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ABSTRACT

Introduction. Pituitary metastases (PMs) are rare malignancy manifestations, generally deemed to have an extremely poor 
prognosis. Differential diagnosis from primary pituitary lesions is often difficult, as their features can mimic those of pituitary 
neuroendocrine tumours (PitNETs). This study aimed to report a single surgeon’s experience in managing PMs and to gather the 
existing evidence on their clinical and neuroradiological presentation to build a model of ‘red flags’ that help raise the suspicion 
of PMs in the context of sellar lesions.

Material and methods. We retrieved an original 10-year surgical series of patients undergoing endoscopic transsphenoidal 
(TNS) surgery for suspected PitNETs, and we additionally conducted a systematic review of case reports or series of patients 
with PMs. 

Results. The local series consisted of n = 6 PMs. The literature review yielded n = 149 works reporting n = 340 PMs. Overall, the 
clinical presentation and neuroradiological features of n = 346 PMs were analysed and compared to data retrieved from n = 361 
PitNETs from our original cohort. Primary features associated with PMs were: the presence of headaches (OR 1.24, p = 0.001), 
visual field deficits (OR 1.19, p = 0.02), extraocular nerve palsies (OR 1.23, p = 0.001), diabetes insipidus (OR 2.13, p < 0.001), 
MRI features of pituitary stalk/infundibular involvement (OR 1.98, p = 0.001), cavernous sinus invasion (OR 1.57, p = 0.004), and 
T2w flow voids (OR 1.13, p = 0.001). An incidental diagnosis (OR 0.49, p < 0.001) and cystic changes (OR 0.77, p = 0.02) were less 
common among PMs. Secondary features involved an acute onset of symptoms (OR 1.25, p = 0.001), the presence of oncologi-
cal history (OR 1.89, p = 0.001), sellar walls erosion (OR 1.55, p = 0.002), and gross appearance of a firm (OR 2.01, p < 0.001) and 
easily bleeding lesion (OR 1.99, p < 0.001). Sellar enlargement predicted a lower risk of PMs (OR 0.54, p = 0.001).

Conclusion. We have compiled a list of primary and secondary red flags, including clinical and neuroradiological features, to 
serve as a guiding tool for clinicians to raise suspicion of PMs and aid in the differential diagnosis of various lesions centered 
in the sella. 
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Introduction

Pituitary metastases (PMs) are a rare manifestation of 
malignancy, comprising only about 0.4% of all intracranial 
localisations [1], whereas pituitary neuroendocrine tumours 
(PitNETs) account for about 15% of all primary intracranial 
neoplasms [2]. Breast and lung tumours comprise more than 
half of all reported cases of PMs [1]. However, other histologi-
cal subtypes, including renal, thyroid, gastrointestinal, hepatic 
(HCC), and prostate cancer, can contribute to a significant 
number of PMs. The most substantial anatomical basis for PM 
seeding includes the location of the pituitary fossa and gland 
outside the blood-brain barrier, with the stalk and posterior 
pituitary gland particularly susceptible to metastatic spread 
due to vascular reasons [1]. 

From a diagnostic perspective, distinguishing PMs from 
primary PitNETs is often challenging because their clinical 
and neuro-radiological features are usually nonspecific [3]. 
Nonetheless, advances in imaging technology, increased sensi-
tivity of endocrine testing, and improved survival of oncological 
patients with systemic disease all facilitate earlier detection.

Prognosis among patients with PM is generally poor, with 
reported median survival of as little as 4–13 months, depending 
on the underlying malignancy [1, 4–6]. Pituitary localisation is 
often associated with significant endocrinological disturbances 
that can have a significant impact on quality of life and patients’ 
fitness to withstand surgery and adjuvant chemo/radiotherapeutic 
strategies [2, 6]. However, with advances in surgery and stereotac-
tic radiosurgery, the landscape for diagnosing and managing PMs 
has undergone a dramatic evolution. Patient series consistently 
demonstrate an overall improvement in oncological outcomes. 

Herein, we report a retrospective analysis of an original 
series, along with a systematic review of PM cases, to define 
clinical and neuro-radiological presentation patterns. These 
have been grouped into a list of red flags that should raise 
suspicion of PMs in the context of sellar lesions.

Material and methods

Original series
Study design, patient selection, and data retrieval

We retrospectively screened a 10-year (2012–2022) local 
series of patients treated for suspected PitNETs by the senior 
author of this paper. Demographic data, as well as pre-opera-
tive symptoms, oncological history, tumour extension, the ex-
tent of tumour resection, histology, post-operative treatments 
(radiotherapy and/or chemotherapy), tumour recurrence, and 
complications, were retrospectively collected from medical 
records, intra-operative videos, and imaging. 

Diagnostic work-up and follow-up
All patients underwent preoperative and postoperative 

1.5 T magnetic resonance imaging (MRI) scans, as well as 

pre- and postoperative neuro-ophthalmological assessments. 
Blood tests for pituitary function included measurements 
of ACTH, cortisol, TSH, free T3 (fT3), free T4 (fT4), hGH, 
testosterone, LH, FSH, and prolactin (PRL). 

Tumoral volumes were segmented on preoperative MRI 
imaging using Cranial Planning Anatomical Mapping (version 
1.1.1.8) and SmartBrush (version 3.0.0.92) (Brainlab AG) with 
axial, sagittal, and coronal cuts on T1-weighted (T1w) pre- and 
post-gadolinium contrast-enhancing (CE) and T2-weighted 
(T2w) sequences. An additional CT scan was performed in 
selected cases for surgical planning purposes or in emergency 
settings. MRI and CT features were double-assessed by two 
independent neurosurgeons. Sellar erosion and enlargement 
were assessed at MRI and confirmed at CT scan.

Follow-up was performed within the first week and again six 
weeks after surgery, followed by subsequent visits based on indi-
vidual hormonal and MRI findings. Patients diagnosed with PM 
were referred to the Oncology team to receive adjuvant treatments 
and specialist follow-up according to their underlying condition. 

Surgical approach and extent of resection (EOR)
All included cases were assessed by a multidisciplinary 

team comprising neurosurgeons, neuro-oncologists, pathol-
ogists, and neuro-radiologists. Surgical indication was con-
firmed, and endoscopic endonasal transsphenoidal approach 
(TNS) was the treatment of choice in all cases. All procedures 
were documented and then retrospectively analysed to retrieve 
intra-operative lesional features and complications. Specimens 
were routinely sent for neuropathological analysis.

Gross total resection (GTR) was defined as complete 
tumour removal as determined by a postoperative MRI scan. 
Near total resection (NTR) was defined as > 90% tumour 
resection. Subtotal resection (STR) was defined as < 90% but 
more than 35% tumour resection. 

Systematic review of literature
We performed a systematic review of available literature in 

accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) statement [7] to iden-
tify single case reports or case series of PMs using a strategic 
combination of key words i.e. ‘pituitary’, ‘sellar’, ‘metastases’, 
and ‘metastatic tumour’. This study was not prospectively 
registered.

International databases (MEDLINE via PubMed, 
ScienceDirect, and Embase) were searched up to and includ-
ing June 2024 to identify pertinent papers using EndNote 
X9.2 (Clarivate, Philadelphia, PA, USA). References obtained 
from databases and literature were first independently examined 
at the title/abstract level. In cases of doubt or disagreement, full 
articles were retrieved, and the eligibility of a particular record 
was defined through discussion with a different reviewer. 

Papers reporting other topics (e.g., other sellar lesions), 
studies reporting narrative review articles, meta-analyses, and 
any papers not reporting patient-level data were excluded. 
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Only patients with a confirmed diagnosis of PMs and 
with available clinical or neuroradiological presenting char-
acteristics were included. We only included articles written in 
English. No time restrictions were enforced.

Data was manually extracted using standardised forms. All 
data was retrieved following an already-defined PICO strategy. 
The supplementary material outlines more details on the data 
retrieval and extraction strategy. 

Statistical analysis
Statistical analysis was conducted using R Core Team 

(2022). Categorical variables were reported as absolute num-
bers and percentages, whereas continuous variables were 
reported as mean and standard deviation or median and 
range. Systematic review data were analysed at the single-pa-
tient level. 

The difference in baseline clinical characteristics and the 
unadjusted univariate analyses were performed using a t-test 
or Mann–Whitney U-test in accordance with the normality of 
the distribution, and a Chi-square or Fisher’s exact test, where 
appropriate. Firstly, we compared the PMs to PitNETs within 
our original series. This is referred to as the ‘local set’. The same 
comparison was repeated between all PMs (original series +  
+ systematic review) and PitNETs from the original series. This 
is referred to as the ‘systematic set’). The results of all tests were 
presented as p-values, and statistical significance was set at 
a probability value of 0.05 (95% confidence interval).

A panel of red flags for PMs was constructed based on 
regression analysis data. Not all variables tested in the local 
set could be retrieved in published works. Therefore, only 
a subgroup of variables could be validated in the systematic 
set. Baseline variables validated in the systematic set were 
defined as ‘primary features’, while variables only tested in 
the local set were presented as ‘secondary features’. Since these 
features were only tested against a local series of PitNETs, we 
could not perform a formal meta-analysis of data to infer the 
reciprocal influence of these parameters and their contribution 
to the model’s predictive value. For this reason, our proposed 
red flags model only presents a list of parameters, without any 
additional scoring information. 

Results

Original series
All included patients and lesions

We retrieved 386 patients with sellar lesions at our insti-
tution. Lesions with no histological report of non-diagnostic 
specimens (n = 19) were excluded. Three hundred sixty-seven 
patients were included in the final analysis. The mean age at pre-
sentation was 50.2 ± 9.8 years, with 159 females and 208 males. 
Patients shared a median 100 (range 80–100) Karnofsky perfor-
mance status score (KPS), and there was a known underlying 
oncological condition in n = 28 cases (8%).

All included patients underwent surgical resection via 
TNS. Most were in the elective setting (n = 345, 94%), while 
in 22 cases (6%), emergency surgery was warranted to relieve 
acute-onset neurological deficits. Pathology confirmed the 
diagnosis of PitNETs in n = 361 (98%) cases and PMs in 
n = 6 (2%). Among PitNETs, non-clinically functioning (NF-
PitNETs) were the most frequent (n = 155, 42%), followed by 
prolactinomas (n = 144, 39%), GH-secreting (n = 40, 11%), 
and ACTH-secreting (n = 22, 6%). Intraoperatively, the lesions 
had a soft appearance in n = 336 (92%) cases, were firm in 
n = 31 (8%) cases, and bled easily in n = 16 (4%) cases. 

A pituitary lesion was an incidental finding in n = 99 (27%). 
At the same time, the majority of the remaining patients pre-
sented with visual acuity deficits or field cuts (n = 152, 41%), 
headaches (n = 49, 13%), and extraocular muscle palsies 
(n = 46, 13%). Diabetes insipidus (DI) was present in n = 7 (2%) 
cases at presentation, while n = 146 (40%) patients demon-
strated anterior pituitary deficits of at least one hormonal axis. 
In n = 63 (17%) cases, patients presented to medical attention 
within six months of symptom onset. 

The mean lesional volume was 2.3 ± 1.4 cm3, with most 
lesions (n = 195, 53%) presenting a maximal diameter > 1 cm 
and a suprasellar extension in n = 173 (47%). At MRI imag-
ing, all included lesions presented some degree of contrast 
enhancement (CE). Cavernous sinus invasion was recorded 
in n = 60 (16%). Thickening or isolated pituitary stalk and 
infundibulum involvement was observed in n  =  7 (2%). 
T2-weighted sequences revealed cystic transformation in 
n = 23 (6%) and flow-voids in n = 3 (1%). Sellar enlarge-
ment was detected in n = 201 (55%), while sellar erosion was 
detected in n = 46 (13%). See Table 1 for a comprehensive 
summary of baseline characteristics of all patients.

Pituitary metastases 
Patients harbouring PMs were older than those with 

PitNETs (69.3 ± 7.7 vs. 45.3 ± 12.3 years, p = 0.02) and showed 
a 1:2 female-to-male ratio, not significantly different from 
PitNETs (p = 0.70). Table 2A compares PMs to PitNETs, whereas 
Table 3 describes the characteristics of PMs in our original cohort.

All PMs were synchronous to the primary tumour, and 
in three cases (numbers 1, 4, 5), pituitary symptoms were 
the harbinger of discovering the primary neoplasm. Patients 
had a previous oncological history in three of the remaining 
cases (50%). None of these PMs were found incidentally. 
Pathological examination revealed histological features of 
breast adenocarcinoma (n = 2), non-small cell lung carci-
noma (NSCLC, n = 3), and papillary thyroid cancer (n = 1). 
Symptoms at presentation included visual acuity or field cuts 
in n = 5 (83%), headaches in n = 4 (67%), and oculomotor 
muscle palsies (VI cranial nerve) in n = 3 (50%). They had an 
acute onset (< 6 months) in n = 4 (67%). Signs and symptoms 
of anterior hypophysis dysfunction were a common presenting 
complaint (n = 4, 67%), being partial in n = 2, and involving all 
hormonal axes in the remaining two cases. Diabetes insipidus 



257www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Riccardo A. Ricciuti et al., Red flags in the diagnosis of pituitary metastases

Table 1. Original series of patients being treated for pituitary lesions

All lesions  
(n = 367)

Demographics Age (years) 50.2 ± 9.8

Gender (F/M) 159/208

Oncological history 28 (8%)

Performance KPS 100 (80–100)

Surgery Elective 345 (94%)

Emergency 22 (6%)

Histology PMs 6 (2%)

NF-PitNETs 155 (42%)

PRL-secreting 144 (39%)

GH-secreting 40 (11%)

ACTH-secreting 22 (6%)

Symptoms Incidental finding 99 (27%)

Visual field deficits 152 (41%)

Headaches 49 (13%)

Extraocular muscle palsy 46 (13%)

Hormonal Diabetes insipidus 7 (2%)

Hypopituitarism 146 (40%)

Acute onset (< 6 months) 63 (17%)

Imaging Max diameter > 1cm 195 (53%)

Max diameter < 1cm 172 (47%)

Mean volume [cm3] 2.3 ± 1.4

Suprasellar extension 173 (47%)

T2 bright (cyst) 23 (6%)

T2 voids 3 (1%)

Cavernous sinus invasion 60 (16%)

Stalk/infundibular involvement 7 (2%)

Sellar enlargement 201 (55%)

Sellar walls erosion 46 (13%)

Gross 
appearance 

Soft 336 (92%)

Firm 31 (8%)

Easily bleeding 16 (4%)

Original series: baseline characteristics of patients treated for pituitary lesions. Data is presented 
as number (%) or mean ± standard deviation. KPS — Karnofsky Performance Status; NF-PitNETs — 
non-clinically functioning PitNETs

was diagnosed in n = 4 (67%) patients. Pre-operative hormonal 
levels in PM cases are shown in Table 4. Lesions had a mean 
volume of 5.7 ± 1.3 cm3 and showed various degrees of CE, 
more often homogeneous (n = 4, 67%) rather than hetero-
geneous (n = 2, 33%). The cavernous sinus was invaded in 
n = 4 cases (67%), and the pituitary stalk was thickened with 
infundibular involvement in n = 2 (33%). In the n = 1 case 
(17%, ID #2), T2-w flow voids could be seen within the lesion. 
No cystic (bright T2w) changes or sellar enlargement could be 
seen in this cohort. Conversely, sellar walls and clivus erosion 
were detected in n = 4 (67%). 

Following surgery, the headache subsided in all patients, 
and amelioration of visual symptoms was achieved in two cases 
(numbers 3 and 5), while the pre-operative oculomotor muscle 
palsies remained unchanged. Lesions were firm in n = 5 (83%) 
and easily bleeding in n = 4 (67%). Together with cavernous 
invasion and close relation with the visual pathways, these 
characteristics yielded STR in n = 4 (67%) and GTR in only 
n = 2 (33%). One patient (number 3) presenting a large lesion 
from NSCLC developed severe post-operative hypothalamic 
syndrome and died two weeks after surgery (see description 
of Illustrative Case). All the other patients underwent adjuvant 
therapies, including stereotactic radiotherapy (SRS-RT), chemo-
therapy, targeted therapies, and immunotherapies. The median 
overall survival (OS) was 8.5 months. Patients with breast 
adenocarcinoma (numbers 1 and 6) and patients with NSCLC 
(number 4) died of intracranial disease progression (diffuse 
central nervous system metastases). In contrast, the patient 
with papillar thyroid carcinoma and the other NSCLC case 
(numbers 2 and 5) experienced systemic disease progression. 
No other complications were detected, including postoperative 
bleeding, CSF leaks, pneumocephalus, or infection.

Pituitary metastases vs. PitNET (local set)
Compared to PMs, PitNETs overall presented as smaller 

lesions (2.3 ± 1.4 vs. 5.7 ± 1.3 cm3) and were less commonly 
associated with an oncological history (n = 25, 7% vs. 50%; 
p = 0.007) and acute onset of symptoms (n = 59, 16%; 
p = 0.009), see Table 2A. They were slightly more often seen 
as incidental (n = 99, 27% vs. 0%; p = 0.19). Globally, PitNETs 
presented a reduced incidence of visual deficits (n = 147, 41% 
vs. 83%; p = 0.04), headaches (n = 45, 12% vs. 67%; p = 0.003), 
oculomotor muscle palsies (n = 43, 12% vs. 50%; p = 0.02), 
and DI (n = 3, 1% vs. 67%; p < 0.001), while the incidence of 
anterior hypophysis dysfunction did not significantly differ 
from PMs (n = 142, 39% vs. 67%; p = 0.22). PitNETs showed 
a similar suprasellar extension compared to PMs (n = 169, 
47% vs. 67%, p = 0.42) but significantly less cavernous sinus 
invasion (n = 56, 16% vs. 67%; p < 0.001), stalk/infundibular 
involvement (n = 5, 1% vs. 33%; p < 0.001) and T2w flow voids 
(n = 2, 1% vs. 17%; p = 0.04). Cystic adenomas could be seen 
in n = 23 cases (6% vs. 0%; p = 1.00). Sellar enlargement was 
significantly more common in PitNETs n = 201 (56% vs. 0%; 
p = 0.008), whereas sellar wall erosions were rarer (n = 42, 
12% vs. 67%; p = 0.003). Intraoperative recordings yielded the 
observation of PitNETs being less frequently firm (n = 5, 7% vs. 
83%; p < 0.001) and with a lower tendency to bleed compared 
to PitNETs (n = 4, 3% vs. 67%; p < 0.001). 

Regression analysis revealed a decisive predictive role 
for PMs of: the presence of oncological history (OR 1.89, 
95% CI 1.39–2.30, p = 0.001), acute onset of symptoms (OR 
1.25, 95% CI 1.11–1.75, p = 0.001), headache (OR 1.20, 95% 
CI 1.09–1.29, p = 0.001), visual deficits (OR 1.24, 95% CI 
1.02–1.78, p = 0.03), extraocular muscle palsies (OR 1.12, 
95% CI 1.05–1.26, p = 0.03), diabetes insipidus (OR 2.01, 
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Table 2. Univariate analysis of pituitary adenomas (PAs) vs. pituitary metastases (PMs) patients. Univariate analysis of baseline characteristics associated with 
PitNETs and PMs. (2A) Local set: comparison among patients from original series. (2B) Systematic set: comparison of PMs from systematic review and PitNETs 
from original series. This table also shows results from regression analyses for diagnosis of PMs. Bold values represent significant p-values (< 0.05)

2A

Local set Regression for PMs

PitNETs (n = 361) PMs (n = 6) p value OR (95% CI) p value

Demographics Age [years] 45.3 ± 12.3 69.3 ± 7.7 0.02 1.12 (0.98–1.86) 0.056

Gender (F/M) 157/204 4/2 0.70 0.87 (0.55–1.12) 0.54

Oncological history 25 (7%) 3 (50%) 0.007 1.89 (1.39–2.30) 0.001

Incidental finding 99 (27%) 0 (0%) 0.19 0.60 (0.09–1.12) 0.54

Headaches 45 (12%) 4 (67%) 0.003 1.20 (1.09–1.29) 0.001

Visual field deficits 147 (41%) 5 (83%) 0.04 1.24 (1.02–1.78) 0.03

Extraocular muscle palsy 43 (12%) 3 (50%) 0.02 1.12 (1.05–1.26) 0.03

Acute onset (< 6 months) 59 (16%) 4 (67%) 0.009 1.25 (1.11–1.75) 0.001

Hormonal Diabetes insipidus 3 (1%) 4 (67%) < 0.001 2.01 (1.46–2.67) < 0.001

Hypopituitarism 142 (39%) 4 (67%) 0.22 0.99 (0.38–1.52) 0.33

Imaging Mean volume [cm3] 2.3 ± 1.4 5.7 ± 1.3 0.03 1.87 (1.12–2.01) 0.04

Sellar enlargement 201 (56%) 0 (0%) 0.008 0.54 (0.04–0.84) 0.001

Sellar walls erosion 42 (12%) 4 (67% 0.003 1.55 (1.05–2.43) 0.002

T2w cyst 23 (6%) 0 (0%) 1.00 0.89 (0.22–1.45) 0.98

T2w flow voids 2 (1%) 1 (17%) 0.04 1.78 (1.09–2.01) 0.03

Cavernous sinus invasion 56 (15%) 4 (67%) 0.008 1.89 (1.18–2.39) 0.006

Stalk/infundibular involvement 5 (1%) 2 (33%) 0.005 1.86 (1.14–2.37) 0.009

Suprasellar extension 169 (47%) 4 (67%) 0.42 1.01 (0.51–1.51) 0.67

Gross 
appearance 

Firm 26 (7%) 5 (83%) < 0.001 2.01 (1.47–2.63) < 0.001

Easily bleeding 12 (3%) 4 (67%) < 0.001 1.99 (1.48–2.56) < 0.001

2B

Systematic set Regression for PMs

PitNETs (n = 361) PMs (n = 348) p-value OR (95% CI) p value

Demographics Age [years] 45.3 ± 12.3 – – – –

Gender (F/M) 157/204 – – – –

Oncological history 25 (7%) – – – –

Incidental finding 99 (27%) 20 (6%) < 0.001 0.49 (0.08–1.15) < 0.001

Headaches 45 (12%) 73 (21%) 0.001 1.24 (1.07–1.99) 0.001

Visual field deficits 147 (41%) 171 (49%) 0.01 1.19 (1.06–1.82) 0.02

Extraocular muscle palsy 43 (12%) 117 (34%) < 0.001 1.23 (1.10–2.01) 0.001

Acute onset (< 6 months) 59 (16%) – – – –

Hormonal Diabetes insipidus 3 (1%) 77 (22%) < 0.001 2.13 (1.36–2.78) < 0.001

Hypopituitarism 142 (39%) 154 (45%) 0.16 1.01 (0.45–1.70) 0.45

Imaging Mean volume [cm3] 2.3 ± 1.4 9.8 ± 16 0.003 1.97 (1.17–2.11) 0.001

CT imaging Sellar enlargement 201 (56%) – – – –

Sellar walls erosion 42 (12%) – – – –

T2w cyst 23 (6%) 9 (3%) 0.01 0.77 (0.19–0.97) 0,02

T2w flow voids 2 (1%) 11 (3%) 0.01 1.13 (1.02–1.76) 0.001

Cavernous sinus invasion 56 (15%) 84 (24%) 0.003 1.57 (1.13–2.03) 0.004

Stalk/infundibular 
involvement

5 (1%) 55 (16%) < 0.001 1.98 (1.12–2.45) 0.001

Suprasellar extension 169 (47%) 182 (52%) 0.14 1.01 (0.43–1.12) 0.34

Gross 
appearance 

Firm 26 (7%) – – –

Easily bleeding 12 (3%) – – –
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95% CI 1.46–2.67, p < 0.001), increased lesional volume (OR 
1.87, 95% CI 1.12–2.01, p = 0.04), sellar wall erosions (OR 1.55, 
95% CI 1.05–2.43, p = 0.002), stalk/infundibular involvement 
(OR 1.86, 95% CI 1.14–2.37, p = 0.009), cavernous sinus inva-
sion (OR 1.89, 95% CI 1.18–2.39, p = 0.006), T2w flow voids  
(OR 1.78, 95% CI 1.09–2.01, p = 0.03), firm lesion (OR 2.01, 95%  
CI 1.47–2.63, p < 0.001) and haemorrhagic lesion (OR 1.99, 95% CI  
1.48–2.56, p < 0.001). Conversely, sellar enlargement predicted 
a lower risk of PMs (OR 0.54, 95% CI 0.04–0.84, p = 0.001). 

Illustrative case (number 3)
A 72-year-old woman with a 36-year smoking history 

received a diagnosis of NSCLC in 2021. The patient under-
went lobectomy in August 2021, followed by radiotherapy 
and chemotherapy. In March 2022, she presented to A&E 
with severe headaches and blurred vision that had developed 
within the previous three months. Upon examination, she was 
alert and oriented and in moderate distress, complaining of 
generalised aches, bone pain, and difficulty with her vision. 
Her neurological examination was limited by extreme discom-
fort, as she felt better with both eyes closed. She maintained 
central vision but was unable to see well peripherally. A brain 
MRI with pituitary protocol demonstrated a pituitary lesion 
with a 5.6 cm3 volume extending into the suprasellar cistern, 
causing a mass effect on the optic chiasm without evidence 
of other metastatic cerebral lesions (Fig. 1). Given the pres-
ence of a rapidly growing pituitary lesion, the possibility of 
metastatic disease from a primary malignancy was considered. 
Computed tomography of the chest, abdomen, and pelvis with 

contrast did not show other metastatic lesions. Values of low 
cortisol, adrenocorticotropic hormone (ACTH), free thyroxine 
(T4), triiodothyronine (T3), thyroid-stimulating hormone 
(TSH), follicle-stimulating hormone (FSH), and luteinising 
hormone (LH) were consistent with complete hypopituitarism. 
Increased serum sodium levels and serum osmolality with 
reduced urine osmolality were consistent with DI. The patient 
underwent endoscopic TNS surgery. The lesion was firm and 
difficult to remove, particularly in its suprasellar portion. Only 
STR was achieved. The frozen section showed the mass to be 
a metastatic carcinoma. The final histopathological report was 
metastatic non-small cell carcinoma/adenocarcinoma with 
primary lung origin. A post-operative CT scan with contrast 
was performed three days after surgery (Fig. 2), which did 
not demonstrate peri-operative complications. After the 
diagnosis, the patient was sent for definitive management in 
the Oncology department. She died two weeks after surgery, 
following the development of non-medically treatable hypo-
thalamic syndrome. 

Systematic review
Our systematic review of the literature available in inter-

national databases yielded 11,910 references. After removing 
duplicates, we screened 8,088 records on a title/abstract to 
exclude irrelevant papers. The search process, including se-
lection and exclusion reasons, is illustrated in Figure 3. After 
scanning the titles and abstracts, 299 studies were retained for 
further analysis. A total of 149 papers were considered eligible 
for inclusion [2, 5, 8–154]. These works reported the clinical 

A B

Figure 1. Illustrative case. CT scan (A) and brain MRI study (B) with pituitary protocol, performed in March 2022 for onset of headache and 
blurred vision. Demonstrates a pituitary lesion extending into suprasellar cistern causing mass effect on optic chiasm, without evidence of 
another metastatic cerebral lesion
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A

B

Figure 2. A. Post-operative CT scan with contrast was performed three days after surgery. B. Final histopathological report was metastatic 
non-small cell carcinoma/adenocarcinoma with primary lung origin
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and neuroradiological details of n = 340 PMs. Data from our 
original series (n = 6 PMs) was aggregated with the retrieved 
cases. The list of articles and retrieved lesions is shown in 
Supplementary Table 1.

Studies, patients, and PM characteristics 
Reports spanned 1982 to 2024. Most of the retrieved 

studies were single case reports, while 21 works reported 
case series. 346 PMs were included in the final analysis. Most 
of the lesions originated from lung cancer (n = 73, 21%), 
followed by breast (n = 52, 15%), neuroendocrine tumours 
(n = 46, 13%), thyroid (n = 39, 11%), kidney (n = 37, 11%), 
gastro-intestinal (n = 22, 6%), liver (n = 19, 5%), prostate 
(n = 13, 4%), salivary glands (n = 8, 2%), sarcomas (n = 5, 1%), 
melanomas (n = 5, 1%), haematological malignancies (n = 4, 
1%), and gynaecological tumours (n = 3, 1%). Among the rar-
est aetiologies were choroid plexus carcinoma (n = 1, 0.5%), 
thymoma (n = 1, 0.5%), and carcinoid tumour (n = 1, 0.5%). 
In n = 17 cases (5%), the tumour was a poorly differentiated 
carcinoma, adenocarcinoma, or a cancer of unknown origin. 

Pituitary metastases were detected as incidental findings 
in n = 20 (6%) cases. Symptoms at presentation included 
visual field cuts in n = 171 (49%), extraocular muscle palsies 
in n = 117 (34%), and headaches in n = 73 (21%). Partial or 
complete anterior hypophysis dysfunction was present in 
n = 154 (45%), while DI was present in n = 77 (22%) patients. 
The mean lesional volume was 9.8 ± 16 cm³. Lesions showed 
various degrees of CE in n = 316 (91%) cases. The cavernous 
sinus was invaded in n = 84 PMs (24%), and the pituitary stalk 
was thickened with infundibular involvement in n = 55 (16%). 
T2w flow voids were recorded in n = 11 (3%), and cystic 
changes in n = 9 (3%). This review did not capture features of 
enlarged or eroded sella because most of the retrieved articles 
did not report this data.

Pituitary metastases vs. PitNET (systematic set)
Compared to PMs, PitNETs overall presented as smaller 

lesions (2.3 ± 1.4 vs. 9.8 ± 16 cm3, p = 0.003) and were more 
often seen as incidental lesions (27% vs. 6%; p < 0.001), see 
Table 2B. PitNETs presented a reduced incidence of head-
aches (12% vs. 21%; p = 0.001), visual deficits (41% vs. 49%; 
p = 0.01), oculomotor muscle palsies (12% vs. 34%; p < 0.001), 
and DI (1% vs. 22%; p < 0.001), while the incidence of anterior 
hypophysis dysfunction did not significantly differ from PMs 
(39% vs. 45%; p = 0.16). PitNETs showed a similar suprasellar 
extension compared to PMs (47% vs. 52%, p = 0.14) but signifi-
cantly less cavernous sinus invasion (15% vs. 24%; p = 0.003), 
stalk/infundibular involvement (1% vs. 16%; p < 0.001), and 
T2w flow voids (1% vs. 3%; p = 0.01) and more frequent cystic 
lesions (6% vs. 3%; p = 1.00). 

Regression analysis revealed a strong predictive role 
for PMs for the presence of headaches (OR 1.24, 95% CI 
1.07–1.99, p = 0.001), visual field cuts (OR 1.19, 95% CI 
1.06–1.82, p = 0.02), extraocular muscle palsies (OR 1.23, 95% 

CI 1.10–2.01, p = 0.001), diabetes insipidus (OR 2.13, 95% 
CI 1.36-2.78, p < 0.001), increased lesional volume (OR 1.97, 
95% CI 1.17–2.11, p = 0.001), stalk/infundibular involvement 
(OR 1.98, 95% CI 1.12–2.45, p = 0.001), cavernous sinus inva-
sion (OR 1.57, 95% CI 1.13–2.03, p = 0.004), and T2w flow 
voids (OR 1.13, 95% CI 1.02–1.76, p = 0.001). Conversely, 
the incidental finding of a pituitary lesion and the presence 
of cystic changes predicted a lower risk of PMs (OR 0.49, 
95% CI 0.08–1.15, p < 0.001, and OR 0.77, 95% CI 0.19–0.97, 
p = 0.02, respectively).

Red flags for PMs
Driven by data from our systematic review and our 

single-centre experience, we propose that the parameters 
shown in Table 5 be used as red flags for suspecting PMs in 
the context of a sellar mass.

Clinical parameters validated from the systematic review 
database (i.e. primary parameters) included that lesions were 
not diagnosed as incidental, and presented with visual field 
deficits, extraocular muscle palsies, headache, and DI. Features 
only validated from the original series (i.e., secondary pa-
rameters) included the presence of an oncological history, an 
acute onset of symptoms, and the intraoperative features of 
firm/easily bleeding lesions.

Primary radiological parameters include the presence of 
cavernous sinus invasion, pituitary stalk/infundibular involve-
ment, T2w flow voids, and the absence of T2w cystic lesions. 
Secondary parameters comprise CT-based demonstration of 
sellar wall erosion and absence of sellar enlargements. 

Discussion

Clinical presentation and intraoperative findings
In this work, we report an original series of 361 PitNETs 

and six PMs treated over 10 years in a single center. The 
PitNETs series comprised 42% NF-PitNETs, 39% prolactino-
mas, 11% GH, and 6% ACTH-secreting tumours. Their relative 
rate was not different from that reported in other series [155]. 
They were incidentally discovered in 27% of cases, while visual 
deficits were the presenting symptom in 41%, cranial nerve 
palsies and headaches in 12%, and hypopituitarism of any extent 
in 39%. Diabetes insipidus was rare and observed in only 1%. 
Previous reports presented similar results, with about 10-38% of 
PitNETs being incidentally discovered [156, 157], visual deficits 
including visual acuity disturbances or visual field cuts being the 
most common presenting complaint (37% to 96%)[158, 159], and 
only a small subset of patients (5–17%) presenting extraocular 
muscle palsies due to cranial nerve deficits following cavernous 
sinus invasion or due to extensive suprasellar extension [160]. 
Large lesions (> 1 cm) generally account for about 50% of lesions 
in large PitNETs series [159] and are associated with partial or 
complete hypopituitarism in a subgroup estimated at 6–85% 
[161]. Overall, however, severe hypopituitarism is not considered 



263www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Riccardo A. Ricciuti et al., Red flags in the diagnosis of pituitary metastases

Table 5. Clinical and neuroradiological red flags to be considered in differential diagnosis on pituitary lesions

Suspected PM Suspected PitNET

Primary features Suspected PM Suspected PitNET

Clinical Symptomatic lesion Incidental lesion

Visual field cuts Asymptomatic

Extraocular muscle palsies –

Headache –

DI –

Neuroradiological Stalk/infundibular involvement Not involving

Cavernous sinus invasion Not invading

T2w flow void No flow voids

No cysts Cystic lesion

Secondary features

Clinical Oncological history No oncological history

Acute onset (< 6 months) Non acute

Neuroradiological Sellar erosion Sellar enlargement

Intraoperative Firm lesion Soft

Easy to bleed Not bleeding

Clinical Symptomatic lesion Incidental lesion

Visual field cuts Asymptomatic

Extraocular muscle palsies –

Headache –

DI –

Neuroradiological Stalk/infundibular involvement Not involving

Cavernous sinus invasion Not invading

T2w flow void No flow voids

No cysts Cystic lesion

Secondary features

Clinical Oncological history No oncological history

Acute onset (< 6 months) Non acute

Neuroradiological Sellar erosion Sellar enlargement

Intraoperative Firm lesion Soft

Easy to bleed Not bleeding

Primary features Suspected PM Suspected PitNET

Clinical Symptomatic lesion Incidental lesion

Visual field cuts Asymptomatic

Extraocular muscle palsies –

Headache –

DI –

Neuroradiological Stalk/infundibular involvement Not involving

Cavernous sinus invasion Not invading

T2w flow void No flow voids

No cysts Cystic lesion

Secondary features

Clinical Oncological history No oncological history

Acute onset (< 6 months) Non acute

Neuroradiological Sellar erosion Sellar enlargement

Intraoperative Firm lesion Soft

Easy to bleed Not bleeding
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a common finding in PitNETs. Even rarer is DI, confirmed in 
approximately 1–2% of PitNETs [162].

The original PMs series included metastases from NSCLC 
in 50% of cases, breast in 33%, and thyroid in 17%. Compared 
to PitNETs, patients more frequently had an oncological 
history and presented with an acute onset of visual deficits, 
headaches, and extraocular muscle palsies. The occurrence of 
hypopituitarism was only slightly increased, yet DI was strik-
ingly more common among PMs (67%). Intraoperatively, PMs 
had a firm/hard texture in 83% and a relative ease of bleeding 
in 67%. These findings substantially differed from what was re- 
ported during PitNETs surgery, where these features were 
recorded in only 7% and 3%, respectively. 

To better define the clinical and neuroradiological pre-
sentation features of PMs, we conducted a systematic review 
to retrieve individual patients’ data and compare them to our 
original series of PitNETs. Overall, 348 PMs were included. 
According to a recent work [134], PMs more commonly 
originated from lung and breast cancer (21% and 15%, respec-
tively) and less commonly from the kidney, gastrointestinal 
tract, thyroid, and prostate. Retrieved PMs presented a sig-
nificantly higher incidence of visual field deficits, extraocular 
muscle palsies, headaches, and DI than PitNETs from our 
original series. The hypopituitarism rate, however, did not 
significantly increase, despite some authors having reported 
it as a presenting feature of PMs [4, 163, 164]. PMs prompted 
clinical attention in 94% of cases. Therefore, their presentation 
as incidental lesions was significantly less frequent than that 
observed in patients with PitNET. 

These differences in clinical presentation had been previ-
ously highlighted in several reviews [4, 28, 51, 165, 166] re-
porting an increased incidence of cranial nerve palsies, visual 
deficits, and central DI, primarily due to an observed predilec-
tion of metastases for the posterior lobe, their rapid growth, 
and aggressiveness towards the surrounding structures. The 
authors also postulated a more rapid compression of the optic 
pathway in the context of PMs. Among the explanatory mecha-
nisms were the involvement of the hypothalamus-hypophyseal 
portal system, metastatic extension from the skull base or 
para-sellar region (clivus, dorsum sellae, or cavernous sinus), 
and leptomeningeal spread to the pituitary gland. It has been 
suggested that DI and the presence of ophthalmoplegia are 
independent predictors of PMs in multivariate analysis [6]. 
The data we present here, therefore, provides a list of param-
eters that could be used as clinical red flags in the differential 
diagnosis of PMs in the context of sellar lesions. 

Neuroimaging
Differential diagnosis of PMs from other sellar lesions is 

often difficult, especially when no history of primary malig-
nancy is present. MRI usually reveals a non-homogeneous 
invasive sellar lesion with iso-/hypo-intensity on T1w se-
quences (hyperintense if haemorrhagic), various degrees and 
heterogeneity of CE, and inconsistent T2w features. Suprasellar 

and para-sellar extensions are typical, with a characteristic 
‘dumbbell’ shape on the sagittal view due to the rapid growth, 
which does not let the diagram accommodate the rising lesion-
al volume [39, 165]. PMs may demonstrate a more invasive 
pattern involving the infundibulum and hypothalamus, with 
irregular edges and dural thickening [4, 95]. Loss of the pos-
terior lobe bright spot and sellar wall sclerosis (bright T1w 
and T2w) can also be seen. However, PitNETs tend to appear 
hypointense or isointense relative to the normal pituitary gland 
in T1w, and isointense or hyperintense in T2w, with a cystic 
appearance in up to 6% of cases [167]. They typically present 
a homogeneous CE but less intense compared to the normal 
pituitary gland [157].

Analysing the original series and the PMs retrieved from 
the systematic review, we observed that PMs had a mean larger 
volume at presentation than PitNETs. No differences were 
found in the quality and extent of CE or the rate of suprasellar 
extension. However, PMs demonstrated a significantly in-
creased incidence of cavernous sinus invasion, pituitary stalk 
infundibular involvement, and T2w flow voids. The rate of 
cystic changes was not different when analyzing the original 
series; however, it became significantly higher among PitNETs 
when analyzing data from the systematic review.

CT imaging can help to define changes in the bone walls that 
limit the sella turcica. In particular, PM growth is thought to 
be associated with a relatively normal-sized fossa (due to rapid 
growth) with bony erosion and destruction rather than remod-
elling. On the contrary, enlargement of sella is more commonly 
expected in PitNETs, where erosion is rare and observed only 
with large, aggressive PitNETs [159, 168]. Unfortunately, CT 
data have been reported inconsistently in the literature; there-
fore, we were only able to analyze data from our original series. 

We concluded, as expected, that PMs were more commonly 
associated with sellar erosion and less frequently with sellar 
enlargement. Many other reviews have reported similar results 
[4, 63, 95, 169, 170]. Only the addition of oedematous response 
in the adjacent portion of the brain, compression of neural 
tissue or vessels, leptomeningeal extensions, or multiplicity 
of metastases should suggest a diagnosis of PMs. Functional 
imaging with PET-FDG to differentiate PitNETs from metas-
tasis is of limited value because a pituitary PitNET can also 
appear as a hypermetabolic sellar mass [171].

Management of pituitary metastases
The management of PMs primarily depends on the severity 

of neurological and endocrinological deficits, as well as the 
extent of systemic disease spread [2, 51, 165]. The management 
goal is to provide symptomatic relief, a favourable impact on 
quality of life, to prevent further enlargement, and, if possi-
ble, to provide histological confirmation. The occurrence of 
PMs is associated with aggressive disease and reduced life 
expectancy, with earlier series having reported mean survival 
times of 6–7 months [172] primarily because of the multiple 
peripheric and often intracerebral metastases. Survival also 
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depends on the type of primary cancer and the availability of 
systemic treatments, including target therapies and immuno-
therapeutic approaches. 

Surgical resection is often complicated, and the rate of 
GTR is particularly low, as these lesions tend to be invasive 
[3, 89, 172]. In our single-centre experience, only STR could 
be achieved in most cases due to invasion of the cavernous 
sinus, adherence to visual pathways, hard texture, and tenden-
cy to bleed. These features were significantly more common 
among PMs than PitNETs. Unfortunately, the intraoperative 
gross appearance information was not consistently reported in 
retrieved articles. Therefore, we were unable to perform a for-
mal analysis between the two populations. In our centre, all 
patients underwent endoscopic TNS surgery and experienced 
a complete resolution of their headaches and amelioration 
of visual deficits in 33%, while oculomotor palsies did not 
improve. Other authors [68, 69] have reported incomplete 
resolution of pre-operative symptoms in the context of PMs, 
particularly in ophthalmological symptoms and endocrino-
logical dysfunctions. However, an aggressive approach with 
surgical decompression and postoperative irradiation is cur-
rently seen as desirable in symptomatic patients to improve 
quality of life, despite an apparent lack of evidence regarding an 
impact on OS [68, 89, 172]. Our original series did not reveal 
an increased risk for peri-operative significant complications, 
including surgical bed haemorrhage, CSF leaks, infarcts, or 
infections. This is consistent with other reports describing 
a minimal increase in the surgical risk among PMs [1, 17]. 
The described ease of bleed observed in PMs may only influ-
ence a reduced likelihood of GTR. No studies have suggested 
a preferred surgical strategy to improve disease control and 
mitigate complications.

The postoperative adjuvant treatment modalities depend 
on the underlying condition, the stage, and the patient’s perfor-
mance status. The strategies include radiotherapy (stereotactic 
radiosurgery, external beam RT, or whole brain RT) and sys-
temic chemotherapies. Patients included in our original series 
received postoperative treatments; the mean OS was less than 
nine months. Notably, the expected OS rate at 12 months was 
found to be no more than 10% in a review of PM cases [173]. 
In selected cases, stereotactic radiosurgery has been proposed 
as a minimally invasive outpatient management strategy for 
treating PMs, resulting in effective local control rates [89, 174, 
175]. The presence of multiple intracranial metastatic lesions, 
leptomeningeal disease, and/or small-cell lung tumour histo
logy may require WBRT.

No apparent prognostic factors exist for OS in PM patients. 
Only a few authors [1] have investigated the topic. They found 
that younger age, late metastasis to the pituitary gland, small-
er lesion size, and irradiation were associated with a better 
prognosis. Patients with breast and renal carcinomas had 
a better rate of survival than did patients with lung cancer [1]. 
Similarly, Morita et al. [68] demonstrated an improvement in 
survival, along with the amelioration of disabling symptoms 

and local tumor control, using a multimodality approach that 
included surgery, radiation, and chemotherapy. 

Additional, extensive, prospective studies are necessary 
to elucidate further the ideal diagnostic, management, and 
surgical approach for patients with PMs.

Limitations

The limitations of our study include the small sample size 
of the PM series and its retrospective design. Additionally, the 
systematically reviewed cases were compared to a local series 
of PitNETs, which precluded the performance of a formal 
meta-analysis or multivariate analysis of predictors. For this 
reason, this study could only provide a list of parameters with-
out additional scoring information. A larger dataset and mul-
ticentric data analysis are warranted to uncover the reciprocal 
influence of these parameters in a predictive model of PMs.

Conclusions

This study has analysed one of the most extensive series of 
PMs, a rare condition that is challenging to study due to limited 
case availability. By systematically comparing this extensive 
PM cohort with a well-defined local control group, we have 
gained unique insights into its clinical characteristics, thereby 
facilitating a better understanding of this uncommon entity.

Pituitary metastases are a rare clinical condition and have 
traditionally been deemed to carry a poor prognosis. They 
are associated with severe neurological and endocrinological 
disturbances that can mimic the neuroradiological features of 
PitNETs. We propose a list of clinical and neuroradiological 
red flags to raise the suspicion of PMs in the context of sellar 
lesions to inform a timely diagnosis plus a multimodality 
approach, including surgery for tumour debulking and his-
tological confirmation, followed by postoperative adjuvant 
treatments.
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