous variable) was compared 
with revised diagnosis categorized as pineocytoma, PPTID 
grade II, PPTID grade III, pineoblastoma (group variable), 
and PPTID subtype (small cell vs large cell) using ANOVA. 
Age according to tumor grade and morphology are pre-
sented as median (with range) and mean±standard devi-
ation. The association between extent of resection (as 

defined on imaging) and tumor grade was assessed using 
a chi-square test. To examine the relationships between 
extent of resection, neuraxis spread at diagnosis, adju-
vant therapy, disease control, and death, Fisher exact tests 
for small sample sizes were reported. FFP and OS were 
estimated using the Kaplan-Meier (KM) method. FFP and 
OS patterns by KM for GTR status, PPTID subtype, tumor 
grade, and neuraxis spread were assessed using the log-
rank test or log-rank test for trend, as indicated. No sample 
size calculation was performed for this exploratory analy-
sis. Two-sided P values were reported, and P values <.05 
were considered statistically significant. Statistical analy-
ses were performed using GraphPad Prism 6 and SAS v9.4.

Targeted Next-generation Sequencing

DNA was extracted from a peripheral blood sample and for-
malin-fixed, paraffin-embedded tumor tissue using Qiagen 
DNA extraction kits. Capture-based next-generation 

Fig. 1.  Study flowchart. Seventy-five patients who were originally diagnosed with and treated for pineal parenchy-
mal tumor (PPT) were identified retrospectively, and 45 cases were available and pathologically re-reviewed using 
current grading criteria. Clinical follow-up was available for 38 of the 45 cases that were pathologically re-reviewed, 
and 17 of the 30 cases that were unavailable for re-review. Data from the 38 cases with available clinical follow-up 
and pathologic re-review were used for analyses of patient demographics, treatment characteristics, extent of resec-
tion, and pineal parenchymal tumor of indeterminate differentiation (PPTID) subtype (Table 1, Supplementary mate-
rial, Table S1, Figs 1–3, and Supplementary material, Fig. S1). Data from all 55 cases with available clinical follow-up 
were used for analyses of tumor grade and neuraxial spread (Fig. 4 and Supplementary material, Fig. S2).
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sequencing was performed at the UCSF Clinical Cancer 
Genomics Laboratory using an assay that targets the cod-
ing regions of 510 cancer-related genes, select introns 
from 40 genes, and TERT promoter with a total sequenc-
ing footprint of 2.8 Mb (UCSF500 panel). Target enrich-
ment was performed by hybrid capture using a custom 
oligonucleotide library. Sequencing was performed on 
an Illumina HiSeq 2500. Bioinformatics analysis to assess 
for somatic single nucleotide variants, small insertions/
deletions, structural variants, and copy number changes 
was performed using the following software packages: 
BWA: 0.7.10-r789, Samtools: 1.1 (using htslib 1.1), Picard 
tools: 1.97 (1504), GATK: 2014.4-3.3.0-0-ga3711, CNVkit: 
0.3.3, Pindel: 0.2.5a7, SATK: 2013.1-10- gd6fa6c3, Annovar: 
v2015Mar22, Freebayes: 0.9.20 and Delly: 0.5, CNVkit, and 
Nexus Copy Number.

Results

Patient, diagnosis, and treatment characteristics accord-
ing to revised histopathologic evaluation are presented in 
Table 1. The median age at diagnosis for all patients was 
32.4  years (range: 3.3–64.8 y). A  diagnosis of pineoblas-
toma was made in significantly younger patients compared 
with other tumor grades (median: 8.9 y; mean: 6.3 ± 5.6 y; P 
= .0002) (Supplementary material, Fig. S1A). Fifty-five per-
cent of cases were male, but the association between sex 
and PPT incidence was not significant (Table 1). The most 
common presenting symptoms were headache (76%), 
nausea and vomiting (45%), ataxia (45%), vision changes 
(32%), and altered mental status (29%). Three patients were 
found to have disseminated disease at diagnosis either by 
cerebrospinal fluid (CSF) cytology or imaging, neither of 
which was associated with disease control or death.

With respect to treatment, GTR was achieved in 50% 
of patients, with STR in 34%, and biopsy alone in 16% 
(Table 1). There were no differences in the ability to achieve 
GTR according to histology. No tumors recurred following 

GTR, which was significantly associated with both dis-
ease control (P = .04) and survival (P = .04) (Fig. 2 A and B). 
Although the number of cases failed to meet the threshold 
for robust outcomes analyses according to extent of resec-
tion by tumor grade, there was a trend toward improved 
survival with GTR for PPTID grade III tumors (P = .14). 
Patients with PPTID and pineoblastoma were significantly 
more likely to receive adjuvant radiation (P < .0001) and/
or chemotherapy (P = .0001) than those with pineocy-
toma (Table  1). The vast majority of those who received 
radiation were treated at the entire craniospinal axis to a 
median dose of 36 Gy, followed by a fractionated boost to 
the pineal gland for a median total dose of 55.8 Gy. Four 
of the 6 individuals with PPTID grade II treated with crani-
ospinal irradiation were initially diagnosed with pineo-
blastoma. Both patients treated with surgery followed by 
focal radiation were initially diagnosed with PPTID grade 
II but had evidence of residual local disease. Most patients 
who received chemotherapy were treated with a combina-
tion of platinum-based (94%; cisplatin or carboplatin) and 
alkylating agents (83%; cyclophosphamide, lomustine, 
procarbazine, or ifosfamide). The microtubule poison vin-
cristine (67%) and the topoisomerase inhibitor etoposide 
(17%) were also common. Despite the association between 
adjuvant therapy and higher tumor grade, patients who 
received chemotherapy and/or radiation were no more 
likely to experience disease recurrence or death than those 
who did not.

The median overall follow-up was 4.1  years (range: 4 
d–15.2 y), during which there were 4 tumor recurrences 
and 7 deaths (Table 1). On long-term follow-up, 11 patients 
had persistent side effects from treatment including 
growth defects, endocrine dysfunction, infertility, and cog-
nitive deficits in 3 patients who were treated as children. 
The median time to tumor recurrence was 3.5 years (range: 
1.1–8.5 y), which was longer than the median time to death 
(1.1 years; range: 4 d– 8.5 y) due to 2 deaths from periop-
erative complications without evidence of disease progres-
sion. Importantly, none of these were due to air embolism, 
as might be expected from surgery in the seated position. 

Table 1.  Demographic, disease, and treatment characteristics of pineal parenchymal tumors according to revised histology

Pineocytoma PPTID Grade II PPTID Grade III Pineoblastoma

Number 13 10 (6 small cell, 4 large cell) 8 (5 small cell, 3 large cell) 7

Median age at diagnosis 
(y) [range]

33 [12.8–61] 41 [25.4–51.8] 31.7 [9.6–64.8] 6.3 [3.3–17.5]

Female-to-male ratio 1:1.8 1:0.7 1:3 1:1.3

Neuraxis spread 0 (0%) 1 (10%) 1 (12.5%) 1 (14%)

GTR 9 (69%) 4 (40%) 4 (50%) 4 (57%)

Chemotherapy 0 (0%) 6 (60%) 5 (63%) 7 (100%)

Radiation 0 (0%) 8 (80%) 6 (75%) 6 (86%)

  Pineal region only 0 (0%) 2 (20%) 0 (0%) 0 (0%)

  CSI + pineal boost 0 (0%) 6 (80%) 6 (75%) 6 (86%)

Disease recurrencea 0 (0%) 1 (10%) 2 (25%) 1 (14%)

Death 2 (15%) 1 (10%) 3 (37.5%) 1 (14%)

Abbreviations: CSI, craniospinal irradiation; GTR, gross total resection; PPTID, pineal parenchymal tumor of intermediate differentiation; y, year.
aPPTID grade III and pineoblastoma recurrences occurred simultaneously in the pineal region and distantly within the neuraxis; the one PPTID grade 
II recurrence was limited to the pineal region.

 at U
niversity of C

alifornia, San Francisco on January 26, 2017
http://neuro-oncology.oxfordjournals.org/

D
ow

nloaded from
 

http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/now105/-/DC1
http://neuro-oncology.oxfordjournals.org/


 82 Raleigh et al. Pineal parenchymal tumor morphology and outcomes

Salvage therapy included re-irradiation in 1 case and chem-
otherapy in 3 cases. All disease recurrences of PPTID grade 
III and pineoblastoma occurred simultaneously in the pin-
eal region and distantly within the neuraxis, whereas the 
lone PPTID grade II recurrence was limited to the pineal 
region. All patients who recurred ultimately died from pro-
gressive disease, and recurrence was negatively associ-
ated with survival (P < .0001). Notably, both deaths in the 
pineocytoma group occurred in the immediate postopera-
tive period and were attributed to pulmonary embolism 
and intracranial hemorrhage with sepsis, respectively.

Pathologic review of this series of PPT identified 18 
tumors that were classified as PPTID (Table  1). These 
tumors lacked the well-differentiated tumor cells resem-
bling pineocytes with frequent pineocytomatous rosettes 
that were observed in pineocytomas, but they also lacked 
the sheets of primitive small blue cells with frequent 
mitoses, apoptotic bodies, nuclear molding, and necro-
sis that were observed in pineoblastomas. We observed 
tumors with 2 distinct morphologic appearances within 
this cohort of PPTIDs, which we heretofore describe as the 
“large-cell” and “small-cell” subtypes of PPTID (Fig.  3). 
PPTIDs corresponding to the large-cell subtype were 
characterized by larger nuclei with vesicular chromatin 

pattern, greater nuclear pleomorphism, ample cytoplasm, 
and abundant neuropil-like stroma in the background. In 
contrast, PPTIDs corresponding to the small-cell subtype 
had smaller, more uniform nuclei with scant cytoplasm 
and very little stroma in the background. The tumor cells 
in the small-cell subtype were present in diffuse sheets 
and had inconspicuous nucleoli and lacked the nuclear 
pleomorphism, nuclear molding, apoptotic debris, and sig-
nificant mitotic activity characteristic of pineoblastomas. 
We noted that the tumors we classified as the small-cell 
subtype of PPTID had significant histologic overlap with 
central neurocytomas, which typically arise in the lateral 
ventricles but lack the neurocytic rosettes sometimes seen 
in neurocytomas. Immunostaining patterns in our cohort 
of PPTD were similar to those that were reported previ-
ously.12 Specifically, positivity for synaptophysin and neu-
rofilament staining was present in all PPTs, with diffuse 
strong staining in all pineocytomas and variable staining 
in PPTIDs and pineoblastomas ranging from focal labeling 
of clusters of cells to diffuse strong staining in most tumor 
cells. Immunostaining profile was not found to be useful 
for differentiating between the small-cell and large-cell 
subtypes of PPTID, although the more abundant neuropil-
like stroma in the large-cell subtype was noted to result 

Fig. 2.  Pineal parenchymal tumor (PPT) outcomes according to revised histology. (A, B) For all patients regardless of tumor grade, gross total 
resection (GTR) is associated with improved disease control (P = .04) and improved overall survival (P = .04) by Fisher exact test when compared 
with subtotal resection and biopsy (sub-GTR). (C, D) For patients with PPTs of indeterminate differentiation (PPTIDs), small-cell morphology is 
associated with improved overall survival (P = .02) and a trend toward improved progression-free survival (P = .07) by log-rank test.

 at U
niversity of C

alifornia, San Francisco on January 26, 2017
http://neuro-oncology.oxfordjournals.org/

D
ow

nloaded from
 

http://neuro-oncology.oxfordjournals.org/


83Raleigh et al. Pineal parenchymal tumor morphology and outcomes
N

eu
ro-

O
n

colog
y

in more robust neurofilament staining (Supplementary 
material, Fig. S3 and Supplementary material, Table S2). 
In contrast to the NeuN positivity reported in most central 
neurocytomas,34 immunostaining for NeuN was absent in 
the 2 PPTID cases assessed (Supplementary material, Fig. 
S3 and Supplementary material, Table S2).

Among the 18 PPTIDs in this series, 7 corresponded to 
the large-cell subtype and 11 corresponded to the small-
cell subtype. Based on the 2007 WHO Classification grad-
ing criteria using a mitotic cutoff of 6 mitoses per 10 
high-power fields, 4 of the large-cell PPTIDs were best 
classified as grade II and 3 as grade III, whereas 6 of the 
small-cell PPTIDs were classified as grade II and 5 as grade 
III (Table 1).3 There was no difference in the age distribu-
tion of patients with small- or large-cell subtypes of PPTID 

(Supplementary material, Fig. S1B). However, small-cell 
tumors were associated with improved OS (P = .02) and 
demonstrated a trend toward improved FFP (P = .07) as 
compared with large-cell subtypes (Fig 2 C and D).

The number of pathologically re-reviewed cases with 
available clinical follow-up failed to meet the threshold for 
survival analysis according to histology or neuraxis spread. 
Therefore, we extracted outcomes data from 17 additional 
patients originally diagnosed and treated for PPT for whom 
resection specimens were not available for pathologic re-
review (5 pineocytoma, 12 pineoblastoma) (Fig.  1). Data 
from PPTID cases were pooled, and a secondary statisti-
cal analysis was performed in combination with the afore-
mentioned 38 cases. The median overall follow-up in this 
pooled cohort was 3.1 years (range: 4 d– 23.0 y), and the 

Fig. 3.  Pathologic review of pineal parenchymal tumors of intermediate differentiation (PPTIDs) identifies 2 distinct morphologic subtypes: large-
cell and small-cell. (A–C) H&E stained sections of PPTID cases corresponding to the large-cell subtype, which have larger nuclei with greater 
nuclear pleomorphism, more abundant cytoplasm, and more abundant neurophil-like stroma in the background. (D–F) H&E stained sections of 
PPTID cases corresponding to the small-cell subtype, which have smaller, more uniform nuclei with inconspicuous nucleoli and scant cytoplasm 
with very little stroma in the background. Scale bar, 20 μm.
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age distribution and relationship between GTR and sur-
vival paralleled the findings in pathologically re-reviewed 
cases (Supplementary material, Fig. S1). Importantly, 
the number of cases with neuraxis spread (n = 9; PPTID: 
3, pineoblastoma: 6), tumor recurrences (n = 9; PPTID: 2, 
pineoblastoma: 7), and deaths (n = 17; pineocytoma: 3, 
PPTID: 4, pineoblastoma: 10)  provided us with sufficient 
power for survival analysis. According to this approach, 
5- and 10-year FFP probabilities were 100% and 100% for 
pineocytoma, 82% and 65% for PPTID, and 58% and 58% for 
pineoblastoma. Both tumor histology (P = .03) and neuraxis 
spread at diagnosis (P = .001) were significantly associated 
with FFP by log-rank test (Fig. 4 A and B). Five- and 10-year 
OS probabilities were 83% and 83% for pineocytoma, 76% 
and 61% for PPTID, and 53% and 26% for pineoblastoma. 
Neuraxis spread was prognostic for OS by log-rank test (P 
= .0003), and there was impaired survival with high-grade 
tumor histology by log-rank test for a trend that failed to 
reach statistical significance (P = .11) (Fig. 4 C and D).

At present, the genetic alterations that drive PPTs are 
largely unknown except for the subset of pineoblastomas 

that arise in patients with germline mutations in either RB1 
or DICER1 as part of the retinoblastoma and DICER1 tumor-
predisposition syndromes (OMIM 180200 and 606241). In 
order to better understand the molecular pathogenesis of 
PPTs and identify biomarkers that might aid classification 
among the different tumor entities, we performed targeted 
next-generation sequencing of 510 cancer-associated 
genes on genomic DNA isolated from an 18  month-old 
boy who underwent resection of a large, avidly enhancing 
tumor centered in the midline of the brain within the pin-
eal region and cerebellar vermis (Fig. 5 A and B). Histologic 
sections from this tumor demonstrated a highly cellular, 
primitive, small round blue cell tumor with neuronal dif-
ferentiation as evidenced by synaptophysin immunostain-
ing (Fig. 5 C). Although a diagnosis of “medulloblastoma, 
WHO grade IV” was made given the presumed anatomic 
site of origin in the cerebellar vermis, subsequent next-
generation sequencing did not identify any mutations or 
cytogenetic changes that are typical of medulloblastoma. 
Instead, 2 inactivating mutations in DICER1, a frameshift 
mutation in ARID1A, and a missense mutation in KDM5C 

Fig. 4.  Pineal parenchymal tumor (PPT) outcomes from a pooled cohort of cases with and without pathologic re-review. (A, B) Tumor histology 
(P = .03) and neuraxis spread (P = .001) are significantly associated with freedom from progression by log-rank test. (B, C) Neuraxis spread at 
diagnosis is prognostic for overall survival (OS) by log-rank test (P = .0003), and tumor histology shows a trend for OS by log-rank test for trend (P = 
.11). Of note, one patient treated with GTR and adjuvant chemoradiation for pineoblastoma without evidence of neuraxis spread at diagnosis died 
after 23 years of follow-up from a secondary high-grade sarcoma of the lumbar spine. The surgical specimen for this patient could not be located 
for pathologic re-review.
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were found in the tumor but were not present in consti-
tutional DNA isolated from this patient's blood (Fig.  5 
D). Re-consideration of the anatomic site of origin of this 
tumor favored the pineal gland over the cerebellar ver-
mis. An amended pathologic diagnosis of “primitive small 

blue cell tumor most consistent with pineoblastoma, WHO 
grade IV” was made. At present, there are no reliable 
morphologic or immunophenotypic methods for distin-
guishing medulloblastoma and pineoblastoma, and this 
distinction in the past has relied on anatomic site of origin. 

Fig. 5.  Genomic analysis of a pineoblastoma arising in a young pediatric patient identifies novel somatic mutations involving DICER1, ARID1A, 
and KDM5C. (A) Coronal T1 post-gadolinium and (B) sagittal fluid-attenuated inversion recovery MR imaging of an 18 month-old boy demonstrat-
ing a large, avidly enhancing mass centered in the midline within the region of the pineal gland and causing compression of the subjacent cer-
ebellar vermis. (C) H&E stained section of the tumor showing a primitive small round blue cell neoplasm arranged in sheets with nuclear molding, 
numerous mitotic figures, and apoptotic debris. Scale bar, 20 μm. (D) List of somatic mutations that were identified upon targeted next-generation 
sequencing of 510 cancer-associated genes on genomic DNA isolated from peripheral blood and tumor tissue. MAF, mutant allele frequency.
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This case highlights the power of genomic analysis to aid 
in diagnostic evaluation and suggests that DICER1 altera-
tions and microRNA deregulation may be an important 
biomarker for pineoblastoma, both in sporadic cases and 
in patients with DICER1 tumor predisposition syndrome.

Discussion

Primary neoplasms of the pineal gland are exceedingly 
rare, and thus little is known about the clinical behavior or 
biology of these tumors. Here, we present clinical follow-
up and histopathologic data from patients with PPT treated 
at a single institution over the span of 23 years. Our objec-
tives were to define the clinical behavior of PPT according 
to current histopathologic criteria and identify prognostic 
factors to guide therapy. Beyond the selection biases that 
are intrinsic to all retrospective studies, the small sample 
size here limited our ability to evaluate multiple variables 
simultaneously and adjust for potential confounders. 
However, the data from this cohort, which is one of the 
largest groups of patients with PPT according to current 
diagnostic criteria, suggest that tumor histology including 
PPTID subtype, extent of resection, and neuraxis spread 
are the most important factors for outcome. Moreover, in 
re-reviewing pathologic specimens from these tumors, we 
identified 2 novel morphologic subtypes of PPTID that are 
associated with distinct clinical outcomes.

The 2007 revision of the WHO classification of pineal 
neoplasms, which included recognition of PPTID as a dis-
tinct entity, makes these findings particularly valuable.3 As 
expected, the majority of revised cases were initially diag-
nosed in the prior classification era. Indeed, histopathologic 
re-review led to the identification of 9 additional cases of 
PPTID en route to adjusting approximately 25% of the diag-
noses. The discovery of so many PPTIDs in older individuals, 
which were previously reported as pineoblastoma, is most 
likely indicative of a distinct entity among PPTs and may 
have significant implications. Consistently, pineoblastoma 
outcomes from the prior diagnostic era showed more favora-
ble results in older patients, and it is likely that many of these 
cases would have been reported as PPTID by current stand-
ards.7 Given the comparatively younger age of onset for true 
pineoblastomas, it is challenging to definitively establish age 
as an independent prognostic factor for PPT in general, as 
some have suggested.8,29 More likely, the relatively superior 
performance of older patients with PPT is a function of the 
lower incidence of aggressive neoplasms in this subgroup.

The small-cell and large-cell subtypes of PPTID likely 
represent 2 genetically or epigenetically distinct PPTs. We 
anticipate that our ongoing genomic analyses of PPT in this 
patient cohort will determine the genetic alterations that 
drive these tumors and may serve as helpful diagnostic 
and prognostic biomarkers. However, there are no molec-
ular markers known to date that can reliably distinguish 
between the small-cell and large-cell subtypes. Although 
sensitive molecular markers of PPT have been identified in 
several small case series, the generalizability of these mark-
ers across PPT histologies is unclear.35–40 Furthermore, it 
is unknown whether PPTs exist on a continuum; although 
there have been 2 reports of low-grade pineal neoplasms 

transforming to pineoblastomas and one case of pineocy-
toma disseminating to the leptomeninges, it remains to be 
established if these are indicative of true tumor biology.41–43 
The evolving understanding of pathological features and 
modifications in the classification scheme also accounts for 
some of the discrepancies in the literature. High-resolution 
genomic analyses will shed light on these ambiguities and 
also identify molecular markers that may guide chemother-
apeutic decisions for future patients. For example, the pine-
oblastoma case we report with somatic mutation of DICER1 
suggests that DICER1 inactivation and microRNA deregula-
tion are likely to be important in the pathogenesis of spo-
radic pineoblastomas, in addition to those arising as part 
of the DICER1 tumor predisposition syndrome. The exact 
frequency of DICER1 inactivation in pineoblastoma remains 
to be determined, as does whether DICER1 and microRNA 
deregulation help distinguish pineoblastoma from PPTID 
and pineocytoma. Furthermore, the presence of somatic 
mutations in the chromatin-remodeling gene ARID1A and 
the histone demethylase gene KDM5C suggest that tran-
scriptional deregulation may be another critical pathway in 
the pathogenesis of pineoblastoma.

Our data support the hypothesis that GTR improves 
tumor control and survival from pineocytoma.9,44 Moreover, 
for the first time we demonstrate that the extent of resec-
tion is important for the outcome of other PPT histologies. 
Radiotherapy techniques were heterogeneous, which was 
likely a reflection of the 23-year study period. The use of adju-
vant radiation for residual pineocytoma is controversial, and 
it is possible that stereotactic radiosurgery or brachytherapy 
may yield superior outcomes relative to fractionated appr
oaches.9,19,21,22,26,44 Nonetheless, disease control and sur-
vival are equivalent in PPT patients irrespective of adjuvant 
therapy, which argues that chemotherapy and radiation are 
important for patients with high-grade lesions. Indeed, other 
investigators have reached similar conclusions for the use 
of stereotactic radiosurgery with residual pineocytoma4,28 
and multimodal therapy for pineoblastoma.23,33

Conclusions

Histologic grade, PPTID subtype, extent of resection, and 
neuraxis spread at diagnosis are important factors for out-
come in PPT. Despite the selective application of chemo-
therapy and radiation in patients with adverse features, 
individuals who received adjuvant therapy are no more 
likely to experience disease recurrence or death than those 
who do not. This suggests that patients with malignant 
and/or residual grade II or grade III PPT after surgery bene-
fit from adjuvant treatment. However, considering the long 
survival of many patients with PPT, as well as the adverse 
late effects of adjuvant therapy, radiation field optimization 
and use of chemotherapy require prospective investiga-
tion to establish optimal treatment regimens, especially 
for PPTID. In the interim, we recommend intensive multi-
modal adjuvant therapy for patients with evidence of neu-
raxis dissemination and prophylactic multimodal adjuvant 
therapy for all pineoblastomas and select PPTIDs with 
adverse features such as subtotal resection and, poten-
tially, large-cell morphology.

 at U
niversity of C

alifornia, San Francisco on January 26, 2017
http://neuro-oncology.oxfordjournals.org/

D
ow

nloaded from
 

http://neuro-oncology.oxfordjournals.org/


87Raleigh et al. Pineal parenchymal tumor morphology and outcomes
N

eu
ro-

O
n

colog
y

Supplementary Material

Supplementary material is available at Neuro-Oncology 
Journal online (http://neuro-oncology.oxfordjournals.org/).

Funding

None declared.

Acknowledgments

The authors are supported in part by a V Foundation for Cancer 
Research Pediatric Brain Cancer Research Award (D.R.R.), an 
American Brain Tumor Society Basic Research Fellowship 
(D.R.R.), a Rally Foundation for Childhood Cancer Research 
Collaborative Pediatric Research Award (D.R.R.), and an 
American Society of Clinical Oncology Young Investigator 
Award (D.R.R.), a Career Development Award from the 
UCSF Brain Tumor SPORE (D.A.S., P50 CA097257), an NIH 
Director's Early Independence Award (D.A.S., DP5 OD021403), 
a National Institute of Neurological Disorders and Stroke 
grant 1R01NS091620 (D.H.K.), The Nancy and Stephen Grand 
Philanthropic Fund (D.H.K.), and the Pediatric Low-Grade 
Astrocytoma Foundation (D.H.K.). Portions of this work were 
presented at the annual meeting of the American Society for 
Therapeutic Radiation Oncology in San Antonio, Texas, in 
October 2015.

Conflict of interest statement. None declared.

References

1	 Macchi MM, Bruce JN. Human pineal physiology and functional signifi-
cance of melatonin. Front Neuroendocrinol. 2004;25(3–4):177–195.

2	 Surawicz TS, McCarthy BJ, Kupelian V, Jukich PJ, Bruner JM, Davis 
FG. Descriptive epidemiology of primary brain and CNS tumors: results 
from the Central Brain Tumor Registry of the United States, 1990–1994. 
Neuro Oncol. 1999;1(1):14–25.

3	 Louis DN, Ohgaki H, Wiestler OD et  al. The 2007 WHO classifica-
tion of tumours of the central nervous system. Acta Neuropathol. 
2007;114(2):97–109.

4	 Deshmukh VR, Smith KA, Rekate HL, Coons S, Spetzler RF. Diagnosis and 
management of pineocytomas. Neurosurgery. 2004;55(2):349–355.

5	 Mena H, Rushing EJ, Ribas JL, Delahunt B, McCarthy WF. Tumors of pineal 
parenchymal cells: a correlation of histological features, including nucleolar 
organizer regions, with survival in 35 cases. Hum Pathol. 1995;26(1):20–30.

6	 Schild SE, Scheithauer BW, Schomberg PJ et al. Pineal parenchymal tumors. 
Clinical, pathologic, and therapeutic aspects. Cancer. 1993;72(3):870–880.

7	 Lutterbach J, Fauchon F, Schild SE et  al. Malignant pineal parenchy-
mal tumors in adult patients: patterns of care and prognostic factors. 
Neurosurgery. 2002;51(1):44–56.

8	 Fauchon F, Jouvet A, Paquis P et  al. Parenchymal pineal tumors: a 
clinicopathological study of 76 cases. Int J Radiat Oncol Biol Phys. 
2000;46(4):959–968.

9	 Clark AJ, Clark AJ, Sughrue ME et al. Factors influencing overall survival 
rates for patients with pineocytoma. J Neurooncol. 2010;100(2):255–260.

10	 Chang CG, Kageyama N, Kobayashi T, Yoshida J, Negoro M. Pineal 
Tumors: clinical diagnosis, with special emphasis on the significance of 
pineal calcification. Neurosurgery. 1981;8(6):656–668.

11	 D'Andrea AD, Packer RJ, Rorke LB et  al. Pineocytomas of childhood. 
A  reappraisal of natural history and response to therapy. Cancer. 
1987;59(7):1353–1357.

12	 Jouvet A, Fèvre Montange M, Besançon R et al. Structural and ultras-
tructural characteristics of human pineal gland, and pineal parenchymal 
tumors. Acta Neuropathol. 1994;88(4):334–348.

13	 Numoto RT. Pineal parenchymal tumors: cell differentiation and progno-
sis. J Cancer Res Clin Oncol. 1994;120(11):683–690.

14	 Tsumanuma I, Sato M, Okazaki H et al. The analysis of p53 tumor suppres-
sor gene in pineal parenchymal tumors. Noshuyo Byori. 1995;12(1):39–43.

15	 Schild SE, Scheithauer BW, Haddock MG et  al. Histologically con-
firmed pineal tumors and other germ cell tumors of the brain. Cancer. 
1996;78(12):2564–2571.

16	 Whittle IR, Signorini DF. Pineal region tumors and the role of stereotactic 
biopsy: review of the mortality, morbidity, and diagnostic rates in 370 
cases. Neurosurgery. 1998;42(3):676–677.

17	 Tsumanuma I, Tanaka R, Washiyama K. Clinicopathological study of pineal 
parenchymal tumors: correlation between histopathological features, pro-
liferative potential, and prognosis. Brain Tumor Pathol. 1999;16(2):61–68.

18	 Jouvet A, Saint-Pierre G, Fauchon F et al. Pineal parenchymal tumors: 
a correlation of histological features with prognosis in 66 cases. Brain 
Pathol. 2000;10(1):49–60.

19	 Hasegawa T, Kondziolka D, Hadjipanayis CG, Flickinger JC, Lunsford LD. 
The role of radiosurgery for the treatment of pineal parenchymal tumors. 
Neurosurgery. 2002;51(4):880–889.

20	 Hasegawa T, McInerney J, Kondziolka D, Lee JYK, Flickinger JC, Lunsford 
LD. Long-term results after stereotactic radiosurgery for patients with 
cavernous malformations. Neurosurgery. 2002;50(6):1190–1198.

21	 Maarouf M, Majdoub El F, Bührle C et al. Pineal parenchymal tumors. 
Management with interstitial iodine-125 radiosurgery. Strahlenther 
Onkol. 2010;186(3):127–134.

22	 Hanft SJ, Isaacson SR, Bruce JN. Stereotactic radiosurgery for pineal 
region tumors. Neurosurg Clin N Am. 2011;22(3):413–420–ix.

23	 Hinkes BG, Hoff von K, Deinlein F et al. Childhood pineoblastoma: expe-
riences from the prospective multicenter trials HIT-SKK87, HIT-SKK92 
and HIT91. J Neurooncol. 2007;81(2):217–223.

24	 Mori Y, Kobayashi T, Hasegawa T, Yoshida K, Kida Y. Stereotactic 
radiosurgery for pineal and related tumors. Prog Neurol Surg. 
2009;23:106–118.

25	 Kano H, Niranjan A, Kondziolka D, Flickinger JC, Lunsford D. Role of 
stereotactic radiosurgery in the management of pineal parenchymal 
tumors. Prog Neurol Surg. 2009;23:44–58.

26	 Stoiber EM, Schaible B, Herfarth K et al. Long term outcome of adoles-
cent and adult patients with pineal parenchymal tumors treated with 
fractionated radiotherapy between 1982 and 2003–a single institution's 
experience. Radiat Oncol. 2010;5:122.

27	 Komakula S, Warmuth-Metz M, Hildenbrand P et al. Pineal parenchymal 
tumor of intermediate differentiation: imaging spectrum of an unusual 
tumor in 11 cases. Neuroradiology. 2011;53(8):577–584.

28	 Wilson DA, Awad A-W, Brachman D et al. Long-term radiosurgical control of 
subtotally resected adult pineocytomas. J Neurosurg. 2012;117(2):212–217.

29	 Villa S, Miller RC, Krengli M et al. Primary pineal tumors: outcome and 
prognostic factors–a study from the Rare Cancer Network (RCN). Clin 
Transl Oncol. 2012;14(11):827–834.

 at U
niversity of C

alifornia, San Francisco on January 26, 2017
http://neuro-oncology.oxfordjournals.org/

D
ow

nloaded from
 

http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/now148/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/now148/-/DC1
http://neuro-oncology.oxfordjournals.org/


 88 Raleigh et al. Pineal parenchymal tumor morphology and outcomes

30	 Fauchon F, Hasselblatt M, Jouvet A et al. Role of surgery, radiotherapy 
and chemotherapy in papillary tumors of the pineal region: a multicenter 
study. J Neurooncol. 2013;112(2):223–231.

31	 Watanabe T, Mizowaki T, Arakawa Y et al. Pineal parenchymal tumor of 
intermediate differentiation: Treatment outcomes of five cases. Mol Clin 
Oncol. 2014;2(2):197–202.

32	 Ito T, Kanno H, Sato K-I et  al. Clinicopathologic Study of Pineal 
Parenchymal Tumors of Intermediate Differentiation. World Neurosurg. 
2014;81(5–6):783–789.

33	 Farnia B, Allen PK, Brown PD et al. Clinical outcomes and patterns of 
failure in pineoblastoma: a 30-year, single-institution retrospective 
review. World Neurosurg. 2014;82(6):1232–1241.

34	 Soylemezoglu F, Onder S, Tezel GG et  al. Neuronal nuclear antigen 
(NeuN): a new tool in the diagnosis of central neurocytoma. Pathol Res 
Pract. 2003;199(7):463–468.

35	 von Bueren AO, Gerss J, Hagel C et al. DNA copy number alterations in 
central primitive neuroectodermal tumors and tumors of the pineal region: 
an international individual patient data meta-analysis. J Neurooncol. 
2012;109(2):415–423.

36	 Kanno H, Nishihara H, Oikawa M et  al. Expression of O6-
methylguanine DNA methyltransferase (MGMT) and immunohisto-
chemical analysis of 12 pineal parenchymal tumors. Neuropathology. 
2012;32(6):647–653.

37	 Faure-Conter C. Tumoral markers in tumors of the pineal region. 
Neurochirurgie. 2015;61(2–3):143–145.

38	 Leston J, Mottolese C, Champier J et al. Contribution of the daily mela-
tonin profile to diagnosis of tumors of the pineal region. J Neurooncol. 
2009;93(3):387–394.

39	 Fèvre-Montange M, Champier J, Szathmari A et al. Microarray analy-
sis reveals differential gene expression patterns in tumors of the pineal 
region. J Neuropathol Exp Neurol. 2006;65(7):675–684.

40	 Rickert CH, Simon R, Bergmann M, Dockhorn-Dworniczak B, Paulus 
W. Comparative genomic hybridization in pineal parenchymal tumors. 
Genes Chromosomes Cancer. 2001;30(1):99–104.

41	 Howard BM, Hofstetter C, Wagner PL, Muskin ET, Lavi E, Boockvar 
JA. Transformation of a low-grade pineal parenchymal tumour 
to secondary pineoblastoma. Neuropathol Appl Neurobiol. 
2009;35(2):214–217.

42	 Kim BS, Kim DK, Park S-H. Pineal parenchymal tumor of intermediate dif-
ferentiation showing malignant progression at relapse. Neuropathology. 
2009;29(5):602–608.

43	 Gomez C, Wu J, Pope W, Vinters H, Desalles A, Selch M. Pineocytoma 
with diffuse dissemination to the leptomeninges. Rare Tumors. 
2011;3(4):e53.

44	 Clark AJ, Sughrue ME, Aranda D, Parsa AT. Contemporary Management 
of Pineocytoma. Neurosurg Clin N Am. 2011;22(3):403–407.

 at U
niversity of C

alifornia, San Francisco on January 26, 2017
http://neuro-oncology.oxfordjournals.org/

D
ow

nloaded from
 

http://neuro-oncology.oxfordjournals.org/



