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Abstract: Papillary tumor of the pineal region (PTPR) is an uncommon entity in which a presurgical 
suspicion may be crucial for patient management. Maximal safe neurosurgical resection is of choice 
when PTPR is suspected, whereas non-surgical approaches can be considered in other tumors of the 
pineal region, such as pineocytoma or concrete subtypes of germ-cell tumors. In general terms, im-
aging features of tumors of the pineal region have been reported to be unspecific. Nevertheless, in 
this report, we describe two pathology-confirmed PTPRs in which presurgical proton MR spectros-
copy demonstrated extremely high myoinositol, a pattern which drastically differs from that of 
other pineal tumors. We hypothesize that this high myoinositol may be related to PTPR’s known 
ependymal component, and that it could be used as a specific non-invasive diagnostic signature. 
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1. Introduction 
Various histological types of tumors arise in the pineal region. The most common are 

parenchymal pineal tumors (PPT) and germ-cell tumors (GCT) [1]. Papillary tumor of the 
pineal region (PTPR) is a rare tumor entity first described in 2003 [2], and later codified in 
the 2007 WHO classification of central nervous system tumors [3]. In the 2021 WHO clas-
sification, it appears as one of five subtypes of PPT, along with pineocytoma, PPT of in-
termediate differentiation, pineoblastoma, and desmoplastic myxoid tumor of the pineal 
region SMARCB-1-mutant [4]. 

Presurgical identification of this WHO grade II-III tumor can be very relevant for 
patient management. Though conservative follow-up strategies are accepted in other 
PPTs, such as WHO grade I pineocytoma, and surgical resection may be pointless in 
chemoradiotherapy-sensitive germ-cell tumors (GCT), gross total resection is considered 
the treatment of choice for PTPR, and has been related to improved outcomes [5]. Unfor-
tunately, the radiological appearance of pineal gland tumors is often unspecific, and a 
confident presurgical diagnosis may not be reached based on morphological imaging 
alone [4–7]. 

There is little literature about PTPR advanced imaging features, mainly based on case 
reports [8]. 

Here, we report two pathology-confirmed cases of PTPR in which proton MR spec-
troscopy (1H-MRS) was performed. A very high myoinositol peak predominated in the 
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spectra of both cases; a finding which may be related to PTPR’s known ependymal com-
ponent, and which provides a signature that could be distinctive of PTPR. 

2. Case Report 
Included patients gave written informed consent in using their data for educational 

and research purposes. 

2.1. Case 1 
A 30-year-old woman was admitted to our emergency room with sudden-onset 

headache, nausea, vomiting, and diplopia. CT and MRI exams were performed, and 
showed a 23 mm heterogeneous mass centered in the pineal region with small cystic areas 
(Figure 1). The mass was of intermediate intensity signal on T1-wi and T2-wi, and hyper-
intense on FLAIR-wi. Moderate contrast enhancement was found after contrast admin-
istration on T1-wi. An inhomogeneous diffusion restriction was observed in diffusion-wi. 
Midbrain infiltration was seen on axial FLAIR-wi and sagittal T1-wi (white arrows in Fig-
ure 1A,C). Mass-effect related to the lesion produced displacement of the postero-medial 
aspect of both thalami, deformity of the posterior III ventricle, and Sylvian aqueduct ste-
nosis (black arrow in Figure 1A). Secondary obstructive supratentorial hydrocephalus 
was found related to mass-effect. Single voxel 1H-MRS was performed at short and long 
TE. Parameters for spectroscopy were the following: PRESS; TE, both 30 and 136 ms; TR, 
2.000 ms; VOI, 2 × 2 × 2 mm; averages, 128. High choline/creatine and choline/NAA ratios 
were found both at short and long TE, jointly with small amounts of mobile lipids at short 
TE centered at 0.9 and 1.3 ppm. However, the most prominent finding was a high myo-
inositol peak at short TE centered at 3.55 ppm, much higher than any other resonance in 
the spectrum (myoinositol/choline ratio = 2.87, myoinositol/creatine = 25.17). The reso-
nance signal at 3.55 ppm was significantly reduced at long TE, supporting myoinositol as 
the main origin of the peak. The tumor markers, alpha-fetoprotein and beta-HCG, were 
measured in blood and were found in normal ranges. Based on these findings, resective 
surgery was performed, and histopathology evaluation reported findings compatible 
with PTPR. Post-operative MRI demonstrated ring-like enhancement in the pineal area, 
suggesting laminar tumor remnant (arrows in Figure 1G,H). Post-operative patient per-
formance status was satisfactory (Karnofsky Performance Status = 90), with sporadic 
headaches being the patient’s only complaint after surgery. Adjuvant treatment with ra-
diotherapy was indicated, and 50 Gy were administered to the enhancing area in 25 ses-
sions. Enhancement in CE-T1-wi disappeared in successive follow-up, and the patient re-
mained asymptomatic except for sporadic headaches until she was lost at follow-up after 
10 years. 
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Figure 1. Preoperative MRI (A–D), preoperative 1H-MRS (E,F), and postoperative MRI (G,H) of a 
30-yr-old woman with pathology-confirmed PTPR. (A) Sagital T1-wi show an inhomogeneous pin-
eal region mass with small areas of cystic degeneration. Sylvian aqueduct compression secondary 
to the mass (black arrow) and midbrain tegmentum infiltration (white arrow, see also Figure 1C) 
are shown in the image. (B) Axial T2-wi show that the mass signal is heterogeneous with multiple 
small cystic areas. Tumor margins are well defined at this level, and slight mass-effect is produced 
to both thalami. (C) Axial FLAIR-wi at a lower level than B shows midbrain infiltration (white ar-
rows). (D) Contrast-enhanced T1-wi confirms a well-defined mass at this level with small cystic 
areas and non-homogeneous enhancement. Voxel for spectroscopy is shown. (E) Short TE 1H-MRS 
(TE, 30 ms) shows very high myoinositol signal at 3.55 ppm. (F) Long TE 1H-MRS (TE, 136 ms) 
shows that the intensity at 3.55 ppm is reduced at this echo time due to short T2 relaxation time of 
myoinositol. MI, myoinositol; SI, scyllo-inositol; CHO, choline; CR, creatine; NAA, N-acetyl-aspar-
tate; ML, mobile lipids. (G,H), postoperative axial and coronal contrast-enhanced T1-wi show an-
nular contrast enhancement, suggesting partial surgical resection (arrows). Adjuvant treatment 
with radiotherapy was administered, and contrast enhancement disappeared in follow-up (not 
shown). 

2.2. Case 2 
A 52-year-old man presented with a 3-week history of headache and paresthesia in 

lower extremities, along with 2-months history of instability, nausea, and gait disturbance. 
MRI showed a 21 mm solid mass centered in the pineal region and growing into the III 
ventricle (Figure 2). The mass was slightly hyperintense on T2-wi and FLAIR-wi, and 
showed slightly inhomogeneous enhancement on contrast-enhanced T1-wi. An 
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inhomogeneous diffusion restriction was observed in diffusion-wi. Midbrain tegmentum 
was displaced by the mass (black arrow in Figure 2A) without imaging signs of infiltra-
tion. The Sylvian aqueduct was compressed (white arrow in Figure 2A) with consequent 
supratentorial hydrocephalus. Single voxel 1H-MRS was performed with the same pa-
rameters used in case 1 (PRESS; TE, 30 and 136 ms; TR, 2.000 ms; VOI, 2 × 2 × 2 mm; 
averages, 128). The findings on 1H-MRS were similar to case 1: high choline/creatine and 
choline/NAA ratios at short and long echo-times, small amounts of mobile lipids centered 
at 0.9 and 1.3 ppm only at short TE, and very high myoinositol at short TE as the most 
prominent finding (myoinositol/choline ratio = 3.10, myoinositol/creatine = 7.66). Endo-
scopic ventriculostomy with simultaneous biopsy was performed, and histopathology re-
vealed a PTPR. Then, resective surgery was indicated and further performed a second 
time. Histopathology evaluation confirmed a PTPR. Post-operative MRI (not shown) 
showed a complete resection with no tumor remnant depictable. Parinaud syndrome and 
IV cranial nerve impairment was detected in early postoperative neuro-ophthalmology 
exam, and partially improved in follow-up. Close follow-up without further adjuvant 
treatment was decided in the multidisciplinary neurooncology unit. The patient showed 
progressive improvement of neuro-ophthalmology symptoms and good performance sta-
tus (Karnofsky Performance Status = 100) after 6-months follow-up. 

 
Figure 2. Preoperative MRI and 1H-MRS of a 52-yr-old man with pathology-confirmed PTPR. (A) 
Sagital T1-wi shows a homogeneous solid mass centered in the pineal region of intermediate inten-
sity signal on this sequence. Note: midbrain tegmentum displacement (black arrow) and Sylvian 
aqueduct stenosis (white arrow). (B) Axial T2-wi and (C) Axial FLAIR-wi show that the mass is 
slightly hyperintense in both sequences. (D) Axial CET1-wi shows well defined margins of the mass 
are well-defined, and slightly inhomogeneous contrast enhancements. Voxel position for spectros-
copy is shown. (E) Short TE 1H-MRS (TE, 30 ms) shows a huge myoinositol peak at 3.55 ppm. (F) 
Long TE 1H-MRS (TE, 136 ms) with signal loss at 3.55 ppm that confirms preponderant myoinositol 
contribution. MI, myoinositol; CHO, choline; CR, creatine; NAA, N-acetyl-aspartate; ML, mobile 
lipids. 
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3. Discussion 
Less than 1% of all intracranial tumors are in the pineal region, with PPT and GCT 

being the most frequent entities [1]. PTPR is a very uncommon tumor of the pineal region, 
and it is one of five PPT subtypes according to the 2021 WHO classification of central 
nervous system tumors [4]. Although the prevalence of PTPR is low, recognition of this 
tumor type prior to surgery can be very relevant for patient management. Conservative 
follow-up can be considered in lower grade PPTs, such as pineocytoma. On the other 
hand, surgical resection may be pointless in chemoradiotherapy-sensitive GCT, in which 
treatment with chemoradiotherapy after biopsy may be a better choice. On the contrary, 
PTPRs are tumors of intermediate malignancy according to the WHO classification, and 
maximal safe surgical resection should be considered the treatment of choice [4,5]. Unfor-
tunately, the radiological appearance of pineal tumors is described to be relatively unspe-
cific with few imaging pearls: PPTs displace normal pineal calcifications towards the pe-
riphery; pineoblastomas show marked restricted diffusion with low ADC values; pineal 
teratomas display fat signal; pineal cysts and arachnoid cysts show cerebrospinal fluid 
signal; and pineal lesions in patients with known malignancy should raise suspicion of 
metastatic involvement. PTPRs usually appear as well-defined solid masses with predom-
inantly intermediate signal on T2-wi, areas of cystic degeneration, and slightly heteroge-
neous contrast enhancement. This radiological pattern can be very similar to those of other 
tumors of the pineal region, and no conventional imaging clues are described to allow a 
confident presurgical suspicion of PTPR [4–7]. This is in line with our experience based 
on the two reported cases, which presented unspecific features on conventional MRI. Re-
garding advanced MRI, Vaghela et al. reported high cerebral blood volume, little diffusion 
restriction, and, in line with our current reports, a presence of myoinositol peak as im-
portant imaging findings for this entity [8]. 

1H-MRS is a non-invasive MR technique which provides biochemical information on 
the tissues. It concretely provides graphics that enable the evaluation of the relative 
amounts of several metabolites on a concrete region of interest. Indeed, 1H-MRS is known 
to be useful in providing additional information for brain tumors’ presurgical diagnosis 

[8,9]. In this respect, specific metabolic signatures have been reported to be of great aid in 
some particular tumor types, e.g., meningioma and solitary fibrous tumors (previously 
known as hemangiopericytomas) are dural tumors that are not reliably differentiable 
based on morphological imaging. Nevertheless, meningioma is known to characteristi-
cally show high amounts of alanine and glutamine-glutamate, whereas the solitary fi-
brous tumor 1H-MRS pattern is characterized by high myoinositol. These 1H-MRS find-
ings often allow these two entities presurgical differentiation, which may be very relevant 
for patient management [10]. With this exemplifying reference in mind, we believe the 
spectroscopic pattern of PTPR may provide similar presurgical diagnostic aid when facing 
a tumor of the pineal region. Indeed, both PTPR reported in this manuscript showed very 
high myoinositol as the most prominent peak in the spectrum, and this finding may con-
stitute a biomarker to suggest a PTPR when a tumor is found in the pineal region. 

PTPR is thought to originate from a distinct ependymal cell of the subcommissural 
organ [2]. On histopathology, PTPR is characterized by an epithelial-like, loose papillary 
growth pattern similar to ependymomas [11] (Figure 3). In fact, PTPR shares some features 
with ependymomas on immunohistochemistry [11], and on the basis of our two reported 
cases, they could also share metabolic features depicted by 1H-MRS. Our two cases 
showed very prominent peaks of myoinositol at 3.55 ppm on short TE spectroscopy, con-
cretely more than twice than any other resonance in the spectrum. Myoinositol is a sugar 
that plays a role in osmotic pressure and cell volume regulation. It is increased in gliomas, 
and it may be considered a glial cell biomarker. Astrocytomas show different degrees of 
myoinositol, and this finding has been useful in astrocytoma grading, genetic profiling, 
and prognostic stratification [12–16], as well as indiscriminating astrocytoma from 
pseudotumoral lesions [17] and metastases [18]. In the case of ependymal tumors, myo-
inositol is not only very high, but also constitutes the main resonance on the spectrum 
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being much higher than in other gliomas. In this respect, Mora P et al. reported that high 
myoinositol in a posterior fossa tumor can be considered a metabolic signature of epen-
dymoma [19]. In our two cases, the levels of myoinositol were in the range of ependy-
momas, extremely different from what has been reported in other pineal tumors. On 1H-
MRS, GCT and the other PPTs have been reported to show high choline and low NAA. 
Harris LM et al. reported taurine as a characteristic signature of GCT and pineoblastomas, 
and high lipids and macromolecules a signature of GCT. Small amounts of myoinositol 
have also been reported in pineoblastomas [20,21]. However, myoinositol levels in our two 
cases were much higher, yielding a spectral pattern superimposable on the ependy-
moma’s. Therefore, we hypothesize that the high amounts of myoinositol found in PTPR 
may be related to the known ependymal origin of this tumor. To summarize, in accord-
ance with all exposed facts: finding high amounts of myoinositol in a pineal region tumor 
could suggest an ependymal component of the tumor, and, consequently, a presurgical 
suspicion of PTPR. 

The current manuscript is a case report based on two single cases, with its inherent 
limitations. Nevertheless, the authors believe that its importance lays in the reported spec-
troscopic pattern that may help neuroradiologists in every-day practice when facing a 
pineal tumor, and also in promoting necessary further research studies in this regard. 

 
Figure 3. Hematoxylin-eosin staining ×20. PTPR with prominent papillary architecture. The vessels 
are covered by layers of large, eosinophilic columnar cells. The nuclei are round to oval, with stip-
pled chromatin. 

4. Conclusions 
PTPR 1H-MRS pattern is characterized by very high myoinositol as the most promi-

nent resonance in the spectrum. This finding could be relevant for the diagnosis and 
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management of pineal tumors in two ways: (1) short TE 1H-MRS must be obtained when 
a pineal tumor is found on imaging; and (2) if high myoinositol is confirmed, PTPR should 
be presurgically diagnosed, and prompt gross tumor resection should be considered. 

Abbreviations: 1H-MRS: proton magnetic resonance spectroscopy; GCT, germ cell tumors; NAA, 
N-acetyl aspartate; PPT, parenchymal pineal tumors; PRESS, point-resolved spectroscopy; PTPR, 
papillary tumor of the pineal region; TE, echo time; TR, repetition time; VOI, volume of interest. 
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