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Abstract 

Ependymomas have rarely been described to contain pigment other than melanin, neuromelanin, lipofuscin or 
a combination. In this case report, we present a pigmented ependymoma in the fourth ventricle of an adult 
patient and review 16 additional cases of pigmented ependymoma from the literature. A 46-year-old female 
showed up with hearing loss, headaches, and nausea. Magnetic resonance imaging revealed a 2.5 cm contrast-
enhancing cystic mass in the fourth ventricle, which was resected. Intraoperatively, the tumor appeared grey-
brown, cystic, and was adherent to the brainstem. Routine histology revealed a tumor with true rosettes, peri-
vascular pseudorosettes and ependymal canals consistent with ependymoma, but also showed chronic inflam-
mation and abundant distended pigmented tumor cells that mimicked macrophages in frozen and permanent 
sections. The pigmented cells were positive for GFAP and negative for CD163 consonant with glial tumor cells. 
The pigment was negative for Fontana-Masson, positive for Periodic-acid Schiff and autofluorescent, which co-
incide with characteristics of lipofuscin. Proliferation indices were low and H3K27me3 showed partial loss. 
H3K27me 3 is an epigenetic modification to the DNA packaging protein Histone H3 that indicates the tri-methyl-
ation of lysine 27 on histone H3 protein. This methylation classification was compatible with a posterior fossa 
group B ependymoma (EPN_PFB). The patient was clinically well without recurrence at three-month post-oper-
ative follow-up appointment. Our analysis of all 17 cases, including the one presented, shows that pigmented 
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ependymomas are most common in the middle-aged with a median age of 42 years and most have a favorable 
outcome. However, one patient that also developed secondary leptomeningeal melanin accumulations died. 
Most (58.8%) arise in the 4th ventricle, while spinal cord (17.6%) and supratentorial locations (17.6%) were less 
common. The age of presentation and generally good prognosis raise the question of whether most other pos-
terior fossa pigmented ependymomas may also fall into the EPN_PFB group, but additional study is required to 
address that question. 
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Introduction 

Primary pigmented tumors of the central nerv-
ous system (CNS) are rare entities and often contain 
melanin.1 Primary pigmented intracranial tumors in-
clude melanoma, melanocytoma, schwannomas,2 

meningiomas,1 and, less commonly, gliomas,3 neu-
rocytomas,4 ependymomas and choroid plexus tu-
mors.2 

Ependymomas are glial neoplasms found, most 
commonly, intracranially in the posterior fossa of 
children and within the spinal cord of adults.5 Prog- 

 

Figure 1. A. Sagittal pre-contrast T1 demonstrates an intraventricular mass involving the floor of the fourth ventricle and heterogenous 
T1 signal with areas of prominent intrinsic T1 hyperintensity (blue arrow), areas isointense to brain (red arrows), and scattered areas of 
low signal. B. Fat saturated sagittal post-contrast T1 demonstrates enhancement of the previously isointense portions (red arrows) with 
persistent areas of low signal. C. Axial fat saturated T2 at the level of the lesion demonstrates cystic areas of high T2 signal (red arrow) 
which correspond to low intensity of pre-contrast T1. D. A prominent low signal area on T2 is intrinsically bright on T1 (blue arrow), 
suggesting high protein and/or lipid contents. E. Axial FLAIR demonstrates predominantly iso- to hyperintense signal. 
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nosis primarily depends on location, with intracra-
nial ependymomas harboring worse outcomes than 
spinal variants.6,7 Pigmented ependymomas are 
most commonly melanotic,8 although these neo-
plasms are often incompletely characterized in the 
literature. Furthermore, cases of pigmentation with 
neuromelanin and lipofuscin have been previously 
described.2,9 Nowadays, subtyping of ependymomas 
includes genetic and methylation profiling, there-
fore several methylation profiles have emerged 
which may correlate with clinical prognosis.10 Here, 
we describe a pigmented ependymoma of the 
fourth ventricle that contains lipofuscin and has a 
methylation profile consistent with a posterior fossa 
group B ependymoma (EPN_PFB). We also review 
the available published cases pertaining to pig-
mented ependymomas by characterizing their age 
distribution, location, clinical features and out-
comes. 

Case 

History 

A 46-year-old Hispanic female presented with 
hearing loss for one year and worsening headaches 
and nausea for two months. Her physical examina-
tion revealed no focal neurological deficits. Mag-
netic resonance imaging (MRI) revealed a 2.2 x 1.5 x 
2.6 cm mass involving the floor of the fourth ventri-
cle, which showed marked intrinsic T1 hyperinten-
sity, variable T2 signal (with areas of both hyperin-
tensity and hypointensity), predominantly hyperin-
tense fluid-attenuated inversion recovery (FLAIR) 
signal and areas of contrast-enhancement (Fig. 1). 
After informed consent to surgery and involvement 
in research (IRB ethics approval deferred as Univer-
sity of California, Irvine policy permits reports of up 

 

Figure 2. Intraoperative photographs of the tumor demonstrat-
ing: A. dissection of arachnoid bands tethering the tumor to the 
floor of the fourth ventricle and B. the macroscopic appearance 
of the lesion with notable grey-brown color (blue arrows). 

to 3 individuals), she underwent a suboccipital cra-
niotomy for resection of the mass. Intraoperatively, 
the tumor appeared as a grey-brown cystic mass 
within the fourth ventricle that was tightly adherent 
to the posterior inferior cerebellar arteries and 
lower brainstem (Fig. 2). Radiographic gross-total re-
section (GTR) was achieved. The patient’s postoper-
ative course was uncomplicated, and she was with-
out radiographic recurrence and satisfied with her 
treatment at one- and three-month follow-up ap-
pointments (Fig. 3). 

 

Figure 3. Patient care timeline. 
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Figure 4. Staining is with hematoxylin and eosin (H&E) unless otherwise specified. A. (400X) Smear- swollen pigmented tumor cells. 
B. (400X) Smear- unpigmented and pigmented tumor cells. C. (100X) Frozen section- “epithelial” surfaces resembling glands (red arrow-
head). D. (400X) Frozen section- Fine, grey-brown pigment. Figures E-I are from permanent sections. E. (40X) Cellular tumor (right frag-
ment) and areas reminiscent of subependymoma gliopil (left fragment). F. (100X) Ependymal canal (blue arrowhead) and pseudopapillary 
configuration (red arrowhead). G. (200X) Perivascular pseudorosette (red arrowhead). H. (100X), I. (400X) Swollen pigmented cells. J. 
(200X) Fontana-Masson stain- tumor cells negative; few perivascular macrophages positive (blue arrowhead). K. (600X) PAS stain. L. (600X) 
Fluorescence microscopy shows autofluorescence. M. (200X), N. (400X) GFAP- pigmented cells immunopositive (red arrowheads). O. 
(200X) CD163- tumor cells negative; scattered microglia immunopositive. P. (200X) H3K27me3- loss in subset of tumor cells. 

Clicking into the figure will lead you to the full virtual slide. 

 

Pathology 

Intraoperative smears showed pigmented cells 
often with swollen granular cytoplasm mimicking 
macrophages (Fig. 4A), as well as a population of 
cells with ovoid nuclei and a moderate amount of 
cytoplasm with variably epithelioid features (Fig. 
4B). Intraoperative frozen sections showed peri-
vascular chronic inflammation, abundant pigmented 
cells and sheets of tumor cells with epithelial sur-
faces mimicking glands, but reflecting ependymal 
rosettes or canals (arrowhead) (Fig. 4C). The pig-
ment was fine and grey-brown in micrographs of the 
frozen section (Fig. 4D). 

Permanent sections showed tumor tissue that 
was mostly cellular (right fragment) with minor ar-
eas where the background consisted of an eosino-
philic gliopil (left fragment) (Fig. 4E). Ependymal ca-
nals (blue arrowhead) were focally prominent, 

sometimes suggesting a papillary configuration (red 
arrowhead) (Fig. 4F). Perivascular pseudorosettes 
could also be seen (Fig. 4G). Swollen cells with grey-
brown pigment were abundant in some areas (Fig. 
4H, I). The pigmented cells were negative for mela-
nin and neuromelanin by Fontana-Masson (Fig. 4J); 
only scant focal often coarser and/or larger black-
staining pigment was seen extracellularly and in a 
few perivascular macrophages (arrowhead). These 
cells stained strongly with PAS (Fig. 4K) and were au-
tofluorescent with fluorescence microscopy (Fig. 
4L). Concerning the GFAP staining, the tumor was 
diffusely and strongly positive (Fig. 4M), as were the 
swollen pigmented cells, which showed GFAP stain-
ing at the cytoplasmic periphery (arrowheads) con-
sistent with a glial origin (Fig. 4N). Both unpig-
mented and pigmented tumor cells were negative 
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Figure 5. Methylation analysis results. A. Genome-wide copy number profile generated from DNA methylation array signal intensities. 
The copy number profile shows numeric whole chromosome changes, which are typical for EPN_PFB group. B. The UMAP embedding of 
DNA methylation array data for select tumor groups. Sample tumor embeds with EPN_PFB tumor cluster. 
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 for the macrophage marker CD163; with only scat-
tered, interspersed, small darkly staining microglia 
(Fig. 4O). Collectively, these findings indicated a 
lipofuscin-pigmented ependymoma. An H3K27me3 
immunostain showed immunonegativity in approxi-
mately 20-30% of tumor cells, but did not show 
global loss (Fig. 4P). Whole slide digital images of fro-
zen H&E (sFig. 1), permanent H&E (sFig. 2), PAS (sFig. 
3), GFAP (sFig. 4) and H3K27me3 (sFig. 5) slides are 
available in the Supplement section. 

DNA Methylation Arrays and Analysis 

Methylation profiling was performed at the Na-
tional Institutes of Health (NIH), Bethesda, MD, USA. 

Genomic DNA was extracted from formalin-fixed 
paraffin-embedded (FFPE) tissue sections on slides 
using an AllPrep DNA/RNA FFPE kit (Qiagen, Venlo, 
Netherlands). The DNA was bisulfite-converted us-
ing the EZ DNA Methylation Kit (Zymo Research, Ir-
vine, CA, USA), and processed to create a beadchip 
(850K methylation sites) using the Infinium Methyl-
ation EPIC kit (Illumina, San Diego, CA, USA). The 
beadchip was then scanned on the iScan reader (Il-
lumina). Methylation profiling was carried out 
through an NIH pipeline using UMAP, the NCI-EPIC 
methylation classifier, and the Heidelberg classifier 
(brain, versions 11b6 and 12.5), obtained from the 
German Cancer Research Center in Heidelberg, Ger-
many. 
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The sample was classified as ependymoma, 
posterior fossa group B with a score of 0.47 on ver-
sion 11b6, and the same methylation class with a 
higher score of 0.98 on version 12.5 of the Heidel-
berg classifier. On the UMAP, this sample embedded 
with the EPN_PFB cluster (Fig. 5). The consensus 
methylation profile, in the context of the clinical and 
histopathologic features, supported EPN_PFB, CNS 
World Health Organization (WHO) grade II. 

Discussion 

Ependymomas are glial neoplasms with a slight 
male predominance that represent, approximately, 
2-6% of all intracranial tumors and 50% of intrame-
dullary spinal tumors.11,12 Much less common are 
pigmented ependymomas.2 These rare tumors may 
contain three types of pigment: melanin, neuro-
melanin, or lipofuscin.13 The most common pigment 
in pigmented ependymomas is melanin, a tyrosine 
derivative present in the choroid of the eye and, 
sometimes, in the meninges.13 Rarely, pigmented 
ependymomas contain neuromelanin, which is likely 
produced by nonenzymatic oxidation of dopamine 
or lipofuscin. Lipofuscin arises from iron-catalyzed 
peroxidation of membrane lipids and lipoproteins 
within lysosomes, and tends to accumulate with cel-
lular aging.2,13 A recent case report and literature re-
view on pigmented ependymomas describes only 
one previous case, in which lipofuscin was discov-
ered to be the sole pigment contained within a pig-
mented ependymoma in a 16-year-old male.2 Here, 
we report on an additional case of lipofuscin-pig-
mented ependymoma of the fourth ventricle in a 46-
year-old female with the EPN_PFB subtype. 

Given the rarity of this entity, a literature re-
view was performed using the PubMed and Scopus 
search engines to identify previously described 
cases of pigmented ependymoma. Keywords used 
included “pigment”, “melanin”, “lipofuscin”, “neu-
romelanin” and “ependymoma”. This yielded 8 total 
studies2,8,9,14-19 reporting on 16 total patients with 
pathologically confirmed pigmented ependymoma 
(Table 1). Melanin was the most common pigment 
found in these ependymomas (n=12, 70.6%), fol-
lowed by lipofuscin and neuromelanin (n=2, 11.8%) 
and lipofuscin alone (n=2, 11.8%). In one case, the 
pigment composition was not reported.16 Only two 
studies reported the tumor grade using the WHO 

classification.8,15 Six cases were WHO grade II, and 
two were WHO grade III anaplastic ependymoma ac-
cording to the WHO schema at that time. 

Pigmented ependymomas tend to occur in 
young adults, most commonly in the 4th ventricle, 
and present with symptoms caused by local mass ef-
fect. The primary treatment described was resection 
variably with adjuvant radiation therapy, and gross-
total resection was reported in all but 5 cases 
(29.4%). The average age at time of diagnosis was 
38.6 years and the median age was 42 years (range 
13-52) (Fig. 6). There was a slight male predomi-
nance with 9 out of 17 male patients (52.9%). The 
most common location was the fourth ventricle 
(n=10, 58.8%), followed by the cervical spine (n=2, 
11.8%), the thoracic spine, temporal lobe, frontopa-
rietal lobe, and sella turcica (n=1, 5.9% each) (Table 
2). 

 

Figure 6. Histogram demonstrating age distribution of patients 
with pigmented ependymomas. 

The primary clinical presentation was based on 
mass effect from the tumor location. Several pa-
tients with fourth ventricular tumors presented with 
symptoms of obstructive hydrocephalus (n=4). One 
patient was asymptomatic. Another developed right 
upper extremity numbness and right lower extrem-
ity weakness. Only one noteworthy case described a 
posterior fossa melanotic ependymoma compli-
cated by secondary pial accumulation of melanin, 
resulting in dysarthria, hearing loss and death of the 
patient twelve days after subtotal resection.14 This 
was the only death reported in the literature and 
may be related to the secondary leptomeningeal 
pigment accumulation. The typical treatment for  
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these tumors was attempted GTR, with adjuvant ra-
diation therapy in six cases. There was one case 
where the patient was intact after resection, but de-
veloped hydrocephalus in the setting of adjuvant ra-
diotherapy and devolved into a coma.8 In all other 
cases, the patients were alive without recurrence at 
last follow-up, with a mean follow up of 43.7 
months. 

 

 

There are three distinct molecular variants of 
posterior fossa ependymoma, including posterior 
fossa group A ependymoma (EPN_PFA), EPN_PFB, 
and subependymoma, distinguished by their DNA 
methylation profile. Patients with EPN_PFB are typ-
ically adults, whereas EPN_PFA is more likely to be 
diagnosed in infants. Given the age of onset (adult) 
and typical lack of recurrence, we hypothesize that 
the methylation profiles of the posterior fossa pig-
mented ependymomas described in the literature 
are likely to be EPN_PFB in most cases. The molecu-
lar subgroup has been demonstrated to be a power-
ful independent predictor of outcomes.10 A recent 
study found that EPN_PFB was associated with an 
excellent 10-year overall survival (OS) rate of 96.1% 
after GTR, whereas EPN_PFA, the other posterior 
fossa variant, had worse outcomes; 5-year OS after 
GTR was 65.2% in females and 45.5% in males. Fur-

thermore, EPN_PFA was a highly significant predic-
tor of poor progression-free survival (hazard ratio 
[HR] 2.14; 95% confidence interval [CI] 1.31 to 3.49; 
p=0.002) and overall survival (HR 4.30; 95% CI 1.88 
to 9.87; p<0.001) in this cohort.10 

In addition to differences in methylation pro-
file, EPN_PFA and EPN_PFB differ by protein expres-
sion of trimethylated histone H3K27 
(H3K27me3).20,21 A study of 112 childhood ependy-
momas showed that 100% of EPN_PFA ependy-
momas had H3K27me3 loss defined as staining in 
less than 80% of cells.20 In contrast, only 1 out of 40 
EPN_PFB ependymomas (2.5%) had less than 80% 
H3K27me3 immunopositivity.20 In a later study, two 
out of 15 EPN_PFB tumors (13.3%) showed 
H3K27me3 loss with immunopositivity in 10% and 
60% of cells respectively.22 The specificity for 
EPN_PFB is 100%, but sensitivity is only 86.7% using 
the 80% immunopositivity cutoff.22 While all 29 
EPN_PFA tumors showed H3K27me3 loss, the 
amount of “loss” was quite variable. A majority 
(62%) of EPN_PFA tumors showed H3K27me3 im-
munopositivity that ranged from 5-50%; another 
38% of EPN_PFA tumors expressed H3K27me3 in 
less than 5% of cells.22 Our case, which demon-
strated an estimated 70-80% H3K27me3 immuno-
positivity, is in the vicinity of the original 80% cutoff 
for EPN_PFB and is at a level of expression above 
that of most EPN_PFA tumors. 

The only previous case of ependymoma con-
taining only lipofuscin pigment was reported by Mal-
hotra et al. in 2021.2 They describe a fourth ventric-
ular mass in a 16-year-old male that demonstrated 
perivascular pseudorosettes, ependymal canals, and 
tumor cells with plump cytoplasm filled with a grey-
ish granular pigment and a high mitotic count (5 in 
10 high-power fields in hotspots). Similar to the pre-
sent case, the cells stained positively for PAS, but 
were negative for Fontana-Masson. In addition, the 
cells autofluoresced. Two 4th ventricle tumors 
demonstrated the presence of both lipofuscin and 
neuromelanin. The basis of the excessive intracellu-
lar lipofuscin accumulation is unclear. Ultimately, 
the prognostic significance of lipofuscin-pigmented 
ependymomas has yet to be determined given the 
small number of cases and limited long-term follow-
up. Nonetheless, this literature review suggests a 
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generally good prognosis in pigmented ependy-
moma, especially if GTR is achieved. 

Conclusion 

Here, we present an additional case of 
lipofuscin-pigmented ependymoma of the fourth 
ventricle and review the literature pertaining to 
these unique, uncommon neoplasms. Pigmented 
ependymomas occur most commonly in the 4th ven-
tricle and in middle-aged patients, typically contain 
melanin, and seem to be associated with good long-

term outcomes, especially when gross-total resec-
tion is achieved. Secondary leptomeningeal melanin 
accumulations may portend a worse prognosis. Fur-
ther study, molecular profiling, and long-term fol-
low-up are required to better understand the natu-
ral history and recommended treatment for this rare 
central nervous system neoplasm. 
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