Journal of Cancer Research and Clinical Oncology (2021) 147:2337-2347
https://doi.org/10.1007/500432-021-03697-1

REVIEW - CLINICAL ONCOLOGY q

Check for
updates

Pituitary apoplexy induced by gonadotropin-releasing hormone
(GnRH) agonist administration for treatment of prostate cancer:
a systematic review

Rishi Raj' @ - Ghada Elshimy?® . Aasems Jacob®® - P.V. Akhila Arya®*® . Dileep C. Unnikrishnan®
Riccardo Correa®® - Zin W. Myint’

Received: 4 June 2021/ Accepted: 14 June 2021 / Published online: 22 June 2021
© The Author(s) 2021

Abstract

Objective We aimed to review of literature on the clinical presentation, management and outcomes of pituitary apoplexy
following gonadotrophic release hormone (GnRH) agonist administration for the treatment of prostate cancer.

Methods We used PRISMA guidelines for our systematic review and included all English language original articles on pitui-
tary apoplexy following GnRH agonist administration among prostate cancer patients from Jan 1, 1995 to Dec 31, 2020. Data
on patient demographics, prostate cancer type, Gleason score at diagnosis, history of pituitary adenoma, clinical presentation,
GnRH agonist, interval to pituitary apoplexy, laboratory evaluation at admission, radiologic findings, treatment of pituitary
apoplexy, time to surgery if performed, pathology findings, and clinical/hormonal outcomes were collected and analyzed.
Results Twenty-one patients with pituitary apoplexy met our inclusion criteria. The mean age of patients was 70 (60-83)
years. Leuprolide was the most common used GnRH agonist, used in 61.9% of patients. Median duration to symptom onset
was 5 h (few minutes to 6 months). Headache was reported by all patients followed by ophthalmoplegia (85.7%) and nausea/
vomiting (71.4%). Three patients had blindness at presentation. Only 8 cases reported complete anterior pituitary hormone
evaluation on presentation and the most common endocrine abnormality was FSH elevation. Tumor size was described
only in 15 cases and the mean tumor size was 26.26 mm (18—-48 mm). Suprasellar extension was the most common imag-
ing finding seen in 7 patients. 71.4% of patients underwent pituitary surgery, while 23.8% were managed conservatively.
Interval between symptoms onset to pituitary surgery was 7 days (1-90 days). Gonadotroph adenoma was most common
histopathologic finding. Clinical resolution was comparable, while endocrine outcomes were variable among patients with
conservative vs surgical management.

Conclusion Although the use of GnRH agonists is relatively safe, it can rarely lead to pituitary apoplexy especially in
patients with pre-existing pituitary adenoma. Physicians should be aware of this complication as it can be life threatening.
A multidisciplinary team approach is recommended in treating individuals with pituitary apoplexy.

Keywords Endocrine system - Pituitary disorders - Pituitary apoplexy - Gonadotropin-releasing hormone (GnRH) agonist -
Prostate cancer - Contraindications and precautions - Drugs: endocrine system - Drugs: prostate cancer

Abbreviations N/V Nausea/vomiting
n Number OP Ophthalmoplegia
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EP Eye pain
B Blindness
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LH Luteinizing hormone
FSH Follicle secreting hormone

GH Growth hormone

IGF-1 Insulin-like growth factor-1
CR Complete resolution

PR Partial resolution

NR No resolution
Introduction

Pituitary apoplexy (PA) is a rare but potentially life-threat-
ening condition of bleeding into the pituitary gland that
occurs in 0.6-10% of patients with known pituitary tumors
(Nielsen et al. 2006). Only 10-40% of the cases of PA have
an identified precipitating factor including the possibilities
of angiographic procedures, orthopedic/cardiac surgeries,
dynamic testing or medications such as GnRH agonists,
anticoagulation therapy and dopamine agonists. Symptoms
are broad and range from sudden onset of headache, ocular
paresis, reduction in visual fields, and vomiting to altered
mental status caused by the rapid enlargement of the pitui-
tary gland due to bleeding and/or infarction usually within
a tumor (Nielsen et al. 2006; Fraioli et al. 1990; Bonicki
et al. 1993). Gonadotropin-releasing hormone (GnRH) ago-
nists have been used in the management of different condi-
tions including prostate cancer, precocious puberty, uterine
bleeding due to endometriosis, as a transgender medicine,
and fibroid treatment among others. Androgen deprivation
therapy (ADT), consisting of GnRH agonists (leuprolide
acetate, goserelin and triptorelin) or GnRH antagonists
(degarelix and relugolix), is the treatment foundational
treatment for advanced prostate cancer. GnRH agonists
work by suppressing luteinizing hormone (LH) production
and, therefore, the synthesis of testicular androgens. There
have been few reported cases of PA following use of GnRH
agonists in patients with prostate cancer. The diagnosis of
PA requires a very high index of suspicion. The treatment
of PA has remained controversial and was previously con-
sidered a neurosurgical emergency (Fraioli et al. 1990; Bon-
icki et al. 1993) but recent literature suggests the existence
of spontaneous clinical recovery, and favors a conservative
approach in individualized cases (Rajasekaran et al. 2011;
Capatina et al. 2015). The outcomes of pituitary apoplexy
are highly variable and can result in a rapid decline in clini-
cal status ranging from subarachnoid hemorrhage or cerebral
ischemia, or the patient may have a spontaneous recovery
with or without any sequelae. Our study aimed to review
the literature of pituitary apoplexy following androgen dep-
rivation therapy for prostate cancer using GnRH agonists
and characterize the clinical presentation, management and
outcomes. Healthcare professionals should be aware of the

@ Springer

association between GnRH agonist use and PA to enable an
early recognition and prompt treatment.

Methods
Search strategy

We identified all the peer-reviewed published literature
pertaining to pituitary apoplexy following GnRH agonist
administration for the treatment of prostate cancer from
Jan 1, 1995 to Dec 31, 2020. We adopted Prisma guide-
lines for our systematic review and used electronic data-
base of MEDLINE, Web of Science, Scopus, and Cochrane
Library to identify all the related articles published by Dec
31, 2021. The following keywords were used: “Pituitary
Apoplexy”, “Cerebral Hemorrhage”, “Pituitary Diseases”,
“Pituitary Neoplasms”, gonadotropin-releasing hormone
(GnRH), “Gonadotropin-Releasing Hormone”, “gonado-
tropin-releasing hormone agonist”, “Prostate Cancer” and
“Prostatic Neoplasms”. The identified articles were assessed
for inclusion independently by two authors (GE, RR) and
divergences were unified through discussion. Eligibility cri-
terion for inclusion in the review was the event of pituitary
apoplexy following GnRH agonist administration for the
treatment of prostate cancer. Only manuscripts in English
language were included in the study. A Prisma flow chart
showing the process of identification of articles via data-
bases is shown in Fig. 1.

Data collection

The information extracted from the selected publications
were as follows: author, year, study design, patient demo-
graphics, prior history of pituitary adenoma, clinical signs/
symptoms at presentation, type of GnRH agonist used,
interval to pituitary apoplexy following GnRH agonist use,
laboratory evaluation on admission, radiologic findings on
presentation, treatment method, time to surgery after presen-
tation, pathology findings, and clinical/hormonal outcome.

Data analysis

Categorical variables were reported as percentage and con-
tinuous variables as means or medians. For the parametric
variables, we used 7 test for analysis. For the non-parametric
variable, we used Wilcoxon test for analysis. All the statisti-
cal analyses were performed using SPSS 26.0. Clinical fea-
tures and efficacy outcomes were not statistically analyzed
further due to small sample size and inconsistency in data
reporting.
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Fig. 1 Prisma flow chart for
identification of studies via

[ Identification of studies via databases and the study selection process ]

databases and the study selec-
tion process
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N screening:
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> Non-English Literature (n =2)
Comment to Letter to Editor
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(n = 21)
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Results
Baseline characteristics (Tables 1 and 2)

We identified a total of 66 published articles between 1995
and 2020 on database search and 21 cases fulfilled inclu-
sion criteria (Ando et al. 1995; Chanson and Schaison 1995;
Morsi et al. 1996; Reznik et al. 1997; Eaton et al. 2001;
Spengos et al. 2002; Blaut et al. 2006; Davis et al. 2006;
Massoud et al. 2006; Hands et al. 2007; Guerra et al. 2010;
Sinnadurai et al. 2010; Ito 2011; Huang et al. 2013; Babbo
et al. 2014; Guerrero-Pérez et al. 2015; Sasagawa et al. 2015;
Fabiano and George 2016; Keane et al. 2016; Tanios et al.
2017; Barbosa et al. 2020). The mean age of the patients
was 70 years. Among the reports which disclosed details
about prostate cancer, 38.1% were local or locally advanced
prostate cancer and 14.3% were recurrence after prior local
treatments. Only 5 cases reported Gleason score and PSA
levels at presentation were inconsistently reported. Only 3
patients (14.3%) had a prior history of pituitary adenoma.
Sixty-two (62) % of the patients received leuprolide. The
doses of leuprolide associated with pituitary apoplexy var-
ied; three patients used 11.25 mg dose, two were on 3.75 mg,
two received 45 mg and one each on 2.5, 22.5, and 30 mg;
in three patients the dose of leuprolide was not reported.
Among the five patients who received goserelin, four had

3.6 mg subcutaneous dose, while one patient had a subcu-
taneous implant. One patient each received triptorelin 3.75
and 22.5 mg triptorelin, while in one patient dose was not
reported. 7 out of the 21 patients also received prior/concur-
rent antiandrogen therapy.

Clinical presentation (Table 3)

Thirteen (61.9%) patients developed symptoms within 24 h
of administration of GnRH agonist, while eight patients
(38.09%) developed symptoms between 1 day and 6 months.
Median duration to onset of symptoms or diagnosis of apo-
plexy post-GnRH administration was 5 h. Four patients who
were on prior/concurrent anti-androgen therapy had early
onset PA.

All patients had headache as the initial presenting symp-
tom. Twenty patients (95.2%) had visual symptoms at pres-
entation with ophthalmoplegia present among 18 and visual
field defect in 9 patients. Three patients had blindness at
presentation.

Laboratory findings at presentation (Table 3, Fig. 2)
Only 8 patients had reported complete anterior pituitary

hormone evaluation and 16 cases had at least one pituitary
hormone evaluation reported. The most common endocrine

@ Springer



Journal of Cancer Research and Clinical Oncology (2021) 147:2337-2347

2340

dojo do
dN ¥D ‘IA JO D AN  sfep o1 A108mg VA ‘AA ‘A/N ‘H smoy mog  G/’°¢ ‘oproidnory an LLIV (€107) Sueny 1
dN 14D1/HD
pue HSL ‘HLOV dA (1011p3 01
"HSA/HT[BWION  JO YD ‘dO J0 YD HSA AN ‘A1031ng dO dA ‘H sKep 6 9°¢ ‘UIAIs0D) AN 8L/AN 1w (1107) 0 €1
do‘d
AN 930 ¥d A J0 D HSA‘HT  skepy ASmS ‘YA ‘A ‘A/N ‘H sjeem g N ‘UI[RIIS0D dN  14aN  (0107) rempeuurs g
an daN H1 AN ‘A103Ing dO‘H smoy Mo AN ‘oproidnory daN  09/VV (0107) 1IN ]
aN
[ADI/HD ‘HSA
‘H'T “seuowioy
ProIAyy/proxa)s SINV
yuoweoe[dor ug gJ0 4D HT AN ‘A1e3Img ‘d ‘dO ‘A/N ‘H Uy §'7e oprordnay daN  09/aN (L00T) sPueH 01
K1331ms Areymyd
-3sod dn-mojjoj do Jo W
lou pIp Juened AN D ‘AA Jo D HSA dN A3m§ ‘4O ‘dA ‘A/N ‘H smoy Mo (g ‘oproidnory daN  19/VV (9000) s1ee@ 6
dN 1401
/HO "MO[ HSA
/H1 ‘seuourioy
Pp1o1AY3/p1oIa)S aATe3ou Td
Judwadedar uQ dOJo¥Dd  Pue HLOV ‘HO AN ‘A1R3m§ SV ‘dO ‘A/N ‘H 49—+ 9°¢ ‘UI[a19500) dN  89/aN (9007) merg 8
do
AN Jo¥d A Joud HTpPue HSA spuow ¢ ‘K103mng dO ‘dA ‘H skep 01 GT'11 ‘oprjoidne] aN 0L/ (9007) pnosse]y L
aN aN VN  pouueld £108Img N ‘dO ‘A/N ‘H squowr 9 N “oprjordnay aN  vL/AN  (200T) soSueds 9
dN 1401
/HO Pue HSA
/H1 hmoﬁowﬁuos
PIOIAY)/PTOIIS dO UrdN ‘g SNV
yuowadeidorug  urId ‘dA Jo ud HT ‘HSd Y ¢ ‘K108mg ‘d ‘AA ‘A/N H 187 9°¢ ‘UI[2I2S0D) aN  L9/aN (To0g) uoreg ¢
aN aN HT ‘HSd AN ‘A103mg dO‘H skepy  GL'¢ ‘oprjordna] dN  +9/aN (Le6D) Muzay ¢
K1331ms SINV ‘dO
dN  -1sod Kep-g[ parq  HO pue H'1 ‘HSA skep ¢ ‘A103mg VA ‘dd ‘A/N ‘H un gy 'z ‘oprjordnay aN  $L/AN (9661) ISION ¢
AN 1401
/HD ‘HSL ‘HLOV (1011p2 01 1ORAT)
"HSA USTH ‘H'I MO dO Jo¥D VN QAIIBAIOSUOD) dO ‘H sojnur Mo - G/ '¢ ‘urferoduiy, aN  8L/AN  (S661) uosueq) ¢
AN 1491
/HO pue HSA/H'1
hmw.ﬁ ‘SPIOJI2)S SINV COﬁﬁu 0] 19}
Juowoeoedor ug dA JO D VN QATJEAIOSUOD) ‘A ‘dA ‘A/N ‘H sAep 6 9°¢ ‘UIRIAS0D) AN  €8/AN -®TD (S661)opuy |
uorIs9[
K1981ms Axard Areymyd
QUIOJINO [RUOUWLIOH  SQWIOJ)NO [BITUT[D) DHI/ASo[oyieq 0} QW JUSWIIBAI], S9IN)RIJ [BITUT]D) -ode 03 rearoyuy  (Swr) asop ‘Inig Joug aSe/ooey Ieok/1oyIny  ON

190uEd JeIsoid Jo Juounean 10j (HYun) sisiuoe suowrioy Jursesfar-urdonopeuos jo uonensiurwpe Juimoljoj Axardode Areyrmyid yiim pasouserp sjuanied Jo sonsLIAIORIBYD [BOIUID | 3d]qeL

pringer

fH's



2341

Journal of Cancer Research and Clinical Oncology (2021) 147:2337-2347

uonn[osal oN YN ‘uonnjosar fented y4 ‘uonnjosar ajo[dwiod ¥ 1-10308] YIMoI3 YI[-ul[nsu] 7-79] ‘undejoid 7y 4 ‘Quowrioy yimoi3 o ‘Quouioy 3unaIdas J[oI[[0) HS./ ‘Quowioy JuIZiuriny
H7 “Quowioy Sunenuwins proify) gs 7 ‘duourioy drgdonodoniodoudipe g )y ‘wisiduruaw py ‘ssaupul[q g ‘ured oKo g7 ‘snieis [ejudw pardlfe SV ‘10Ad) o ‘eiqoydoloyd g 1095op A1noe [ensia
VA 999J9p pIoy [ensia JA ‘erdordoweyiydo go ‘Sunimoa/easneu A/N ‘QUOBpeay A ‘Paqriosap jou (JN ‘UROLIOWY—URILYY VY ‘URISY Y ‘URISEONE)) ) ‘Ioquinu ¢ ‘ANSTWYO0ISTYOUNWWI DT

AdN 14DI/HD

pue HSL ‘HSA

/HT 807 ‘pro1als
juowoe[dar uQ

AaN 1451

/HD pue HSA

/HT ‘HSL "pro1as
juowaoe[dar uQ

[dDI/HD pue
HSd ‘HT ‘HSL
‘H1OV [BwIoN

HS4

/HTMOT T4D1

/HD Pue ‘HSL
‘H1OV [BuIoN

AN [d4DI/HD

pu® HSL ‘HSd

/HT #07 ‘plo1als
juowaoe[dar uQ

1401

/HO pue HSH/H'1
[eWLION] "QUOWIOY

proIfy} pue proIdls
juowoe[dar uQ
[dDI/HD

pue HSA/HT ‘HSL
‘HLDV [eWION

dOJO¥d

aN

dA JOIN

dOJO¥D

aN

dOJOo¥d

dOJo¥d

VN

VN

VN

HT1HSd

aN

HT1 ‘HSd

HSd ‘HT

QATIBAIOSUOD)

QATIBAIISUOD)

QANIBAIISUOD)

skep ¢ ‘A1931g

AN ‘A1931g

skep (g ‘K1931ng

skep ¥ ‘193§

dO ‘A/N‘H

dd‘d ‘A/N ‘H

SINV ‘dA ‘A/N ‘H

dO dA ‘H

dO ‘A/N‘H

dO ‘A/N‘H

dO ‘A/N‘H

SOINUILE M3

Uy

skep ¢

skep 41

Ul

urw

SInoy maq

Gy ‘oprjordna SO

Sy “oprjoxdno] an

ST'T1 ‘oprjoidnoy aN

AN ‘urproyduiy, SOX

¢z ‘urpioyduy, an

ST'I1 ‘oprjordna] SOX

AN ‘oprjoxdnoy aN

69/AN

S8/AN

£9/AN

L9/AN

LLIAN

C9/AN

09/VV

(0T07) vsoqreg  1¢

(L107) somuey, 0

(9100) oueilqeq 61

(9107) dueay 81

(1031p3 03 1913977)

(S107) 01011900 L]

(S10Q) emeSeses 9]

(r100) oqqeg  S1

QWIOIINO JeuOW.IOH

SOWOoINO [BOIUID)

OHI/A3010y1ed

K1931ms
0] SUIN/JUSUIBAIL],

SoINJBoJ [BOTUI)

Axard
-ode 03 eAIOIUT

uoIso[
Areyrmyd
(Sur) asop ‘Sniq

Joug aSe/ooey

Ieak/1oyIny  ON

(ponunuod) | 3jqeL

pringer

a's



2342

Journal of Cancer Research and Clinical Oncology (2021) 147:2337-2347

Table 2 Baseline characteristics of patients treated with GnRH ago-
nist for prostate cancer

Variables n (% or range)
Age (mean) 70 (60-83)
Race
African American 3(14.3%)
Asian 1(4.8%)
Caucasian 1(4.8%)
Unknown 16 (79.2%)
Prior history of pituitary adenoma
Yes 3(14.3%)
Unknown 18 (85.7%)
No 0
Prostate cancer stage
Local/locally advanced 8 (38.1%)
Metastatic 4 (19%)
Recurrent 3(14.3%)
Unknown 6 (28.6%)
Grade group (Gleason score) at diagnosis
1(<6) 2 (9.5%)
2(3+4=17) 2 (9.5%)
3(4+3=7) 0
4(8) 14.7%)
5(9,10) 2 (9.5%)
Unknown 14 (66.7%)
Prior prostatectomy 5(23.8%)
GnRH agonist used
Leuprolide 13 (61.9%)
Goserelin 5(23.8%)
Triptorelin 3(14.3%)
Use of anti-androgen therapy
Cyproterone acetate 3(14.3%)
Bicalutamide 2 (9.5%)
Flutamide 1(4.7%)
Used (drug name not mentioned) 14.7%)
No/unknown 14 (66.7%)

abnormality on presentation was follicle-stimulating hor-
mone (FSH) elevation (n=6) followed by thyroid-stimu-
lating hormone (TSH) deficiency (n=06) and low prolactin
levels (n=5). One patient had hyponatremia secondary to
Syndrome of Inappropriate Anti Diuretic Hormone (STADH)
and another patient had central diabetes insipidus.

Imaging findings (Table 3)

Tumor size was described in only 15 cases. The mean
maximum dimension was 26.26 mm (range: 18—48 mm).
Nine cases described the tumor volume, with a mean
volume of 9600 mm? (range: 4000-50,400 mm?). Seven
patients had suprasellar extension, 5 with cavernous sinus

@ Springer

Table 3 Clinical, laboratory and radiographic presentation at the time
of pituitary apoplexy among patients with prostate cancer treated
with GnRH agonist

Variable N or median (% or range)

Interval to apoplexy

Early Onset (<24 h) 13 (61.9%)
Median duration of onset 13.4 h (5 min—6 h)
Late onset (>24 h) 8 (38.09%)

Median duration of onset 8.9 days (3 days—6 months)

Clinical presentation

Headache 21 (100%)
3rd/4th/6th cranial nerve 18 (85.7%)
palsy

Nausea/vomiting 15 (71.4%)
Visual field defect 9 (42.9%)
Altered mental status 6 (28.6%)
Visual acuity defect 3(14.3%)
Blindness 3(14.3%)
Eye pain 2 (9.6%)
Meningism 2 (9.6%)
Fever 1(4.8%)
Photophobia 1(4.8%)

Central Hormone levels Normal Deficient Elevated Unknown
Prolactin 7 5 2 7
ACTH 5 3 0 13
LH 8 4 4 5
FSH 6 4 6 5
TSH 7 6 0 8
GH/IGF-1 6 4 0 11

Imaging findings®

Mean maximum dimen- 26.3 mm (18-48 mm)
sion 9600 mm?® (4000-50,400 mm?)

Mean volume 11 (52.4%)
Suprasellar extension 9 (42.9%)
Cavernous sinus extension 1 (4.8%)

Infrasellar extension

“Tumor size was described in only 15 out of 21 cases

extension and 4 had both suprasellar and cavernous sinus
extension. Infrasellar extension was rare with only one
reported case.

Management

Among 21 patients, 15 (71.4%) underwent pituitary sur-
gery, while 5 (23.8%) were conservatively managed. One
patient had surgery planned but not reported as com-
pleted. Among patients managed with pituitary surgery,
the interval between symptoms onset to pituitary surgery
was approximately 7 days (range: 1-90 days).
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Fig.2 Endocrine abnormalities ® Normal m Deficient ® Elevated Unknown
at presentation reported among
the study patients 25
20
0 15
z L
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0
Prolactin ACTH TSH GH
Unknown 7 13 5 5 8 11
W Elevated 2 0 4 6 0
m Deficient 5 3 4 4 6 4
H Normal 7 5 8 6 7

Pathology

Pathologic findings were described among 12 out of the
15 patients who underwent surgical treatment for pituitary
apoplexy. 10 tissue samples were LH and FSH positivity by
immunohistochemistry, while one was GH positive. Two tis-
sue samples were inconclusive on analysis with hematoma
and necrotic tissue identified.

Outcomes (Tables 4 and 5)

All patient who underwent pituitary surgery had
complete or partial resolution of symptoms. Conservative
management resulted in complete resolution of symptoms
in 3 patients, while 1 patient had a persistent visual field
defect. Endocrine outcomes were variable for surgical

as well as conservative management. Patients with

HORMONE ABNORMALITIES

hormonal abnormalities at presentation continued to
have persistent abnormalities post-management, whether
surgical or conservative. Two patients who underwent
surgical management died. One patient died of cardiac
arrest 12-day post-surgery and another patient died of
complications from malignant melanoma 8 months later
(Morsi et al. 1996; Eaton et al. 2001).

Post-PA prostate cancer treatment

Treatment of prostate cancer after PA was not described in
11 patients. Among the five patients treated conservatively,
one patient received radiation treatment for prostate cancer
following PA and the management of prostate cancer was
not described in the rest (Barbosa et al. 2020).

Among 15 patients treated with surgery, 7 did not
describe further management of prostate cancer. One patient

Table 4 Reported clinical
outcomes after surgical and

Clinical Outcomes

Post-surgical management

Post-conservative management

. (n=15,71.4%) (n=5,23.8%)
conservative management of
pituitary apoplexy CR PR NR ND CR PR NR ND
Visual field defect 4 2 0 9 1 0 1 3
Blindness 2 0 12 0 0 0
Ophthalmoplegia 7 0 7 2 0 0 3

CR Complete resolution, PR partial resolution, NR No resolution, ND not described

Surgery was planned in article by (Spengos et al. 2002), and hence was not included in outcome analysis

@ Springer
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Table 5 Reported hormonal
outcomes after surgical and

Hormonal outcomes

Post-surgical management

Post-conservative management

. (n=15,71.4%) (n=5,23.8%)
conservative management of
pituitary apoplexy Def No Def Unknown Def No Def Unknown
ACTH 5 2 8 3 1 1
TSH 4 2 1 4
LH/FSH 3 3 9 28 1 2
GH/IGF1 0 3 12 0 1 4

Def Deficiency, ACTH adrenocorticotrophic hormone, TSH thyroid stimulating hormone, LH luteinizing
hormone, FSH follicle secreting hormone, GH growth hormone, /GF-1 Insulin-like growth factor-1

In one patient, LH was deficient; however, FSH remained high post-conservative management

with locally advanced prostate cancer had a normal testos-
terone level after surgery and was on observation for pros-
tate cancer with stable prostate specific antigen (PSA) levels
after 1 year (Massoud et al. 2006). GnRH agonist rechal-
lenge was attempted in 4 patients. As reported by Reznik
et al., leuprolide rechallenge failed to suppress LH/FSH and
testosterone. This patient was treated with flutamide and
underwent orchiectomy (Reznik et al. 1997). The other 3
patients had successful rechallenge with GnRH agonists
(Blaut et al. 2006; Davis et al. 2006; Sasagawa et al. 2015).

Two patients received androgen receptor blocker—bicalu-
tamide only (Sinnadurai et al. 2010; Ito 2011), while one
patient had radiation treatment in addition to bicalutamide
(Babbo et al. 2014). Degarelix and radiation was used for
prostate cancer management in the report from Keane et al.
(2016).

Discussion

Our review focused on patients receiving a GnRH agonist as
part of ADT for treatment of prostate cancer who developed
PA. The mean age of patients included in the series corre-
sponds to the peak age of prostate cancer diagnosis, which
is between 65 and 74 years (National Cancer Institute’s Sur-
veillance, Epidemiology, and End Results program 13). PA
was reported with 3 of the currently FDA approved GnRH
agonists—goserelin, leuprolide and triptorelin—and there
were no available reports of associated PA with buserelin
or histrelin.

A history of pituitary adenoma prior to presentation was
reported only in 3 cases. However, previously undiagnosed
adenomas could have been present in additional cases con-
sidering the estimated prevalence of pituitary adenoma
to be 77.6 per 100,000 in general population (Fernandez
et al. 2010). Although early presentation (within 24 h) was
more common, unusually late presentation at 8 weeks and
6 months was also observed (Spengos et al. 2002; Sinnadurai
et al. 2010). Clinical presentation was variable. Headache
was the most frequent and the earliest of symptoms, which
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occurred in all of the patients described. This symptom
could be explained by the stretching and stimulation of the
hypophyseal capsule, with increased intracranial pressure
and/or hemorrhage into the subarachnoid space (Li et al.
2020). Cranial nerve palsies and systemic symptoms such
as nausea and vomiting were also common.

Though limited in number of case reports have suggested
a causative role of GnRH agonists in development of PA,
but the exact pathophysiology is not well established. When
administered, GnRH agonists binds to GnRH receptors on
pituitary gonadotropin-secreting cells and stimulate gonado-
tropin secretion: FSH and LH. The GnRH agonists are more
potent and have a longer half-life than native GnRH. With
the initiation of GnRH agonist treatment there is a dramatic
and transient surge of LH and FSH before the levels fall. This
LH flare, might, in addition, correlate to transient prostate
cancer growth as well as with an increase in size of occult
pituitary tumors (Rajasekaran et al. 2011; Capatina et al.
2015). The unique rich vasculature of the pituitary gland,
combined with the fragility of the tumor blood vessels can
further exacerbate the hemorrhagic tendency. The expand-
ing pituitary tumor, which results from the hemorrhage in
the adenoma leads to the compression of the infundibular
and hypophyseal vessels, which can ultimately results in
pituitary infarction (Blaut et al. 2006; Li et al. 2020; Abbott
and Kirkby 2004; Briet et al. 2015; Powell et al. 1974).
Another study suggested that pharmacological agents may
stimulate the growth of the pituitary adenoma and also can
have a direct impact on a tumor’s microvasculature leading
to vasoconstriction with subsequent impairment of oxygen
and nutritional supply of pituitary adenomas (Okuda et al.
1994). Gonadotroph adenomas, the majority of which are
non-functioning adenomas, are the most common adenomas
associated with the occurrence of PA. This is consistent with
our review, where the majority of PA were found to be gon-
adotroph adenomas on histopathological examination and
were silent pituitary adenoma until presentation as PA.

Endocrine hormone evaluation at the onset of PA was
mentioned in most cases, however, was incomplete espe-
cially regarding values of ACTH and GH/IGF1. Many of the



Journal of Cancer Research and Clinical Oncology (2021) 147:2337-2347

2345

Table 6 Key points in diagnosis, management and follow-up of pituitary apoplexy in patients with prostate cancer treated with GnRH agonist

therapy®

1. Suspected pituitary apoplexy (acute severe headache), perform thorough history and physical and look for neuro-ophthalmic symptoms

2. Assess vital signs and fluid status. Urgent biochemical assessment with full blood count, coagulation studies (requirement for surgical man-
agement), urea and electrolytes (hyponatremia in 40% patients), liver function test and detailed endocrine assessment (IGF1, GH, Prolactin,
TSH, Free T4, LH, FSH, ACTH, cortisol, and testosterone; as baseline and to rule out hypopituitarism, which occurs in 50-80% patients.) If
possible, laboratory work up should be done prior to administration of steroids.)

3. Urgent steroid and fluid replacement should be considered for hemodynamic instability

4. Urgent MRI or dedicated pituitary CT if MRI is contraindicated to confirm diagnosis

5. Evaluation by multidisciplinary team including endocrinologist, ophthalmologist and neurosurgeons after confirmation of diagnosis. Consid-
eration of surgical vs conservative management based on clinical status, patient and physician decision

6. Rechallenge of ADT with GnRH analogues not recommended in conservatively managed patients. May consider GnRH antagonists or orchi-

ectomy

7. Follow-up endocrine evaluation and formal ophthalmologic evaluation should be considered at 4—8 weeks following PA. Long-term follow-up
with annual biochemical assessment of pituitary function should also be considered

?Adapted from UK guidelines for the management of pituitary apoplexy (Rajasekaran et al. 2011)

cases also had missing information on pre- and post-treat-
ment for prolactin, TSH, and FSH/LH. Given the patient’s
age group, we would expect some degree of elevation in the
gonadotropin hormones. Despite this, FSH elevation was
present in only 6 cases. Gonadotropin adenoma was also the
most common finding on pathology (silent or non-silent).
Although the majority of patient’s underwent pituitary sur-
gery, the factors determining choice of surgical vs conserva-
tive management were unclear. Irrespective of management
choice, most patients had partial or complete resolution of
symptoms. The development of pituitary hormone defi-
ciency is an expected outcome of surgical management, but
was also present in the conservatively managed patients.

Author’s recommendations

Prostate cancer will rarely metastasize to the brain and
brain imaging is not routinely done for these patients. A
screening pituitary MRI before the use of GnRH agonist
is not cost effective, but we suggest a focused review of
the pituitary gland from prior radiological images if avail-
able. In Babbo et al.’s report, a patient with prior pituitary
microadenoma who underwent ADT did not develop PA
which suggests that not all patients with pituitary adenoma
will develop PA with ADT (Babbo et al. 2014). Hence,
the presence of a pituitary adenoma should not be con-
sidered as an absolute contraindication for ADT. In these
patients as well as those who are at higher risk of PA with
GnRH agonist use, GnRH antagonists such as degarelix
and relugolix may be considered. The role of concurrent
use of antiandrogen therapies such as bicalutamide, fluta-
mide, or cyproterone acetate in this scenario is not clear.
As bicalutamide and flutamide only have peripheral activ-
ity due to poor penetration of blood brain barrier, their use
may have minimal to no effect on pituitary gland (Furr
1996; Sardanons 1989). On the other hand, cyproterone

acetate (not currently FDA approved in United States for
use in patients with prostate cancer) is known to cross
blood-brain barrier (Denmeade and Isaacs 2002). Cypro-
terone acetate is also known to worsen prolactinoma and
hence has the potential to result in PA among patients with
occult or known pituitary adenoma (Raj et al. 2018). In our
review, 3 patients with prior/concurrent use of cyproterone
acetate developed PA.

Patients who develop visual symptoms, headache and
nausea or vomiting after initiation of ADT should promptly
undergo a pituitary hormonal workup and brain imaging
studies for the diagnosis and early appropriate management
of PA. The course of PA is variable and management should
be individualized. A thorough clinical evaluation by a mul-
tidisciplinary team of specialists including neurosurgeons,
endocrinologists, neurologist and oncologist is required,
especially in patients with evidence of pituitary macroad-
enomas prior to the start of these agents. The aim of the
therapy is to improve the patient’s symptoms and relieve
the compression of the surrounding structures. This can be
achieved rapidly by surgical intervention while being mind-
ful of the risks of surgical complications. Other options
include conservative management with high dose steroids,
especially in patients with corticotropic deficiency which
is frequent (Briet et al. 2015). A discussion of risks and
benefits with the patient is recommended prior to choosing
the management route. The available case reports do not
mention treatment-related complications or long-term out-
comes of these patients. We have summarized key elements
in diagnosis and management of PA in patients treated with
GnRH agonists in Table 6.

There are limitations for this retrospective review of the
literature. The case reports lack uniformity and completeness
in describing details of laboratory evaluation and manage-
ment. The language was restricted to English leading to the
exclusion of few case reports. In addition, with very few
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reported cases in the literature and short follow-up, pursuing
a full outcome analysis is not possible.

Conclusion

Use of GnRH agonist in patients with prostate cancer can
lead to endocrine complications including PA. Physicians
should be aware of this complication as it is considered
life threatening and carefully observe the patients during
administration of these pharmacological agents. In addition,
they should inform the patients regarding warning signs and
symptoms that may occur with time, especially in the set-
ting of a prior pituitary adenoma. A careful evaluation by a
multidisciplinary team including endocrinologist, oncologist
and neurosurgeons is needed if PA occurs; an understand-
ing of the risk factors can aid in an early diagnosis and the
management of these patients.
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