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Abstract

Background Ectopic ACTH-secreting pituitary adenoma (EAPA) are a rare cause of Cushing’s disease. Due to the lack of
consensus and experience in terms of the diagnosis and treatment of EAPAs, preoperative identification and optimal treat-
ment remain challenging.

Purpose To investigate the characteristics of EAPAs and offer some proposals for the diagnosis and management of this
uncommon disease, the EAPA patients admitted to our center and all of the EAPA cases reported in the literature were
reviewed.

Methods In a retrospective electronic medical chart review, 6 patients (0.39%) with EAPAs were identified from 1536
consecutive patients who were admitted to our hospital with a diagnosis of Cushing’s syndrome between January 2000 and
August 2019. A literature review was performed on the online databases PubMed and EMBASE, and 52 cases conformed
to the criteria. The data regarding biochemical tests, imaging examinations and follow-ups were analyzed.

Results The mean age of patients with EAPAs was 37.7 years old, and an obvious female predominance (3.5: 1) was dem-
onstrated. The most common location of EAPAs was the cavernous sinus (34.5%), followed by the sphenoid sinus (31.0%)
and the suprasellar region (20.7%). No significant differences in the biochemical test results were found among tumors
in different locations. Except for sex, no risk factors related to remission were found. Although no significant differences
among different locations were found, the tumors in the cavernous sinus had a relatively higher rate of invisibility in terms
of imaging and a higher non-remission rate than tumors in other locations.

Conclusions In patients with negative intrasellar findings, the uncommon disease of EAPA should be considered. Due to
the endocrine similarity between intrasellar pituitary corticotrophin adenoma and EAPA, the preoperative identification of
EAPA depends on a careful review of the imaging examinations. Locations such as the cavernous sinus, sphenoid sinus and
suprasellar region should be considered first. Tumor resection is recommended when the diagnosis is confirmed.
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Abbreviations

ACTH Adrenocorticotrophic hormone

EAPA  Ectopic ACTH-secreting pituitary adenoma

CD Cushing’s disease

DST Dexamethasone suppression test

MRI Magnetic resonance imaging

CT Computed tomography

IPSS  Inferior petrosal sinus sampling

UFC Urine free cortisol

C:P The ratio of the central-to-peripheral ACTH
gradient

TSS Transsphenoidal surgery
CSS Cavernous sinus sampling
Introduction

Cushing’s syndrome is caused by chronic exposure to excess
glucocorticoids. Endogenous Cushing’s syndrome can be
classified into adrenocorticotrophic hormone (ACTH)-
dependent and ACTH-independent causes [1]. ACTH-
dependent Cushing’s syndrome, accounting for approxi-
mately 80% of the total causes, includes excess secretion
of adrenocorticotrophic hormone (ACTH) from a pituitary
tumor (Cushing’s disease, CD) or an ectopic ACTH-pro-
ducing tumor (ectopic ACTH syndrome) [1, 2]. In addition,
there are some cases of ectopic ACTH-secreting pituitary
adenomas (EAPASs), which are a rare cause of CD [3, 4].

Cushing’s syndrome is associated with increased mortal-
ity and results in poor prognosis, especially for non-remis-
sion cases of Cushing’s syndrome, which can lead to a 50%
mortality rate at 5 years [2] and impaired health-related
quality of life [1, 2, 5]. As a result, it is crucial to make
specific diagnosis as early as possible. Rapid and effective
treatment is also important for reducing long-term morbidity
and mortality.

However, for Cushing’s syndrome, the high prevalence
of unspecific manifestations such as obesity, hypertension,
diabetes, and osteoporosis in the general population often
makes it very difficult to identify, and there is always a con-
siderable delay in diagnosis after the onset of symptoms
[5, 6]. Compared to the difficult identification of Cushing’s
syndrome, localization diagnosis can be much more difficult,
especially for identifying a patient with EAPA. There are no
specific endocrinological tests for diagnosing EAPAs, and
the unspecific or negative results of MRI makes a precise
diagnosis much more difficult [7].

Because of the high possibility of misdiagnosis of
EAPAs, pituitary exploration always yields negative results,
and initial treatments such as bilateral adrenalectomy or total
hypophysectomy will lead to poor outcomes, such as Nelson
syndrome or irreversible hypopituitarism [8—11]. Therefore,
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it is crucial to distinguish this rare disease from Cushing’s
disease and to choose an appropriate initial treatment.

No more than sixty cases of EAPAs have been reported
so far, so there is still a lack of data and experience for mak-
ing a consensus in terms of the management of EAPAs. We
present 6 patients who were diagnosed with EAPAs in our
center, one of the largest pituitary centers in China, and we
review all 58 reported patients (including the 6 patients from
our center). This study aimed to describe the characteristics
of EAPAs and sought to raise some opinions and advice
about the diagnosis and treatment of EAPAs.

Methods
Diagnostic method for Cushing’s syndrome

The preoperative diagnosis of Cushing’s syndrome in our
hospital was established on the basis of clinical manifes-
tations as well as endocrine and radiological findings as
follows: (1) the clinical manifestations of Cushing’s syn-
drome include weight gain, fat redistribution, facial round-
ing, plethora, and comorbidities such as diabetes mellitus,
hypertension, and osteoporosis; (2) the biochemical results
associated with hypercortisolism include elevated serum
midnight cortisol, 24 h urine free cortisol (UFC) and the
unsuppressed low-dose dexamethasone suppression test
(DST), which are important for confirming the diagnosis of
Cushing’s syndrome, and the endocrine tests for differential
diagnosis include ACTH and high-dose DST; (3) the radio-
logical examinations include dynamic enhanced pituitary
magnetic resonance imaging (MRI), computed tomography
(CT) of the bilateral adrenal glands, inferior petrosal sinus
sampling (IPSS) and octreotide imaging, which are helpful
for differential diagnosis [1, 12].

For patients who were suspected to have Cushing’s
syndrome in our center, all or a portion of these tests or
examinations were performed to make the most possible
preoperative diagnosis. Most patients without absolute con-
traindications received surgery, and a confirmed final diag-
nosis was made based on the postoperative histopathological
examination and postoperative follow-up.

Patient collection

We retrospectively reviewed patients in Peking Union Medi-
cal College Hospital using the electronic medical record of
hospital information system.

The inclusion criteria were as follows: (1) patients were
identified as ACTH-dependent Cushing’s syndrome by clini-
cal manifestations, unsuppressed low-dose DST and normal
or increased ACTH levels; (2) the imaging examinations
showed an sella lesion without connection to the pituitary
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gland; and (3) the diagnosis of EAPA was confirmed by
pathological examination after surgery.

The exclusion criteria included the following: (1) patients
with lesions of the pituitary gland; (2) ectopic ACTH syn-
drome confirmed by imaging examination or octreotide
imaging; and (3) lesions diagnosed as other diseases rather
than pituitary adenomas by histological examination.

Of 1536 patients admitted to our hospital because of
Cushing’s syndrome between January 2000 and August
2019, 7 patients were identified with EAPAs, but one was
excluded because an intrasellar pituitary lesion was found.
Finally, data from 6 patients (0.39%) were collected, which
included clinical manifestation, biochemical, imaging, treat-
ment and follow-up data.

Literature review

Since EAPA is a rare disease, a literature review was per-
formed to find all published cases of EAPAs. The online
databases PubMed and EMBASE were searched on August
16, 2019, for all articles containing the words “ectopic pitui-
tary adenomas”’; this search returned 1208 and 381 results,
respectively, from all time periods. Articles were excluded
if (1) the articles were reviews without new cases, (2) the
cases were not ACTH-secreting pituitary adenomas, (3) the
diagnosis was not histologically confirmed, (4) the location
of the adenomas was not explicit or (5) cases were reported
in non-English languages.

Data analysis

Pearson XZ test, continuity correction X2 test, or Fisher’s
exact test was used to evaluate the statistical significance
with a 2 X2 table. The significant difference of R X C cross
tables was assessed by Wilcoxon rank test, Kruskal-Wallis
test, or Spearman rank correlation. The data were analyzed
using GraphPad Prism 7 (GraphPad Software, La Jolla, Cali-
fornia, USA).

Results
The presentation of six cases of EAPA

Six patients with ectopic ACTH-secreting pituitary adeno-
mas in our hospital were identified with EAPA; four of
them were females, and the other two were males (F/M
ratio 4: 2). All of them presented with typical manifes-
tations of Cushing’s syndrome, including weight gain,
central obesity, supraclavicular fatty pads, a round face
and facial plethora, etc. The interval between the onset of

symptoms and diagnosis ranged from 2 to 7 years. A rou-
tine workup and an endocrinological evaluation were per-
formed for each patient. The main test results are shown
in Table 1.

All six patients showed impaired rhythms of cortisol
secretion, elevated plasma ACTH levels (normal range
0-46 pg/ml) and increased 24 h UFC levels (normal range
12.3-103.5 pg/24 h). Low-dose DST demonstrated no sup-
pression in all six patients, which indicated a confirmed
diagnosis of Cushing’s syndrome. Five of these patients
showed suppressed results during high-dose DST, but the
other one (case 2) showed no suppression with high-dose
DST.

Negative findings of tumors on adrenal CT scans for
these six patients helped to exclude adrenal adenomas.
Octreotide imaging was performed in all patients to ensure
that there were no ectopic neuroendocrine tumors that
could secrete ACTH. Finally, all patients received pituitary
dynamic-enhanced MRI (Fig. 1a—f), but only one (case 3)
showed a false positive result suggestive of an intrasellar
mass. The adenomas were located in the suprasellar region
in four patients (cases 1-4) and in the cavernous sinus in
the other two patients (cases 5 and 6). Thus, MRI suc-
ceeded in initially indicating the correct locations for five
patients (83.3%).

There were four patients (cases 2-5) who received
IPSS, and three of them (cases 2—4) had positive central:
peripheral results (C: P > 2), which indicated pituitary
tumors. One patient (case 5) had a C: P ratio less than 2:
1 (1.2: 1), and an arteriovenous malformation was found,
which could influence the results of IPSS.

The tumors were finally removed with transsphenoi-
dal surgery (cases 2, 5, and 6) or craniotomy (cases 1,
3, and 4), and the diagnosis of EAPA was confirmed via
postoperative pathological examination. Interestingly, case
3 underwent endoscopic transsphenoidal pituitary explo-
ration, but no lesion was found. Then, a repeated MRI
(Fig. 1c) showed pituitary stalk thickening, and a craniot-
omy was carried out for removing the tumor successfully.
Additionally, case 6 also experienced intrasellar surgery
failure, and the lesion in the left cavernous sinus was not
resected completely (Fig. 1f); however, radiotherapy was
performed, which were successful for shrinking the tumor.

Cases 2 and 3 experienced long-term remission (serum
morning cortisol <5 ug/dl) after two surgeries, and case
4 maintained partial remission (serum morning cortisol
5-10 pg/dl) after craniotomy during the 2-month follow-
up. Three patients received radiotherapy after surgery
because of incomplete remission or residual tumors; one
of them experienced partial remission (case 1), but the
other two underwent bilateral adrenalectomy (case 5) and
medical therapy (case 6).
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Table 1 (continued)

Case 6

Case 5

Case 4

Case 3

Case 2

Case 1

Partial remission

Partial Remission Remnant cavernous

Remission

Remission

Partial remission

Present condition®

tumor without mass effect

IPSS, inferior petrosal sinus sampling. C: P, the ratio of the central-to-peripheral ACTH gradient in IPSS. ND, not done. TSS, transsphenoidal surgery

#Remission, partial remission and no remission were defined as serum morning cortisol levels <5 pg/dl, 5-10 pg/dl and > 10 ug/dl after treatment, respectively.

PFailed pituitary exploration or surgery

Literature review
Demographics

A total of 54 out of 58 patients with a confirmed diagnosis
of EAPA were analyzed because the individual information
of 4 patients was not available in the literature [13]. Of 54
patients, 42 (77.8%) were females, and 12 (22.2%) were
males. The age ranged from 11 to 76 years, the mean age
was 38 years, and the median age was 37.5 years, based on
the available data (Fig. 2). The mean age of females was 37
years and that of males was 40 years.

Characteristics of EAPAs in different locations

Data were available for the tumor locations of all 58 patients.
The most frequent location for EAPAs was the cavernous
sinus (20 cases, 34.5%) [3, 7, 10, 13-19], followed by the
sphenoid sinus (18 cases, 31.0%) [4, 7, 9, 10, 20-33] and
the suprasellar region (12 cases, 20.7%) [8, 11, 34-37].
Locations such as the interpeduncular cistern [38], supe-
rior orbital fissure [39], clivus [39], nasal cavity [40, 41],
ethmoid sinus [7, 40], maxillary sinus [40, 42], and para-
sellar region (not in the cavernous sinus) [10, 43] have also
been reported. Patients were mainly reported from North
America, Europe and East Asia (Japan, South Korea and
China), probably because only literature in English was
included. The tumor location and regional distribution infor-
mation for all reported cases is shown in Fig. 3.

Patients with the most frequent locations, including the
cavernous sinus, sphenoid sinus and suprasellar region, were
analyzed to compare their clinical features (Table 2). Sex
information was available for all patients whose adenomas
were located in the sphenoid sinus and suprasellar region,
but 90.0% (18/20) of cases were located in the cavernous
sinus. No statistically significant sex difference was found
among the three locations.

The positive rates of the imaging findings of adenomas in
the sphenoid sinus, cavernous sinus and suprasellar region
were 72.2% (13/18), 35.0% (7/20), 91.7% (11/12), respec-
tively, with statistically significant differences (p =0.0032).
There were no false positive imaging manifestations for ade-
nomas located in the sphenoid sinus, but 3 (15.0%) manifes-
tations were observed for the cavernous sinus, and 1 (8.3%)
manifestation was observed for the suprasellar region.

The tumor size data were available for 26 patients, of
whom 11 (42.3%) had macroadenomas (diameter < 1 cm)
and 15 (57.7%) had microadenomas (diameter > 1 cm).
No significant differences were found among the different
groups (p =0.4270).

There were 37 patients whose data of low-dose DST were
described, included our patients, but nonsuppressed results
occurred only in one case [14]. High-dose DST results were
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Fig. 1 Coronal contrast-
enhanced MRI of cases 1 (a), 2
(b) and 3 (c) and 4 (d) showing
the suprasellar mass (arrows).
Case 3 underwent MRI after
failed pituitary exploration,
and the MRI shows pituitary
stalk thickening (c). The MRI
of cases 5 (e) and 6 (f) showing
lesions (arrows) in the cavern-
ous sinus, in which f shows a
picture after a failed pituitary

surgery
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Fig.2 Age and sex distribution of 54 patients with EAPAs

available in 11 (61.1%), 16 (80%) and 7 (58.3%) patients
whose tumors were located in the sphenoid sinus, cavern-
ous sinus and suprasellar region, respectively. The results
showed that high-dose DST was suppressed in 54.5% of
patients in the sphenoid sinus group. The suppressed rate
for the cavernous sinus group was 56.2% and for the supra-
sellar group was 71.4%. There was no statistically significant
difference among these groups (p =0.7460).

Data on IPSS detection were available in 24 (41.4%)
patients for the three most common locations: 6 (33.3%) in
the sphenoid sinus group, 14 (70.0%) in the cavernous sinus
group and 4 (33.3%) in the suprasellar group. The number of
patients whose ratio of central-to-peripheral ACTH gradi-
ent (C: P) was > 2 for the sphenoid sinus was 5 (83.3%), for
the cavernous sinus was 11 (78.6%), and for the suprasellar

@ Springer

25=
East Asia

T 20+ B Europe
4 mm North America
8
-
)
S
[
-1
£
=
z

I\

‘2
&

Tumor locations

Fig.3 Tumor location and regional distribution of the 58 patients.
East Asia included China, Japan and Korea

region was 4 (100%). No significant difference was found
among the groups (p =0.5979). In total, 24 patients received
the IPSS test, of whom 20 (83.3%) had a C: P ratio > 2.
Notably, there were three patients [3, 14, 17] who received
cavernous sinus sampling showing a C: P ratio> 2, in whom
one patient [14] with a tumor in the cavernous sinus had a
negative IPSS test.

Thirty (51.7%) patients underwent surgery. The patients
with suprasellar tumors were much more likely to receive
craniotomy (77.8%) (p=0.0002) than patients in the other
two groups.
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Table 2 Comparison of the characteristics among EAPAs located in the cavernous sinus, sphenoid sinus and suprasellar region.

Tumor locations Sphenoid sinus Cavernous sinus Suprasellar region

(n=18) (n=18) (n=12)
n (%) n (%) n (%) p Value

Sex distribution p=0.0571
Male 4(22.2) 1(5.6) 5(41.7)

Female 14 (77.8) 17 (94.4) 7 (58.3)

MRI/CT result p=0.0032% p’;=0.0281
Positive 13 (72.2) 7 (35.0) 11 (91.7) p’,=0.3575
Negative/false positive 5(27.8) 13 (65.0) 1(8.3) p’3=0.0028

Tumor size p=0.4270
Macroadenoma 6(46.2) 2(25.0) 3 (60.0)

Microadenoma 7(53.8) 6 (75.0) 2 (40.0)

High-dose DST p=0.7460
No suppression 5(45.5) 7 (43.8) 2 (28.6)

Suppression 6 (54.5) 9 (56.2) 5(71.4)

IPSS p=0.5979
C:P>2 5(83.3) 11 (78.6) 4 (100.0)

C:P<2 1(16.7) 3(21.4) 0(0.0)

Surgical approach p=0.0002* p’;>0.9999
TSS 12 (92.3) 8 (100.0) 2(22.2) p’,=0.0015"
Craniotomy 1(7.7) 0(0.0) 7(77.8) p’;=0.0023"

Remission rate 16/17 (94.1) 9/15 (60.0) 9/12 (75.0) p=0.696

p values indicate statistical significance. *p <0.05

P, significant difference between the sphenoid sinus and cavernous sinus groups. p,, significant difference between the sphenoid sinus and
suprasellar region groups. p;, significant difference between the cavernous sinus and suprasellar region groups. *p’ < 0.0125

The outcomes showed that the total remission rate was
68.4% (39/57). The remission rate was 94.1% (16/17) for
patients whose tumors were located in the sphenoid sinus,
60.0% (9/15) for the cavernous sinus and 75.0% (9/12) for
the suprasellar region. Although a relatively higher rate
was observed in the sphenoid sinus group than in the other
groups, no statistically significant differences were found
among the different groups in terms of the remission rates
(p=0.0696).

Risk factors

Sex, negative image detection rate, tumor size, high-dose
DST and IPSS results, surgical approach and tumor loca-
tion were used to analyze the risk factors associated with
outcomes. Sex differences were associated with EAPA
prognosis, and the available data showed that male patients
predicted a higher rate (100.0%) of remission than female
patients (68.4%). Although there was no significant differ-
ence among the groups of different locations, tumors in
the cavernous sinus predicted a relatively lower remission
rate (60.0%) than tumors in other locations. However, none
of the other factors were significantly related to remission
(Table 3). Multivariate logistic regression analysis was not

performed because of the small sample size, and no obvious
association factors were found.

Discussion

Pituitary adenomas represent the most common lesion that
presents in the sellar area, and they account for 10-25% of
intracranial tumors [12]; however, ectopic pituitary adeno-
mas (EPAs) are an extremely rare entity [44, 45]. Gener-
ally, EPA is defined as adenoma located outside the sella
turcica, and there is no connection with the normal intra-
sellar pituitary gland [46]. There have been several hypoth-
eses regarding the origin and pathogenesis of EPAs, but the
exact mechanism remains unclear [47]. One of the broadly
accepted considerations is that ectopic adenomas originate
from the neoplastic proliferation of embryonic pituitary
residues along the path of migration of Rathke’s pouch [47,
48]. The anatomic distribution of EPAs has been reported,
including the suprasellar region, sphenoid sinus, clivus, cav-
ernous sinus, nasal cavity, superior orbital fissure, temporal
lobe, third ventricle and so on [44, 49]. However, the most
common locations of EPAs are the suprasellar region and
sphenoid sinus, which together account for more than half of
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Table 3 Univariate analysis of risk factors for patients with EAPAs

Remission
Yes or no (including no remission, incom-
plete remission and death)

Yes (rate: %) No p Value

Sex p=0.0469*
Male 12 (100.0) 0
Female 26 (68.4) 12

MRI imaging p>0.9999
Positive 25 (78.1) 7
Negative 14 (77.8)

Tumor size p>0.9999
Macroadenoma 10 (83.3)
Microadenoma 11 (78.6) 3

High-dose DST p=0.2093
Suppression 14 (66.7) 7
No suppression 10 (90.9)

IPSS p=0.1246
Positive 16 (84.2) 3
Negative 3 (50.0) 3

Surgical approach p>0.9999
TSS 24 (92.3) 2
Craniotomy 9 (100.0) 0

Location p=0.0696
Sphenoid sinus 16 (94.1) 1 p’;=0.0198
Cavernous sinus 9 (60.0) 6 p’,=0.1414
Suprasellar region 9 (75.0) 3 p’3=04113

p values indicate statistical significance. *p <0.05

P, significant difference between the sphenoid sinus and cavernous
sinus groups. p,, significant difference between the sphenoid sinus
and suprasellar region groups. p;, significant difference between the
cavernous sinus and suprasellar region groups

all EPAs, followed by the clivus and the cavernous sinus [49,
50]. There are various hormone-secreting types of EPAs.
Based on the reported cases, ACTH-secreting adenomas
are the most common, followed by prolactinomas, nonfunc-
tioning pituitary adenomas and growth hormone-secreting
adenomas [50].

As one of the largest endocrine and pituitary centers in
China, in our hospital, a large number of patients with Cush-
ing’s syndrome are admitted every year, but the composition
of EAPAs is still extremely low, with only 6 cases identified
in 19 years. In addition, only 58 cases could be found that
met the inclusion criteria. Therefore, EAPA is an extremely
rare disease. Although Cushing’s syndrome can be due to
a variety of etiologies, ACTH-secreting pituitary adeno-
mas (Cushing’s disease, CD) accounted for approximately
65-70% of cases [12]. The female-to-male ratio of CD is
3-8:1. However, as a rare source of CD, the demographic
data of EAPAs also suggest a similar female predominance
with a ratio of 3.5: 1 [51, 52]. Although patients with an age
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range of 11-76 years can be affected, the majority of patients
are in their 3rd decade of life.

As the most common form of Cushing’s syndrome, CD
continues to be a difficult challenge in terms of both the
diagnosis and management [53]. Therefore, the identification
and treatment of EAPAs are incredibly difficult because of
the lack of experience and clinical evidence [2]. Due to the
similarity of clinical symptoms, signs and laboratory tests
to intrasellar pituitary corticotrophin adenomas, it is some-
times difficult to identify the source of EAPAs, especially
when imaging demonstrates false positive results indicating
an intrasellar lesion, which ultimately leads to unnecessary
pituitary exploration [7, 41, 44].

Both EAPA and intrasellar pituitary corticotrophin ade-
noma patients can present with elevated 24 h UFC and blunt-
ing of the diurnal rhythm of cortisol secretion [7, 33, 54].
Additional biochemical testing and imaging examinations
are essential to identify the cause after the establishment
of a diagnosis of Cushing syndrome. High-dose DST has
been widely used to distinguish CD from ectopic ACTH-
producing neuroendocrine tumors [55]. We obtained high-
dose DST results for a total of 38 patients with EAPAs,
and 63.2% (24/38) showed suppression, which means that
high-dose DST for EAPAs had similar values to those for
intrasellar pituitary corticotrophin adenomas. However, the
nonsuppression rate of 36.8% for EAPAs indicates that high-
dose DST is not an ideal method for distinguishing EAPAs
from ectopic tumors.

Bilateral inferior petrosal sinus sampling (IPSS) is con-
sidered to be the most accurate test for identifying of CD
[56], especially when small sellar masses are difficult to
detect from imaging tests [49]. In general, the presence
of a central to peripheral ACTH gradient (2:1 or higher
before CRH or desmopressin and 3:1 or higher after
CRH or desmopressin) can predict a pituitary source for
ACTH-dependent Cushing’s syndrome with high sensitiv-
ity (approximately 94%) and specificity [54, 57]. Although
only limited data were collected before CRH or desm-
opressin, the occurrence rate for a C: P ratio > 2 in the
EAPAs was 81.5% (22/27). The relatively lower positive
rate of IPSS for EAPAs may be due to the incomplete data,
as only a few patients underwent CRH or desmopressin
tests. Therefore, the positive rate could have been higher
if CRH or desmopressin tests had been performed in all
patients. Additionally, the use of IPSS for EAPAs is the
same as that for intrasellar pituitary corticotrophin adeno-
mas, which also helps to distinguish EAPAs from ectopic
neuroendocrine neoplasms. It is worth noting that there
were three patients with intracavernous pituitary adenomas
who presented with positive results from cavernous sinus
sampling (CSS) [3, 14]. However, the study of Kathryn
et al. [50] showed that CSS is as safe as IPSS for distin-
guishing patients with CD from those with ectopic ACTH



Pituitary (2020) 23:149-159

157

syndrome. Thus, CSS is not adequate for identifying an
intracavernous source of CD but can be a substitute for
IPSS.

Given that the incidence of ectopic tumors from other
anatomical sites is much higher than that of EAPAs, octreo-
tide imaging or radiological examinations of the trunk are
still important for detecting underlying tumors [58]. High-
resolution pituitary MRI is essential for localizing a pituitary
source for ACTH-dependent Cushing’s syndrome [49, 53].
However, only 60—70% of pituitary corticotrophin adeno-
mas are detectable on MRI [54, 58], and the rate of iden-
tification depends on the experience of the radiologists or
neurosurgeons to some extent. The rate of negative imag-
ing examinations (including MRI and CT) for EAPAs was
58.9% (33/56). In contrast, the relatively low invisibility
rate made it hard to pinpoint the source of excess ACTH
initially. A total of 8.9% (5/56) of patients had false positive
imaging manifestations suggestive of an intrasellar source,
which led to the failed pituitary exploration. Therefore, the
potential for EAPAs should be considered even with posi-
tive findings on pituitary MRI since false positive results
may appear. However, the invisibility rates of the imaging
findings varied with different locations, and EAPAs in the
suprasellar region were much easier to identify; however, in
the cavernous sinus, EAPAs were most difficult to identify,
leading to neglect.

Due to the negative results of the correlation analysis
between the tumor locations and the preoperative examina-
tions (including DST and IPSS), a localization diagnosis
without the use of MRI or PET/CT before surgery might
be difficult. Thus, there are no specific biochemical tests or
ideal tools to diagnose EAPAs, but imaging examinations
are the key test for localizing the tumor. It is worth noting
that there was a patient whose tumor was detected by PET/
CT [40]. EAPAs are derived from pituitary tissue, which
can express the somatostatin receptor (SSTR) and can be
detected by Ga-68-DOTANOC-PET/CT [59]. Thus, PET/
CT may be a potential diagnostic tool for the localization of
an ectopic source of pituitary adenoma [7, 31, 40], but more
studies should be carried out.

According to the published literature, the most common
location for EAPAs is the sphenoid sinus [29], which is not
consistent with what we found. The most common location
in this study was the cavernous sinus, which may be due to
the improvement in advanced technologies, especially imag-
ing examinations, and the fact that more doctors are focusing
on this rare disease. Although we sought to determine the
difference between EAPA and intrasellar pituitary cortico-
trophin adenoma from this retrospective study, there was no
ideal way to distinguish between them. Therefore, except
for ectopic Cushing syndrome, EAPA should be considered
when Cushing’s disease is suspected but when no lesion is
found in the pituitary MRI.

The goals of treatment for Cushing’s disease include
normalization of cortisol secretion, tumor resection,
control of comorbidities and improvement of quality of
life [60]. As a source of CD, for EAPAs, curative sur-
gery should be the first choice of treatment, similar to the
treatment principles for intrasellar pituitary corticotrophin
adenomas [54, 60]. Furthermore, the second-line treatment
is radiotherapy, followed by medical therapy and bilateral
adrenalectomy, theoretically [54]. As the first-line therapy,
transsphenoidal surgery (TSS) is an ideal way to reach
up to 70-90% remission for patients with CD [61]. Sev-
eral factors, including tumor size, location, preoperative
tumor visualization and intra-operative tumor visualiza-
tion, are considered to be associated with remission in
CD [62, 63]. Although no significant factors were found
to predict remission of EAPAs due to the limitations of
sample size and incomplete data, the low invisibility rate
in the imaging examinations for tumors in the cavernous
sinus may be related to the low remission rate. Thus, it
is believed that only an accurate diagnosis can lead to
effective tumor resection, and unnecessary surgery, such
as bilateral adrenalectomy and hypophysectomy, should
be avoided [7]. Since lateral surgical extension towards
the cavernous sinus is limited during microscopic trans-
sphenoidal surgery [18], an endoscopic method is recom-
mended, especially for tumors located in the cavernous
sinus. Furthermore, a predominance for craniotomy was
shown retrospectively for suprasellar masses, but a trans-
tuberculum sella approach should be considered in this
situation because it can provide a direct view of the supra-
diaphragmatic space and can preserve the normal pituitary
gland [64].

Given that the sample size was relatively small and that
the follow-up periods were inconsistent, the real remis-
sion rate was difficult to evaluate. Although there was no
statistically significant difference in remission among the
tumors in different locations; the low rate of tumor visu-
alization for the location of the cavernous sinus indicates
great difficult for identifying and removing the tumor. In
addition, the invasion of the internal carotid artery often
leads to difficult cavernous exploration and failed surgery
[18]. This hypothesis was verified by the outcome of a
lower remission rate for cavernous adenomas, indicating
the importance of the accurate diagnosis of EAPAs and
their location.

There are several limitations in our study. Due to the ret-
rospective nature, selection bias was unavoidable. Because
of the limited data and information obtained from previous
studies, the real results, including the preoperative diagnos-
tic tests, imaging findings and outcomes, could not be accu-
rately and comprehensively estimated. The small sample size
and the susceptibility to publication bias may underestimate
the incidence of EAPAs and even draw inaccurate results.
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