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Abstract

Background: The coexistence of two morphologically different tumors attached to each other creates a very rare
type of tumor called a collision tumor. Collision tumors containing pituitary adenoma–sellar meningioma have only
been described in four cases to date; we discuss a fifth case harboring a collision tumor comprising a pituitary
corticotroph adenoma and a sellar meningioma in the same anatomic position.

Case presentation: A 34-year-old Caucasian woman presented with menstrual irregularity, severe weakness of the
proximal muscles, and 10–15 kg weight gain within a year. Basal plasma cortisol and adrenocorticotrophic hormone
levels were 17.7 mg/dL and 58 pg/mL, respectively. Her diurnal cortisol rhythm was impaired (plasma cortisol at 23:
00, 18.2 mg/dL) and after a 48-hour, 2-mg dexamethasone suppression test, plasma cortisol level was 13.6 mg/dL.
The results were consistent with a diagnosis of Cushing’s syndrome. We then performed a nocturnal 8-mg
dexamethasone suppression test and the suppression of cortisol was not greater than 50% (21.4 to 19.3). A pituitary
magnetic resonance imaging revealed a tuberculum sellae meningioma arising from within the sellar region. An
operation was chosen in order to examine whether the tumor was an adrenocorticotrophic hormone/corticotropin-
releasing hormone-secreting lesion or if there were any microadenomas that could be observed during the
operation. Via an extended endoscopic endonasal approach the meningioma was resected successfully.
Unexpectedly, our patient complained of nausea and vomiting postoperatively. Plasma cortisol was 2.6 mg/dL and
orally administered hydrocortisone treatment was initiated immediately. Histopathological examination revealed
that the tumor generally consisted of a pituitary corticotroph adenoma infiltrated by meningioma. Our patient
maintained hydrocortisone treatment for 11 months. At the latest visit, she had lost 12 kg, and her hypertension,
menstrual irregularity, and weakness of the proximal muscles had disappeared. Her mental and physical wellbeing
were restored.
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Conclusions: To the best of our knowledge, this is the first report of Cushing’s disease due to a pituitary
corticotroph adenoma adjacent to a meningioma. Even if a high-dose dexamethasone suppression test fails to
suppress basal cortisol level, the importance of considering a suprasellar/sellar meningioma a possible component
of a collision tumor presenting as adrenocorticotrophic hormone-dependent Cushing’s syndrome is highlighted
here.
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Background
Meningiomas are generally slow-growing and benign
tumors of adults and account for approximately 25% of
all intracranial tumors [1]. They typically occur in brain
parenchyma; however, they can also be in sella turcica,
representing approximately 1% of all sellar masses [2].
Suprasellar/sellar meningiomas show a female prepon-
derance and their clinical presentation can range from
incidental finding to symptomatic, such as hypopituit-
arism, visual field disturbances, hyperprolactinemia due
to stalk effect, or a combination of these findings [3, 4].
The coexistence of two morphologically different tu-
mors attached to each other is called collision tumor
and collision sellar tumors are very rare. In a series of
548 transsphenoidally resected pituitary adenomas, col-
lision tumors accounted for 1.46% [5]. Collision tumors
containing pituitary adenoma–sellar meningioma have
been described in only four cases to date [6–8]. As the
fifth case, we present a case harboring a collision tumor
comprising a pituitary corticotroph adenoma and a
sellar meningioma in the same anatomic position.

Case presentation
A 34-year-old Caucasian woman presented with men-
strual irregularity, severe weakness of the proximal mus-
cles in both upper and lower extremities, and 10–15 kg
weight gain within a year. She had a history of hyperten-
sion which was under control by indapamide sustained-
release 1.5 mg/day treatment for the past 2 years. She
was single and had been working at a hospital’s manage-
ment services. She had no history of smoking tobacco or
alcohol consumption. She also denied exposure to any
chemicals or radiation. She reported no family history of
any endocrinopathies. Her mother had history of essen-
tial hypertension for the past 15 years. On examination,
she was awake and oriented in time and space with no
cranial nerve deficit. The proximal muscle strength of
both upper and lower extremities was 3–4/5; the distal
muscle strength of both upper and lower extremities
was 5/5. No pathological finding was reported during an
examination of upper and lower limbs’ reflexes. Her
pulse was 80 beats/minute and blood pressure was 140/
90 mmHg; however, she had truncal obesity even if body
mass index was 28 kg/m2, moon face with plethora, thin

skin, and hirsutism on her chest and abdomen. She had
no striae or ecchymosis on any limb. Her chest and car-
diovascular examinations revealed no abnormality. Her
bone mineral density had decreased to − 3.0 SD of Z-
score.
Initial laboratory tests revealed serum thyroid-stimulating

hormone level of 2.94 μIU/mL (range 0.38–5.33), free T4
level of 0.68 ng/dL (range 0.6–1.2), and free T3 level of
4.04 pg/mL (range 2.6–4.4). Follicle-stimulating hormone,
luteinizing hormone, and estradiol levels were within nor-
mal range. Basal plasma cortisol and adrenocorticotrophic
hormone (ACTH) levels were 17.7mg/dL and 58 pg/mL,
respectively. Her 24-hour urine free cortisol was 874 nmol/
24-hour (range < 403). Her diurnal cortisol rhythm was im-
paired (plasma cortisol at 23:00, 18.2mg/dL) and after a
48-hour, 2-mg dexamethasone suppression test, plasma
cortisol level was 13.6mg/dL. The results were consistent
with a diagnosis of Cushing’s syndrome. We then per-
formed a nocturnal 8-mg dexamethasone suppression test
and the suppression of cortisol was not greater than 50%
(21.4 to 19.3). The following night, an 8-mg dexamethasone
suppression test was repeated, and the suppression of corti-
sol was still less than 50% (21.4 to 12.5). A pituitary mag-
netic resonance imaging (MRI) revealed a solid mass with
well-defined margin in the anterior part of the gland, which
measured approximately 12 × 7.5mm maximum diameter,
and suggested a tuberculum sellae meningioma arising
from within the sellar region (Fig. 1). A visual field test was
performed due to the close relationship between the lesion
and optic chiasm, but the results were normal. At admis-
sion, her potassium level was 2.9mmol/L and intravenously
administered potassium supplementation (60mEq/day) was
required daily to keep potassium levels normal. Her indapa-
mide treatment was replaced by ramipril 5mg once a day.
High-resolution computed tomography (CT) of her

lungs, 18F-fluorodeoxyglucose (18F-FDG) positron emis-
sion tomography (PET)/CT, 68Ga-DOTATATE PET/CT,
and upper endoscopy/colonoscopy were performed to rule
out any ectopic ACTH-secreting tumor and there was no
pathological finding reported. A corticotropin-releasing
hormone (CRH) test and inferior petrosal sinus sampling
(IPSS) were not performed despite the absence of any dis-
played pituitary tumor, because it was decided to operate
on the meningioma because of its size and localization.
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An operation was also chosen in order to examine
whether the tumor was an ACTH/CRH-secreting lesion
or if there were any microadenomas that could be ob-
served during the operation. In addition, CRH ampul is
not available in our country and it may often be challen-
ging to provide it. Finally, via an extended endoscopic
endonasal approach the meningioma was resected suc-
cessfully. Unexpectedly, our patient complained of nausea
and vomiting postoperatively. Her plasma cortisol and
ACTH levels were 2.6 mg/dL and 39 pg/mL, respectively
and oral hydrocortisone treatment (20mg/day) was initi-
ated immediately. A histopathological examination re-
vealed an unexpected appearance. The tumor generally
consisted of a pituitary adenoma including uniform cell
proliferation which was infiltrated by meningioma in small
groups and storiform patterns. On immunohistochemical
examination, the pituitary adenoma was strongly and dif-
fusely stained with ACTH. Growth hormone (GH) and
p53 staining was not detected; Ki67 index was approxi-
mately 2%. The meningioma cells were stained strongly
with epithelial membrane antigen (EMA) and progester-
one receptor (PR). This staining pattern was in the form
of a mirror. A biopsy was reported as a collision tumor
composed of pituitary corticotroph adenoma according to
the 2017 World Health Organization classification of pitu-
itary adenoma [9] and meningioma (Fig. 2). Our patient
maintained hydrocortisone treatment (20mg/day) for 8
months and treatment was tapered to a stop over the final
3months. At the latest visit, she had lost 12 kg of weight,
and her hypertension, menstrual irregularity, and weakness
of the proximal muscles had disappeared. A laboratory

evaluation had no pathological finding including plasma
ACTH level which was 30 pg/mL. Her mental and physical
wellbeing were restored.

Discussion
As noted above, the etiology of Cushing’s syndrome in
our patient turned out to be a pituitary corticotroph ad-
enoma which was a component of a collision tumor
comprising meningioma as well. It was demonstrated by
both the immunohistochemical examination and the ad-
renal insufficiency developed after surgical resection of
the meningioma. To date, this is the first case report de-
scribing a patient with Cushing’s disease due to a pituit-
ary corticotroph adenoma located in the same anatomic
position as a suprasellar/sellar meningioma, which were
the components of a collision tumor.
Due to their similar imaging characteristics, suprasel-

lar/sellar meningiomas can mimic pituitary adenomas
radiologically [10]. Kwancharoen et al. examined 57
cases of suprasellar/sellar meningiomas and 11% of them
were diagnosed incorrectly as pituitary adenoma [11] or
vice versa. The MRI findings of our patient were re-
ported as tuberculum sellae meningioma arising from
within the sella; on the other hand, the histopathology
report described the lesion as meningioma and pituitary
corticotroph adenoma located in the same anatomic
position. She had no history of receiving any radiother-
apy for a pituitary mass.
Because the actual definition of a collision tumor is a

lesion of two separate tumor types along a shared
border, as described in our patient, the diagnosis of a

Fig. 1 Preoperative and postoperative gadolinium-enhanced magnetic resonance images of the sellar region. a–c Before transsphenoidal surgery,
T1-weighted with contrast sagittal, T1-weighted without contrast coronal, T2-weighted without contrast coronal views, respectively, suprasellar/
sellar lesion, in close relation to optic chiasm. d–f After transsphenoidal surgery, T1-weighted with contrast sagittal, T1-weighted without contrast
coronal, T2-weighted without contrast coronal views, respectively, tumor resection
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collision sellar lesion can only be determined by histo-
logical examination; therefore, preoperative diagnosis is
quite difficult. Most case reports include a pituitary ad-
enoma coexisting with either neoplastic, adenomatous,
congenital, vascular, or inflammatory sellar lesions such
as: another adenoma [5, 6, 12, 13]; craniopharyngioma
[14–18]; schwannoma [5]; hypophysitis [19, 20]; arach-
noid, colloid, and epidermoid cysts [21–23]; gangliocy-
toma [5, 24–26]; Rathke’s cleft cyst [5, 14, 27];
neurosarcoidosis [5, 28]; plasmacytoma [29]; chondroma
[30]; lymphoma [31]; lung cancer metastasis [32]; and
meningioma [6–8].
In the literature, four cases of collision sellar tumors

with pituitary adenoma–sellar meningioma were previ-
ously described, as listed in Table 1. The first one was
reported in 1984 by Banik et al. [6]; the patient was diag-
nosed as having multiple endocrine neoplasia type 1
demonstrating collision tumors of both pituitary and ad-
renal glands. After she died of aspiration bronchopneu-
monia, an autopsy revealed an asymptomatic pituitary
tumor composed of three components: meningioma,
chromophobe, and acidophil adenomas. Second, Karsy
et al. reported a non-secreting pituitary adenoma that
coexisted with sellar meningioma in 2015 [7]. Last, two
patients with acromegaly were described by Zhao et al.
and their histopathological reports displayed collision tu-
mors with GH-secreting pituitary adenomas and sella
meningiomas [8]. On the other hand, plenty of case re-
ports described various coexistent pituitary adenoma
and isolated suprasellar meningioma [33–38]. At this
point, the difference between “coexistent/concomitant”
and “collision” should be underlined. A “collision” tumor

has two different lesions in the same anatomic position,
whereas “coexistent/concomitant” tumors are two differ-
ent lesions at two separate locations.
Preoperatively, the tuberculum sellae meningioma de-

scribed in MRI findings of our patient was considered a
possible etiology of Cushing’s disease. To date, only two
cases with meningioma-induced Cushing’s syndrome
have been reported (in 2003 and 2014) [39, 40] and, in
contrast to our case, they both were with parietal men-
ingiomas secreting CRH.
Unlike collision tumors, the coexistence of pituitary

adenoma and intracranial meningioma outside the sella
is not uncommon [33]. Predisposing conditions such as
radiation, trauma, genetic factors, and chronic inflamma-
tion should be considered. Besides these factors, the
in vivo mechanism of a collision tumor comprising a pi-
tuitary adenoma and meningioma is not fully under-
stood. One suggested mechanism is that GH secretion
induces meningioma formation in patients with GH-
secreting pituitary adenoma [41, 42]. Other possible eti-
ologies beyond stimulation by GH can be paracrine
growth effects of other pituitary hormones, due to hor-
mone receptor immunoreactivity found within the
meningiomatous component of the collision tumor or
the existence of a common progenitor cell of origin as
described in other types of collision tumors [31, 43].

Conclusions
To the best of our knowledge, our case report appears
to be the first one with Cushing’s disease due to a pituit-
ary corticotroph adenoma located in the same anatomic
position as a suprasellar/sellar meningioma, which are

Fig. 2 Histopathological and immunohistochemical evaluation. Hematoxylin and eosin of pituitary adenoma and meningioma, × 100 (a), × 200
(b), adrenocorticotrophic hormone staining in pituitary adenoma, × 200 (c), and epithelial membrane antigen staining in meningioma, × 200 (d)
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the components of a collision tumor. Even if a high-dose
dexamethasone suppression test fails to suppress basal
cortisol level, the importance of considering a suprasel-
lar/sellar meningioma as a possible component of a col-
lision tumor presenting as ACTH-dependent Cushing’s
syndrome is highlighted here. There is still no proven
pathogenetic mechanism explaining the relationship be-
tween a pituitary adenoma and a sellar meningioma lo-
cated in the same lesion. Additional examinations such
as chromosomal analysis with electron microscopy and
immunohistochemical stainings are needed to elucidate
the responsible mechanisms. Transsphenoidal surgery
remains the gold standard treatment for any type of
suprasellar/sellar lesion suspected from imaging findings;
however, it should be undertaken by only experienced
neurosurgeons due to high risk of intraoperative bleed-
ing because of their invasiveness into adjacent structures
and distinct vascular supply.

Abbreviations
18F-FDG: 18F-fluorodeoxyglucose; ACTH: Adrenocorticotrophic hormone;
CRH: Corticotropin-releasing hormone; CT: Computed tomography;
EMA: Epithelial membrane antigen; GH: Growth hormone; IPSS: Inferior
petrosal sinus sampling; MRI: Magnetic resonance imaging; PET: Positron
emission tomography; PR: Progesterone receptor

Acknowledgements
The authors would like to thank all the other colleagues of Departments of
Neurosurgery and Pathology, Kocaeli University, Faculty of Medicine for their
contributions to the management of our patient.

Authors’ contributions
EG, ZC, AS, BÇ, İT, and MS managed the patient. SC and BÇ operated on the
patient. UK and YSG examined the pathological specimen and reported. EG
and AS wrote and edited the manuscript. All authors have read and
approved the final manuscript.

Funding
Not required.

Availability of data and materials
All of the data and materials will be available upon request to the
corresponding author.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and any accompanying images. A copy of the written
consent is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Endocrinology and Metabolism, Kocaeli University, Faculty of
Medicine, 41380 Kocaeli, Turkey. 2Department of Endocrinology and
Metabolism, Anadolu Medical Center, Kocaeli, Turkey. 3Department of
Pathology, Kocaeli University, Faculty of Medicine, Kocaeli, Turkey.
4Department of Neurosurgery, Kocaeli University, Faculty of Medicine,
Kocaeli, Turkey.

Received: 5 February 2020 Accepted: 25 March 2020

References
1. Moshkin O, Albrecht S, Bilbao JM, Kovacs K. Nonpituitary tumors of the

sellar region. In The Pituitary. Cambridge: Academic Press; 2011;655–74.
2. Gutenberg A, Landek-Salgado M, Tzou SC, Lupi I, Geis A, Kimura H, et al.

Autoimmune hypophysitis: Expanding the differential diagnosis to CTLA-4
blockade. Expert Rev Endocrinol Metab. 2009;4:681–98. Expert Reviews Ltd.

3. Nakamura M, Roser F, Michel J, Jacobs C, Samii M, De Tribolet N, et al. The
natural history of incidental meningiomas. Neurosurgery. 2003;53:62–71.

4. Nozaki K, Nagata I, Yoshida K, Kikuchi H, Patterson J, Hardy J. Intrasellar
meningioma: Case report and review of the literature. Surg Neurol. 1997;47:447–54.

5. Koutourousiou M, Kontogeorgos G, Wesseling P, Grotenhuis AJ, Seretis A.
Collision sellar lesions: Experience with eight cases and review of the
literature. Pituitary. 2010;13:8–17.

6. Banik S, Hasleton PS, Lyon RL. An unusual variant of multiple endocrine
neoplasia syndrome: A case report. Histopathology. 1984;8:135–44.

7. Karsy M, Sonnen J, Couldwell WT. Coincident pituitary adenoma and sellar
meningioma. Acta Neurochir. 2015;157:231–3.

8. Zhao Y, Zhang H, Lian W, Xing B, Feng M, Liu X, et al. Collision tumors
composed of meningioma and growth hormone-secreting pituitary
adenoma in the sellar region: Case reports and a literature review. Med
(United States). 2017;96:e9139.

9. Inoshita N, Nishioka H. The 2017 WHO classification of pituitary adenoma:
Overview and comments. Brain Tumor Pathol. 2018;35:51–6. Springer
Singapore.

10. Spallone A. Meningioma as a sequel of radiotherapy for pituitary adenoma.
Neurochirurgia (Stuttg). 1982;25:68–72.

11. Kwancharoen R, Blitz AM, Tavares F, Caturegli P, Gallia GL, Salvatori R. Clinical
features of sellar and suprasellar meningiomas. Pituitary. 2014;17:342–8.

12. Syro LV, Horvath E, Kovacs K. Double adenoma of the pituitary: A
somatotroph adenoma colliding with a gonadotroph adenoma. J
Endocrinol Investig. 2000;23:37–41.

13. Roberts S, Borges MT, Lillehei KO, Kleinschmidt-DeMasters BK. Double
separate versus contiguous pituitary adenomas: MRI features and
endocrinological follow up. Pituitary. 2016;19:472–81. Springer US.

14. Karavitaki N, Scheithauer BW, Watt J, Ansorge O, Moschopoulos M, Llaguno
AV, et al. Collision lesions of the sella: Co-existence of craniopharyngioma
with gonadotroph adenoma and of Rathke’s cleft cyst with corticotroph
adenoma. Pituitary. 2008;11:317–23.

15. Guaraldi F, Prencipe N, Di Giacomo V, Scanarini M, Gasco V, Gardiman MP,
et al. Association of craniopharyngioma and pituitary adenoma. Endocrine.
2013;44:59–65.

16. Jin G, Hao S, Xie J, Mi R, Liu F. Collision tumors of the sella: Coexistence of
pituitary adenoma and craniopharyngioma in the sellar region. World J Surg
Oncol. 2013;11:178. BioMed Central.

17. Bhatoe HS, Deb P, Sengupta SK. Synchronous Morphologically Distinct
Craniopharyngioma and Pituitary Adenoma: A Rare Collision Entity. Brain
Disord Ther. 2016;5.207: 2.

Table 1 Four cases of collision sellar tumors with pituitary adenoma–sellar meningioma

Authors and reference number Age Sex Clinical presentation Histology

Banik et al. [6] 56 F Persistent heartburn and vomiting Non-secreting PA + GH-secreting PA +meningioma

Karsy et al. [7] 70 F Altered mental status, mutism, and incontinence Non-secreting PA +meningioma

Zhao et al. [8] 58 F Acromegaly GH-secreting PA +meningioma

Zhao et al. [8] 58 F Acromegaly GH-secreting PA +meningioma

F female, GH growth hormone, PA pituitary adenoma

Gezer et al. Journal of Medical Case Reports           (2020) 14:59 Page 5 of 6



18. Snyder R, Fayed I, Dowlati E, Seager A, Mason RB. Pituitary Adenoma and
Craniopharyngioma Collision Tumor: Diagnostic, Treatment Considerations,
and Review of the Literature. World Neurosurg. 2019;121:211–6. Elsevier Inc.

19. Saeger W, Hofmann BM, Buslei R, Buchfelder M. Silent ACTH cell adenoma
in coincidence with granulomatous hypophysitis-A case report. Pathol Res
Pract. 2007;203:221–5. Urban & Fischer.

20. Ballian N, Chrisoulidou A, Nomikos P, Samara C, Kontogeorgos G, Kaltsas GA.
Hypophysitis superimposed on a non-functioning pituitary adenoma:
Diagnostic clinical, endocrine, and radiologic features. J Endocrinol Invest.
2007;30:677–83. Springer International Publishing.

21. Güzel A, Er U, Tatli M, Uzunlar AK, Belen D, Bavbek M. Pituitary adenoma
coexisting with a suprasellar arachnoid cyst. Turk Neurosurg. 2007;17:138–41.

22. Nomikos P, Buchfelder M, Fahlbusch R. Intra- and Suprasellar Colloid Cysts.
Pituitary. 1999;2:123–6. Kluwer Academic Publishers.

23. Kaspera W, Bierzyńska-Macyszyn G, Majchrzak H. A case of parasellar tumor
with double histological texture: chromophobe pituitary adenoma and
epidermoid cyst. Neurol Neurochir Pol. 1998;32:987–96.

24. Tajika Y, Kubo O, Takeshita M, Tajika T, Shimizu T, Kitamura K. An intracranial
collision tumor composed of intrasellar gangliocytoma and pituitary
adenoma. Neurol Surg. 1989;17:1181–6.

25. Cossu G, Daniel RT, Messerer M. Gangliocytomas of the sellar region: A
challenging diagnosis. Clin Neurol Neurosurg. 2016;149:122–35. Elsevier.

26. Heng LJ, Jia D, Gong L, Zhang W, Ma J, Qu Y. Endoscopic Endonasal
Resection of a Mixed Lesion of Gangliocytoma and Nonfunctioning Pituitary
Adenoma. World Neurosurg. 2017;106:1050.e1–6. Elsevier.

27. Chaudhry NS, Raber MR, Cote DJ, Laws ER. Spontaneous pituitary adenoma
occurring after resection of a Rathke’s cleft cyst. J Clin Neurosci. 2016;33:247–51.

28. Rubin MR, Bruce JN, Khandji AG, Freda PU. Sarcoidosis within a pituitary
adenoma. Pituitary. 2001;4:195–202.

29. Rivera J, Alves S, Bianchi CC, Al-Mutawa N, Guiot MC, Zeitouni A. An unusual
collision tumor comprising a prolactinoma and a plasmocytoma originating
from the sellar region. Pituitary. 2010;13:189–93.

30. Sahli R, Christ E, Kuhlen D, Giger O, Vajtai I. Sellar collision tumor involving
pituitary gonadotroph adenoma and chondroma: A potential clinical
diagnosis. Pituitary. 2011;14:405–8.

31. Ban VS, Chaudhary BR, Allinson K, Santarius T, Kirollos RW. Concomitant
primary CNS lymphoma and FSH-pituitary adenoma arising within the sella.
Entirely Coincidental? Neurosurgery. 2017;80:E170–5.

32. Sogani J, Yang W, Lavi E, Zimmerman RD, Gupta A. Sellar collision tumor
involving metastatic lung cancer and pituitary adenoma: Radiologic-pathologic
correlation and review of the literature. Clin Imaging. 2014;38:318–21.

33. Abs R, Parizelb PM, Willems PJ, Van De Kelft E, Verlooy J, Mahler C, et al. The
association of meningioma and pituitary adenoma: Report of seven cases
and review of the literature. Eur Neurol. 1993;33:416–22.

34. Mahvash M, Igressa A, Pechlivanis I, Weber F, Charalampaki P. Endoscopic
endonasal transsphenoidal approach for resection of a coexistent pituitary
macroadenoma and a tuberculum sellae meningioma. Asian J Neurosurg.
2014;9:10–3. Wolters Kluwer -- Medknow Publications.

35. Laun A, Lenzen J, Hildebrandt G, Schachenmayr W. Tuberculum sellae
meningioma and hypophyseal adenoma in a woman. Zentralbl Neurochir.
1993;54:119–24.

36. Jaskolski DJ, Jakubowski J. Association of suprasellar meningioma with
pituitary adenoma. Zentralbl Neurochir. 1990;51:229–31.

37. Prevedello DM, Thomas A, Gardner P, Snyderman CH, Carrau RL, Kassam AB.
Endoscopic endonasal resection of a synchronous pituitary adenoma and a
tuberculum sellae meningioma: Technical case report. Neurosurgery. 2007;
60:E401. Oxford University Press.

38. Amirjamshidi A, Mortazavi SA, Shirani M, Saeedinia S, Hanif H. Coexisting
pituitary adenoma and suprasellar meningioma—a coincidence or
causation effect: report of two cases and review of the literature. J Surg
Case Reports. 2017;2017:1–4.

39. Pecori Giraldi F, Terreni MR, Andreotti C, Losa M, Lanzi R, Pontiroli AE, et al.
Meningioma presenting with Cushing’s syndrome: An unusual clinical
presentation. Ann Neurol. 2003;53:138–42.

40. Tung SC, Lan J, Lui CC, Lee TC. Meningioma-induced Cushing’s syndrome
due to ectopic production of corticotropin-releasing hormone: A case study
of clinical presentation. Kaohsiung J Med Sci. 2014;30:260–1.

41. Furtado SV, Dadlani R, Ghosal N, Mahadevan A, Shankar SK, Hegde AS. Co-
existing thyrotropin secreting pituitary adenoma and low grade glioma:
clinical considerations and literature review. J Neurosurg Sci. 2009;53:71–5.

42. Black PM, Carroll R, Glowacka D, Riley K, Dashner K. Platelet-derived growth
factor expression and stimulation in human meningiomas. J Neurosurg.
1994;81:388–93.

43. Finzi G, Cerati M, Marando A, Zoia C, Ferreli F, Tomei G, et al. Mixed pituitary
adenoma/craniopharyngioma: Clinical, morphological, immunohistochemical
and ultrastructural study of a case, review of the literature, and pathogenetic
and nosological considerations. Pituitary. 2014;17:53–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Gezer et al. Journal of Medical Case Reports           (2020) 14:59 Page 6 of 6


	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

