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Abstract:

Pasireotide, which has a high affinity for somatostatin receptor (SSTR) 5, has attracted attention as a new
treatment for refractory Cushing’s disease. The patient was a 28-year-old man. He had refractory Cushing’s
disease and underwent multiple surgeries, radiotherapy, and medication therapy. An examination of the ade-
noma by immunohistochemistry revealed a low SSTRS expression. An USP8 mutation was not detected by
reverse transcription polymerase chain reaction. Although we administered pasireotide, it was ineffective.
While a further investigation is necessary, the analysis of SSTRS5 expression may support the prediction of
the efficiency of pasireotide for Cushing’s disease. We report this case as a useful reference when considering

whether or not to use pasireotide for refractory corticotroph adenomas.
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Introduction

Cushing’s disease is caused by the excessive secretion of
adrenocorticotropic hormone (ACTH) from an ACTH-
producing adenoma in the pituitary gland (1). Overabundant
ACTH secretion causes excessive glucocorticoid expression.
Consequently, excess ACTH causes infection and cardiovas-
cular complications, leading to a high mortality rate (2).
This disease can be fatal if not treated; however, medication
therapy is often ineffective. The most reliable treatment is
surgical resection.

However, pasireotide is currently attracting attention as a
new drug for Cushing’s disease. In the clinical field, the in-
dications of pasireotide for the treatment of Cushing’s dis-
ease have been expanded. The first-generation somatostatin
analogs octreotide and lanreotide have been conventionally
used for the treatment of neuroendocrine tumors. These
drugs have a high affinity for somatostatin receptor (SSTR)
2A. However, many patients with Cushing’s disease show a
greater expression of SSTRS than SSTR2 (3). Pasireotide is

a second-generation somatostatin analog that has a high af-
finity for SSTRS (4). The use of pasireotide, which can be
expected to have a direct effect on the tumor, has been ap-
proved for use in patients with Cushing’s disease who have
a residual tumor or recurrence.

For somatotroph tumors, an octreotide loading test is usu-
ally performed, and the reactivity is used as a reference to
determine the adaption of first-generation somatostatin ana-
logs (5). However, in Japan, there is no short-acting formu-
lation of pasireotide, and it is not possible to determine the
adaption by referring to the reactivity demonstrated by the
loading test.

We herein report a case of a corticotroph adenoma with
repeated recurrence that was not effectively treated with
pasireotide. A low SSTRS expression and no USPS muta-
tions were observed in this case. As an alternative to the
loading test, the examination of pathological specimens for
SSTRS expression and USP8 mutations may be useful for
predicting the effect of pasireotide.
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Table 1. Circadian Rhythm of Plasma Adre-
nocorticotropic Hormone (ACTH) and Serum
Cortisol before the First Transsphenoidal Sur-
gery (TSS). the Circadian Rhythm of Serum

Table 2. Plasma ACTH and Serum
Cortisol Response to 1- and 8-mg
Dexamethasone Suppression Tests be-
fore the First TSS. the Serum Cortisol

Cortisol was Lost. Level was Not Suppressed in Either

the 1- or 8-mg Dexamethasone Sup-

8:00 11:00 16:00 23:00
pression Tests.
ACTH (pg/mL) 184 217 222 210
Cortisol (ug/dL) 302  28.7 24.1 25.7 Dose of dexamethasone  1mg 8 mg
ACTH (pg/mL) 148 180
Cortisol (ug/dL) 425 425

Table 3. Corticotropin-releasing Hormone (CRH) Loading Test before
the First TSS. ACTH Responses were Observed in the CRH Loading

Test.
Omin  15min  30min 60min 90 min 120 min
ACTH (pg/mL) 185 208 220 177 153 184
Cortisol (ug/dL) 32.5 45.4 39.2 41.9 37.9 40.9

Figure 1.

Pituitary contrast-enhanced coronal T1-weighted magnetic resonance imaging. A: The
initial examination showing a large tumor extending into the suprasellar region from the sella. B: The
examination before the second TSS showing a recurrent tumor extending from the remnant portion
of the right cavernous sinus to the suprasellar region surrounding the right internal carotid artery. C:
The examination before the third TSS showing the recurrence of the tumor from the left cavernous

sinus invasion, which was not observed at the time of the second TSS.

Case Report

A 28-year-old man without a remarkable medical history
had been noted to have hypertension and a moon face dur-
ing a medical checkup 1 year prior. After a closer endocrine
examination, he was diagnosed with Cushing’s disease and
referred to our hospital for surgery.

His ACTH level was high at 183.5 pg/mL, his serum cor-
tisol level was 30.2 pg/dL, his 24-hour urine free cortisol
level was 590.8 upg/day, and his circadian rhythm of serum
cortisol was lost. Although the serum cortisol level was not
suppressed in either the 1- or 8-mg dexamethasone suppres-
test, an ACTH response
corticotropin-releasing hormone (CRH) loading test (Ta-
ble 1-3). Head magnetic resonance imaging (MRI) revealed

sion was observed in a

a pituitary macroadenoma extending to the suprasellar re-
gion (Fig. 1A).

Transsphenoidal surgery (TSS) and subsequent craniot-
omy were performed 11 days later because of incomplete
removal of the portion extending into the suprasellar region.
This tumor was pathologically shown to be a unique ACTH-
producing adenoma consisting of tumor cells with a pale
eosinophilic cytoplasm and some perivascular arrangements.
According to immunostaining, the anterior pituitary was
ACTH positive, with very faint CAMS.2 cytokeratin im-
munostaining. The expression of both SSTR2A and SSTRS
was low on immunostaining (Fig. 2A, B, C, D and H). Ad-
ditional immunohistochemical staining was sporadic for p53,
negative for epidermal growth factor receptor (EGFR) ex-
pression, and positive for BRAF VO600E expression
(Fig. 3A, B and C). The Ki-67 labeling index was 0.7%.
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Figure 2. Pathological findings in a high-power field (400-fold magnification) after the first TSS
(A-E) and third TSS (F-J). Hematoxylin and Eosin staining (A and F) revealed tumor cells with a pale
eosinophilic cytoplasm and some perivascular arrangements. Anti-cytokeratin (CAMS5.2) staining (B
and G) was very faint. There was no accumulation of cytokeratin filaments surrounding the nucleus,
which is a characteristic of Crooke’s cell adenoma (CCA). CAMS5.2 staining revealed that this tumor
was not a CCA. Staining for ACTH (C and H) was positive. On staining for SSTR2A (D and I), the
cell membrane showed no staining, indicating a low SSTR2A expression. On staining for SSTRS (E
and J), the cell membrane showed no staining, indicating a low SSTRS expression. There was almost
no difference between before and after pasireotide treatment and radiotherapy. (K): Staining of a
SSTR 2A-positive control showed strong staining of the cell membrane; this is an image of a pituitary
tumor of pit-1 lineage. (L): Staining of a SSTR5-positive control showed strong staining of the cell
membrane; this is an image of a corticotroph adenoma.

O

o

Figure 3. Pathological findings in a high-power field (400-fold magnification) after the first TSS
(A-C) and third TSS (D-F). Staining for p53 (A and D) was sporadic. Staining for BRAF V600E (B
and E) was positive. Staining for EGFR (C and F) was negative.

Electron microscopy revealed a mild accumulation of which is a characteristic of Crooke’s cell adenoma (CCA).
large secretory granules that corresponded to those of a The honeycomb Golgi structure, which is often associated
densely granulated corticotroph adenoma. There was no ac- with a sparsely granulated adenoma, was not recognized. As
cumulation of cytokeratin filaments surrounding the nucleus, a special finding, mitochondrial filling was observed in the
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Figure 4. Electron microscopy findings after the first TSS revealed a mild accumulation of large

secretory granules, and as a special finding, mitochondrial filling was observed in the cytoplasm (ar-

rows).
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Figure 5. The 12-year clinical course of this case from the first operation to the third operation.
HC: hydrocortisone, TSS: transsphenoidal surgery

cytoplasm in many adenoma cells (Fig. 4). These observa-
tions present a special organizational finding that is not well
described in the 2017 WHO classification. Therefore, we pa-
thologically diagnosed the patient with corticotroph ade-
noma with oncocytic changes. After craniotomy, the patient
suffered from panhypopituitarism and central diabetes in-
sipidus and was treated with hydrocortisone, levothyroxine,
and desmopressin.

The patient was diagnosed with Cushing’s disease recur-
rence six years after the first surgical intervention due to
elevated baseline ACTH and cortisol levels. Although he un-
derwent TSS a second time, the tumor, which showed a
wide area of invasion into the right cavernous sinus, was not
completely removed (Fig. 1B). Postoperative MRI showed
that the remaining tumor resulted in a serum ACTH level of

88.0 pg/mL and a cortisol level of 16.3 pg/dL (Fig. 5). The
pathological findings of the tumor were similar to those ob-
tained at the first surgery, except for a higher Ki-67 labeling
index of 5.1%. Immunostaining also revealed a low expres-
sion of SSTR2A and SSTRS. No USP8 mutations were de-
tected by reverse transcription polymerase chain reaction
(RT-PCR). The patient started pasireotide treatment; how-
ever, the tumor was resistant to pasireotide. The ACTH and
serum cortisol levels further increased despite 4 months of
pasireotide administration (ACTH 133.5 pg/mL; serum corti-
sol, 31.0 pg/dL).

Pasireotide treatment was terminated after 17 months of
administration. Treatment with cabergoline was started in-
stead. Stereotactic radiotherapy (SRT) was performed three
months after the start of cabergoline treatment. However, the
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ACTH and cortisol levels continued to rise. Metyrapone was
added a year after SRT. Although the serum cortisol level
normalized after the start of metyrapone treatment, the tu-
mor continued to grow (Fig. 1C). Therefore, TSS was per-
formed a third time 4 years after the execution of SRT (12
years after the first operation). Although the tumor was
strongly fibrotic, it was completely removed. The histopa-
thological features were similar to those of the tumor ob-
served after the second TSS procedure (Fig. 2F, G, H, I, J).
The tumor was sporadic for p53, negative for EGFR expres-
sion, and positive for BRAF V600E expression
(Fig. 3D, E, F). After the third TSS procedure, the ACTH
level decreased to 30.7 pg/mL, and the serum cortisol level
decreased to 2.47 pg/dL (Fig. 5).

Discussion

This study reports a case of Cushing’s disease with an in-
vasive macroadenoma of the pituitary. Despite treatment
twice with TSS and SRT, Cushing’s disease repeatedly re-
curred. Pathologically, this was a case of a corticotroph ade-
noma with oncocytic changes. The expression of SSTR2A
and SSTRS5 was low, and no USP8 mutations were ob-
served. The tumor was sporadic for p53, negative for EGFR
expression, and positive for BRAF V600E expression. In ad-
dition, in this case, the tumor did not respond to pasireotide.

Corticotroph adenomas are pathologically classified into
three subtypes in the WHO classification: densely granulated
corticotroph adenoma with large and abundant secretory
granules on electron microscopy, sparsely granulated corti-
cotroph adenomas with small and few secretory granules,
and a special type of CCAs with an abundant cytokeratin
filament accumulation (6). Densely granulated corticotroph
adenomas with large and abundant secretory granules on
electron microscopy are usually functioning corticotroph
adenomas with hypercortisolism and Cushing’s symptoms.
In contrast, sparsely granulated corticotroph adenomas with
small and few secretory granules are silent corticotroph ade-
lacking hypercortisolism and Cushing’s symp-
toms (7). Tumors that have a Ki-67 positive rate >3% were
classified as atypical adenomas according to the previous
WHO classification (8). However, this evaluation was insuf-
ficient to predict malignant clinical behavior, and the cate-
gory of atypical adenoma was removed from the latest
WHO classification (6). Instead, the evaluation method in-
cluding the surrounding invasiveness to the Ki-67 labeling
index has become widely used (9). In this evaluation, CCAs
and sparsely granulated corticotroph adenomas are consid-
ered adenomas with a poor prognosis (10). However, the tu-
mor in the present case, which was rich in mitochondria,
could not be classified into one of these three subtypes of
corticotroph adenomas. We previously reported on the histo-
logical subtype of this corticotroph adenoma, which has a
high recurrence rate (11).

In the present case, the tumor was immunohistochemi-
cally sporadic for p53, negative for EGFR expression, and

nomas

positive for BRAF V600E expression (Fig. 3). Several stud-
ies have shown that USPS8, USP48, and BRAF VG600E are
frequently mutated in pituitary corticotroph adenomas, caus-
ing Cushing’s disease by enhancing the promoter activity
and transcription of the gene encoding proopiomelanocortin
(POMC), which is the precursor of ACTH (12-14). The deu-
biquitinase gene USPS8 has been found to be mutated in 35-
62% of corticotroph adenomas, resulting in sustained EGFR
and mitogen-activated protein kinase pathway activation and
subsequent ACTH overproduction (12, 13).

USP48 and BRAF mutations have been detected in a cor-
ticotroph adenoma with wild-type USPS. Similar to USP8
mutants, both USP48 and BRAF mutants enhance the pro-
moter activity and transcription of the gene encoding
POMC, which is the precursor of ACTH, providing a poten-
tial mechanism for ACTH overproduction in corticotroph
adenomas (14). In the present case, immunostaining was
positive for BRAF V600E expression. BRAF V60OE immu-
nohistochemistry in pituitary adenomas is reportedly not as-
sociated with the BRAF V60OE mutation (15). However, the
BRAF mutation may have been the causative gene mutation
in this case. In recent years, molecular-targeted treatments
have attracted attention. The effect of the BRAF inhibitor
vemurafenib on ACTH secretion has been evaluated in pri-
mary human corticotroph adenomas. The results support the
potential efficacy of vemurafenib in the treatment of cortico-
troph adenomas with the BRAF V600E mutation (14).
Therefore, vemurafenib might be effective in the present
case with the BRAF mutation. Immunohistochemical stain-
ing for p53 is one of the conventional methods of distin-
guishing between adenoma and cancer (16).

Pasireotide is currently the only pituitary-directed medical
therapy approved in the EU, USA, and Japan for the treat-
ment of Cushing’s disease. Recently, Pivonello et al. re-
ported that pasireotide normalized urinary cortisol levels in
at least 68% of Cushing’s disease patients with very mild-to-
moderate disease (17). It has been reported that SSTRS ex-
pression in immunostaining is correlated with the effective-
ness of pasireotide in somatotroph adenomas (18). The
method for evaluating the pathological immunostaining of
SSTR2A expression proposed by Volante et al. (19) is based
on the results of an octreotide scan and is routinely used to
assess the SSTRS expression (20). Recently, a report re-
vealed that the SSTR2A expression on immunostaining,
rather than the SSTRS expression on immunostaining, is
correlated with the efficacy of pasireotide for treating soma-
totroph adenomas (21). However, because corticotroph ade-
nomas have a low SSTR2A expression and a high SSTRS
expression (6, 22), the SSTRS expression may be more im-
portant concerning the efficacy of pasireotide than the SSTR
2A expression. In addition, among somatotroph adenomas,
densely granulated adenomas have a high rate of SSTR2A
expression, but sparsely granulated adenomas have a low
rate of SSTR2A expression and a high rate of SSTRS ex-
pression (23). In contrast, in corticotroph adenomas, the cor-
relation between the pathological classification and the fre-
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quency of SSTR expression is unclear. We previously re-
ported that, in 209 cases of corticotroph adenomas, USPS8
mutations were exclusively detected in non-CCA patients,
and clinically well-behaved presentations were more com-
mon in patients with mutated tumors than non-mutated tu-
mors. In addition, mutated tumors can express SSTRS
well (22).

In addition, Castellnou et al. reported that among 39 func-
tioning corticotroph adenomas, 24 were SSTR5-positive, and
15 were SSTRS5-negative. Negative SSTRS expression was
less frequent in women than in men. USP8 mutations were
less frequent in SSTRS5-negative tumors than SSTRS5-positive
tumors. This report did not mention the histopathological
features of functioning corticotroph adenomas. Furthermore,
Castellnou et al. reported the response to pasireotide in five
patients with Cushing’s disease. Among the five patients,
one was SSTRS5-negative, and four were SSTRS positive, as
confirmed by immunohistochemical staining. An improve-
ment in hypercortisolism and Cushing’s symptoms was ob-
served in most of the patients, including SSTR5-negative pa-
tients. Thus, there may be no correlation between the ex-
pression of SSTRS in corticotroph adenomas and the effi-
cacy of pasireotide. However, the small number of patients
did not allow us to draw a firm conclusion (24).

Pasireotide is currently indicated for refractory Cushing’s
disease. However, patients with refractory Cushing’s disease
often do not express SSTRS and are likely to be resistant to
pasireotide. In the present case, the tumor showed no USPS8
mutations and low levels of SSTR2A and SSTRS5. Unfortu-
nately, pasireotide was ineffective. Because SSTRS im-
munostaining is readily available for a routine pathological
diagnosis, the SSTRS expression should be investigated be-
fore pasireotide is administered. However, regarding the cor-
relation between the results of SSTR5 immunostaining and
the effect of pasireotide, further research is needed.

Conclusion

A case of a corticotroph adenoma with repeated recur-
rence and no sensitivity to pasireotide is reported. This tu-
mor had low levels of SSTR2A and SSTRS5 and no USPS8
mutations. This case report is not an analysis of many cases
but a report of only one case. We thus cannot clearly con-
clude that a low SSTRS5 expression would indicate pasireo-
tide inefficacy in other cases. In addition, BRAF V600E im-
munohistochemistry was positive in this case. However,
BRAF V600E immunohistochemistry in pituitary adenomas
is reportedly not associated with the BRAF V600E muta-
tion (15). Therefore, whether or not the causative gene of
this case was the BRAF V600E mutation is unclear.

Although a further investigation is necessary, the analysis
of the SSTRS expression may support the prediction of the
efficiency of pasireotide for Cushing’s disease.

The authors state that they have no Conflict of Interest (COI).

References

1. Cushing H. The basophil adenomas of the pituitary body and their
clinical manifestations (pituitary basophilism). 1932. Obes Res 2:
486-508, 1994.

2. Graversen D, Vestergaard P, Stochholm K, Gravholt CH,
Jgrgensen JO. Mortality in Cushing’s syndrome: a systematic re-
view and meta-analysis. Eur J Intern Med 23: 278-282, 2012.

3. Tateno T, Kato M, Tani Y, Oyama K, Yamada S, Hirata Y. Differ-
ential expression of somatostatin and dopamine receptor subtype
genes in adrenocorticotropin (ACTH)-secreting pituitary tumors
and silent corticotroph adenomas. Endocr J 56: 579-584, 2009.

4.Ma P, Wang Y, van der Hoek J, et al. Pharmacokinetic-
pharmacodynamic comparison of a novel multiligand somatostatin
analog, SOM230, with octreotide in patients with acromegaly. Clin
Pharmacol Ther 78: 69-80, 2005.

5. Wang M, Shen M, He W, et al. The value of an acute octreotide
suppression test in predicting short-term efficacy of somatostatin
analogues in acromegaly. Endocr J 63: 819-834, 2016.

6. Osamura RY, Grossman A, Korbonits M, et al. Pituitary adenoma.
In: WHO Classification of Tumours of Endocrine Organs. vol. 10
4th ed. Lloyd RV, Osamura RY, Kloppel G, Rosai J, Eds. World
Health Organization: International Agency for Research on Cancer,
Lyon, 2017: 14-18.

7. Gomez-Hernandez K, Ezzat S, Asa SL, Mete O. Clinical implica-
tions of accurate subtyping of pituitary adenomas: perspectives
from the treating physician. Turk Patoloji Derg 31: 4-17, 2015.

8. Kontogeorgos G. Innovations and controversies in the WHO clas-
sification of pituitary adenomas. Acta Neuropathol 111: 73-75,
2006.

9. Trouillas J, Roy P, Sturm N, et al. A new prognostic clinicopa-
thological classification of pituitary adenomas: a multicentric case-
control study of 410 patients with 8 years post-operative follow-
up. Acta Neuropathol 126: 123-135, 2013.

10. George DH, Scheithauer BW, Kovacs K, et al. Crooke’s cell ade-
noma of the pituitary: an aggressive variant of corticotroph ade-
noma. Am J Surg Pathol 27: 1330-1336, 2003.

11. Yamada S, Inoshita N, Fukuhara N, et al. Therapeutic outcomes in
patients undergoing surgery after diagnosis of Cushing’s disease: a
single-center study. Endocr J 62: 1115-1125, 2015.

12. Reincke M, Sbiera S, Hayakawa A, et al. Mutations in the deu-
biquitinase gene USP8 cause Cushing’s disease. Nat Genet 47: 31-
38, 2015.

13. Ma ZY, Song ZJ, Chen JH, et al. Recurrent gain-of-function USPS§
mutations in Cushing’s disease. Cell Res 25: 306-317, 2015.

14. Chen J, Jian X, Deng S, et al. Identification of recurrent USP48
and BRAF mutations in Cushing’s disease. Nat Commun 9: 3171,
2018.

15. Sperveslage J, Gierke M, Capper D, et al. VE1 immunohistochem-
istry in pituitary adenomas is not associated with BRAF V600E
mutation. Acta Neuropathol 125: 911-912, 2013.

16. Sugai T, Nakamura SI, Habano W. Usefulness of proliferative ac-
tivity, DNA ploidy pattern and p53 products as diagnostic adjuncts
in colorectal adenomas and intramucosal carcinomas. Pathol Int
49: 617-625, 1999.

17. Pivonello R, Arnaldi G, Scaroni C, et al. The medical treatment
with pasireotide in Cushing’s disease: an Italian multicentre expe-
rience based on ‘“real-world evidence”. Endocrine 64: 657-672,
2019.

18. lacovazzo D, Carlsen E, Lugli F, et al. Factors predicting pasireo-
tide responsiveness in somatotroph pituitary adenomas resistant to
first-generation somatostatin analogues: an immunohistochemical
study. Eur J Endocrinol 174: 241-250, 2016.

19. Volante M, Brizzi MP, Faggiano A, et al. Somatostatin receptor
type 2A immunohistochemistry in neuroendocrine tumors: a pro-
posal of scoring system correlated with somatostatin receptor scin-

684



Intern Med 61: 679-685, 2022 DOI: 10.2169/internalmedicine.6314-20

20.

21.

22,

23.

tigraphy. Mod Pathol 20: 1172-1182, 2007.

Kasajima A, Papotti M, Ito W, et al. High interlaboratory and in-
terobserver agreement of somatostatin receptor immunohistochemi-
cal determination and correlation with response to somatostatin

Growth hormone granulation pattern and somatostatin receptor
subtype 2A correlate with postoperative somatostatin receptor
ligand response in acromegaly: a large single center experience.
Pituitary 16: 490-498, 2013.

analogs. Hum Pathol 72: 144-152, 2018. 24. Castellnou S, Vasiljevic A, Lapras V, et al. SST5 expression and

Muhammad A, Coopmans EC, Gatto F, et al. Pasireotide respon-
siveness in acromegaly is mainly driven by somatostatin receptor
subtype 2 expression. J Clin Endocrinol Metab 104: 915-924,
2019.

Hayashi K, Inoshita N, Kawaguchi K, et al. The USP8 mutational
status may predict drug susceptibility in corticotroph adenomas of
Cushing’s disease. Eur J Endocrinol 174: 213-226, 2016.

Brzana J, Yedinak CG, Gultekin SH, Delashaw JB, Fleseriu M.

USP8 mutation in functioning and silent corticotroph pituitary tu-
mors. Endocr Connect 9: 243-253, 2020.

The Internal Medicine is an Open Access journal distributed under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To
view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

(© 2022 The Japanese Society of Internal Medicine
Intern Med 61: 679-685, 2022

685



