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Background: Measurement of the plasma adrenocorticotropic hormone (ACTH) level has been recommended as the first diag-
nostic test for differentiating between ACTH-independent Cushing syndrome (CS) and ACTH-dependent CS. When plasma
ACTH values are inconclusive, a differential diagnosis of CS can be made based upon measurement of the serum dehydroepian-
drosterone sulfate (DHEA-S) level and results of the high-dose dexamethasone suppression test (HDST). The aim of this study
was to assess the utility of plasma ACTH to differentiate adrenal CS from Cushing’ disease (CD) and compare it with that of the
HDST results and serum DHEA-S level.

Methods: We performed a retrospective, multicenter study from January 2000 to May 2012 involving 92 patients with endoge-
nous CS. The levels of plasma ACTH, serum cortisol, 24-hour urine free cortisol (UFC) after the HDST, and serum DHEA-S
were measured.

Results: Fifty-seven patients had adrenal CS and 35 patients had CD. The area under the curve of plasma ACTH, serum DHEA-
S, percentage suppression of serum cortisol, and UFC after HDST were 0.954, 0.841, 0.950, and 0.997, respectively (all
P<0.001). The cut-off values for plasma ACTH, percentage suppression of serum cortisol, and UFC after HDST were 5.3 pmol/
L, 33.3%, and 61.6%, respectively. The sensitivity and specificity of plasma ACTH measurement were 84.2% and 94.3%, those
of serum cortisol were 95.8% and 90.6%, and those of UFC after the HDST were 97.9% and 96.7%, respectively.

Conclusion: Significant overlap in plasma ACTH levels was seen between patients with adrenal CS and those with CD. The
HDST may be useful in differentiating between these forms of the disease, especially when the plasma ACTH level alone is not
conclusive.
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INTRODUCTION

Cushing syndrome (CS) is a rare disorder characterized by ex-
cessive cortisol secretion from the adrenal glands [1]. This con-
dition occurs in two distinct forms: adrenocorticotropic hor-
mone (ACTH)-dependent CS and ACTH-independent CS,
which are traditionally identified using a plasma ACTH assay.
Low levels of plasma ACTH are indicative of ACTH-indepen-
dent CS because excess autonomously released cortisol sup-
presses pituitary ACTH secretion [2,3]. In many cases, howev-
er, the distinction between disease subtypes remains unclear.
Previous studies have reported high interassay variability and
low reproducibility of plasma ACTH assays [4,5]. In one study,
only 85% of all measurements were interpreted correctly, and
this rate dropped to 60% in patients with suspected ACTH-in-
dependent CS [6]. Plasma ACTH values must be interpreted
with caution because the wide variation in patient results often
leads to difficulty in differentiating between ACTH-dependent
and ACTH-independent CS.

The high-dose dexamethasone suppression test (HDST) has
been a mainstay of biochemical testing for distinguishing
Cushing’ disease (CD) from ACTH-producing ectopic CS [7].
However, this test is rarely performed to distinguish ACTH-de-
pendent CS from adrenal CS. Moreover, the sensitivity and
specificity of the HDST for diagnosing CD are 65% to 100%
and 60% to 100%, respectively [8-11].

Serum dehydroepiandrosterone sulfate (DHEA-S) is the
most abundant adrenal androgen in blood. Serum DHEA-S
levels generally remain within the high-normal range in pa-
tients with CD, but are low in patients with adrenal CS because
of low plasma ACTH [12-14]. However, the normal range of
serum DHEA-S is wide, making serum DHEA-S a poor choice
as a first-line test for the differential diagnosis of CS.

Here, we investigated the diagnostic utility of plasma ACTH
levels for distinguishing between adrenal CS and CD. We also
compared the discriminatory role of the plasma ACTH level
with that of the HDST results and serum DHEA-S level.

METHODS

Study subjects

We retrospectively collected data from 100 patients diagnosed
with CD or adrenal CS from January 2000 to May 2012 in
Seoul National University Hospital, Seoul National University
Bundang Hospital, and Seoul Metropolitan Government-Seoul
National University Boramae Medical Center, Seoul, Korea
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[15]. Only 92 patients with CD and adrenal CS were included.
Eight patients were excluded due to the presence of ectopic, re-
current, cyclic, or subclinical CS, including two patients with
ectopic CS and four with recurrent CS. This study was approved
by the institutional review board of each participating hospital.

The diagnosis of CD was made by inferior petrosal sinus
sampling or brain magnetic resonance imaging and confirmed
by postsurgical pathologic examination or the presence of post-
surgical adrenal insufficiency. Thirty-two patients were treated
surgically, along with an additional three patients treated by
Gamma knife surgery. The diagnosis of adrenal CS was made
by abdominal computed tomography and confirmed by post-
surgical pathologic examination. Furthermore, all patients with
adrenal CS became hypoadrenal after removal of a solitary ad-
renal adenoma.

Plasma ACTH levels were measured in all patients with CS.
The serum cortisol level or urine free cortisol (UFC) level after
the HDST was measured in 77 patients, and the serum DHEA-
S level was measured in 41 patients.

Laboratory measurements

Serum cortisol and UFC levels were measured using a radioim-
munoassay kit IMMUNOTEC, Prague, Czech Republic). The
reference range for 24-hour UFC was 53.6 to 318.0 nmol/day.
We calculated the percentage suppression of the serum cortisol
concentration at 8:00 AM and UFC after HDST by daily admin-
istration of 8 mg of dexamethasone for 2 days. The serum
DHEA-S level was measured using a competitive binding ra-
dioimmunoassay kit (Diagnostic Products Corp., Los Angeles,
CA, USA). The reference range of DHEA-S was 950 to 11,670
nmol/L. Blood samples were collected in a prechilled tube con-
taining ethylenediaminetetraacetic acid (EDTA), immediately
separated at 4°C, and stored at ~80°C until needed. The morn-
ing plasma ACTH level was measured using an immunoradio-
metric assay (CIS-Bio International, Saclay, France). The limit
of detection by the immunoradiometric assay was 0.4 pmol/L,
and the interassay and intra-assay coefficients of variability
were 9% to 45% and 1% to 17%, respectively [6]. The reference
range of ACTH at 8:00 to 9:00 AM was 2.2 to 19.8 pmol/L. The
mean plasma ACTH level was used when multiple tests were
performed.

Statistical analysis

To evaluate the association between diagnosis and baseline
characteristics or biochemical findings, Fisher exact test was
used for categorical variables and the Mann-Whitney test was
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used for quantitative variables. Receiver operating characteris- ~ USA) and MedCalc version 12.5.0 (MedCalc Software, Mar-
tic (ROC) curve analyses were used to determine the discrimi-  iakerke, Belgium). P value of <0.05 was considered statistical-
nation values for response to HDST, plasma ACTH, and serum ly significant.

DHEA-S. The optimal cut-off points for adrenal CS were cho-

sen using the Youden index (sensitivity+specificity-1) [16]. We ~ RESULTS

calculated the sensitivity, specificity, positive predictive value,

and negative predictive value for each biochemical test based ~ Adrenal CS was present in 57 patients (62.0%) and CD in 35
on the optimal cut-off points. Statistical analyses were per-  patients (38.0%). No significant differences in age, sex, serum
formed using SPSS version 18.0 (SPSS Inc., Chicago, IL, cortisol level, or 24-hour UFC level were observed between the

Table 1. Baseline Characteristics and Laboratory Results of Patients with Adrenal Cushing Syndrome and Cushing Disease
Characteristic Adrenal Cushing syndrome (#=57)  Cushing disease (n=35) P value
Age at diagnosis, yr 40 (31-54) 40 (28-54) 0.834
Female sex 51(89.5) 28 (80.0) 0.230
Body mass index, kg/m* 24.1 (21.6-27.0) 23.6 (22.2-26.4) 0.816
24-Hour UFC, nmol/day 1,535 (1,004-3,022) 1,199 (611-1,961) 0.136
Serum cortisol, nmol/L 499 (417-624) 593 (397-712) <0.001
ACTH, pmol/L 3.1(0.2-4.7) 22.2 (12.1-29.9) <0.001
DHEA-S, nmol/L 677 (453-1,982) 6,321 (3,610-8,850) 0.001
Serum cortisol after LDST, nmol/L 535 (430-601) 290 (212-444) 0.001
UFC after LDST, nmol/day 1,311 (806-2,324) 312 (146-624) 0.001
Percentage suppression of serum cortisol after HDST, % -0.7 (-13.3t0 17.5) 88.5 (62.6-92.8) <0.001
Percentage suppression of UFC after HDST, % -3.1(-78.2t0 24.0) 94.4 (88.9-97.4) <0.001
Patients with repeated ACTH measurement 29 (50.9) 18 (51.4) 0.959
Mass size (adrenal or pituitary), mm 18.5(10.0-30.0) 2.2(0.1-5.0)

Patients with adrenal carcinoma 1(1.8) -

Patients with pituitary adenoma of >10 mm - 3(8.6)

Values are expressed as median (interquartile range) or number (%).

UFC, urinary free cortisol; ACTH, adrenocorticotropic hormone; DHEA-S, dehydroepiandrosterone sulfate; LDST, low-dose dexamethasone sup-
pression test; HDST, high-dose dexamethasone suppression test.
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Fig. 1. (A) Plasma adrenocorticotropic hormone (ACTH) and (B) serum dehydroepiandrosterone sulfate (DHEA-S) levels. Percentage
suppression of (C) serum cortisol and (D) urine free cortisol (UFC) after high-dose dexamethasone suppression test in patients with
Cushing disease (CD) and adrenal Cushing syndrome (CS).
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two groups (Table 1). Compared with patients with adrenal CS,
those with CD exhibited higher plasma ACTH (median, 22.2
pmol/L vs. 3.1 pmol/L; P<0.001) (Fig. 1A) and serum DHEA-
S levels (median, 6,321 nmol/L vs. 677 nmol/L; P=0.001) (Fig.
1B); however, some overlap in the plasma ACTH levels was
detected between patients with adrenal CS and CD in the range
of 3.5 to 15.6 pmol/L (Fig. 1A). The median percentage sup-
pression of serum cortisol after the HDST was 88% in patients
with CD. Serum cortisol suppression of >50% after the HDST
occurred in 26 (87%) of 30 patients with CD. The median per-
centage suppression of UFC after the HDST was 94% in pa-
tients with CD. UFC was suppressed by >90% in 22 patients
(73%) with CD (Fig. 1C, D). Of the 45 patients with adrenal
CS, serum cortisol was suppressed by >50% in only one pa-
tient, while UFC was not suppressed by >90% in any patients
with adrenal CS (Fig. 1C, D). The percentage suppression of se-

rum cortisol and UFC after the HDST was greater in patients
with CD than in those with adrenal CS (P<0.001).

No significant differences in the basal serum cortisol or 24-
hour UFC level were detected between patients with a sup-
pressed ACTH level of <2.2 nmol/L and those without plasma
ACTH suppression (Table 2). The serum cortisol and UFC lev-
els after the HDST and the percentage suppression after the
HDST did not differ between the two groups.

ROC curve analyses were used to assess the diagnostic power
of the plasma ACTH level, serum DHEA-S level, and percent-
age suppression of serum cortisol as well as the UFC level after
the HDST in differentiating adrenal CS from CD (Table 3). The
area under the curve was highest for UFC after HDST (Fig. 2).
The sensitivity for plasma ACTH levels of <2.2 pmol/L was
only 33.3%, although the specificity was 100.0%. For the
HDST, the sensitivity and specificity of the percentage suppres-

Table 2. Comparison of Clinical and Biochemical Characteristics in Patients with Adrenal Cushing Syndrome Based upon Suppres-

sion of Plasma ACTH

Characteristic Suppressed ACTH (n=21) Normal/high ACTH (n=36) P value
Age at diagnosis, yr 39 (32-54) 42 (30-56) 0.785
Female sex 20(95.2) 31 (86.1) 0.397
Body mass index, kg/m? 22.8(20.7-27.1) 24.1(22.2-27.1) 0.457
Adrenal mass size, mm 30.0 (25.0-33.5) 30.0 (25.0-34.8) 0.784
24-Hour UFC, nmol/day 1,120 (639-1,997) 1,348 (593-1,886) 0.832
Serum cortisol, nmol/L 505 (436-668) 499 (414-624) 0.841
ACTH, pmol/L 1.98 (2.11-2.18) 4.44 (3.37-6.45) <0.001
DHEA-S, nmol/L 478 (236-570) 1,048 (627-2,589) 0.017
Serum cortisol after LDST, nmol/L 535 (430-706) 532 (372-582) 0.571
UFC after LDST, nmol/day 1,018 (847-2,672) 1,098 (599-2,139) 0.415
Percentage suppression of serum cortisol after HDST, % 4.6(-17.9t0 18.8) -4.2(-13.2t0 14.9) 0.580
Percentage suppression of UFC after HDST, % -2.2 (-66.1 to 16.4) -7.3 (-91.1 to 24.7) 0.878

Values are expressed as median (interquartile range) or number (%).

pression test; HDST, high-dose dexamethasone suppression test.

ACTH, adrenocorticotropic hormone; UFC, urinary free cortisol; DHEA-S, dehydroepiandrosterone sulfate; LDST, low-dose dexamethasone sup-

Table 3. Efficacy of Biochemical Parameters Used for Diagnosing Adrenal Cushing Syndrome

Parameter Cut-off value AUC 95% CI Sensitivity, % Specificity, % PPV, % NPV, %
ACTH, pmol/L 5.3 0.954 0.889-0.987 84 94 96 79
DHEA-S, nmol/L 2,464 0.810 0.693-0.936 86 85 92 73
Suppression of serum cortisol, % -333 0.950 0.877-0.986 96 91 94 94
Suppression of UFC, % -61.6 0.997 0.949-1.000 98 94 96 97

AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; ACTH, adrenocorticotropic hor-
mone; DHEA-S, dehydroepiandrosterone sulfate; UFC, urine free cortisol.
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ROC curves sion of serum cortisol at 50% was 97.6% and 86.2%, respec-
tively, and those of suppression of UFC at 90% were 100.0%
— ACTH
DHEA-S and 73.4%, respectively (data not shown). According to the
P:Lrlce“‘ag? . Youden index, the optimal cut-off values of plasma ACTH and
ppression of UFC

___ Percentage suppression the percentage suppression of serum cortisol and UFC after the

2 06 | of serum cortisol . .
2 — Reference HDST were 5.3 pmol/L, 33.3%, and 61.6%, respectively. Using
& o4l these cut-off points, the sensitivity and specificity of the HDST
were higher than those of plasma ACTH, and the sensitivity and
02 F specificity of DHEA-S were lower than those of plasma ACTH.
Suppression of UFC after the HDST was the most powerful di-
0 : : : : ' agnostic tool for differentiating between adrenal CS and CD

0 0.2 0.4 06 0.8 1.0

o among the tests examined.
1-Specificity

Of the three patients with CD plus adrenocortical adenoma,
Fig. 2. Receiver operating characteristic (ROC) curves for plasma  one patient exhibited no plasma ACTH suppression, while the
adrenocorticotropic hormone (ACTH), serum dehydroepiandros-
terone sulfate (DHEA-S), percentage suppression of serum corti-

sol, and urine free cortisol (UFC) after the high-dose dexametha- . . ) )
sone suppression test. The black line represents the results equiva- ~ and UFC were >50% and 90%, respectively, for all patients

lent to chance. (Table 4). Of the 57 patients with adrenal CS, nine had pituitary

other two patients showed plasma ACTH suppression to <2.2
pmol/L. However, the percentage suppression of serum cortisol

Table 4. Characteristics of Patients with Cushing Disease with Adrenocortical Adenoma

Patient no. Sex Age, yr ACTH, pmol/L HDST, % Pituitary 1nass, Adrenal inass,
Serum cortisol UFC mm mm
1 F 69 383 99 99 10 10
2 M 66 3.5 89 97 5 10
3 F 73 222 90 - 5 10

In the HDST, % indicates percentage suppression of serum cortisol and UFC after HDST.
ACTH, adrenocorticotropic hormone; HDST, high-dose dexamethasone suppression test; UFC, urine free cortisol.
‘Longest diameter of mass.

Table 5. Characteristics of Patients with Adrenal Cushing Syndrome with Pituitary Adenoma

Patient no. Sex Age, yr ACTH, pmol/L Serum cortif))lST’ . UFC DI::EO;A/LS Adrell::l]?lass, Pltmtqujna“
1 F 24 8.4 29.0 14 665 37 4
2 F 33 3.5 19.0 -152 510 27 7
3 F 21 8.4 -29.0 10 8,717 10 4
4 F 27 2.0 -64.0 -467 185 27 3
5 F 51 4.8 -111.0 11 - 32 4
6 M 40 54 -1.3 -10 1,878 30 3
7 F 40 44 - - - 10 2
8 M 53 1.8 - -17 2,464 10 3
9 M 57 3.7 6.7 -36 - 20 5

In the HDST, % indicates percentage suppression of serum cortisol and UFC after HDST.

ACTH, adrenocorticotropic hormone; HDST, high-dose dexamethasone suppression test; UFC, urine free cortisol; DHEA-S, dehydroepiandros-
terone sulfate.

‘Longest diameter of mass.
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tumors; of these, seven exhibited plasma ACTH levels of >2.2
pmol/L. No serum cortisol or UFC suppression after the HDST
was observed in any of these patients (Table 5).

We also analyzed the diagnostic value of the HDST in pa-
tients with CD with pituitary macroadenoma. In this study, only
three of the 35 patients with CD also had pituitary macroadeno-
mas. The HDST was performed in only two of these patients;
both serum cortisol and UFC were suppressed in all patients.
Although the percentage of patients with pituitary macroadeno-
ma was <10%, the HDST was not helpful in patients with pitu-
itary macroadenoma.

DISCUSSION

We investigated the utility of plasma ACTH levels in the differ-
ential diagnosis of CS compared with that of the HDST results
and serum DHEA-S levels. Using suppressed plasma ACTH
level (<2.2 pmol/L) as the discriminatory parameter, our data
show that a substantial number of patients with adrenal CS may
remain unidentified. The HDST may therefore be a useful addi-
tional for the differential diagnosis of CS in patients with plas-
ma ACTH levels of 3.5 to 15.6 pmol/L.

The plasma ACTH assay is the mainstay in the differential
diagnosis of CS [15,17]. Its convenience and low cost make it
a viable choice for both hospitals and outpatient clinics. Plasma
ACTH concentrations are detectable in 60% of patients with
adrenal CS, and within the normal range in the remaining pa-
tients [18]. Similarly, 33.3% of patients with adrenal CS in our
study had plasma ACTH concentrations of <2.2 pmol/L. Ac-
cordingly, plasma ACTH was of limited value for the differen-
tial diagnosis of CS.

Low interassay reproducibility and high variability of plasma
ACTH levels may contribute to the poor diagnostic perfor-
mance of this assay. Although plasma ACTH levels had a lower
diagnostic accuracy than did the HDST in detecting adrenal CS,
the sensitivity of plasma ACTH was 100% in patients with plas-
ma ACTH levels of <2.2 pmol/L. Thus, further confirmation of
adrenal CS may be unnecessary in patients with plasma ACTH
levels below the limit of detection. However, in patients with
plasma ACTH levels of 3.5 to 15.6 pmol/L, it is often difficult
to definitely diagnose adrenal CS using this assay alone. Among
patients with plasma ACTH levels within this range, HDST was
able to successfully identify all patients with adrenal CS.

Previous studies have reported poor diagnostic accuracy of
the HDST in discriminating adrenal CS. However, the positive
and negative predictive values of the serum cortisol and UFC
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levels after the HDST in our patients with adrenal CS were ap-
proximately 95%, significantly higher than that of the plasma
ACTH level. Neither the serum cortisol nor UFC level was
found to be suppressed after the HDST in any patient with adre-
nal CS. Moreover, when the plasma ACTH level was within the
range of 3.5 to 15.6 pmol/L, the specificity of the percentage
suppression of serum cortisol and UFC was 100%. These results
suggest that the utility of the HDST as a diagnostic tool may
have been underestimated. Furthermore, the HDST was helpful
in identifying the source of hormone secretion when both pitu-
itary and adrenal nodules were detected by radiologic studies. In
our study, 14% of patients with adrenal CS had pituitary adeno-
mas, and 31% of patients with CD had adrenocortical adeno-
mas. These observations demonstrate a clear ability of the
HDST to distinguish between adrenal CS and CD in these situa-
tions, whereas the plasma ACTH level alone had little discrimi-
nation value.

Unlike the HDST, measurement of the serum DHEA-S level
did not improve the ability to diagnose adrenal CS when added
to plasma ACTH assays. Because serum DHEA-S is directly
regulated by plasma ACTH, it was expected to be lower in pa-
tients with adrenal CS than in those with CD. However, in this
study, the serum DHEA-S levels demonstrated a wide range of
overlap between patients with adrenal CS and those with CD.
The poor diagnostic value of the serum DHEA-S level may re-
flect the complex mechanisms of adrenal androgen secretion
[12].

Our study included only 35 of 92 patients (38%) with CD
compared with 57 patients (62%) with adrenal CS. Such a dis-
tribution is unusual given the normal distribution of cases, with
CD typically more common than adrenal CS [19]. However,
this finding is not without precedent; similar results have also
been reported in a Korean population [20]. In that study, the
prevalence of adrenal CS was slightly higher than that of CD,
and ectopic CS was very rare. This distribution is thought to
have been due to the low detection rate of pituitary tumors and
ectopic CS in Korea, although racial differences may also be in-
volved. The unusual distribution of patients our study popula-
tion may have influenced the outcomes of some of our statistical
tests; different cutoff values may be possible in a larger or more
normally distributed cohort. Similarly, it is conceivable that the
high prevalence of adrenal causes could inflate the positive and
negative predictive values of the HDST.

As with all studies, the analyses presented here are not with-
out limitations. First, the biochemical data were retrospectively
retrieved from patients’ medical records, meaning that the num-
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ber of biochemical tests for each patient was not equal. Second,
plasma ACTH levels may deteriorate in response to handling
error after blood collection. Under ideal conditions, blood sam-
ples should be collected in a prechilled tube containing EDTA,
immediately separated at 4°C, and then stored at —80°C until
needed. Even with modern ACTH assays, ACTH levels may
deteriorate quickly in whole blood unless cooled and separated
and the plasma quickly frozen until needed. It is therefore possi-
ble that ACTH levels in patients with CD may have fallen after
the blood samples were collected despite the fact that the study
was performed with the same protocol and assay method at each
institution. Third, simultaneous pituitary and adrenocortical tu-
mors were identified in some patients, as above. These findings
include both CD plus an adrenal incidentaloma as well as adre-
nal CS plus a pituitary incidentaloma. Last, the corticotropin-re-
leasing hormone (CRH) stimulation test was not performed in
our study because of limited reagent availability in Korea. It
would be of interest to examine whether stimulated ACTH lev-
els in response to CRH better discriminate between adrenal CS
and CD.

In conclusion, our study has demonstrated that the plasma
ACTH assay has limited value in the differential diagnosis of
CS. The diagnostic accuracy of the HDST is higher than that of
the plasma ACTH level, whereas the serum DHEA-S level is
less useful than the plasma ACTH level. The HDST is particu-
larly beneficial in identifying patients with adrenal CS when the
plasma ACTH level is not suppressed to <2.2 pmol/L. We
therefore recommend using the HDST for the differential diag-
nosis of CS when plasma ACTH levels alone are inconclusive.
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