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Management of Cushing’s disease in the initial phase

~From detection to surgery~

Hidenori Fukuoka

Division of Diabetes and Endocrinology, Kobe University Hospital, Kobe 650-0017, Japan

Abstract. Cushing’s disease is a rare endocrine disorder that presents many systemic complications, and its initial phase
management can be difficult in atypical and severe cases or at institutes with limited experience. It is a disease in which
several complications may have already progressed at the time of diagnosis, and complications may become more severe
during the initial management phase, potentially becoming life-threatening. In addition, many patients are young, and
depending on this phase management, their quality of life will significantly decline later on. Therefore, this review

summarizes the evidence accumulated to date and outlines strategies for disease management, focusing on the initial stages

from detection, diagnosis, and referral of patients to surgery.
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Introduction

A century has passed since Harvey Cushing proposed
the concept that a disease presenting with systemic symp-
toms, including central obesity, hirsutism, and amenor-
rhea caused by basophil adenoma developed in the
pituitary grand [1]. With the subsequent discovery of
cortisone [2] and ACTH [3], the development of hor-
mone measurement assay, the elucidation of the steroid
synthesis pathway in the adrenal cortex, and the clarifi-
cation of the effects of each hormone, the full picture of
this disease is gradually becoming clearer [4]. The eluci-
dations of this pathology have led to the development of
accurate disease diagnosis, better surgical therapy, radio-
therapy, and drug therapy for this challenging pituitary
tumor; and, the prognosis of this disease, which had been
extremely poor, has improved considerably [5, 6]. How-
ever, many challenges remain, including early detection,
diagnostic strategy in atypical cases, and treatment not
only in the initial phase but also in the chronic phase.
Despite the considerable improvement in mortality, the
overall SMR is still 2.5 (95% CI 2.1-2.9) in recent
reports [7], and there is no doubt that it has a still poor
prognosis among pituitary diseases [8]. Furthermore, a
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major problem remains that many patients suffer from
decreased QoL even if they achieve remission after suc-
cessful treatment [9]. This review focuses on the clinical
process from detection, to diagnosis, to requesting a pitu-
itary surgeon for operation, and provides an overview
from the perspective of an endocrinologist.

Pathophysiology of Corticotroph Tumors

Before beginning the clinical review, it is necessary to
summarize the pathology of pituitary tumors: the essence
of this disease. Despite much insight into the pathogenesis
of ACTH-secreting pituitary tumors, the primary causal
genetic abnormality of the tumors had not been identified
until recently. Since retinoblastoma (Rb) heterozygous
knockout mice [10] and p27 homozygous knockout mice
[11] frequently exhibit pituitary tumors expressing ACTH,
abnormalities in the cell cycle—particularly in the G1 to
S phase entry—have been the initial focus in the patho-
genesis of Cushing’s disease. In the meantime, a germline
CDKNIB variant, which encodes p27 (Kipl), has been
identified in patients with multiple endocrine neoplasm
(MEN) syndrome, including Cushing’s disease, and has
been named MEN4 [12]. However, germline genetic
abnormalities in Cushing’s disease are quite rare, repre-
senting approximately less than 3%, even if including
MENI, Carney Complex, and familial isolated pituitary
adenoma syndrome (FIPA). Further investigation in
genetically modified model mice, such as cyclin E trans-
genic mice, showed that they exhibited ACTH-producing

@0eo


https://orcid.org/0000-0001-9255-653X

464 Fukuoka

Fig. 1

AVPR1b

Overview of change in ACTH-producing pituitary tumors with USP8 pathogenic variants

Impaired binding of 14-3-3 protein to USP8 due to its variants induces enhanced expression of several receptors, including EGFR,
SSTS, and AVPRIb. These variants are also related to high expression of HSP90, low expression of P27, and enhanced
phosphorylation of CREB. The EGFR-P27-E2F1 pathway can be associated with induction of POMC expression resulting in
hyper ACTH secretion. HSP90 has a role in inhibiting the nuclear translocation of GR as a chaperone.

USPS: ubiquitin-specific protease 8; EGFR: epithelial growth factor receptor; SSTS: somatostatin receptor type 5; AVPR1b:
arginine vasopressin receptor type 1b; HSP90: heat shock protein 90; CREB: cAMP response element binding protein; GC:
glucocorticoid; GR: glucocorticoid receptor; POMC: pro-opiomelanocortin.

pituitary tumors [13], supporting the importance of the
CDK-Rb pathway in this condition. Due to the negative
association between EGF receptor (EGFR) and P27 expres-
sion from immunohistochemical analysis [14], we have
identified EGFR tyrosine kinase activity as a positive
regulator of ACTH synthesis via cell cycle dysregulation
[15]. Moreover, we have generated corticotroph-specific
EGFR overexpressing mice, which resulted in corti-
cotroph tumor or hyperplasia showing clinical features of
Cushing’s syndrome via an E2F1-dependent manner [16].
In the meantime, next-generation sequence analysis of
human ACTH-producing pituitary tumor specimens
identified novel somatic variants in a deubiquitinase
USP$ gene, which is found in 30-60% of these tumors.
These variants are located within an extremely limited
region around the 14-3-3 binding motif, which leads to
proteolytic cleavage resulting in a gain-of-function of its
deubiquitinase activity [17, 18]. This enhanced deubiqui-
tinase activity is thought to induce ACTH hypersecretion

and tumorigenesis through increased expression of
EGFR, HSP90, and AVPRI1b, downregulation of P27,
and enhanced phosphorylation of CREB (Fig. 1) [17-20].
The clinical features of patients with these variants were
female dominant, younger at diagnosis, more responsive
to high dose dexamethasone (Dex) suppression test or
desmopressin, small size, and more commonly experi-
enced curative remission [20-24]. Among the same USP
family, the USP48 gene abnormality has also been iden-
tified at a single hotspot variant in the catalytic domain
(p-Met415lle, p.Met415Val) and further described in the
splice site (p.Pro4331VS + 2T>A) in 8-23% of Cushing’s
disease [25-28]. This is also thought to be gain-of-
function, and the underlying mechanisms to induce ACTH
synthesis are thought to be mediated by enhanced NFk-B
signaling rather than MAPK [25], and/or by increased
Glil and H2A levels via enhanced CRH activity [26, 27].
Other somatic gene variants identified as rare abnormali-
ties include BRAF V600E, NR3CI, ASCLI, TP53 and
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ATRX. Among them, TP53 or ATRX variants have been
confirmed to be associated with a highly proliferative
phenotype [25, 29-33]. Recently, a single-cell RNA
sequencing analysis of ACTH-secreting pituitary tumors
has reported that PMAIP1, a BH3-only Bcl2 family that
encodes NOXA, has highly expressed compared with
other pituitary tumors and normal corticotroph, and was
enhanced by EGFR overexpression. However, NOXA
expression in ACTH-secreting pituitary tumors was para-
doxically lower than in normal corticotroph, which was
shown to be caused by proteasomal degradation. Although
they showed that a selective proteasomal inhibitor can
induce NOXA protein, leading to apoptosis, which can
be a potential drug for these tumors, the reason for this
enhanced proteasomal degradation remains unclear [34].

Detection

Epidemiology

The incidence of Cushing’s disease is quite rare, with
approximately 1.2-2.6 cases per million per person-years.
If endogenous Cushing’s syndrome, such as cortisol
secreting adrenocortical tumors and hyperplasia and
ectopic ACTH syndrome are included, annual incidence
rate increases to 2.3-3.2 per million person-years [35-37],
and its prevalence had been reported as 6.21/100,000 in a
nationwide study from Iceland [38]. Data from Europe
and New Zealand indicate that Cushing’s disease
accounts for 60 to 74% of endogenous Cushing’s syn-
drome [37]. In contrast, the reported figure in Japan is
47%, with adrenocortical adenoma-derived Cushing’s
syndrome being more frequently observed than those
caused by pituitary tumors [39]. However, the frequency
of the disease may be underestimated due to diagnostic
difficulties, especially in cases with mild clinical features
or cyclic Cushing’s syndrome [40, 41]. In fact, the preva-
lence of hypercortisolism was shown as 1.4% (95% CI:
0.4-2.9) among cases of type 2 diabetes mellitus [42]
and 0.5-1.0% among hypertension [43, 44]. Based on
these results, the estimated prevalence of Cushing’s syn-
drome must be 20-35/100,000. Furthermore, according
to the screening of hypercortisolemia among patients
with obesity, up to 9.4% were diagnosed with Cushing’s
syndrome, while false positive patients were detected at
2.3% [45]. Notably, our previous case series of multiple-
institute studies in Japan showed that the mean body
mass index (BMI) of 92 patients with Cushing’s disease
was 23.1 kg/m? [46], indicating that more than half of
these patients do not exhibit obesity based on BMI. Nev-
ertheless, weight gain remains the most common symp-
tom, and this change in body composition should be
noted regardless non-obese BMI score.

Who needs to be screened?

Meta-analysis revealed that it took 38 months (95%
CI: 33-43) for patients to be diagnosed after they noticed
the first symptoms of this disease [47]. By then, they had
visited 4.6 + 3.8 clinics [48], suggesting that challenges
remain in early diagnosis. According to the Endocrine
Society Clinical Practice Guideline, the following patients
are recommended for a screening test: patients with
unusual early onset metabolic abnormalities; those with
progressive symptoms, especially when more predictive
of Cushing’s syndrome; those with adrenal incidentaloma;
and, children with decreasing height with increasing
weight [49]. However, the guidelines also emphasize the
need to exclude the use of exogenous glucocorticoids
before screening for Cushing’s syndrome. This criterion
was validated and confirmed as effective in detecting
patients who need to be screened [50]. In this validation
study, patients with osteoporosis, adrenal incidentaloma,
metabolic syndrome, and the presence of multiple symp-
toms were more common in patients with Cushing’s syn-
drome than in those who had been suspected of having
Cushing’s but were ruled out. Particular attention should
be paid to patients who have recently gained weight
rather than obese patients. If there is any doubt, specific
symptoms should be confirmed through a detailed inter-
view and examination to further confirm suspicions (Fig.
2) [51]. Moon face can sometimes be difficult to diag-
nose, but if symmetrical swelling or severe sagging of
the cheeks is observed with facial flushing (Fig. 3a) [52],
it is useful to ask the patient if she or he has noticed any
recent changes in cheek appearance. Comparing pre-
vious photos, if possible, is also helpful for the diagnosis.
Furthermore, central obesity is difficult to determine
when examined from the front but is easier to detect
when observed from the side and judged with the con-
trast between abdominal distension and brachial atrophy.
Gowers’ sign helps diagnose muscular atrophy. Addition-
ally, when asked certain questions, patients often com-
plain of progressive difficulty climbing stairs (Fig. 2).
Further, thin skin at the extremities (Fig. 3b) and a buf-
falo hump can be detectable. From physical examination,
pigmentation is a useful sign to differentiate between
ACTH-dependent and ACTH-independent Cushing’s syn-
drome, which is frequently observed at mucosal mem-
branes, hand joints, and nail beds (Fig. 3c). Striae are a
distinctive physical finding in this disease, characterized
by their wide, purple appearance, which differentiates
them from the thin, pink striae associated with rapid
weight gain (Fig. 3d). Based on the skin findings, fungal
infection has been shown to be more common with
exogenous glucocorticoid excess, and hirsutism is more
likely with endogenous excess (Fig. 3a), which may be
helpful for differential diagnosis [53].
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Who needs to be screened?

* Recent weight gain

* Following progressive symptoms
1. Symmetrical swelling or severe sagging of the cheeks with facial flushing
2. Contrast between abdominal distension and brachial atrophy observed from side
3. Difficulty climbing stairs

L

« 24 hours urinary free cortisol (UFC) (2 times)

« Late night salivary cortisol (LNSC) (2 times)

* Low dose dexamethasone suppression test (LDDST)

Fig.2 Summary of detection to screening
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Fig.3 Typical clinical signs in patients with Cushing’s disease

(d)
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(a) Facial features in a female patient showing flushing of the cheek, and beard as hirsutism. (b) Skin thinning observed on the
thighs. The fragile-looking veins stand out, and the muscles show signs of atrophy. (c) Subcutaneous hemorrhage on the back of
the hand, and pigmentation of the finger joints and nail beds. (d) Purple striac on the abdomen, characterized by thickness and

color.

Diagnosis

Screening

Once Cushing’s syndrome is suspected, the best
screening test is multi-measuring of either urinary free
cortisol (UFC) or late-night salivary cortisol (which is
not covered by insurance in Japan), or a single overnight
low dose Dex suppression test (LDDST) (Fig. 2) [54,
55]. In these tests, attention needs to be paid to false-
positive or false-negative results. False-positive results
can be caused by non-neoplastic hypercortisolism (NNH),
also known as pseudo-Cushing’s syndrome due to
depression, obesity, polycystic ovary syndrome (PCOS),
poorly controlled diabetes mellitus, chronic alcoholism,
chronic kidney disease, and glucocorticoid resistance
[56, 57]. Furthermore, elevated serum cortisol levels can
occur due to increased corticosteroid-binding globulin
(CBG), which is induced by estrogen or chronic active

hepatitis [58]. We encountered a man who had elevated
serum cortisol levels with positive results for LDDST
without any Cushingoid appearance. A careful interview
revealed that he suffered from a gender identity disorder
and was taking conjugated estrogen pills, resulting in
NNH [59]. Another pitfall of LDDST is that metabolism
of this drug is mainly mediated by CYP3A4. If patients
are taking drugs that induce or inhibit CYP3A4, these
need to be discontinued in consultation with the prescrib-
ing physician. Otherwise, this test cannot accurately assess
a diagnosis of Cushing’s syndrome [49, 54]. Therefore, it
is recommended that these tests should be used in combi-
nation rather than single. It is also necessary to confirm
the existence of effects associated with hypercortisolemia.
This requires at least the presence of Cushingoid appear-
ance, as well as laboratory findings including elevated
white blood cell counts with high neutrophil despite sup-
pressed eosinophil and lymphoid cells [59, 60], shortened
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Table 1 Sensitivity and specificity of dynamic test for differentiating from NNH or EAS
Sensitivity (%) 95% CI Specificity (%) 95% CI OR (%) 95% CI
Dex-CRH test 97 88-99 92 8-96 138.83  49.38-390.32
CD vs. NNH .
Desmopressin test (10 mg) 88 77-95 94 83-98 110.44 32.13-379.63
CRH test 86.9 82.1-90.6 93.9 87.0-98.3 57.88 43.25-77.47
HDDST 80.8 75.1-85.5 84.5 79.6-88.4 15.82 11.1-22.55
CD vs. EAS .
Desmopressin test (10 mg) 84.8 81.4-87.8 69.9 61.4-77.3 11.4 5.86-22.16
Desmopressin test (4 mg) 86 55.6

CD: Cushing’s disease, NNH: non-neoplastic hypercortisolism, EAS, ectopic ACTH syndrome, Dex-CRH: corticotropin releasing hormone
after dexamethasone suppression test, HDDST: high dose dexamethasone suppression test.

activated partial thromboplastin time (aPTT) [61, 62],
and low albumin levels [63]. These can help determine
the presence or absence of Cushing’s syndrome.

Differentiating Cushing’s syndrome from NNH is
sometimes difficult and requires further dynamic tests,
including CRH after Dex suppression test (Dex-CRH),
and desmopressin test. Sensitivity and specificity of these
dynamic tests are shown in Table 1. These tests aim to
determine whether the source of ACTH is a pituitary
tumor or a normal pituitary gland, and their principle is
to utilize glucocorticoid negative feedback resistance and
high expression of vasopressin receptors type 1b (AVPR1b)
in tumors. From this perspective, we investigated the
characteristics of Cushing’s disease patients who showed
responsiveness to the desmopressin test (4 pg) (which is
not covered by insurance in Japan) and those who
showed negative results. When an increase in ACTH of
1.5 times or more was considered positive [55], 15 out of
47 cases showed a negative result in the desmopressin
test, which was more frequent in men. In reactive
patients, USP8 pathogenic variants are more common in
tumors, which may increase AVPRIb expression, and
desmopressin test results should be interpreted with this
in mind [20]. If these tests are negative but there is a
clear Cushingoid appearance or a history of these find-
ings, careful follow-up is required in consideration of
cyclic Cushing’s syndrome [40, 41].

Next step after diagnosis of Cushing’s syndrome

Once the presence of Cushing’s syndrome is confirmed,
physicians need to determine whether hypercortisolemia
is severe enough to be life-threatening, presenting infec-
tious, psychiatric, metabolic, cardiovascular, and thrombo-
embolic complications. If it seems severe, or a certain
amount of time is needed before finalizing further evalu-
ation or performing surgical treatment, physicians should
consider prioritizing a correction of hypercortisolemia
(see “Management in the initial phase” below).

Further evaluation aims to determine the localization of
the tumor responsible for Cushing’s syndrome. ACTH-

independent Cushing’s syndrome is relatively easy to
localize with both hormonal evaluation and imaging find-
ings. In contrast, differentiating between Cushing’s disease
and ectopic ACTH syndrome remains clinically challeng-
ing. It is also important to note that the tests available
and recommended vary depending on the country and
guidelines. There are several recommended confirmatory
tests, including CRH test, desmopressin test, MRI, and
intra petrosal sinus sampling (IPSS). However, CRH
testing is now unavailable in Western countries due to
breakdowns in key manufacturing facilities, while insur-
ance does not cover the desmopressin test in Japan.
High-dose (8 mg) Dex suppression test (HDDST) is also
an important confirmatory test that has long been used.
However, it is no longer included in the algorithm in the
Pituitary Society’s Guideline due to its low accuracy and
the additional hormonal burden placed on patients with
glucocorticoid overload [54]. However, according to the
systemic review and meta-analysis of these dynamic tests,
HDDST has the second highest sensitivity and speci-
ficity (80.8 [75.1-85.5], 84.5 [79.6-88.4]) following the
CRH test (86.9 [82.1-90.6], 93.9 [87.0-98.3]), while the
results of the desmopressin test are inferior (84.8 [81.4—
87.8], 69.9 [61.4-77.3]). This also applies to diagnostic
odds ratios (Table 1) [64]. It must be noted that these
results are influenced by various factors, such as differ-
ences in the criteria used in each study and the number of
studies. In Japan, Dex 0.5 mg is used for LDDST as a
test showing higher specificity than Dex 1 mg (100 vs.
96), and the desmopressin test is also proposed as a test
with a smaller amount of 4 pg, which is comparable [55,
65]. Further verification of these tests is necessary in
order to identify tests that can provide sufficient results
with a smaller amount of test reagents.

Management in the Initial Phase
Pre-operative management for complications

Some of the most severe complications of active
Cushing’s syndrome include infection, acute cardiovascular
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events, pulmonary embolism, and suicide [66]. There-
fore, in severe hypercortisolemia, or when suspecting a
life-threating state, immediate initiation of treatment is
required under a strict management system with an expe-
rienced endocrinologist (Fig. 4) [54, 67].

Since pneumocystis pneumonia (PcP) has a high mor-
tality rate (20-60%), initiation of trimethoprim-sulfa-
methoxazole (TMP-SMX) for prophylaxis of prneumocystis
Jirovecii is recommended in such conditions, especially
in patients who are seriously ill and/or have UFC levels
more than 5 to 10-fold the upper-normal limit, and those
with lymphopenia, especially when the number of CD4*
T cells is less than 200 /mm?® based on data for HIV
patients. Caution is required as a sudden drop in serum
cortisol concentration may cause immune reconstitution
inflammatory syndrome (IRIS), leading to PcP (Fig. 5).
According to the previous case series, the risk of PcP
increases just after initiating cortisol inhibitors, with PcP
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onset after an average of 5.5 days [68], making it essen-
tial to start prophylaxis medications in advance in high-risk
patients. However, PcP development is also reported with-
out cortisol suppression, suggesting hypercortisolemia
itself could be a risk factor for PcP. Although there is lit-
tle evidence regarding the timing of discontinuation of
this prophylactic drug, it is considered desirable to con-
tinue it after curative surgery or normalization of hyper-
cortisolemia with medication for at least 2—6 weeks [68,
69].

The prevalence of venous thromboembolism (VTE)
events in patients with Cushing’s disease has been shown
as 14.6 per 1,000 person-years, which is a more than 10
times higher risk than in normal subjects [70]. In the cur-
rently largest Cushing’s syndrome patient database, the
European Registry on Cushing’s Syndrome (ERCUSYN),
VTE risk in Cushing’s syndrome was analyzed, showing
that predictors include: male sex, high UFC levels, and

Impaired glucose metabolism

T~ CVD events
Fat accumulaton ———

Muscle atrophy
Infections

Thrombosis — pulmonary embolism

Osteoporosis — Fracture

Psychiatric disorders — Suicide

Fig.4 Complications induced by ACTH hypersecretion mediated via cortisol excess

ACTH hypersecretion from pituitary tumors induces hyperplasia of the adrenal cortex and causes excessive secretion of cortisol.
These affect several tissues such as fat, muscle, lymphocytes, coagulation system, bones, and brain. These result in impaired
glucose metabolism, fat accumulation, muscle atrophy, infections, thrombosis, osteoporosis, and psychiatric disorders.

(b)

Fig. 5 CT scan imaging of pneumocystis pneumonia development in patient with Cushing’s disease after metyrapone initiation

(a) Day 6 after initiation of metyrapone, (b) Day 11 after initiation of metyrapone.
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repeat operation [71]. In both reports, the VTE is more
common in Cushing’s disease than adrenal Cushing’s
syndrome, especially in the perioperative period. Regard-
ing prophylactic anticoagulants, fewer than half of the
facilities participating in the ERCUSYN registry rou-
tinely prescribed them. Currently, the indication criteria
for initiating anticoagulant treatment in this condition are
not shown in any treatment guidelines about Cushing’s
syndrome and are still in debate. Also, no standardized
method exists for the routine preoperative detection of
VTE in patients with Cushing’s disease. However,
plasma D-dimer measurement is widely used as a screen-
ing tool. In cases of elevated D-dimer levels, lower
extremity venous ultrasound serves as the next step for
confirmatory diagnosis. It is important to acknowledge
that plasma D-dimer levels may increase due to hospital
stay alone. It has been shown that the mechanism of
hypercoagulation caused by excess glucocorticoids is an
increase in von Willebrand Factor (vWF) in the coagula-
tion system and also plasminogen activator inhibitor type
1 (PAI-1), which suppresses the fibrinolytic system.
From this perspective, D-dimer, commonly used as a
biomarker for deep vein thrombosis, is undervalued in
this pathology, leading to a difficulty in detecting early
development [61].

Pre-operative management for hypercortisolemia

Correcting hypercortisolemia before surgery was per-
formed only in 20% of cases in the ERCUSYN registry,
and was more in Cushing’s disease (23%) than in adrenal
Cushing’s syndrome (7%) [72]. Characteristics of these
patients include a high prevalence of signs related to
hypercortisolemia, hypertension, impaired QoL score,
and tumors not visible on MRI. There are concerns that it
has not led to improved post-operative remission rate as
a surgical outcome and that pre-operative treatment
restores ACTH secretion from normal corticotroph, which
may complicate the determination of surgical cure.
Therefore, pre-operative treatment is not routinely rec-
ommended by most treatment guidelines. However, this
may benefit patients with potentially life-threatening
complications with severe hypercortisolemia; those with
difficult-to-control complications, including psychiatric
disorders, thrombosis, and infections; patients with sig-
nificantly decreased QoL; and patients who may take
time until surgery [54, 66].

It is noteworthy that high cortisol is known to cause
irreversible atrophy in the hippocampus, amygdala, and
prefrontal cortex, in addition to enlarged ventricles [73,
74]. After surgical remission for Cushing’s syndrome,
previous reports indicate that some patients’ cognitive
ability remains decreased while others show improvement,
and this point requires further investigation. However,

the decline in QoL continues over a long period of time
in post-operative patients with this disease, and the
period of exposure to hypercortisolemia has been shown
to be a risk factor [75]. Considering the time required for
tumor localization, I believe there may be an advantage
in initiating pre-operative medical treatment immediately
after diagnosis. Furthermore, very few studies have eval-
uated outcomes other than postoperative remission for
preoperative medical treatment, and this point should be
considered in the future.

Treatment for Cushing’s disease is mainly divided into
three targets: pituitary tumor, adrenal gland, and periph-
eral glucocorticoid target organs. As pre-operative
treatment drugs, steroidogenesis inhibitors including
ketoconazole and metyrapone, dopamine receptor ago-
nist cabergoline, glucocorticoid receptor antagonist
mifepristone, and their combinations have been previ-
ously reported and now levoketoconazole, rather than
ketoconazole, and osilodrostat have also been added as
candidate drugs, while cabergoline, ketoconazole,
levoketoconazole, and mifepristone are not covered by
insurance in Japan at this moment. The most commonly
used drugs reported so far are ketoconazole and
metyrapone, an inhibitor of CYP11B2 and CYPI1BI
[72]. There are two treatment regimens for steroidogene-
sis inhibitors, namely “Titration to normalization” and
“Block-and-replace.” Generally, block-and-replace regi-
mens, which include a combination of steroidogenesis
inhibitor and glucocorticoid replacement, are used for
severe hypercortisolism or cyclic Cushing’s syndrome
[76]. At the initiation of steroidogenesis inhibitors,
the risk of PcP induced by a sudden drop in hypercorti-
solemia needs to be noted. It is difficult to monitor the
effect of these steroidogenesis inhibitors due to the lack
of a gold standard biomarker. Early morning serum
cortisol levels, 24-hour UFC levels, late night salivary
cortisol levels, and multiple daily serum cortisol levels
are frequently used for the assessment of drug efficacy in
many studies, especially during titration to normalization
regimens [76, 77]. We have reported multiple measure-
ments of salivary cortisol levels during titration to nor-
malization regimens as a useful biomarker. In this report,
the dosage and timing of the drug were determined based
on the suppression rate of salivary cortisol levels and the
time to reach the nadir, which was proposed as a new
method to normalize UFC levels [78]. In the block-and-
replacement regimen, monitoring cortisol levels is quite
difficult except when using dexamethasone as a replace-
ment therapy. Also, determining the adequate dose for
replacement is challenging, especially in this initial man-
agement phase. To date, there are limited reports describ-
ing the use of osilodrostat, which is a recently approved
steroidogenic inhibitor thought to suppress not only
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CYP11IB2 and CYP11B1 but also CYP21A2 and
CYP17Al as preoperative treatment. However, this drug
is believed to offer more reliable and specific cortisol
suppression, and an increase in real-world data is antici-
pated [72, 79]. Again, optimal pre-operative medical
treatment is still in debate. Undoubtedly, the endocrinol-
ogist’s mission is to transport patients to the best expert
pituitary surgeon in the safest and best way possible. For
the treatment of inoperable Cushing’s disease for some
reason, drug therapy targeting ACTH-producing tumors,
such as pasireotide and cabergoline, may be used first or
in combination with steroid synthesis inhibitors. If these
drugs could suppress tumor-specific ACTH secretion,
they would be a more essential treatment and would
likely shrink the tumor simultaneously. Therefore, their
use should be considered, especially in cases where long-
term management is required.

Future Perspective

Despite the recent development of diagnostic and treat-
ment guidelines and their updates, many concerns remain
regarding initial phase management of patients with
Cushing’s disease. First, to shorten the current 38 months
required for diagnosis, efforts should be made to make
the public and non-specialists, especially the departments
that serve as the points of contact for this rare disease,
aware of it, and to increase the number of endocrinolo-
gists. In addition, it is considered necessary to promote
the development of a digital diagnosis system as a break-
through in the future for the initial detection of this dis-
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ease. Hormone evaluation after detection can be relatively
difficult, even for endocrinologists, especially in atypical
cases. Therefore, new diagnostic biomarkers, such as those
reflected by hypercortisolemia, and tumor-specific mark-
ers, will be needed in the future. Markers that reflect such
cortisol effects can also be used as monitoring markers
during treatment. To continue the molecular, technologi-
cal, and engineering developments that have been made
to date, further breakthroughs must be opened up by
fully using the remarkable developments made possible
in information science, artificial intelligence, and not
only in genetics but also in epigenomes. This is expected
to improve the prognosis of this rare disease and lead to
applications in various fields related to the HPA axis.

Conclusions

Cushing’s disease is a rare disease that has seen
remarkable progress in diagnosis and treatment over the
hundred years since its concept was first proposed, lead-
ing to significant improvements in its prognosis today.
However, among pituitary diseases, it is a disease that
still has many clinically challenging issues. It takes time
to detect, many hormone assessments and specialized
tests are required to achieve a diagnosis, and complex
judgments are required in these tests. Complications due
to hypercortisolemia are frequently significant and some-
times life-threatening, requiring prompt and comprehen-
sive management. In this review, I have presented the
management of this initial phase as sequentially as in the
real approach (Graphical Abstract). I hope that this
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review will assist in the treatment of this disease and
raise issues for future research.
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