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Abstract
Purpose  Cushing’s disease (CD) is a severe illness generally caused by microcorticotropinomas (MICs) and in approximately 
7–20% of patients by macrocorticotropinomas (MACs). USP8-mutations have been identified as a major genetic cause of 
CD (~ 50%). Few studies have reported the distribution between MICs–MACs related to USP8-mutations and their geno-
type–phenotype correlations. Therefore, we aimed to evaluate USP8-mutations in a cohort of MICs–MACs from a unique 
center and to perform a systematic review and meta-analysis.
Methods  DNA-tumor-tissues from 47 corticotropinomas (16 MICs and 31 MACs) were sequenced. Clinical-biochemical 
data, radiological imaging data and remission/recurrence rates were evaluated. In addition, we performed a meta-analysis 
of nine published series (n = 630).
Results  We identified four different USP8-mutations previously described, in 11 out of 47 (23.4%) corticotropinomas; 8 
out of 11 were MACs. The urinary cortisol levels of our patients with corticotrophin USP8-mutated-alleles were lower than 
those of patients with wild-type (WT) alleles (p ≤ 0.017). The frequency of USP8-mutated-alleles among the series was 
approximately 30% with a higher prevalence in female-patients (p < 0.1 × 10−4). Among the 5 series, the remission rates were 
higher in patients with USP8-mutated-alleles than in those with the USP8-WT-alleles (p < 0.1 × 10−4).
Conclusion  Our data, as well as the retrospective review of CD series associated with USP8-mutated alleles, show hetero-
geneous findings among the series. Several drawbacks included the lack of a systematic protocol to evaluate these patients 
before surgery and follow-up. Further prospective studies using a systematic protocol will provide more consistent informa-
tion about the influence of the corticotropinomas with USP8-mutated alleles on the phenotype, responses to treatment and 
outcome of patients with CD.
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Introduction

Cushing’s disease (CD) is considered to be a rare cause of 
hypercortisolism that is ACTH-dependent, with an incidence 
of 2–4 patients per million people/year and a high preva-
lence in female patients (aged from 25 to 40 years) [1]. The 

hypercortisolism caused by ACTH-secreting pituitary ade-
nomas is associated with higher morbidity and mortality due 
to a severe metabolic syndrome, an increased cardiovascular 
risk, cerebral vascular disease and infections [2, 3].

The majority of corticotropinomas, when visible on 
magnetic resonance imaging (MRI) scans, are microcorti-
cotropinomas (MICs, < 10 mm in diameter) while macrocor-
ticotropinomas are identified in 10-20% (MACs, ≥ 10 mm 
in diameter) of patients. Only a few cases present invasive 
behavior, and exceptionally, they can reveal a malignant 
outcome [4].

The gold standard treatment for these patients is the neu-
rosurgical resection of the pituitary tumor; the remission of 
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hypercortisolism is approximately 76% of MICs and 43% of 
MACs, with the recurrence rates ranging from 23 to 33%, 
dependent on the referred centers [5]. Patients without 
remission or with recurrence of hypercortisolism need the 
beneficial combination of other treatments such as medical 
therapy and/or irradiation/radio therapy and surgery of the 
sellar region. The most important drugs in clinical practice 
to control hypercortisolism act as inhibitors of ACTH release 
or cortisol secretion or block its receptor (dopamine agonists 
and somatostatin analogs; ketoconazole, metyrapone, mito-
tane and mifepristone, respectively) [6, 7].

CD can be associated with genetic syndromes, which 
are mainly present as pituitary adenomas, such as multiple 
endocrine neoplasia type 1 (MEN1), familial isolated pitui-
tary adenoma (AIP), multiple endocrine neoplasia type 4 
(CDKN1B), McCune-Albright syndrome (GNAS) and Car-
ney complex (PRKAR1A), among others [8].

A recent robust study by Reincke M et al. reported the 
new major finding of mutations in the ubiquitinase ubiquitin-
specific peptidase 8 gene (USP8) in 35% of corticotropino-
mas (10 MICs and 7 MACs) [9]. The USP8-mutations pro-
duce USP8 protein hyperactivity leading to an upregulated 

pathway of the epidermal growth factor receptor (EGFR) 
that causes cell proliferation and ACTH secretion (Fig. 1) 
[9].

Other groups detected somatic USP8 mutations in cor-
ticotrophin adenomas, but the frequency of USP8-mutated 
alleles in pituitary adenomas and the clinical-hormonal-
radiological imaging correlations and the rate of remission/
recurrence showed a great variability among the published 
series [9, 11–18].

To the best of our knowledge, no systematic review and 
meta-analysis of all series has been compiled until now. 
We thought to analyze all published series and to add the 
patients with Cushing´s disease from a unique tertiary center 
of Hospital das Clínicas of University of Sao Paulo, Brazil 
for genetic analysis of USP8.

Materials and methods

This study was approved by the Ethical Committee of the 
Hospital das Clínicas of the University of Sao Paulo, Bra-
zil (#56235216.0.0000.0068), and the procedures were 

Fig. 1   Schematic representation of USP8 -WT and USP8 -Mutated 
lead to increase ACTH and tumorigenesis. a USP8-WT—Normal 
activity of EGFR internalization and degradation via ubiquitination 
activity in cytoplasm and its nuclear recycling. b USP8-mutated—

Ectopic nuclear deubiquitination activity causing increasing the recy-
cling of EGFR. EGFR trigger ERK1/2 pathway and increase cyto-
plasmatic ACTH secretion and leading to corticotropinomas
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performed in accordance with the 1964 Helsinki Declara-
tion and its later amendments. All patients or their legal 
guardians responsible signed the written informed consent.

We focused our analysis on the frequency of somatic 
USP8 mutations of corticotropinomas and aimed to correlate 
the clinical features, the hormone levels, the MRI pituitary 
imaging data and patients outcomes (remission or recur-
rence of hypercortisolism). In addition, we systematically 
searched the medical electronic databases (PubMed—MED-
LINE—Web of Science—Cochrane database) for review and 
meta-analysis.

We retrospectively evaluated 47 corticotropinomas (16 
MICs and 31 MACs) followed up for at least 12 months 
and up to 252 months at Hospital das Clinicas of University 
of Sao Paulo. The histological analysis confirmed the diag-
nosis of ACTH-secreting pituitary adenomas on the basis 
of the presence of fragmented reticulin and positive ACTH 
immune-staining above 50% along with the clinical charac-
teristics of these patients.

We collected the clinical, biochemical, hormonal, MRI 
scan data before and after the surgery from all patients, and 
we constructed a database platform.

The MRI scans of the pituitary were performed in all 
patients using a 1.5 -T MRI system (Signa, GE Medical 
Systems, Milwaukee, WI, USA) with gadopentetate dimeg-
lumine contrast-enhanced injection in a bolus before image 
acquisition.

The tumor lesion was considered to be a MIC when the 
maximum diameter size was less than 10 mm, and a tumor 
with a diameter equal to or greater than 10 mm was classi-
fied as a MAC.

Database

Hormonal testing before and after surgery included, basal 
plasmatic ACTH, early-morning serum cortisol, 24 h uri-
nary cortisol, midnight salivary cortisol, and cortisol after 
a dexamethasone suppression test (DST) with low doses of 
dexamethasone; the samples were collected from almost all 
47 patients. The remission criterion of the hypercortisolism 
was defined as a serum cortisol level below 2.0 μg/dL (rou-
tinely performed 4–5 days after surgery) [19]; in addition, all 
patients required glucocorticoid replacement due to hypoco-
rtisolism. Hydrocortisone was introduced until full adrenal 
axis recovery. Remission status was considered to occur if 
no recurrence was detected for at least 6 months after sur-
gery. The recurrence of CD was identified when the clinical 
symptoms of hypercortisolism were evident and/or the 24 h 
urinary/midnight cortisol levels increased and/or there was 
a nonsuppression of cortisol after a DST (F > 1.8 μg/dL or 
above 50 nmol/L—after a 1 mg overnight orally administra-
tion) were detected. The clinical, hormonal, molecular and 

imaging data from 47 patients before surgery are described 
in the Supplementary data.

USP8 sequencing

Of the 47 patients, DNA was obtained from 34 fresh-frozen 
corticotropinomas or from 13 formalin-fixed conserved tis-
sues using the TRIzol protocol and the fixed formalin par-
affin embedded (FFPE) tissue DNA mini kit (QIAGEN), 
respectively. Primers for exon 14 for USP8 amplification 
were designed according to fresh and formalin-fixed tis-
sues (Supplementary data). The amplified fragments of the 
hotspot region of USP8 were sequenced by standard proto-
cols (Sanger) and the chromatograms were analyzed using 
Sequencher DNA Sequence Analysis software v4.10.1 (Gene 
Codes Corporation). Both DNAs extracted from FFPE and 
frozen tissues presented high quality for USP8 amplification 
and sequencing.

Immunohistochemistry

To confirm the presence of corticotropic tumor cells from 
fresh and fixed formalin tissues hematoxylin and eosin stain-
ing and fragmented reticulin slides were generated for each 
sample with positive immunostaining for ACTH on the 
slides. Immunohistochemistry was performed on 20 pitui-
tary ACTH-secreting adenomas (five with somatic USP8 
mutations), there were, formalin-fixed and sectioned into 
3 µm sections that were fixed onto silanized slides. The 
USP8 protein stain was visualized using rabbit anti-USP8 
(Abcam) at a dilution of 1:100. Two expert pathologists 
(#SACS and #FPF) performed a blind analysis, and both pre-
sented concordance of the data analyzed (data not shown).

Statistical analysis

In our study, three effect measures were considered in the 
analyses as follows: hazard ratio (HR), proportion and stand-
ardized mean difference (SMD). The SMD was calculated 
as the mean difference between the WT and USP8-mutated 
allele groups divided by the standard deviation of the out-
comes among the patients. The pooled measurements and 
their 95% confidence intervals (CIs) were calculated by the 
inverse variance method. To combine the proportion meas-
ure (USP8-mutated), we performed a Freeman-Tukey double 
arcsine transformation to stabilize the variances. The random 
or fixed effects models were fitted to estimate the pooled HR, 
proportion and SMD. The heterogeneity was examined using 
the Q-statistic (Cochran’s Q: the Chi square statistic for the 
test of heterogeneity and the measure of inconsistency given 
by the I2 statistic). We considered a fixed-effect model when 
the measure of inconsistency was lower than 40%. Publica-
tion bias was verified by a funnel plot. Sensitivity analysis 
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was performed to test the influence of individual studies on 
the summary estimate by plotting the summary estimate in 
the absence of each study. All statistical analyses and forest 
plots were created using the R 3.5 (R Foundation for Statisti-
cal Computing) meta package and RevMan 5.0. All statisti-
cal tests were two-sided, and we adopted a significance level 
of 5% [20].

Results

The clinical, hormonal and radiological imaging data from 
the 47 patients with CD and the systematic review database 
of all series are summarized in the Supplementary data.

Genetic analysis of USP8 of the Brazilian Cohort

Forty-seven corticotrophin tissues were evaluated in this 
study, and we identified four previously described patho-
genic allelic variants of USP8 (p.Ser718Pro, p.Ser718Cys, 
p.Pro720Arg and p.Pro720Gln) in 11 pituitary adenomas 
(3 MICs, 8 MACs) and (11/47–23.4%). Of note,seven out 
of 17 were previously described as USP8-WT alleles [10]. 
The mutations described were: p.Ser718Pro, p.Ser718Cys, 
p.Pro720Arg, p.Pro720Gln, the affected amino acids (718 
and 720) are highly conserved among species and all muta-
tions are located close to the binding site of the UBPY 
enzyme with the 14-3-3 protein [10]. All but one of the 

USP8-mutated tumors (10/11, 90.9%) were from female 
patients. We observed a tendency toward more corticotro-
pinomas with the somatic USP8 mutations in MACs (n = 8) 
than in MICs (n = 3).

Systematic analysis of the ten series

The frequency of the somatic USP8- mutated alleles from 
677 patients with CD from nine published series (630 
patients) plus our cohort (47 patients) was 33% (I2 = 83%, 
95% CI: 0.33 [0.24; 0.42]). Interestingly, one series of 120 
Chinese patients identified the somatic USP8- mutated 
alleles in 62.5% of them by whole-exome sequencing. In our 
statistical analysis without this specific group, we observed 
in the heterogeneity from I2 = 83% to I2 = 22%, (I2 = 22%, 
95% CI: 0.29 [0.25; 0.34]) [12] (Supplementary data).

Characteristics of the Brazilian cohort

Our cohort was predominantly composed of adult Caucasian 
patients (41/47—87.2%, 6/47 Afro-descendants) and the 
female/male ratio was 6.8:1. The mean age was 31.3 years 
(ranging from 8 to 69 years—standard deviation [SD]: 
13.25) (Table 1). On the basis of MRI scans of 47 pitui-
tary tumors, we classified 16 MICs and 31 MACs. In the 
MAC group, we observed a significant difference between 
the ages of the genders in which males were younger than 
females (mean age, years, 35 ± 13.16 SD vs. mean age, 

Table 1   Clinical and radiological features from 47 Brazilian patients with Cushing`s disease associated with USP8- WT alleles or with USP8- 
mutated alleles

References: ACTH < 46 pg/mL; midnight cortisol salivary < 0.13 ug/dL; serum cortisol 8 am 5–25 ug/dL; serum cortisol after 1 mg of dexa-
methasone test < 1.8 ug/dL; 24 h urinary cortisol (30–300 ug/dL 24 h)
Statistical analysis: Test U of Mann–Whitney
n Number, WT Wild-type, SD Standard deviation, MACs Macrocorticotropinomas, MICs Microcorticotropinomas, F Cortisol, UC Urinary corti-
sol
Bold values are statistically significant (p < 0.05)
*Comparison of patients of somatic USP8-mutated alleles versus USP8-WT alleles (p < 0.05)

Characteristics All patients (n = 47) USP8-WT (n = 36) USP8-mutated (n = 11) p value*

Female n (%) 41 (87.2%) 31 (75.6%) 10 (24.4%) 1
Male n (%) 6 (12.7%) 5 (83.4%) 1 (16.6%)
Mean age ± SD, years old 31.3 ± 13.25 31.17 ± 12.28 29.20 ± 16.7 0.84
Median tumor size diameter ± SD, mm 11 ± 10.8 10.0 ± 12.45 13 ± 3.73 0.18
MACs n (%) 31 (65.9%) 23 (74.2%) 8 (25.8%) 0.50
MICs n (%) 16 (34%) 13(81.3%) 3 (18.7%)
Remission after surgery, n (%) 21 (44.6%) 14 (66.6%) 7 (33.3%) 0.49
Mean ± SD ACTH (pg/mL) 74 ± 116.39 76 ± 42.24 69 ± 10.20 0.87
Median ± SD salivary F 00 h (µg/dL) 0.54 ± 79.06 0.58 ± 96.13 0.52 ± 0.48 0.46
Median ± SD serum F (µg/dL) after DST (1 mg) 9.6 ± 8.05 12.1 ± 8.47 7.7 ± 7.70 0.63
Mean ± SD 24 h UC 683.42 ± 842.92 721.5 ± 932.59 388 ± 433.33 0.017
Median ± SD serum F (MACs) 24.7 ± 12.57 (n = 31) 27 ± 13.28 (n = 23) 21.15 ± 7.48 (n = 8) 0.048
Median ± SD 24 h UC (MACs) 700.85 ± 622.20 (n = 31) 775 ± 677.47 (n = 23) 383.75 ± 370.43 (n = 8) 0.016
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years, 15 ± 2.36 SD, respectively, p = 0.007—Mann–Whit-
ney U test, Table 2).

Regarding the hormonal data, we identified a signifi-
cant difference between those in the MICs and MACs only 
when we analyzed the 24 h urinary cortisol (UC) levels. The 
MICs had a fivefold increase, and the MACs had a 2.3-fold 
increase compared to the upper limit of the normal range 
of UC (p = 0.023), independent of USP8-mutated alleles 
(Table 2).

We also identified a significant difference between 
the recurrence rates in younger patients (median age: 
23 years ± 5.9 SD) and those in older patients (median age 
35.5 years old ± 14.17 SD), p = 0.047 (Table 2). In addition, 
the recurrence rate in patients with MICs (80%) was higher 
than that in patients with MACs (20%) but was independ-
ent of USP8 status (p = 0.047) (Table 2). Regarding the 
hormonal data of patients with the presence or absence of 
a somatic USP8-mutated allele, the plasmatic ACTH and 
the midnight salivary cortisol levels were similar (mean: 
64.1 ± 10.2 SD vs. mean: 85.45 ± 42.2 SD, Mann–Whit-
ney U test; median 0.58 ± 96.13 SD vs. 0.52 ± 0.42 SD, 
Mann–Whitney U test, respectively). Nevertheless, the 
24 h UC levels were lower in the patients with the somatic 
USP8-mutated allele (mean 388 ± 433.33 SD vs. median 
721.5 ± 932.59 SD, Mann–Whitney U test, p ≤ 0.017) than in 
patients with the WT allele (Table 1). In the MAC group, we 
observed a significant difference between the median serum 
basal cortisol of patients with the presence or absence of 
somatic USP8-mutated alleles (median 21.15 ± 7.48 SD vs. 
median 27 ± 13.28 SD, respectively, [p = 0.048]) and among 
the 24 h UC levels of patients with the presence or absence 
of somatic USP8-mutated alleles (median 383.75 ± 370.43 
SD vs. median 775 ± 677.47 SD, respectively, p = 0.016) 
(Table 1). The remission status after surgery was observed in 
21 out of 47 patients (44%), and 7 of these 21 patients were 

identified to have somatic USP8-mutated alleles (33.3%) 
(Table 1). In the recurrent group, no significant differences 
were observed among the patients with the presence or 
absence of somatic USP8-mutated alleles.

Overall clinical data of all patients 
with or without somatic USP8‑mutated alleles 
from ten series

Of the 677 patients analyzed, 514 were females (76%) and 
216 of them had USP8-mutated alleles (32%) (I2 = 0%, 95% 
CI: 2.63 [1.83, 3.79]) (Supplementary statistical meta-anal-
ysis data). Of the male patients (n = 163), only 24 of them 
had the USP8-mutated allele (24%). In only two cohorts, we 
find a statistically significant difference between the genders 
[11, 12].

The age among the patients presented great variability 
once there were four series with pediatric (until 12 years 
of age) and adolescents (12–15 years of age) individuals. 
Therefore, the mean age ranged in patients with somatic 
USP8-mutated alleles was from 15.1 to 46 years of age, and 
the mean age ranged of patients with somatic USP8-WT 
alleles was from 13.1 to 53 years of age (I2 = 26%, 95% CI: 
0.10 [− 0.16; 0.23%], p = 0.23) (Supplementary statistical 
meta-analysis). Only one study [16] presented a statisti-
cally significant difference related to the age between the 
somatic USP8-mutated and USP8-WT alleles, although 
in this cohort no children were evaluated, and the younger 
adult patients showed a higher prevalence of somatic USP8-
mutated alleles.

The MRI analysis identified 290 MICs and 238 MACs, of 
which, 121 (41.7%) and 73 (30.6%) were identified to have 
USP8-mutated alleles (I2 = 63%, 95% CI: 1.22 [0.77; 1.93]) 
(Supplementary statistical meta- analysis 5). Two series 
showed a significant difference, and both of them indicated 

Table 2   Clinical, hormonal, radiological data and outcomes from all the 47 Brazilian patients

N Number of cases, SD Standard deviation, MACs Macrocorticotropinomas, MICs Microcorticotropinomas, UC Urinary cortisol
Statistical analysis: Test U of Mann–Whitney p* < 0.05

Characteristics Females (n)/median age ± SD Males (n)/median age ± SD p value*

MACs (n = 31) (27)/35 years ± 13.16 (4)/15 years ± 2.36 0.007

Characteristics N Number of fold of increase –24 h UC ± SD p value*

MICs 16 5 ± 3.80 0.023
MACs 31 2.3 ± 8.47

Characteristics N Mean age ± SD p value*

Remission 16 out of 21 35.5 years ± 14.17 0.047
Recurrence 5 out of 21 23 years ± 5.9

Characteristics MICs MACs p value*

Recurrence rate 4/5 (80%) 1/5 (20%) 0.047
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that the somatic USP8-mutated alleles were more frequent 
in MICs [12, 13]. The median size of tumors containing the 
somatic USP8-mutated allele was 9 mm (range: 3–29 mm), 
and the median size of tumors containing the somatic USP8-
WT allele was 10 mm (range: 2–64 mm).

The hormonal patterns among the series were quite similar. 
The basal plasmatic ACTH was analyzed in four series, and 
only one of them identified a significant difference between 
the somatic USP8-WT and somatic USP8-mutated alleles, 
in which the lower levels of ACTH were associated with a 
somatic mutation for USP8 (I2 = 35%, 95% CI: 0.80 [0.37; 
1.22%]) (Supplementary statistical meta- analysis 6) [15]. 
Only two series could be systematically evaluated for 24 h 
UC levels according to the data. One series and our cohort 
presented a similarity without significant difference between 
the groups (mutated and WT) (I2 = 0%, 95% CI: 0.20 [− 0.30; 
0.70%]) (Supplementary statistical meta-analysis 7) [14].

Remission and recurrence

The number of patients who exhibited the remission criteria 
was 272 of the 369 patients (73.7%), and those who had the 
presence of the somatic USP8-mutated allele were 128 out 
of 272 (47%) patients; and 144 had the somatic USP8-WT 
allele (53%) [12, 13, 15, 16]. Among the five-series analyzed, 
two showed significant differences, and the somatic USP8-
mutated allele was shown to confer a greater chance for remis-
sion (I2 = 40%, 95% CI: 1.77 [1.30; 2.40]) and (I2 = 40%, 95% 
CI: 1.30 [1.12; 1.50]), respectively [13, 15]. Using a system-
atic analysis that included four series and our cohort, the prob-
ability of remission was found to be higher in patients with 
the somatic USP8-mutated allele than in patients with the 
USP8-WT allele (I2 = 40%, 95% CI: 1.29 [1.16; 1.42] (Sup-
plementary statistical meta- analysis 8). The risks of recur-
rence among the series were quite similar (I2 = 40%, 95% CI: 
1.45 [0.89; 2.36]) (Supplementary statistical meta- analysis 9).

Discussion

This study aimed to improve our comprehension of patients 
with CD who are either carriers or were not carriers of the 
somatic USP8 mutation through a systematic review of a 
total of 677 patients from ten series. The main concerns were 
as follow: the frequency of USP8-mutated alleles among 
patients with CD; the phenotype-genotype correlation; the 
frequency of MICs and MACs; the hormonal pattern; the 
rates of remission and the recurrence of hypercortisolism 
after transsphenoidal surgery.

The frequency of the somatic USP8-mutated allele in our 
cohort was 23.4%, which is slightly below of the median-
proportion observed in all series analyzed (33%). Otherwise, 
one cohort calls our attention, which includes a group of 120 

Chinese patients with CD, and the authors identified that 
62.5% of these patients had the somatic USP8-mutated allele 
by whole-exome sequencing. Statistical analysis without this 
specific group (120 Chinese patients) decreased the hetero-
geneity and the frequency of the somatic USP8-mutated 
alleles was approximately equal among the others series. 
If this discrepancy is linked with to ethnicity, it needs to be 
better evaluated in further collaborative multicenter stud-
ies. Regarding demographic characteristics, we endorse a 
disproportionate frequency of somatic USP8-mutated alleles 
in females versus those carrying the USP8-mutated alleles 
in males in all series analyzed. However, only two series 
show the same significant difference between the female/
male ratio related to the carrier and noncarrier status of 
the somatic USP8-mutated allele [11, 12]. Because Cush-
ing’s disease is more common frequent in female patients, 
insights about the role of estrogens in the stimulation of the 
tumor growth and possibly providing the environment for 
tumor growth to occur in patients with somatic mutations 
have been speculated. This hypothesis has been supported 
by the presence of estrogen receptors in human pituitary 
tumor cells and in vitro studies about the stimulatory effect 
of estrogens on murine corticotrophin cells [11, 21, 22]. 
Four series are in accordance with to the young age of clini-
cal presentation associated with the somatic USP8-mutated 
alleles; this median difference in patient age showed a short 
variability between USP8- mutated alleles and USP8- WT 
alleles, almost 1–2 years in almost all four series. How-
ever, only Albani A et al. with a cohort of 48 adult patients 
observed a significant difference (median age: USP8-WT 
53 years; USP8-mutated, 46 years.) [16]. When we analyzed 
all series regarding tumor size and aggressive behavior, we 
found an overlap among the MIC-USP8-WT × MIC-USP8-
mutated and MAC-USP8-WT x MAC-USP8-mutated cor-
ticotropinomas [10–18]. The superimposed findings may 
be caused by the way the authors described the MRI data, 
such as the median and range of maximum size, the absolute 
value of size and Knosp classification and the distribution 
of MICs or MACs among patients with Cushing’s disease 
[23]. Hayashi K et al. comprehensively and meticulously 
described all the details of approximately 60 corticotropino-
mas and they found that there was a smaller maximum tumor 
diameter size; the MICs and the tumors (Knosp 0) were fre-
quently detected with somatic USP8-mutated alleles [13].

In our cohort, we observed a tendency toward more 
somatic USP8 mutations in MACs than in MICs, and this 
finding is in accordance with the cohort series by Perez-Rivas 
et al, in which 52% of carriers were identified in MACs [10]. 
Other series have reported that, USP8-mutated alleles were 
identified 2–3 times more often in MICs than they were in 
MACs [12–14]; one series reported the same proportion of 
USP8-mutated alleles between MICs and MACs and the two 
other authors did not evaluate this issue [15].
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The hormone pattern (independent of somatic USP8-
mutated allele) of the urinary 24 h UC levels in our cohort 
presented a significant difference between MICs and MACs. 
In the MICs, the median upper limit of the assay was five 
times, and in the MACs, it was 2.3 times. Recently, our group 
observed in a cohort of 243 MICs versus 74 MACs that 38% 
of MICs presented more than three times the upper limit of 
24 h UC levels, while the MACs presented 23% [4]. Including 
our cohort, only five series evaluated the UC levels, and three 
out of five noted significantly higher levels of UC in patients 
carrying the somatic USP8-mutated alleles. However, only 
two series could be systematically analyzed, and this correla-
tion did not reach significance, this is possibly due to the small 
number of cases available from the other series. Using basal 
plasma levels of ACTH, we noted in our cohort that there 
patients with USP8-mutated alleles tended to have higher 
ACTH levels. Nevertheless, the controversial levels of ACTH 
among four out of the ten series systematically analyzed (due 
to the lack of standard deviation for six of the series) were 
described; this finding is perhaps due to bias selection among 
the MICs-MACs USP8-WT alleles and the carriers as ACTH 
levels are generally higher in MACs than those in MICs [4, 
24–27]. The systematic analysis of the remission and recur-
rence rates among five out of ten series showed a significant 
association between the presence of the USP8-mutated alleles 
and remission compared with that of the USP8-WT alleles 
among the five series and singly in two of the series analyzed 
(I2 = 40%, 95% CI: 1.29 [1.16; 1.42]) [13, 15]. Interestingly, 
only Faucz F et al. presented a significant recurrence rate in a 
cohort of pediatric patients with USP8-mutated alleles; these 
data need to be analyzed in a larger cohort using the same 
concept of remission and recurrence [14]. Our cohort contrib-
uted with 11 patients who had the somatic USP8 mutations (3 
MICs and 8 MACs) analyzed from a unique tertiary center. 
In addition, we performed a retrospective systematic review 
of 677 published patients with Cushing’s disease (528/677 
could be classified as having 290 MICs and 238 MACs) and 
analyzed them for the somatic USP8 mutations.

Recently, Chen J et al. reported recurrent mutations in 
USP48 and in BRAF in WT USP8 and both mutant genes 
increased the activity and transcription of the gene encoding 
POMC, providing a new mechanism for ACTH production 
in corticotropinomas. Interestingly, mutated corticotroph 
tumor cells were sensitive to the BRAF inhibitor, vemu-
rafenib [28].

Our data, as well as the systematic retrospective review 
of Cushing’s disease series associated with USP8-mutated 
alleles showed us a heterogeneous finding among the 
series. The correlations of the somatic genotype–pheno-
type were variable among the series analyzed with sev-
eral drawbacks due to the lack of a systematic protocol 
to evaluate these patients. In conclusion, further multi-
center prospective studies with a taskforce will yield more 

consistent information about the influence of the mainly 
somatic genetic cause of Cushing’s disease, regarding the 
phenotype, response to treatment and outcome of these 
patients.
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