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34 ABSTRACT
35
36 Purpose
37 Pituitary carcinomas are a rare entity that respond poorly to multimodal 
38 therapy. Patients follow a variable disease course that remains ill-defined. 
39
40 Methods
41 We present an institutional case series of patients treated for pituitary 
42 carcinomas over a 30-year period from 1992 to 2022. A systematic review 
43 was conducted to identify prior case series of patients with pituitary 
44 carcinomas.
45
46 Results
47 Fourteen patients with a mean age at pituitary carcinoma diagnosis of 52.5 
48 years (standard deviation [SD] 19.4) met inclusion criteria. All 14 patients 
49 had tumor subtypes confirmed by immunohistochemistry and hormone 
50 testing, with the most common being ACTH-producing pituitary adenomas 
51 (n = 12). Patients had a median progression-free survival (PFS) of 1.4 years 
52 (range 0.7-10.0) and a median overall survival (OS) of 8.4 years (range 2.3-
53 24.0) from pituitary adenoma diagnosis. Median PFS and OS were 0.6 years 
54 (range 0.0-2.2) and 1.5 years (range 0.1-9.6) respectively upon development 
55 of metastases. Most patients (n = 12) had locally invasive disease to the 
56 cavernous sinus, dorsum sellae dura, or sphenoid sinus prior to metastasis. 
57 Common sites of metastasis included the central nervous system, liver, 
58 lung, and bone. In a pooled analysis including additional cases from the 
59 literature, treatment of metastases with chemotherapy or a combination of 
60 radiation therapy and chemotherapy significantly prolonged PFS (p = 0.02), 
61 while failing to significantly improve OS (p = 0.14).
62
63 Conclusion
64 Pituitary carcinomas are highly recurrent, heterogenous tumors with 
65 variable responses to treatment. Multidisciplinary management with an 
66 experienced neuro-endocrine and neuro-oncology team is needed given the 
67 unrelenting nature of this disease.
68
69 Keywords: pituitary neuroendocrine tumors, metastatic, pituitary 
70 carcinoma, outcomes, pituitary adenoma
71
72
73
74

ACCEPTED MANUSCRIPT



Acce
pte

d m
an

us
cri

pt

3

75 INTRODUCTION
76
77 Pituitary carcinomas are pituitary adenomas that have shown evidence of 
78 metastasis within or outside the central nervous system (CNS). Pituitary 
79 carcinomas, like primary adenomas, can be functional or silent, with around 
80 half producing adrenocorticotropic hormone (ACTH) or prolactin (PRL) [1]. 
81 Although only representing 0.1-0.2% of pituitary tumors, pituitary 
82 carcinomas are associated with a poor prognosis, with 5-year survival 
83 ranging from 28.6-56.2% [2-7]. The typical patient diagnosed with a 
84 pituitary carcinoma experiences a long course of treatment defined by 
85 multiple surgeries, rounds of radiation therapy, and cycles of chemotherapy 
86 [8, 9]. The European Society of Endocrinology has issued clinical practice 
87 guidelines that endorse temozolomide (TMZ) monotherapy as the primary 
88 adjuvant treatment for pituitary carcinomas and emphasize the importance 
89 of a multidisciplinary approach to the management of these complex 
90 patients [10]. However, even with multi-modal treatment outcomes remain 
91 poor. 
92
93 In this study, we present the disease course, treatment, and outcomes of an 
94 institutional cohort of 14 patients diagnosed with pituitary carcinomas over 
95 a 30-year period. 
96
97 METHODS
98
99 An institutional database query was performed from 1992 to 2022. To meet 

100 inclusion criteria, patients required radiographic evidence of metastasis 
101 from the initial site of the pituitary adenoma (Fig. 1). Patients with 
102 insufficient follow-up data were excluded. Chart review was conducted to 
103 collect information related to treatment course and outcomes including: 
104 date of primary pituitary adenoma and carcinoma diagnoses; dates of 
105 recurrence(s); lesion location and size; presenting symptoms; treatment at 
106 each timepoint including dose, duration, and surgical approach; side effects 
107 of treatment; radiographic response to treatment; tumor pathology; 
108 available genomic analyses; pituitary adenoma to carcinoma latency; 
109 progression-free survival (PFS) defined as the time from index treatment to 
110 subsequent tumor growth; and overall survival (OS). PFS and OS were 
111 reported from both primary pituitary adenoma and carcinoma diagnosis. 
112 This study was approved by the Mass General Brigham Institutional Review 
113 Board (Protocol #2015P002352).
114
115 A systematic literature review was conducted in PubMed to identify patients 
116 diagnosed with pituitary carcinomas. Searches were conducted using 
117 keywords “metastatic pituitary neuroendocrine tumor,” “pituitary 
118 carcinoma,” and “aggressive pituitary tumor” for manuscripts published 
119 from 1999-2022. Studies published before 1999, when TMZ received FDA 
120 approval in the United States, were excluded. Inclusion criteria included 

ACCEPTED MANUSCRIPT



Acce
pte

d m
an

us
cri

pt

4

121 studies that contained outcome and treatment data on at least one patient 
122 diagnosed with a pituitary carcinoma. Exclusion criteria consisted of: 
123 studies that were not in English; studies with repeat authorship (to avoid 
124 patient duplication); commentaries or review articles that did not include 
125 original data; or studies with data derived from national registries. After 
126 identification of studies for final review, the following data were retrieved 
127 from each study: pituitary carcinoma subtype; site of metastasis; pituitary 
128 carcinoma treatment; OS; and PFS. If unavailable, OS and PFS were 
129 calculated for all cases with complete survival data.
130

131132 Fig. 1. 72-year-old woman (Case 10) initially diagnosed with a 5.7 cm, growth-hormone 
133 positive pituitary adenoma that progressed to a pituitary carcinoma 6 years later. a, 
134 Sagittal contrast-enhanced T1-weighted magnetic resonance (MR) image of the initial 5.7 
135 cm × 4.9 cm × 3.8 cm pituitary adenoma. b, Sagittal contrast-enhanced T1-weighted MR 
136 image of the 1.2 cm × 0.8 cm × 0.8 cm dural pituitary carcinoma at the level of the 
137 foramen magnum.
138
139 Kaplan-Meier curves with log-rank significance testing among subgroups 
140 were generated in Prism (GraphPad Software, New York, NY, USA). Cox 
141 proportional hazards models were employed to compare OS across 
142 continuous variables including age and latency between primary and 
143 metastatic disease. A Mann Whitney U test was employed to compare Ki-67 
144 indices between primary and metastatic lesions across all patients. All 
145 statistical analyses were conducted in RStudio IDE (RStudio, PBC, Boston, 
146 MA, USA). Significance was set as a p-value <  0.05. All figures were 
147 generated or compiled in Adobe Illustrator (Adobe Inc., San Jose, CA, USA).
148
149 RESULTS
150
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151 Presentation and management prior to metastasis
152
153 Fourteen pituitary carcinoma patients met inclusion criteria (Table 1). The 
154 cohort was 64.3% female and had a mean age at initial pituitary adenoma 
155 diagnosis of 44.8 years (standard deviation [SD] 19.8). The mean follow-up 
156 period was 10.2 years (SD 5.8) and 2.4 years (SD 2.6) after primary 
157 pituitary adenoma and carcinoma diagnosis respectively. All patients were 
158 symptomatic at initial presentation reporting vision changes (n = 9, 64.3%), 
159 headaches (n = 5, 35.7%), symptoms of Cushing syndrome (n = 3, 21.2%), 
160 oligomenorrhea/amenorrhea (n = 3, 21.2%), sexual dysfunction (n = 3, 
161 21.2%), and facial pain or numbness (n = 2, 14.3%). 
162
163
164
165

Ca
se

Age, 
Gend
er

Subty
pe

Initi
al 
Ki-
67 
(%) 
- PA

Initi
al 
Ki-
67 
(%) 
- PC

PA to 
PC 
Laten
cy 
(year
s)

Site of 
Initial 
Metast
asis

No. PA/ 
PC 
Recurre
nces

PC 
Therap
y at 
Diagno
sis

PC 
Therapy 
at 
Recurre
nce

Current 
Status

PFS 
PA/ 
PC

OS PA/ 
PC

1 11F ACTH 27.5 20.4 Femoral 
head, 
liver, rib

4/1 Surger
y, 
THAL, 
TMZ

Decease
d

10.0/
2.0

24.0/3.6

2 61F ACTH
†

19.9 Frontal 
lobe, 
parafalc
ine 
dura, 
planum 
sphenoi
dale

5/0+ Lost to 
Follow-
Up

2.4/- 20.0+/0
.1+

3 14F ACTH
†

4.1 10.1 4.9 Clivus, 
cerebell
um

2/2+ Surger
y

RT, SRS Surveilla
nce

1.4/0.
7

14.5+/9
.6+

4 53M ACTH 8.5 Preponti
ne 
cistern

1/2 TMZ SRS, 
surgery, 
TMZ 

Decease
d

5.3/1.
9

13.9/5.4

5 33F ACTH
†

7.0 Liver, 
iliac 
bone

2/1 TMZ RT Decease
d

3.0/2.
2

10.0/3.4

6 18F ACTH 8.4 5.8 Liver 1/1+ RT RT Surveilla
nce

1.4/1.
1

9.1+/3.
3+

7 49F Null 
Cell#

8.0 Frontal 
lobe, 
cerebell
um

2/0 Surger
y

Decease
d

3.0/0.
0

8.4/0.4

8 63F ACTH
#

6.2 Clivus 2/0 TMZ Decease
d

3.8/0.
0

7.7/1.5

9 49M ACTH 5.9 6.2 Iliac 
bone, 
vertebra
l bodies

4/0 CIS/ET Decease
d

1.0/- 7.6/1.4

10 72F GH, 
PRL

5.9 Forame
n 
magnum

1/1 RT, 
surgery

Decease
d

0.7/0.
1

7.4/1.5

11 43M ACTH
#

6.0 Nasal 
cavity, 
maxilla

2/2 Surger
y

CAPE, 
CTX, 
GEM, 
T/P

Decease
d

-/0.5 7.0/1.3

12 35F ACTH 5.1 5.6 Frontal 
lobe, 
preponti
ne 
cistern, 
olfactor
y groove

1/0+ Surger
y, TMZ

Surveilla
nce

1.2/1.
4+

7.0+/1.
4+
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13 57M ACTH >70.
0

3.7 Mesial 
tempora
l lobe

1/2 Surger
y

BVZ, 
PEM

Decease
d

1.0/0.
3

4.6/0.9

14 67M ACTH
#

2.2 Liver, 
lung

1/0 Decease
d

1.0/0.
0

2.3/0.1

166 Table 1. Overview of Mass General Brigham cohort of patients diagnosed with a pituitary 
167 carcinoma between 1992 and 2022. Patients are ordered by overall survival since pituitary 
168 adenoma diagnosis.
169 + indicates since last follow-up.
170 † Indicates that the tumor was initially nonfunctioning and became functioning at 
171 recurrence. 
172 # Indicates that the tumor was nonfunctioning at last follow-up.
173 ACTH, adrenocorticotropic hormone positive tumor; BVZ, bevacizumab; CAPE, 
174 capecitabine; CIS/ET, cisplatin/etoposide; CTX, cyclophosphamide; GEM, gemcitabine; GH, 
175 growth hormone positive tumor; OS, overall survival; PA, pituitary adenoma; PC, pituitary 
176 carcinoma; PEM, pembrolizumab; PFS, progression-free survival; PRL, prolactin hormone 
177 positive tumor; RT, radiotherapy; SRS, stereotactic radiosurgery; THAL, thalidomide; TMZ, 
178 temozolomide; T/P, trametinib/palbociclib.
179
180 All 14 patients initially underwent an endoscopic transnasal transsphenoidal 
181 (TNTS) tumor resection, of which seven were subtotal resections and seven 
182 were unknown. Three patients received adjuvant radiotherapy after initial 
183 TNTS. All 14 patients had tumor subtypes confirmed by 
184 immunohistochemistry (IHC) laboratory testing and hormone testing. 
185 Transcription factor analyses were not available for this cohort. Six patients 
186 had functional ACTH-positive adenomas, six patients had nonfunctional 
187 ACTH-positive adenomas, one patient had a functional growth-hormone 
188 (GH) and PRL positive adenoma, and one patient had a null cell adenoma. 
189 Three silent ACTH-producing adenomas progressed to become functional at 
190 recurrence. 
191
192 All 14 patients had recurrent disease. Patients experienced a median of 2.0 
193 local recurrences (range 1.0-5.0) prior to metastasis. The median time to 
194 pituitary adenoma recurrence was 1.4 years (range 0.7-10.0). Patients 
195 initially treated with surgery and radiation had a significantly greater (p = 
196 0.04) median time to recurrence of 3.8 years (range 1.0-10.0) compared to a 
197 median of 1.3 years (range 0.7-3.0) for patients who underwent TNTS 
198 resection alone. Most pituitary adenomas (n = 12, 85.7%) were invasive at 
199 local recurrence, with sites of invasion including the cavernous sinus (n = 9, 
200 64.3%), dorsum sellae dura (n = 2, 14.3%), and sphenoid sinus (n = 1, 
201 7.1%). Ten patients underwent a repeat TNTS and seven patients received a 
202 craniotomy at recurrence for better visualization of suprasellar tumor 
203 extension (n = 3, 21.4%), optic nerve or chiasm compression (n = 2, 14.3%), 
204 or carotid artery invasion (n = 1, 7.1%). Nine patients received adjuvant 
205 radiotherapy and two patients completed adjuvant chemotherapy after 
206 resection of recurrence. 
207
208 Eight patients had pituitary adenoma recurrences treated solely with 
209 radiotherapy including both proton beam stereotactic radiosurgery (n = 5, 
210 35.7%), gamma knife radiosurgery (n = 2, 14.3%) and fractionated 
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211 radiotherapy (FRT) (n = 1, 7.1%). One patient had a sellar recurrence 
212 treated with TMZ.
213
214 Of 12 patients with ACTH-positive adenomas, seven developed uncontrolled 
215 hypercortisolism during their disease course. Uncontrolled hypercortisolism 
216 had no significant impact on OS or PFS since PC diagnosis. Four patients 
217 required bilateral adrenalectomies for refractory Cushing syndrome a 
218 median of 7.0 years (range 4.5-20.4) after initial pituitary adenoma 
219 diagnosis. All four patients had pituitary adenomas that were ACTH-positive 
220 by IHC, of which three were initially functional. The fourth was silent at 
221 initial presentation and became functional upon the development of liver 
222 metastases. One patient had radiographic evidence of a sellar pituitary 
223 adenoma recurrence in the weeks prior to adrenalectomy. Adrenalectomies 
224 directly preceded the development of metastatic disease in all four patients 
225 by a median of 8.9 months (range 0.0-15.7), with three patients 
226 subsequently developing liver metastases and the fourth developing a 
227 metastasis to the prepontine cistern. Of note, only a single patient had 
228 tumor staging completed prior to adrenalectomy, so the presence of 
229 metastases prior to adrenalectomy could not be ruled out.
230
231 Management of metastatic disease
232
233 The mean age at pituitary carcinoma diagnosis was 52.5 years (SD 19.4), 
234 with a median latency period of 6.1 years (range 2.2-20.4) between initial 
235 diagnosis and metastasis. Half of patients (n = 7, 50.0%) had a recurrent or 
236 progressive pituitary adenoma in the pituitary gland at the identification of 
237 metastases. The sites of primary and subsequent metastases are 
238 summarized in Table 2. After the development of metastases, eight patients 
239 completed 10 additional metastasis resections, including surgery for brain, 
240 orbital, cervical spine, and liver metastases.
241
242 All patients for which data was available (n = 12) were initially diagnosed 
243 with imaging. Seven patients had intracranial metastases diagnosed via 
244 magnetic resonance (MR) brain imaging, one patient had a foramen 
245 magnum metastasis initially identified via a computed tomography (CT) 
246 scan of the head and ultimately diagnosed by MR brain imaging, and one 
247 patient had an iliac metastasis diagnosed by MR lower extremity imaging. 
248 Three patients were diagnosed with metastatic disease based on positron 
249 emission tomography (PET)-CT scans. Nine patients had the diagnosis of 
250 metastases confirmed by tissue biopsy: five patients had tissue samples 
251 collected during surgery while four patients underwent dedicated biopsies 
252 prior to treatment.
253
254 Radiotherapy was used to treat metastases in five patients. FRT was the 
255 most frequently employed for metastatic disease (n = 4, 28.6%) with targets 
256 including the femur, spinal column, and intracranial metastases. 
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257 Stereotactic radiosurgery was employed to treat intracranial metastases in 
258 two patients and stereotactic body radiation therapy was used for liver 
259 metastases in a single patient. 
260
261 Half of the patients (n = 7, 50.0%) received chemotherapy for metastases, 
262 of which four were treated with TMZ alone. Three patients received TMZ as 
263 primary therapy after metastasis while one was given adjuvant TMZ after 
264 surgical resection. Of patients treated with TMZ, one experienced a 
265 complete response, two a partial response, and one progressive disease. 
266 Patients with pituitary carcinomas who were treated with TMZ were 
267 followed for a median of 2.3 years (range 0.5-3.2) and experienced a median 
268 of 1.9 years (range 0.0-2.1) of stable disease prior to recurrence. One 
269 patient treated with combinatorial TMZ and thalidomide recurred after 1.6 
270 years, while a second that received treatment with cisplatin and etoposide 
271 died six months later. A single patient with CNS metastases underwent 
272 treatment with bevacizumab and pembrolizumab, which failed to halt 
273 disease progression. Of note, the protocol (NCT02886585) used to treat this 
274 patient did not require quantification of PD-1/PDL-1 expression for 
275 inclusion. The patient died five months after completing pembrolizumab 
276 treatment from a CNS infection.  
277

Site n (%)
Sites of CNS Metastasis (n = 7)

Cavernous sinus 3 
(21.4)

Frontal lobe 3 
(21.4)

Cerebellum 2 
(14.3)

Clivus 2 
(14.3)

Prepontine cistern 2 
(14.3)

Foramen magnum 1 
(7.1)

Mesial temporal lobe 1 
(7.1)

Midbrain 1 
(7.1)

Parafalcine dura 1 
(7.1)

Planum sphenoidale 1 
(7.1)

Pontomedullary junction 1 
(7.1)

Sites of Extra-CNS Metastasis (n = 
8)

Ilium 5 
(35.7)

Liver 4 
(28.6)
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278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301 Table 2. Sites of central nervous system (CNS) and extra-CNS metastasis by number of 
302 patients.
303
304 Histopathology and Genomics
305
306 Pathological analysis was completed on specimens from all but one patient 
307 during their treatment course. There was no significant difference in Ki-67 
308 index between primary and metastatic lesions across specimens from all 
309 sites (p = 0.94). Staining for p53 expression was completed in 10 patients: 2 
310 were negative, 6 were focally positive, and 2 were diffusely positive. The 
311 mitotic counts collected from eight patients were heterogeneous: 1 had no 
312 observable mitoses, 4 exhibited scattered mitoses, and 3 had samples with 
313 frequent mitoses. O[6]-methylguanine-DNA methyltransferase (MGMT) 
314 methylation status was assessed in samples from three patients, all of which 
315 were MGMT unmethylated. PD-1/PDL-1 expression was not analyzed for any 
316 patient in this cohort.

317 Molecular testing was performed in three patients using the SNAPSHOT-
318 NGS-V2 Assay®, a PCR-based next generation sequencing panel of 91 genes 
319 [11]. The panel identified variants in DDR2, SDHB, ARID1A, NRAS, PIK3CA, 
320 MSH6, APC, MAP3K1, FGFR3, KIT, ABL1, TSC1, STAG2, PTEN, RB1, 
321 BRCA2, PTPN11, and TSC2 in an intrasellar pituitary adenoma recurrence 
322 that developed after metastasis (Case 13); a novel missense variant in KDR 
323 in a recurrent pituitary adenoma (Case 3); and variants in ATRX and MEN1 
324 in an intracranial metastasis (Case 12). No TP53 mutations were identified 
325 in these patients.

Lungs 2 
(14.3)

Orbit 2 
(14.3)

Vertebral bodies 2 
(14.3)

Femoral head 1 
(7.1)

Humeral head 1 
(7.1)

Nasal cavity 1 
(7.1)

Palate 1 
(7.1)
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326 Outcomes
327
328 At pituitary adenoma diagnosis, the median PFS was 1.4 years (range 0.7-
329 10.0) which declined to 0.6 years (range 0.0-2.2) after metastasis (Fig. 2). 
330 The median OS from initial pituitary adenoma diagnosis was 8.4 years 
331 (range 2.3-24.0) while the median OS from the development of metastasis 
332 was 1.5 years (range 0.1-9.6) (Fig. 3). Use of radiation therapy as part of 
333 primary treatment and treatment era (first 15 years vs. second 15 years) 
334 had no significant impact on median OS since primary pituitary adenoma or 
335 carcinoma diagnosis. At last follow-up, 10 patients were deceased, three 
336 were under surveillance for recurrence, and one patient’s status was 
337 unknown. Cause of death included infection in three patients (gas gangrene, 
338 pneumonia, and meningitis), of which one each was receiving chemotherapy 
339 and immunotherapy, a cerebral infarct in one patient, and was 
340 undetermined in six patients.
341
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342343 Fig. 2. Treatment timeline of pituitary carcinoma patients from initial pituitary adenoma 
344 diagnosis. Treatments (including the use of surgery, radiotherapy, stereotactic 
345 radiosurgery [SRS], and chemotherapy), timing of recurrences, and status at last follow-up 
346 are summarized. Date of last follow up is provided for all patients. Total radiation dose per 
347 treatment is provided, when available, in Gy. All timelines are continuous and to scale save 
348 for small adjustments to improve readability.  
349 BVZ, bevacizumab; CAPE, capecitabine; CIS/ET, cisplatin/etoposide; CTX, 
350 cyclophosphamide; GEM, gemcitabine; PEM, pembrolizumab; T/P, trametinib/palbociclib; 
351 THAL, thalidomide; TMZ, temozolomide.
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352353 Fig. 3. Cumulative Kaplan-Meier curves depicting overall (OS) and progression-free 
354 survival (PFS) for pituitary carcinoma patients since initial pituitary adenoma diagnosis (a) 
355 and initial pituitary carcinoma diagnosis (b).
356
357 Systematic Review
358
359 The literature review identified 14 case reports and series published since 
360 1999 that describe patients with pituitary carcinomas (Table 3). Included 
361 studies covered the disease course and treatment of 101 patients with 
362 pituitary carcinomas. A pooled survival analysis was conducted across 37 
363 patients from six studies with available survival data, including the 14 
364 patients in this cohort. There was a median PFS of 3.0 years (range 0.7-
365 10.0) after primary pituitary adenoma diagnosis and 0.7 years (range 0.0-
366 2.3) after the discovery of metastases. Pooled median OS since primary 
367 pituitary adenoma and carcinoma diagnosis was 12.5 years (range 2.3-31.0) 
368 and 3.6 years (range 0.1-13.5) respectively, with a median latency period of 
369 5.9 years (range 0.0-29.0) between diagnoses. 
370
371 Across all 37 cases, there was no relationship between sex (p = 0.30), 
372 histologic subtype (p = 0.80), or the location of metastases (p = 0.78) and 
373 survival since metastasis. There was no clinically meaningful association 
374 among primary to metastatic disease latency (hazard ratio [HR] 0.94; 
375 confidence interval [CI] 0.83-1.04) or age at the development of metastasis 
376 (HR 1.02; CI 1.0-1.05) and OS since metastasis. Among the patients with 
377 available treatment data, 14 received chemotherapy as their initial 
378 treatment for metastases, 8 received radiotherapy, 7 received both 
379 chemotherapy and radiotherapy, and 7 received surgery alone or no 
380 treatment. The median PFS after metastasis significantly differed between 
381 treatment groups (p = 0.02): no treatment group (median PFS of 0.5 years 
382 [range 0.0-0.7]), radiotherapy group (median PFS of 0.7 years [range 0.1-
383 1.1]), chemotherapy group (median PFS 1.9 years [range 0.0-2.2]), and 
384 combination therapy group (median PFS of 1.6 years [range 0.9-2.3]). 
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385 However, there was no significant difference (p = 0.14) in median OS 
386 between treatment types: no treatment group (median OS of 1.0 years 
387 [range 0.4-13.5]), chemotherapy group (median OS of 3.4 years [range 0.8-
388 5.4]), and combination therapy group (median OS of 10.5 years [range 1.0-
389 10.5]). The radiation therapy group had an undefined median OS due to a 
390 large proportion of survivors (n = 5/8). PFS and OS by treatment was 
391 available for 17 and 35 patients respectively.
392

Study No. 
PC

Subtype Site(s) of Metastasis PC Therapy Median 
PFS 

(years)

Median 
OS 

(since 
PA/ PC)

Roncar
oli et 
al., 

2003[1
2]

2 2 PRL Cranium, dura mater, larynx, nasal sinus, ribs, 
vertebral bodies

CTX, DTIC, VIN NR NR/NR

Losa et 
al., 

2010[1
3]

1 ACTH Frontal lobe, prepontine cistern SRS, TMZ 2.3 8.3/2.3

Raverot 
et al., 

2010[1
4]

5 2 ACTH, 3 
PRL

NR RT, SRS, TMZ NR NR

Hirohat
a et al., 
2013[1

5]

12 3 ACTH, 4 
NC, 2 NR, 

3 PRL

NR TMZ, otherwise NR NR NR

Zachari
a et al., 
2014[1

6]

1 ACTH Clivus CAPE, CIS/ET, RT, TMZ 0.5 NR

Bengtss
on et 
al., 

2015[1
7]

8 3 ACTH, 3 
GH, 2 PRL

Bone, brainstem, cerebral, intraspinal, liver, 
lymph node

CAPE, irinotecan, TMZ, PEM NR NR

Bruno 
et al., 

2015[1
8]

1 PRL Parietal lobe Surgery, TMZ 0.0 NR

Wang 
et al., 

2015[1
9]

2 1 ACTH, 1 
GH

Cerebellopontine angle, intraspinal RT, surgery NR NR/NR

Jordan 
et al., 

2018[2
0]

3 2 ACTH, 1 
PRL

NR RT, surgery, TMZ 0.5† 14.0/NR

McCor
mack et 

al., 
2018[8]

40 19 ACTH, 
2 FSH/LH, 

1 GH, 3 
NC, 15 

PRL

NR Adriblastin, BCNU, BVZ, 
carboplatin, CAPE, CIS/ET, CTX, 

DOX, erlotinib, everolimus, 
lapatinib, oxaliplatin, RT, sunitib, 

surgery, THAL, TMZ, 5-FU

NR 12.0/NR

Yoo et 
al., 

2018[2
1]

2 2 ACTH Cervical lymph node, liver Nivolumab, PD-1, RT, TMZ 0.7# NR/NR

Santos-
Pinheir
o et al., 
2019[5]

17 5 ACTH, 2 
FSH/LH, 1 
GH, 5 NC, 

4 PRL

Bone, dura, epidural spine, LMD, lung, liver, 
lymph node, liver, optic chiasm, orbits

CAPTEM, carboplatin, CIS/ET, 
CYVADIC, PD-1, RT, surgery, TMZ, 

5-FU

0.8 13.0/10.5

Xu et 
al., 

2020[2
2]

2 1 ACTH, 1 
NC

Epidural spine, frontal lobe BVZ, lomustine, RT, surgery, TMZ 0.7 7.3/2.1

Du 
Four et 

al., 
2022[2

3]

5 3 ACTH, 1 
GH/PRL, 1 

PRL

Bone, cerebellum, frontal lobe, retroclival Ipililumab, nivolumab, RT, surgery, 
TMZ

NR NR/NR

Curren
t Study

14 12 ACTH, 
1 

GH/PRL, 
1 NC

Cavernous sinus, cerebellum, clivus, foramen 
magnum, femur, frontal lobe, iliac bone, 

liver, lung, maxilla, mesial temporal bone, 
nasal cavity, olfactory groove, parafalcine 

dura, planum sphenoidale, prepontine 
cistern, sphenoid sinus

BVZ, CAPE, CIS/ET, CTX, GEM, 
PEM, RT, SRS, surgery, T/P, 

THAL, TMZ

0.7 8.4/1.5

393 Table 3. Pituitary carcinoma case series published since 1999.
394 All survivals are since pituitary carcinoma diagnosis and reported in years unless otherwise 
395 indicated. Survivals are calculated from complete cases if not explicitly provided.
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396 ACTH, adrenocorticotropic hormone positive tumor; BCNU, carmustine; BVZ, 
397 bevacizumab; CAPE, capecitabine; CAPTEM, capecitabine and temozolomide; CIS/ET, 
398 cisplatin/etoposide; CTX, cyclophosphamide; CYVADIC, cyclophosphamide, vincristine, and 
399 dacarbazine; DOX, doxorubicin; DTIC, dacarbazine; FSH, follicle stimulating hormone 
400 positive tumor, GEM, gemcitabine; GH, growth hormone positive tumor; LH, luteinizing 
401 hormone positive tumor; LMD, leptomeningeal disease; NC, null cell; NR, not reported; OS, 
402 overall survival; PA, pituitary adenoma; PC, pituitary carcinoma; PD-1, programmed cell 
403 death protein 1 inhibitor; PEM, pembrolizumab; PFS, progression-free survival; PRL, 
404 prolactin hormone positive tumor; RT, radiotherapy; SRS, stereotactic radiosurgery; T/P, 
405 trametinib/palbociclib; THAL, thalidomide; TMZ, temozolomide; VIN, vincristine; 5-FU, 5-
406 fluorouracil.
407 † PFS was calculated since TMZ initiation.
408 # PFS only provided for a single patient.
409
410 DISCUSSION
411
412 Pituitary carcinomas represent a fraction of pituitary tumors with a limited 
413 body of published literature [2-5]. Despite multidisciplinary treatment 
414 including surgery, radiation, chemotherapy, and immunotherapy, outcomes 
415 remain poor. We present a comprehensive case series of 14 patients treated 
416 for a pituitary carcinoma over a 30-year period to improve the 
417 understanding of this challenging pathology. 
418
419 We observed a median OS of 8.4 years (range 2.3-24.0) and median latency 
420 to metastasis of 6.1 years (range 2.2-20.4) in this cohort compared to 12.5 
421 years (range 2.3-31.0) and 5.9 years (range 0.0-29.0) identified by pooled 
422 analysis [5, 13, 16, 21, 22]. Both measures varied widely by individual 
423 patient in our series, which underscores the heterogeneity in time to 
424 malignant transformation for pituitary carcinomas. The 1.5 year median OS 
425 after the development of metastatic disease was similar to prior studies but 
426 lower than the aggregated median survival of 3.6 years. Santos-Pinheiro et 
427 al. [5] is the most comparable cohort given its recency and size, and they 
428 reported a 5-year survival rate after metastasis of 35% with a similarly 
429 variable range of individual outcomes. Of note, 10 of 17 of their patients 
430 were alive at last follow-up, making measurement of median survival 
431 difficult. No clinically meaningful association was identified between patient 
432 or tumor characteristics and OS. It remains unclear what clinicopathologic 
433 differences exist between subgroups of patients that die soon after pituitary 
434 carcinoma diagnosis versus those with years of stable disease.
435
436 Although many pituitary carcinomas originally present as invasive pituitary 
437 tumors, no reliable method has been determined to definitively identify 
438 subpopulations that progress to become pituitary carcinomas. Molecular 
439 markers such as Ki-67 proliferative index, MGMT methylation status, and 
440 p53 mutation status have been investigated as predictors of pituitary 
441 carcinoma behavior, with heterogenous results [24-26]. In a study of the 
442 pathobiology of pituitary carcinomas, Scheithauer et al. [27] observed 
443 significantly greater MIB-1 labeling indexes and a trend toward a higher 
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444 degree of aneuploidy in metastatic lesions when compared to premetastatic. 
445 Roncaroli et al. [12] additionally reported an increase in mitoses from 5 to 
446 15 per 10 high-power field between the primary lesion and dural metastasis. 
447 Recent work has suggested that a Ki-67 greater than 10%, ATRX mutations, 
448 and TP53 mutations may be associated with a greater risk of metastases 
449 [28-30]. In this series, both patients for which data was available had initial 
450 Ki-67 indices below 10%. Of the three patients with sequencing data 
451 available, one was identified to have an ATRX mutation.
452
453 Little is known of the potential molecular drivers of metastatic 
454 transformation. The most common somatic mutations associated with all 
455 pituitary adenomas include those in AIP, BRAF, GNAS, PIK3CA, TP53, 
456 USP48, and USP8 [31]. Of the three patients with genomic analysis in this 
457 cohort, a single patient had a variant in PIK3CA, with no other observed 
458 overlap in mutational burden. Santos-Pinheiro et al. [5] identified variants in 
459 21 targetable genes in one patient and one genetic variant in another 
460 patient. The only overlap in gene variants identified between Santos-
461 Pinheiro et al. and this study was in APC, a tumor suppressor gene that 
462 codes for a protein in the Wnt signaling pathway. For the three patients 
463 within this cohort for which the same gene panel was applied, there was no 
464 overlap in observed mutations. Larger gene panels across a greater cohort 
465 of patients will be needed to further clarify targetable mutations in these 
466 patients. 
467
468 Large cohort studies of patients with Cushing syndrome have observed that 
469 7-18% of patients complete a bilateral adrenalectomy for refractory disease 
470 [32, 33]. In comparison, 44.4% of patients with functional ACTH-producing 
471 adenomas in this cohort underwent adrenalectomy, all in the 1.5 years 
472 preceding the development of metastatic disease. Although the lack of 
473 tumor staging prior to adrenalectomy cannot preclude the pre-existence of 
474 metastatic disease, the subsequent development of metastasis after 
475 bilateral adrenalectomy in three patients raises concern about the presence 
476 of a systemic correlate of Nelson-Salassa syndrome (NSS) in these patients, 
477 with the removal of negative feedback from adrenal cortisol accelerating 
478 the growth of metastases [34]. Although exceedingly rare, NSS has been 
479 previously reported in patients with pituitary carcinomas, albeit with a 
480 greater latency period than the 8.9 months observed in this cohort [35-37]. 
481 While this data is far from conclusive, this phenomenon should be further 
482 explored in larger pituitary carcinoma cohorts.
483
484 TMZ remains the first-line treatment for pituitary carcinomas [10]. Santos-
485 Pinheiro et al. [5] reported that treatment with TMZ increased the median 
486 time to recurrence by 20 months compared to radiation therapy or non-TMZ 
487 chemotherapy. In our pooled analysis, the use of chemotherapy as the 
488 primary treatment of metastases yielded the greatest median PFS (1.9 
489 years), while failing to significantly prolong OS compared to other 
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490 treatments. In a large international cohort of 156 patients with aggressive 
491 pituitary adenomas or carcinomas, TMZ yielded a complete or partial 
492 regression in 9.6% and 30.1% of patients respectively [38]. In patients with 
493 aggressive pituitary adenomas, the literature is mixed on the relationship 
494 between MGMT expression and TMZ response [39-42]. However, recent 
495 European Society of Endocrinology guidelines recommend that all patients 
496 diagnosed with a pituitary carcinoma complete an evaluation of MGMT 
497 status by IHC [10]. In this cohort, three patients completed such an 
498 evaluation, of which one has responded well to TMZ with 1.3 years of stable 
499 disease since starting treatment. Efforts should be made to maximize the 
500 clinical uptake of MGMT promoter analysis in this population to further 
501 characterize its prognostic value and identify patients who could potentially 
502 benefit the most from treatment with TMZ.
503
504 Multiple studies have suggested that the combination of radiotherapy and 
505 TMZ as primary or salvage therapy for metastases has the potential to 
506 further delay disease progression compared to either therapy alone [5, 13, 
507 43, 44]. This analysis found that chemotherapy and combination therapy 
508 yielded near-equivalent PFSs (1.9 years vs. 1.6 years). However, treatment 
509 with combination therapy yielded a nonsignificant increase in OS compared 
510 to chemotherapy alone (3.4 years vs. 10.5 years). Two of three patients 
511 under surveillance with stable disease in this cohort had metastases solely 
512 treated with radiation therapy. Du Four et al. [23] reported a similar 
513 phenomenon in which a pituitary carcinoma patient treated with FRT 
514 achieved biochemical regression of disease. Indeed, out of the eight 
515 patients treated solely with radiation therapy in the pooled analysis, five 
516 were still alive at last follow-up. McCormack et al. [8], however, observed a 
517 more mixed picture in which radiotherapy induced stable disease in four 
518 patients and failed to halt progression in six patients. The relative benefit of 
519 treatment with radiation alone remains poorly understood.
520
521 The present study has several limitations that warrant consideration. This 
522 analysis was retrospectively conducted on a cohort of 14 patients which 
523 introduces bias. While all patients received most of their care at 
524 institutional affiliates of Mass General Brigham, records were incomplete 
525 for care received elsewhere. One patient (case 2) was recently diagnosed 
526 with metastatic disease and therefore lacks treatment or survival data. 
527 Pathology data was heterogeneously characterized between patients, 
528 making direct comparisons difficult. Future work is needed to improve risk 
529 stratification and further characterize the benefits of a combination of TMZ 
530 and radiotherapy in these patients. There is little expert consensus on 
531 second-line treatment options after patients fail primary therapies such as 
532 TMZ or radiotherapy. Isolated case reports have investigated the use of 
533 VEGF inhibitors, immune checkpoint inhibitors, and peptide receptor 
534 radionuclide therapy with limited success [45-47]. More work is needed to 
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535 better define the scope and benefit of these alternative treatments in 
536 pituitary carcinoma patients.
537
538 CONCLUSION
539
540 Pituitary carcinomas present with variable disease courses accompanied by 
541 unpredictable response to treatment. Most patients complete multimodal 
542 treatment including surgery, radiation, and chemotherapy. Although some 
543 favorable responses have been shown to TMZ-based chemotherapy and 
544 radiation therapy, most patients ultimately die of complications related to 
545 their disease or treatment. Further investigation is needed to determine the 
546 optimal combination of therapies for each individual patient to maximize 
547 progression-free and overall survival.
548
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Ca
se

Age, 
Gend
er

Subty
pe

Initi
al 
Ki-
67 
(%) 
- PA

Initi
al 
Ki-
67 
(%) 
- PC

PA to 
PC 
Laten
cy 
(year
s)

Site of 
Initial 
Metast
asis

No. PA/ 
PC 
Recurre
nces

PC 
Therap
y at 
Diagno
sis

PC 
Therapy 
at 
Recurre
nce

Current 
Status

PFS 
PA/ 
PC

OS PA/ 
PC

1 11F ACTH 27.5 20.4 Femoral 
head, 
liver, rib

4/1 Surger
y, 
THAL, 
TMZ

Decease
d

10.0/
2.0

24.0/3.6

2 61F ACTH
†

19.9 Frontal 
lobe, 
parafalc
ine 
dura, 
planum 
sphenoi
dale

5/0+ Lost to 
Follow-
Up

2.4/- 20.0+/0
.1+

3 14F ACTH
†

4.1 10.1 4.9 Clivus, 
cerebell
um

2/2+ Surger
y

RT, SRS Surveilla
nce

1.4/0.
7

14.5+/9
.6+

4 53M ACTH 8.5 Preponti
ne 
cistern

1/2 TMZ SRS, 
surgery, 
TMZ 

Decease
d

5.3/1.
9

13.9/5.4

5 33F ACTH
†

7.0 Liver, 
iliac 
bone

2/1 TMZ RT Decease
d

3.0/2.
2

10.0/3.4

6 18F ACTH 8.4 5.8 Liver 1/1+ RT RT Surveilla
nce

1.4/1.
1

9.1+/3.
3+

7 49F Null 
Cell#

8.0 Frontal 
lobe, 
cerebell
um

2/0 Surger
y

Decease
d

3.0/0.
0

8.4/0.4

8 63F ACTH
#

6.2 Clivus 2/0 TMZ Decease
d

3.8/0.
0

7.7/1.5

9 49M ACTH 5.9 6.2 Iliac 
bone, 
vertebra
l bodies

4/0 CIS/ET Decease
d

1.0/- 7.6/1.4

10 72F GH, 
PRL

5.9 Forame
n 
magnum

1/1 RT, 
surgery

Decease
d

0.7/0.
1

7.4/1.5

11 43M ACTH
#

6.0 Nasal 
cavity, 
maxilla

2/2 Surger
y

CAPE, 
CTX, 
GEM, 
T/P

Decease
d

-/0.5 7.0/1.3

12 35F ACTH 5.1 5.6 Frontal 
lobe, 
preponti
ne 
cistern, 
olfactor
y groove

1/0+ Surger
y, TMZ

Surveilla
nce

1.2/1.
4+

7.0+/1.
4+

13 57M ACTH >70.
0

3.7 Mesial 
tempora
l lobe

1/2 Surger
y

BVZ, 
PEM

Decease
d

1.0/0.
3

4.6/0.9

14 67M ACTH
#

2.2 Liver, 
lung

1/0 Decease
d

1.0/0.
0

2.3/0.1

Table 1. Overview of Mass General Brigham cohort of patients diagnosed with a pituitary 
carcinoma between 1992 and 2022. Patients are ordered by overall survival since pituitary 
adenoma diagnosis.
+ indicates since last follow-up.
† Indicates that the tumor was initially nonfunctioning and became functioning at 
recurrence. 
# Indicates that the tumor was nonfunctioning at last follow-up.
ACTH, adrenocorticotropic hormone positive tumor; BVZ, bevacizumab; CAPE, 
capecitabine; CIS/ET, cisplatin/etoposide; CTX, cyclophosphamide; GEM, gemcitabine; GH, 
growth hormone positive tumor; OS, overall survival; PA, pituitary adenoma; PC, pituitary 
carcinoma; PEM, pembrolizumab; PFS, progression-free survival; PRL, prolactin hormone 
positive tumor; RT, radiotherapy; SRS, stereotactic radiosurgery; THAL, thalidomide; TMZ, 
temozolomide; T/P, trametinib/palbociclib.
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Table 2. Sites of central nervous system 
(CNS) and extra-CNS metastasis by 
number of patients.

Site n (%)
Sites of CNS Metastasis (n = 7)

Cavernous sinus 3 
(21.4)

Frontal lobe 3 
(21.4)

Cerebellum 2 
(14.3)

Clivus 2 
(14.3)

Prepontine cistern 2 
(14.3)

Foramen magnum 1 
(7.1)

Mesial temporal lobe 1 
(7.1)

Midbrain 1 
(7.1)

Parafalcine dura 1 
(7.1)

Planum sphenoidale 1 
(7.1)

Pontomedullary junction 1 
(7.1)

Sites of Extra-CNS Metastasis (n = 
8)

Ilium 5 
(35.7)

Liver 4 
(28.6)

Lungs 2 
(14.3)

Orbit 2 
(14.3)

Vertebral bodies 2 
(14.3)

Femoral head 1 
(7.1)

Humeral head 1 
(7.1)

Nasal cavity 1 
(7.1)

Palate 1 
(7.1)
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Study No. 
PC

Subtype Site(s) of Metastasis PC Therapy Median 
PFS 

(years)

Median 
OS 

(since 
PA/ PC)

Roncar
oli et 
al., 

2003[1
1]

2 2 PRL Cranium, dura mater, larynx, nasal sinus, ribs, 
vertebral bodies

CTX, DTIC, VIN NR NR/NR

Losa et 
al., 

2010[1
2]

1 ACTH Frontal lobe, prepontine cistern SRS, TMZ 2.3 8.3/2.3

Raverot 
et al., 

2010[1
3]

5 2 ACTH, 3 
PRL

NR RT, SRS, TMZ NR NR

Hirohat
a et al., 
2013[1

4]

12 3 ACTH, 4 
NC, 2 NR, 

3 PRL

NR TMZ, otherwise NR NR NR

Zachari
a et al., 
2014[1

5]

1 ACTH Clivus CAPE, CIS/ET, RT, TMZ 0.5 NR

Bengtss
on et 
al., 

2015[1
6]

8 3 ACTH, 3 
GH, 2 PRL

Bone, brainstem, cerebral, intraspinal, liver, 
lymph node

CAPE, irinotecan, TMZ, PEM NR NR

Bruno 
et al., 

2015[1
7]

1 PRL Parietal lobe Surgery, TMZ 0.0 NR

Wang 
et al., 

2015[1
8]

2 1 ACTH, 1 
GH

Cerebellopontine angle, intraspinal RT, surgery NR NR/NR

Jordan 
et al., 

2018[1
9]

3 2 ACTH, 1 
PRL

NR RT, surgery, TMZ 0.5† 14.0/NR

McCor
mack et 

al., 
2018[7]

40 19 ACTH, 
2 FSH/LH, 

1 GH, 3 
NC, 15 

PRL

NR Adriblastin, BCNU, BVZ, 
carboplatin, CAPE, CIS/ET, CTX, 

DOX, erlotinib, everolimus, 
lapatinib, oxaliplatin, RT, sunitib, 

surgery, THAL, TMZ, 5-FU

NR 12.0/NR

Yoo et 
al., 

2018[2
0]

2 2 ACTH Cervical lymph node, liver Nivolumab, PD-1, RT, TMZ 0.7# NR/NR

Santos-
Pinheir
o et al., 
2019[4]

17 5 ACTH, 2 
FSH/LH, 1 
GH, 5 NC, 

4 PRL

Bone, dura, epidural spine, LMD, lung, liver, 
lymph node, liver, optic chiasm, orbits

CAPTEM, carboplatin, CIS/ET, 
CYVADIC, PD-1, RT, surgery, TMZ, 

5-FU

0.8 13.0/10.5

Xu et 
al., 

2020[2
1]

2 1 ACTH, 1 
NC

Epidural spine, frontal lobe BVZ, lomustine, RT, surgery, TMZ 0.7 7.3/2.1

Du 
Four et 

al., 
2022[2

2]

5 3 ACTH, 1 
GH/PRL, 1 

PRL

Bone, cerebellum, frontal lobe, retroclival Ipililumab, nivolumab, RT, surgery, 
TMZ

NR NR/NR

Curren
t Study

14 12 ACTH, 
1 

GH/PRL, 
1 NC

Cavernous sinus, cerebellum, clivus, foramen 
magnum, femur, frontal lobe, iliac bone, 

liver, lung, maxilla, mesial temporal bone, 
nasal cavity, olfactory groove, parafalcine 

dura, planum sphenoidale, prepontine 
cistern, sphenoid sinus

BVZ, CAPE, CIS/ET, CTX, GEM, 
PEM, RT, SRS, surgery, T/P, 

THAL, TMZ

0.7 8.4/1.5

Table 3. Pituitary carcinoma case series published since 1999.
All survivals are since pituitary carcinoma diagnosis and reported in years unless otherwise 
indicated. Survivals are calculated from complete cases if not explicitly provided.
ACTH, adrenocorticotropic hormone positive tumor; BCNU, carmustine; BVZ, 
bevacizumab; CAPE, capecitabine; CAPTEM, capecitabine and temozolomide; CIS/ET, 
cisplatin/etoposide; CTX, cyclophosphamide; CYVADIC, cyclophosphamide, vincristine, and 
dacarbazine; DOX, doxorubicin; DTIC, dacarbazine; FSH, follicle stimulating hormone 
positive tumor, GEM, gemcitabine; GH, growth hormone positive tumor; LH, luteinizing 
hormone positive tumor; LMD, leptomeningeal disease; NC, null cell; NR, not reported; OS, 
overall survival; PA, pituitary adenoma; PC, pituitary carcinoma; PD-1, programmed cell 
death protein 1 inhibitor; PEM, pembrolizumab; PFS, progression-free survival; PRL, 
prolactin hormone positive tumor; RT, radiotherapy; SRS, stereotactic radiosurgery; T/P, 
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trametinib/palbociclib; THAL, thalidomide; TMZ, temozolomide; VIN, vincristine; 5-FU, 5-
fluorouracil.
† PFS was calculated since TMZ initiation.
# PFS only provided for a single patient.
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