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Abstract

Objective: Posterior pituitary tumours (PPTs) are rare neoplasms with the four recognised 
subtypes unified by thyroid transcription factor -1 (TTF-1) expression, according to the 
2017 WHO classification. Though traditionally defined as low-grade neoplasms,  
a substantial proportion of them show recurrence/persistence following surgery.
Methods: We selected patients with PPTs in our cohort of 1760 patients operated 
for pituitary tumours over the past 10 years (2010–2019). The clinical, radiological, 
hormonal, histopathological profiles and long-term outcomes of the three cases 
identified (two pituicytomas and one spindle cell oncocytoma, SCO) were analysed. 
Following a literature review, data of all published cases with documented TTF-1 positive 
pituicytomas and SCOs were analysed to determine the predictors of recurrence/
persistence in these tumours.
Results: Patients presented with compressive features or hypogonadism. Two had sellar-
suprasellar masses. One had a purely suprasellar mass with a pre-operative radiological 
suspicion of pituicytoma. Two were operated by transsphenoidal surgery and one 
transcranially guided by neuronavigation. Histopathology confirmed spindle cells in a 
storiform arrangement and low Ki67 index. Immunohistochemistry showed positive  
TTF-1, S-100 expression and variable positivity for EMA, vimentin and GFAP. 
Re-evaluation showed recurrence/persistence in two patients. A literature review of 
recurrent/persistent pituicytoma (n = 17) and SCO (n = 9) cases revealed clinical clues 
(headache for pituicytomas, male gender for SCO), baseline tumour size (≥20.5 mm  
with sensitivity exceeding 80%) and longer follow-up duration as determinants of 
recurrence/persistence.
Conclusion: PPTs are rare sellar masses with quintessential TTF-1 positivity. Recurrent/
persistent disease following surgery is determined by greater tumour size at baseline and 
duration of follow-up. This warrants intensive and long-term surveillance in these patients.
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Introduction

Posterior pituitary tumours (PPTs) are rare and comprise 
less than 0.5% of all sellar masses (1, 2). They represent a 
spectrum of a unique nosological entity characterised by 
the expression of the homeobox transcription factor TTF-1,  
a histological marker of normal pituicytes (3). Their most 
common mode of presentation is with mass effects and/or 
deficiency of anterior pituitary hormones (4). Rarely, they 
can be associated with anterior pituitary hyperfunction 
(acromegaly or Cushing’s syndrome) (5, 6, 7); however, 
posterior pituitary dysfunction (diabetes insipidus (DI)) is 
virtually never seen prior to surgery (4). PPTs are usually 
seen as suprasellar or sellar-suprasellar masses with no 
pathognomonic radiologic features (4, 8) except the rarely 
reported early intense contrast enhancement (’Hasiloglu’s 
sign’) or the presence of proteinaceous material appearing 
as a T1-hypointensity on MRI (’star crack sign’) (9, 
10). These tumours are in fact, more often than not, a 
histological surprise. Regardless, diffuse nuclear positivity 
for TTF-1 is the sine qua non of these tumours, as 
delineated in the latest WHO classification in 2017. Since 
the classification of anterior pituitary tumours has moved 
to a transcription-factor based classification, a similar 
move could be envisaged using positive immunostaining 
for the TTF-1 transcription factor as a key characteristic 
of all PPTs.

Pituicytomas and the related sellar ependymomas, 
spindle cell oncocytomas (SCO) and granular cell tumours 
(GCT) are the different subtypes of PPTs (3) showing close 
clustering in methylation-based classification studies, 
suggesting they may have shared histogenesis, yet 
distinctive morphology (11, 12, 13, 14). Recently, a new 
subtype, namely primary papillary epithelial tumour of 
the sella (PPETS), has been identified as a distinct entity 
expressing TTF-1 (15). Rarely, mixed histopathological 
characteristics have also been described. Surgery is the 
treatment of choice for symptomatic PPT usually by the 
transsphenoidal route (TSS). However, PPTs, including 
both pituicytomas and SCOs, often show recurrence/
persistence following surgery (16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67).

The rates of recurrent/persistent disease vary between 
various tumour types, occurring in up to two-thirds of all 
cases, and higher with SCOs (66%) than with pituicytomas 
(44%) (4).

PPTs, which are close clinical and radiologic mimics 
of non-functioning pituitary adenomas (NFPAs),  

show rates of disease recurrence/persistence similar to 
NFPAs (68, 69), but over a much shorter duration of 
follow-up. While the determinants of recurrent/persistent 
disease in NFPAs include tumour size, the extent of 
resection and cavernous sinus invasion (69, 70), data on 
the prevalence and predictors of recurrence/persistence 
of PPTs are scarce. Invasiveness, high vascularity and 
consequent subtotal excision, and high proliferation 
indices, may all be plausible reasons for disease recurrence/
persistence but have sparingly been investigated in 
the context of PPTs. Cavernous sinus invasion in 
pituicytomas is rare (3%) (26), thereby suggesting other 
factors that could be playing a major role in determining 
disease recurrence/persistence. It is crucial to identify the 
determinants of recurrence/persistence so as to not only 
prognosticate and identify at-risk individuals, but also 
ensure timely follow-up and management.

In this study, we describe a cohort of PPTs including 
two pituicytomas and one SCO identified in over 1760 
cases of sellar-suprasellar masses operated at our institute 
over the past 10 years. The current study also aimed to 
identify the prevalence and determinants of recurrent/
persistent pituicytomas and SCOs by performing a 
literature review of all such TTF-1 positive cases with 
recurrent/persistent disease, and comparing them with 
those who had disease remission following surgery. 

Materials and methods

Cases from our centre

Between January 2010 and December 2019, there were 
two cases of histopathologically proven pituicytoma and 
one case of SCO at our institute. Their clinical, radiologic 
and hormonal profiles were analysed. Histopathological 
analysis followed by immunohistochemistry (IHC) 
was performed on paraffin-embedded tissue sections. 
Antigen retrieval was performed after deparaffinisation 
of tissue sections and sections were stained for the 
following antibodies: TTF-1, vimentin, EMA, S-100, GFAP, 
chromogranin A, Ki67, GH, PRL, TSH, LH, FSH, and 
FSH-α (Bio-Rad #0100-0662, 1:300) primary antibodies 
(Supplementary Table 1, see section on supplementary 
materials given at the end of this article). Slides were 
incubated with UltraVision ONE HRP Polymer and 
incubated for 30 min at room temperature (TL-015-HDJ, 
Thermo Scientific™). The signal was developed using 
DAB (TL-015-HDJ, Thermo Scientific™). Distribution of 
staining was scored by the pathologist as 0–3.
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Institutional Ethics Committee clearance (IEC/6185/
Study/127) and written informed consent was obtained 
from all patients or next of kin, as appropriate.

Literature search

The literature was retrieved over the past three decades 
using Pubmed, Medline and Google scholar databases. 
Keywords searched alone or in combination included 
‘pituicytoma’, ‘spindle cell oncocytoma’, ‘recurrent’, 
‘persistent’, ‘posterior’, ‘pituitary’ and ‘tumour’. Potential 
studies were also searched by assessing the citations in 
published studies and reviews. The following inclusion 
criteria were used in the search strategy: (1) patients 
with pituicytoma or SCO confirmed by histopathology 
and expressing TTF-1; (2) patients with recurrence or 
persistence following surgery; (3) studies reported in 
English literature. The following exclusion criteria 
were used: (1) studies reporting pituicytoma or SCO 
not managed by surgery or not documented to have 
recurrence or persistence; (2) studies making no mention 
of or negative TTF-1. We used a worksheet to compile 
information including clinical parameters (age, gender, 
presenting features, hypopituitarism), radiologic features 
(location, dimensions, contrast enhancement), surgical 
complications (blood loss), histopathological examination 
(including IHC) and outcomes (adjunctive therapy, 
follow-up duration). Studies were included based on 
their available histopathology and IHC reports. Published 
images were not reviewed by our histopathologist.

Statistical analysis

Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) 22.0 software programme 
(IBM Statistics 22.0). Pearson’s chi-square and Fisher’s 
exact test were used for categorical variables, while the 
t-test or Mann–Whitney tests were applied for continuous 
variables, as applicable. Derived receiver-operating curves 
(ROC) were used to determine tumour size with maximum 
sensitivity and specificity for the prediction of recurrence/
persistence.

Results

Patient 1

A 32-year-old female presented with intermittent 
headache and giddiness for 7 years (Table 1).

She had borne three children, the youngest one 
8 years previously. On examination, she had coarse 
facies but there was no acral enlargement, sweating, 
or seborrhoea, thyrotoxicosis or stigmata of Cushing’s 
syndrome. She had normal periods. Visual acuity, visual 
fields and fundal examination were normal. Investigations 
revealed hyperprolactinaemia (90 ng/mL; normal range 
(N) 5–25 ng/mL) and secondary hypocortisolism (08:00 h  
cortisol 163 nmol/L; N 171–536 nmol/L, ACTH 6.4 pg/mL).  
Her gonadotrophins were normal (LH 4.5 mIU/mL; N 
2–12.6 mIU/mL, FSH 7.5 mIU/mL; N 1.8–12.8 mIU/mL) 
with a plasma oestradiol of 41 pg/mL (N 12.5–166 pg/mL).  
Serum IGF-I (220 ng/mL; N 115–307 ng/mL) and T4 
(7.80 µg/dL; N 4.8–12 µg/dL) were also within normal 
limits. MRI showed a sellar-suprasellar mass (Fig. 1A, B, 
C and D). She underwent microscopic endonasal TSS. 
Intra-operative findings showed a firm and vascular 
tumour, which was subject to gross total excision. The 
post-operative period was uneventful. Histopathology 
revealed a SCO with ultrastructure showing abundant 
mitochondria (Supplementary Fig. 1). Following surgery, 
she developed secondary hypothyroidism and was 
initiated on l-thyroxine. An ACTH stimulation test, 
performed 6 weeks following surgery after withholding 
hydrocortisone for 24 h, showed a peak 30 min serum 
cortisol of 786 nmol/L, hence hydrocortisone was 
discontinued. Post-operatively, prolactin normalised  
(18 ng/mL), suggesting that the hyperprolactinaemia was 
most likely due to stalk compression, and her menstrual 
cycles continued normally. Recurrence was observed  
3 years later which remained static over the next 2 years 
(Fig. 1E, F, G and H). She is now under surveillance in 
view of the lack of significant change in size, and no new 
hormonal deficit.

Patient 2

A 53-year-old male presented with headache, pressure 
symptoms and diminished vision in his left eye followed 
by his right eye 6 months later (Table 1). He underwent TSS 
in 2010 at an outside hospital. There was an improvement 
in his vision, only to deteriorate a year later. Re-evaluation 
showed regrowth of residual disease (3.2 × 3 × 2.9 cm sellar 
mass), necessitating a repeat TSS performed at the same 
hospital in 2012. Following the second surgery, the patient 
noted transient improvement in vision but complained 
of lethargy and low mood. On subsequent evaluation 
in 2014 at our hospital, he had bitemporal hemianopia, 
secondary hypocortisolism (serum cortisol 93 nmol/L; N 
171–536 nmol/L) and hypogonadism (serum testosterone 
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Table 1 Clinical, radiologic, hormonal and histopathological details of our three patients with posterior pituitary tumours.

 
Parameter

Patient 

1 2 3 

Age/sex 32/F 53/M 43/M
Presenting feature Headache, giddiness, 

persistent galactorrhoea (4 
years post-partum)

Normal menstrual cycles

Headache, visual disturbances Loss of libido and reduced body 
hair for 10 months 

Evidence of posterior 
pituitary dysfunction 

No DI No DI No DI

Anterior pituitary profile Prl 90 ng/mL
Secondary hypocortisolism 

Prl 6.2 ng/mL
Secondary hypogonadism
Secondary hypocortisolism

Prl 39 ng/mL
Secondary hypogonadism 

Tumour dimensions and 
nature 

2.1 × 2 × 1.4 cm sellar-
suprasellar mass, Pituitary 
was not separately seen

Intermediate signal intensity 
on T1 and T2 w MRI

Intense post-contrast 
enhancement 

Baseline
2.4 × 2 × 2.3 cm sellar-

suprasellar mass with 
preserved flow voids

Prior to third TSS:
3.1 × 3.3 × 3.2 cm lobulated 

sellar-suprasellar mass with 
infrasellar extension abutting 
and splaying the distal 
cavernous and supraclinoid 
internal carotid arteries

Intermediate signal intensity on 
T1 and T2w MRI

Intense contrast enhancement

1.7 × 1.6 × 1.8 cm suprasellar 
mass

Pituitary was seen separately, 
Lesion not separately seen from 
the infundibulum

Isointense on T1 and 
hyperintense on T2w MRI

Intense post-contrast 
enhancement

Invasiveness/extension Supra and infrasellar 
extension 

Sellar-suprasellar with 
parasellar extension

Suprasellar,
Pituitary separately seen 

Radiologist’s impression Pituitary macroadenoma Pituitary macroadenoma
Craniopharyngioma

Pilocytic astrocytoma
Pituicytoma
Histiocytosis
Germinoma

New-onset hormone 
deficiency post-surgery 

Secondary hypothyroidism Secondary hypothyroidism, 
Secondary hypogonadism

Secondary hypocortisolism, 
hypothyroidism, 
hyposomatotropism, DI 

Year of surgery 2014 2013 2013
Type of procedure Microscopic TSS Microscopic TSS Neuronavigation guided free 

bone flap fronto-temporal 
craniotomy

Intra-operative impression Vascular Highly vascular Highly vascular, loops of vessels 
inside and around the tumour

Post-op DI No Transient Permanent 
Post-op Prolactin 18 ng/mL NA 23 ng/mL
HPE Spindle cell oncocytoma

Mitoses not increased
Spindle cell morphology in 

fascicular arrangement 
consistent with Pituicytoma

Mitoses not increased 

Pituicytoma with bipolar spindle 
cells having oeosinophilic 
cytoplasm arranged in fascicles 
and storiform pattern

Mitoses rare
IHC
Anterior pituitary hormones
α-subunit
TTF-1
S-100
Vimentin
EMA
GFAP
Ki67 

Negative
Negative
Positive
Positive
Variably positive
Positive
ND
1% 

Negative
Negative
Positive
Positive
ND
ND
Focal positive
2–3% 

Negative
Negative
Positive
Positive
ND
Negative
ND
<3%  

(Continued)
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0.3 nmol/L; N 9–27 nmol/L, LH 0.5 mIU/mL; N  
2–12.6 mIU/mL, FSH 0.23 mIU/mL; N 1.8–12.8 mIU/mL). 
Serum ACTH was not available, but was assumed to be 
due to secondary adrenal insufficiency in view of a large 
sellar mass and no features of primary insufficiency like 

hyperpigmentation or any obvious cause for the same. 
His serum prolactin (6.2 ng/mL, N 5–20 ng/mL) and T4  
(6.5 µg/dL; N 4.8–12 µg/dL) were normal. Prior 
histopathology was reported as NFPA elsewhere but was 
confirmed as a case of pituicytoma on review of the 

Figure 1
Panel of MRI images of Patient 1 (spindle cell oncocytoma). (A) showing a sellar-suprasellar mass (2.1 × 2 × 1.4 cm) abutting the optic chiasm and partially 
encasing both cavernous sinuses with preserved flow voids showing uniform enhancement on contrast administration (B). Sagittal MRI images without 
(C) and with (D) contrast show the sellar mass with a suprasellar extension. The pituitary and stalk are not separately visible. Bottom panel (E, F, G and H) 
shows post-operative MRI images of patient 1 with (E) showing post-operative changes (red arrow) and subsequent yearly images (F, G and H) showing a 
right-sided intrasellar recurrence (0.8 × 0.7 × 1.0 cm) which has remained stable over the past 3 years (green arrows).

 
Parameter

Patient 

1 2 3 

Post-op MRI residue Post-operative changes (3 
months post-operative)

No residue (First to third 
post-operative years)

0.9 × 0.8 × 1 cm recurrence 
abutting cavernous sinus 
(Fourth post-operative year)

0.8 × 0.7 × 1.1 cm recurrence 
(Fifth post-operative year)

0.8 × 0.8 × 1.0 cm recurrence 
(Sixth post-operative year)

Residue (2.4 × 2 × 2.3 cm) after 
two previous TSS, for which he 
was subjected to repeat TSS 

Post-operative changes seen
No significant residue (3 months 

post-operative and in 
subsequent MRIs, last done 7 
years post-operatively)

Adjunctive therapy None None None
Outcome Alive Dead Alive
Cause of death NA Hospitalised for pneumonia

Accelerated hypertension 
causing intracerebral bleed

NA

Duration of follow-up 6 years 5 years 7 years 

DI, diabetes insipidus; EMA, epithelial membrane antigen; GFAP, glial fibrillary acid protein; HPE, histopathology; IHC, immunohistochemistry; NA, not 
available; Prl, prolactin; TSS, transsphenoidal surgery.

Table 1 Continued.
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histopathological preparations at our institute. MRI at 
our institute showed a 3.1 × 3.3 × 3.2 cm sellar-suprasellar 
lesion. The patient underwent repeat microscopic TSS in 
2014, via the left endonasal approach. Intra-operatively, 
the neurosurgeon found a firm, moderately vascular, 
greyish-white tumour. He performed subtotal excision 
(about 40% of the mass) but the procedure had to be 
truncated due to torrential bleeding. Histopathology 
showed a pituicytoma. The patient had transient DI 
requiring short-term vasopressin injections and was 
discharged on hydrocortisone, thyroxine and testosterone 
replacement. The visual acuity pre-TSS (third time) was 
6/18 in his right eye and 6/60 in the left eye. Post TSS, 
it did not improve and remained the same (6/18 in right 
eye and 6/60 in left eye). He was lost to follow-up, but 
5 years after the last surgery he developed accelerated 
hypertension leading to an intracerebral bleed and died 
of pneumonia.

Patient 3

A 42-year-old male presented with loss of libido and 
reduced body hair in androgen-dependent areas (Table 1).

MRI revealed a suprasellar mass, with the 
infundibulum not seen separately (Fig. 2A, B, C and D).  

He underwent transcranial surgery aiming for gross total 
resection in view of the pure suprasellar location of the 
mass. A highly ‘fleshy’ and vascular tumour was found 
intra-operatively, with multiple feeding vessels extending 
to the optic chiasma. Histopathology showed a pituicytoma 
(Fig. 3A, B, C and D). The patient developed permanent 
DI which was managed with intranasal desmopressin. 
Post-operative MRI did not show any residual tumour. He 
is doing well without any residual disease documented on 
repeat MRI after 84 months of follow-up.

Analysis of published data on TTF-1 positive 
pituicytomas and SCOs

A literature review was performed to identify those with 
recurrent/persistent pituicytoma or SCO and compared 
them with those having remission of disease in the past 
three decades. Only those tumours with documented 
TTF-1 positivity were included for the analysis. Of the 66 
cases identified in the literature, 30 were pituicytomas with 
no disease recurrence/persistence while 17 pituicytomas 
had recurrence/persistence including one each from our 
series in both subgroups. Furthermore, there were 10 
SCOs with no disease recurrence/persistence and 9 SCOs 
with disease recurrence/persistence including one patient 

Figure 2
MRI of Patient 3 (pituicytoma) with the top panel showing a homogeneously enhancing well-defined mass (1.7 × 1.6 × 1.8 cm) on axial sections (A) in the 
sellar region and (B) showing a pure suprasellar mass (yellow arrow) with the pituitary seen separately from the lesion. The mass reaches the floor of the 
third ventricle and bilateral cavernous flow voids are maintained. Bottom panel ((C) without contrast and (D) with contrast, red and green arrows) 
showing sagittal sections of the same suprasellar mass in which the mass seems to be abutting/arising from the stalk while the pituitary is clearly 
separate from the lesion. (E and F) show the post-operative MRI of the patient with no tumour residue (white arrow).
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from the current series. Pooled analysis of patient data 
pertaining to clinical, radiological, histopathological 
and immunohistochemical characteristics and duration  
of follow-up are summarised in Tables 2, 3 and 
Supplementary Table 2.

There was no significant difference in age or 
gender predilection in case of pituicytomas having  

recurrent/persistent disease as compared to those who 
went into remission. However, recurrent/persistent 
tumours were more likely to have headache (47% vs 17%, 
P = 0.04) and visual disturbances at baseline (71% vs 47%, 
P = 0.11). In line with these findings, baseline tumour 
dimensions were also significantly greater in those who 
had recurrence/persistence of disease following surgery 

Figure 3
Photomicrographs (A and B) show tumour cells 
arranged in organoid pattern and small groups 
separated by fine fibrovascular septae. Individual 
tumour cells are oval to spindle-shaped with pale 
oeosinophilic moderate-to-abundant fibrillary 
cytoplasm (H&E staining, ×400). (C) shows nuclear 
positivity staining (marked by arrows) for 
immunohistochemistry for thyroid transcription 
factor 1 (TTF-1) (peroxidase anti-peroxidase, ×500, 
yellow arrows). (D) shows negative 
immunohistochemistry staining for epithelial 
membrane antigen.

Table 2 Comparative analysis of TTF-1 positive pituicytomas in the literature with disease recurrence/persistence vs those with 
disease remission. 

Category Parameter
Pituicytomas with no  

recurrence/persistence (n = 29 + 1)
Pituicytomas with  

recurrence/persistence (n = 16 + 1) P value 

Demographic and 
clinical parameters

Male (%) 50 41 0.76
Age (years) 48.4 ± 14.7 53.7 ± 14.4 0.23
Visual defects (%) 47 71 0.11
Headache (%) 17 47 0.04

Radiological 
characteristics 

Sellar 36 29 0.09
Suprasellar 28 6
Sellar-Suprasellar 36 65
Maximum diameter (mm) 16.6 ± 6.8 mm 29.7 ± 13.6 mm 0.001

Surgical details Initial choice of surgery TSS 80 80 1.00
Bleeding (%) 36 41 0.75

Histopathological 
evaluation 

IHC 
S-100 (%) 100 100 –
TTF-1 (%) 100 100 –
Vimentin (%) 100 100 –
EMA (%) 29 50 0.57
GFAP (%) 43 41 0.88
Ki67 % 2.97 ± 1.62 3.82 ± 3.39 0.84

Post-operative 
course 

Multiple surgeries (2 or more) (%) – 6
Adjunctive RT (%) – 18

Follow-up Follow up duration (months) 17 (9–54) 60 (25–84) 0.05

EMA, epithelial membrane antigen; GFAP, glial fibrillary acid protein; IHC, immunohistochemistry; RT, radiotherapy; TSS, transsphenoidal surgery; TTF-1, 
thyroid transcription factor-1.
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(29.7 ± 13.6 mm vs 16.6 ± 6.8 mm, P = 0.001). Rates of 
intra-operative bleeding and the proliferative index Ki-67 
were not significantly different between both subgroups. 
The median follow-up duration was higher in those with 
disease recurrence/persistence (60 months vs 17 months, 
P = 0.05).

In SCOs, there were more males with recurrent/
persistent disease (56% vs 10%, P = 0.05). Compressive 
features (headache, visual disturbances) were higher in 
those with disease recurrence/persistence, but it was not 
significant. Tumour dimensions were again higher in 
those with disease recurrence/persistence (27.5 ± 8 mm  
vs 20.7 ± 6.7 mm) with a trend towards significance 
(P = 0.07). Ki-67 and rates of intra-operative bleeding 
were similar in the two groups. Follow-up duration was 
greater in those who were documented to have recurrent/
persistent disease (48 months vs 10.2 months, P = 0.01). 
ROC analysis revealed a maximum tumour dimension of 
20.5 mm (AUC 0.855, P = 0.001) as having 82% sensitivity 
and 80% specificity for recurrence/persistence following 
surgery in the case of pituicytomas and 20.5 mm (AUC 
0.781, P = 0.081) as having 83% sensitivity and 63% 
specificity in case of SCOs (Supplementary Figs 2 and 3).

Combined analysis of recurrent/persistent 
pituicytomas and SCOs mirrored similar findings of 

a higher prevalence of headache and larger tumour 
dimensions (Supplementary Table 2). Overall, in this 
cohort limited to TTF-1 positive pituicytomas and SCOs, 
there was a 39.3% prevalence of disease recurrence/
persistence. Duration of follow-up was also significantly 
higher in those with recurrent/persistent disease  
(54 months vs 15 months, P = 0.006). Clinical and 
radiological profiles of patients with recurrent/persistent 
pituicytomas and SCOs were similar between both 
groups, except for the proliferation index and use of 
adjuvant therapy, which were higher in SCOs. Among 
IHC markers, vimentin emerged as a constant marker 
of pituicytomas and SCOs, irrespective of disease status 
following surgery. S-100 was more frequently positive in 
pituicytomas whereas EMA was more commonly positive 
in SCOs. One death was reported in each of the subtypes 
due to unrelated causes at 1 month post-operatively (an 
SCO case) and 14 months post-operatively (pituicytoma).

Discussion

The current study bears testimony to the extreme rarity 
of posterior pituitary tumours in our tertiary referral 
centre for sellar-suprasellar masses. There were two cases 

Table 3 Comparative analysis of TTF-1 positive spindle cell oncocytomas (SCO) in the literature with disease recurrence/
persistence vs those with disease remission. 

Category Parameter
Spindle cell oncocytomas with no 

recurrence/persistence (n = 10)
Spindle cell oncocytomas with 

recurrence/persistence (n =8 + 1) P value 

Demographic and 
Clinical parameters 

Male (%) 10 56 0.05
Age (years) 49.5 ± 18.0 54.5 ± 12.6 0.48
Visual defects (%) 60 78 0.62
Headache (%) 30 44 0.65

Radiological 
characteristics 

Sellar 20 14 0.43
Suprasellar 20 14
Sellar-Suprasellar 60 72
Maximum diameter (mm) 20.7 ± 6.7 mm 27.5 ± 8.0 mm 0.07

Surgical details Initial choice of surgery TSS 80 89 0.59
Bleeding (%) 14 33 0.58

Histopathological 
evaluation 

IHC 
S-100 (%) 89 78 0.52
TTF-1 (%) 100 100 –
Vimentin (%) 100 100 –
EMA (%) 100 85 0.29
GFAP (%) 20 11 0.59
Ki67 % 4.83 ± 3.61 7.61 ± 5.21 0.25

Post-operative course Multiple surgeries  
(2 or more) (%)

– 89

Adjunctive RT (%) – 56
Follow-up Follow up duration 

(months)
10.2 (1.8–24.7) 48 (16.8–108) 0.01

EMA, epithelial membrane antigen; GFAP, glial fibrillary acid protein; IHC, immunohistochemistry; RT, radiotherapy; TSS, transsphenoidal surgery; TTF-1, 
thyroid transcription factor-1.
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of pituicytomas, one of whom had multiple recurrences 
and multiple operations, but he ultimately succumbed 
due to an unrelated cause, while another had a complete 
cure following a transcranial approach and is still under 
follow-up. The third patient had an SCO and is under 
follow-up with a persistent, non-proliferative disease. The 
mean duration of follow-up was 72 months. A literature 
review of all cases of TTF-1 positive recurrent/persistent 
pituicytomas and SCOs as compared to those who had 
disease remission following surgery showed a higher 
prevalence of headache and larger tumours, albeit with a 
longer duration of follow-up. The current study provides 
evidence for maintaining long-term follow-up in patients 
with posterior pituitary tumours so as to identify disease 
recurrence/persistence, especially in those with larger 
tumours at baseline. 

The posterior pituitary is composed of pituicytes 
and terminal axons from the magnocellular neurons 
originating in supra-optic and paraventricular nuclei of 
the hypothalamus. In the past, PPTs had a nomenclature 
varying from ‘infundibuloma’, and ‘choristoma’ to 
pilocytic astrocytoma (71). The first description of a 
pituicytoma was probably by Scothorne in 1955 (72). 
Oncocytomas, on the other hand, have a less clear-
cut background. They were originally reported as 
adenohypophyseal tumours originating from folliculo-
stellate cells (non-endocrine cells in the anterior pituitary) 
by Roncaroli  et al. in 2002 (73). However, later research 
by Mete and Lee confirmed the origin of SCOs from the 
posterior pituitary following the demonstration of TTF-1 
positivity, the marker specific to the posterior pituitary 
(13, 74). The classification of pituicytes into different 
types, based on certain ultrastructural characteristics, has 
led to the recognition of different tumour subtypes: ‘dark/
major’ pituicytes forming pituicytomas with ‘ependymal 
pituicytes’ probably belonging to the same subgroup, 
‘oncocytic’ pituicytes forming SCO and ‘granular’ 
pituicytes forming GCT (11, 12, 13). Further studies are 
needed to decide if the recently described PPETS (15) 
may also belong to the PPT group. Electron microscopy 
findings, however, show spindle cell morphology in both 
pituicytomas and SCOs. Pituicytomas additionally have 
intermediate filaments and no secretory granules (34). 
SCOs are characterised by abundant mitochondria which 
may show lamellar cristae formation. Focal duplicated 
basal lamina, a variable number of mitochondria, 
lysosomes and desmosomes and tight intercellular 
junctions may be seen in both pituicytomas and SCOs. 

TTF-1 (also known as Nkx-2.1) is a homeobox 
transcription factor well known for its involvement 

in thyroid and lung development. It is also expressed 
in the ventral forebrain and pituitary in rodents and 
in normal human pituicytes which originate from the 
ventral ectoderm (74). In a prior study, TTF-1 was found 
to be positively expressed in all subtypes of PPTs and was 
negative in normal or tumoral adenohypophyseal tissue 
(75). A recent study has reported a new entity PPETS, also 
expressing TTF-1 (15). Though certain anterior pituitary 
adenomas may sometimes show oncocytic changes 
(especially gonadotrophinomas, null cell adenomas and 
rarely silent corticotroph adenomas), they lack TTF-1 
positivity, in contrast to true SCOs which arise from the 
posterior pituitary. It is clear that diffuse nuclear positivity 
for the transcription factor TTF-1 is the identifying marker 
for PPTs, including pituicytomas and SCOs.

The current study included all cases of PPTs managed 
at our institute over the past 10 years. In over 1760 
operated cases of sellar-suprasellar masses, we had three 
cases of PPTs. This is in accordance with the extreme 
rarity of these tumours as previously reported from large 
registries, accounting for under 0.5% of sellar masses (1, 2). 
Only three cases of PPT (all GCT) were diagnosed during 
an 18-year period at the neuropathology database at the 
Massachusetts General Hospital (76). A recent systematic 
review summarised all cases of PPTs, totalling over 260. 
Nevertheless, when taking into account the presence 
of TTF-1 positivity which is regarded as the diagnostic 
hallmark of PPTs, the number of reported cases is  
much lower.

Pre-operative diagnosis is further complicated by 
the non-specific clinical features of patients at baseline. 
Two of our patients presented with compressive 
features (headache, visual disturbances) and one with 
hypogonadism. This is in concordance with prior reports 
(4, 71). One of our patients (with SCO) presented with 
galactorrhoea associated with hyperprolactinaemia due 
to the stalk effect. This is a reported albeit uncommon 
presentation (4, 25) and it normalised following surgery. 
We did not observe features of anterior pituitary 
hyperfunction or posterior pituitary dysfunction at 
presentation. Rarely, patients with PPTs have been reported 
to present with acromegaly or Cushing’s syndrome at 
baseline, attributed to co-existing anterior pituitary 
adenomas or release of putative stimulatory factors that 
could stimulate the anterior pituitary. Pre-operative DI is 
extremely rare (<0.5%). This is probably due to the fact 
that the posterior pituitary reserve is normally much 
higher than normally required for water homeostasis (77).

Radiological clues to a pre-operative diagnosis are 
often extremely subtle, but some conclusions drawn from 
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previous studies suggest that a purely sellar mass is most 
likely to be a pituicytoma, a purely suprasellar mass GCT 
and a mixed sellar-suprasellar mass an SCO (4). Others 
have suggested considering pituicytoma in suprasellar 
lesions (26) as was true in one of our patients (Patient 
3). PPTs are hypervascular with an early intense contrast 
enhancement and vascular blush on angiography (22, 
28). In line with this, there have been some reports of 
apoplexy (40, 54). The early enhancement is in contrast 
to a delayed and more gradual pattern seen with pituitary 
adenomas (78). PPTs, except when purely suprasellar 
and early intensely contrast enhancing, are difficult 
to distinguish radiologically from pituitary adenomas. 
However, a definitive pre-operative diagnosis is rarely 
possible, as reported in only one of our patients (Patient 
3). This was useful as it led to an informed decision of 
a transcranial surgical approach which could have 
contributed to remission of disease in him. 

Histopathology usually provides the final answer 
in the diagnosis of these tumours. The most common 
finding is the presence of spindle-shaped cells with a 
storiform or fascicular arrangement. IHC in reported 
cases has shown the variable and non-universal presence 
of TTF-1 despite it being regarded as the histological 
hallmark of these tumours. Among other IHC markers, 
S-100, vimentin, EMA, GFAP and galectin-3 have been 
reported in various series with GFAP positivity mostly in 
pituicytomas and EMA in SCO (4, 18). Furthermore, these 
tumours are negative for adenohypophyseal hormones 
and chromogranin A, indicating their histologically 
‘neuronal’ rather than ‘neuroendocrine’ nature. We found 
TTF-1 and S-100 positivity in all of our patients. In one 
series of PPTs from Mexico (n = 16), TTF-1 was positive 
in all and S-100 in 88% of patients (18), whereas in the 
series from the German Registry (n = 27), S-100 positivity 
was present in all but TTF-1 was positive in all 16 patients 
analysed (11). Although it was analysed in only these 16 
samples, many earlier reports lacked analysis for TTF-1 
since the identification of this marker as the defining 
feature of these tumours is fairly recent. Nevertheless, 
TTF-1 being the defining feature of PPTs, we included only 
reports of pituicytomas and SCOs with documented TTF-1 
positivity so as to maintain clarity and homogeneity. 

One of our pituicytomas (Patient 2) showed multiple 
recurrences requiring many operations. The other one 
(Patient 3) was completely cured after the first surgery. The 
patient with SCO has been followed-up with an annual 
MRI evaluation, especially since she had post-operative 
changes, the nature of which could be confirmed only 

by prospective evaluation. The benign nature of PPTs was 
suggested by earlier reports, but a literature review in the 
current study points towards a more sinister course than 
might be expected from grade 1 neoplasms. Though they 
may clinically and radiologically mimic NFPAs, disease 
recurrence/persistence with PPTs is higher than with 
NFPAs. This is justified by a slightly higher prevalence of 
the non-remitting disease in case of PPTs, but with a much 
shorter mean duration of follow-up. While recent reviews 
have documented disease recurrence/persistence in nearly 
half of all NFPAs undergoing surgery over a mean duration 
of follow-up of nearly a decade, the recent systematic 
review on PPTs showed a non-remission rate varying from 
50 to 60% over a much shorter follow-up duration (4, 78). 
Even in our pooled patient analysis of only TTF-1 positive 
neoplasms, there was a 39.3% prevalence of non-remitting 
disease. This tumour behaviour is seldom attributable 
to a high proliferation rate or invasiveness (19, 21, 31, 
40, 41, 44, 53, 55). Interestingly, recurrence/persistence 
is also seen in tumours that are non-invasive and with a 
low proliferation rate (Ki-67<3%) (18, 19, 21, 24, 31, 32). 
Other possible reasons for recurrent/persistent tumours 
include increased chances of intra-operative bleeding, 
suprasellar or cavernal sinus extension, and the adherent 
nature of these tumours which results in incomplete 
surgical excision (16, 19, 24, 26, 29, 51, 54, 62, 63).

Our findings analysing a homogeneous cohort revealed 
headache and tumour size in TTF-1 positive pituicytomas 
and male gender and tumour size in TTF-1 positive SCOs as 
important determinants of recurrence/persistence in these 
tumours. It is imperative and interesting to note that there 
was no greater risk of a higher proliferative index with 
recurrence/persistence, in consensus with prior reports. 
However, the fact that duration of follow-up is a direct 
determinant of disease recurrence/persistence in both 
subtypes, as identified by literature review in the current 
study, needs to be acknowledged and addressed in clinical 
settings. Though consensus on the optimal duration and 
frequency of surveillance is lacking primarily owing to 
lack of evidence (79), the current study provides a basis for 
future studies in this direction. A reasonable surveillance 
protocol would be to perform annual MRI examination 
for 5 years and biannually thereafter, especially in those 
with a cavernous sinus invasion or suprasellar extension 
of the residue, as has been suggested for NFPAs (80). This 
has important implications for clinical practice, including 
intensive follow-up for the early detection of recurrence 
or growth of tumour remnant. In a recent review of 
SCOs, the extent of resection (subtotal than gross total) 
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was found to determine recurrence. However, that study 
analysed all SCOs, irrespective of TTF-1 positivity, which 
could account for the variance in findings (81).

Management of recurrent/persistent pituicytomas 
and SCOs involves the usage of adjuvant radiotherapy. 
Stereotactic radiosurgery has been successfully reported 
in achieving disease remission in clinically aggressive 
SCOs with recurrent/persistent disease following surgery 
(67). However, radiotherapy is probably under-utilised, 
as its use was noted in less than one-third patients in 
the pooled analysis. Medical management with the use 
of BRAF inhibitors, is anecdotal, having been reported 
in only two cases both of which were found to harbour 
V600E BRAF mutation (66, 82). VEGF and SSTR3,5 IHC 
have been documented positive in few cases, but have not 
found therapeutic application.

Conclusions

Posterior pituitary tumours are rare sellar tumours classified 
as TTF-1-positive grade 1 benign neoplasms. Determinants 
of recurrence/persistence include tumour size at baseline 
and duration of follow-up. Ascertainment of cases that 
are likely to recur using certain clinical (male gender for 
SCO, headache for pituicytoma) and radiological clues 
(maximum tumour dimension exceeding 20.5mm) can 
serve as useful pointers to identify those who require close, 
long-term follow-up by a dedicated multidisciplinary 
team.
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