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Cushing’s disease recurrence following successful pituitary surgery is common and
merits prompt and careful diagnosis, as untreated hypercortisolism leads to increased
morbidity and mortality. However, an established recurrence definition has not been
forthcoming. This poses a diagnostic challenge especially early in the course of
returning hypercortisolemia and/or in the presence of non-neoplastic hypercortisolemia.
A late-night salivary cortisol (LNSC) test is the first test to reveal abnormal results,
however, has limitations related to assay performance as well as individual patient
variability. Dexamethasone suppression tests and 24-h urinary free cortisol (UFC)
results are next to reveal abnormal results. Other tests including, corticotropin-releasing
hormone (CRH) stimulation test and combined CRH-dexamethasone test, as well as
desmopressin stimulation test with/without dexamethasone are also used, although,
none have proven to be the preeminent diagnostic test for recurrence determination.
There is a possible role for these tests in predicting recurrence in patients who have
experienced remission, though, this also remains challenging due to lack of established
cutoff values. This article details and summarizes evidence about different diagnostic
tests currently used to diagnose and predict Cushing’s disease recurrence.

Keywords: hypercortisolemia, recurrence, Cushing’s disease, Cushing’s syndrome, Cushing, diagnostic testing,
remission

INTRODUCTION

Endogenous Cushing’s syndrome (CS) is caused in ~80% of cases by an adrenocorticotropic
hormone (ACTH)-producing pituitary adenoma (Cushings disease; CD), in other cases by a
cortisol-producing adrenal source (adrenal adenoma, hyperplasia, or carcinoma) and in less
frequent cases an ectopic ACTH-secreting neuroendocrine tumor (1-4).

Hypercortisolemia is associated with changes in body composition and metabolic comorbidities
such as dyslipidemia, insulin resistance, diabetes mellitus, hypercoagulability, and hypertension (1-
4). Untreated CS, especially in severe cases, has a poor prognosis and high mortality, with patient
survival rates of only 50% after 5 years (5) while treated disease has a much better prognosis
(3). Excess mortality derives from cardiovascular complications such as myocardial infarction
and stroke, however, uncontrolled diabetes, and opportunistic infections also play a major role in
impaired patient survival (3, 6). Recent meta-analysis data showed that although mortality remains
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significantly increased after remission by standardized mortality
ratios (SMR) of 2.5 compared to general population, mortality
risk in the uncontrolled disease population is even higher (SMR
4.6) compared with patients in remission (SMR 1.8, 95% CI 0.95-
3.7) (3). As such, the importance of establishing guidelines for
timely CS recurrence diagnosis is paramount.

Remission rates for CD following transsphenoidal surgery
(TSS) vary between 42 and 90% and are considerably lower in
macroadenoma cases (1, 2). Recurrence after initially successful
TSS may occur in up to 66% of cases, with a higher rate
in macroadenomas cases (7). Pituitary centers that perform a
large number of pituitary surgeries have better outcomes, less
morbidity, and mortality (8-10), however, surgical skills and the
definition of either remission or recurrence used in studies, which
can vary greatly, influence results. Various studies on rates of CD
remission using different criteria have been undertaken and a
summary is shown in Supplemental Table 1. Study correlations
between different markers of hypercortisolism are limited. One
study assessing variability of late-night salivary cortisol (LNSC)
in 19 patients (8 with de novo and 8 with recurrent CD) showed
a poor correlation between 24-h urinary free cortisol (UFC) and
LNSC (Pearson correlation coeflicient R = 0.419; p = 0.15) (11),
while a larger study in 93 patients treated with pasireotide found
a moderate correlation between LNSC and 24-h UFC (10).

Once hypercortisolemia is noted in a patient with suspected
CD recurrence, other potential causes of non-neoplastic
hypercortisolism (i.e., acute psychological or physical stress,
obesity, depression, chronic excessive alcohol use) should
be excluded before a diagnosis is confirmed, however, in
most cases, the unequivocal finding of hypercortisolemia in
a patient previously diagnosed with CD favors a diagnosis
of recurrence. However, as 24-h UFC is the last test to
reveal abnormal results, a 3 to 4-fold elevation over the
upper limit of normal (ULN) alleviates the need for further
work-up (2, 12, 13). Studies on CD recurrence rates using
different criteria have been undertaken and a summary is shown
in Table 1.

DEFINITION OF CUSHING’S DISEASE
REMISSION AND RECURRENCE

While disease remission is defined by a low serum cortisol
(SC) in the immediate postoperative period (2, 12, 14) and in
some studies normal UFC and normal LNSC (13, 15), there
is no clear established definition of CD recurrence. Notably,
interpretation of studies evaluating postsurgical remission
have multiple caveats, including, which criteria were used
to define remission (adrenal insufficiency; AI, SC, UFC,
overnight dexamethasone suppression test; ODST), timing of
testing after surgery, perioperative administration of empirical
glucocorticoids, presurgical use of cortisol-lowering medications,
and time of follow up (16). In general, CD recurrence is
manifested by a return of clinical symptoms and biochemical
evidence of hypercortisolism. However, there is no consensus
on which tests, or combination of tests and timing of tests
for a definitive recurrence diagnosis. Various tests have been

TABLE 1 | Studies by year (2001-2019) on the criteria for Cushing’s disease
recurrence.

Year No. of Recurrence Recurrence Mean or median
Author patients criteria (%) time to recurrence
(range), months
2001
1. Barbetta 68 Clinical 21 NA
SC
LDDST
2. Cavagnini 288 Clinical 15 NA
SC
UFC
3. Chee 61 Clinical 14.6 76.1 (22-158)
SC
UFC
2002
1. Rees 53 Clinical 5 (13-36)
Morning SC
UFC
2. Shimon 74 Clinical 5.2 (24-60)
SC
LDDST
UFC
3. Yap 97 LDDST 1.5 36.3 (6-60)
UFC
2003
1. Chen 174 Clinical NA (6-48)
SC
UFC
2. Flitsch 147 Clinical 5.6 NA
SC
3. Pereira 78 Clinical 9 84
LDDST
UFC
2004
1. Hammer 289 Clinical 8.7 58.5 (13.2-133.2)
SC
LDDST
UFC
2. Rollin 48 Clinical 4.2 (54-66)
SC
LDDST
3. Salenave 54 Morning 195 NA
SC
UFC
2005
1. Atkinson 63 Clinical 22.2 63.6 (12-108)
SC
LDDST
UFC
2006
1. Esposito 40 Clinical 3.1 NA
SC
2. Hofmann 100 Clinical 4.8 18.8 (3-86)
SC
LDDST
2007
1. Acebes 44 Clinical 7.7 54.6 (30-84)
Morning SC
UFC
2. Rollin 108 Clinical 6.8 (24-66)
SC
LDDST

(Continued)
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TABLE 1 | Continued

TABLE 1 | Continued

No. of
patients

Recurrence Recurrence Mean or median
criteria (%) time to recurrence
(range), months

Year
Author

No. of
patients

Recurrence Recurrence Mean or median
criteria (%) time to recurrence
(range), months

1. Hofmann 426 Clinical 15 NA
SC

LDDST

Morning SC 13.5
LDDST

UFC

Clinical 17.4
UFC

Clinical 12.8
UFC

Morning SC 14.3
LDDST

UFC

2. Jehle 193 57.6 (8.4-148.8)

3. Patil 215 39 (3-134)

4. Prevedello 167 50 (12-117)

5. Carrasco 68 51 (9-90)

1. Castinetti 38 UFC

Night ACTH
Night cortisol
LDST

CDDT
Clinical 9.4
UFC

Clinical 2.3 56 (5-129)
DDAVP 10.9 NA

26.30% NA

2. Fomekong 40 NA (18-96)

3. Jagannathan 261
4. Losa 249

1. Alwani 79 Clinical 20
SC
LDDST

UFC

Morning 13 66
SC
UFC

16.5 (7-121)

2. Valassi 620

1. Ammini 81 Clinical 18.5 34.8
SC

LDDST

Clinical 21 NA
SC

UFC

Clinical 21.4, micro NA

SC 383.3, macro
LDDST

2. Bou Khalil 127

3. Storr 183

-

. Ciric (133) 136 SC 9.7
Clinical

Clinical 138.3
LDDST

UFC

Clinical 7.4, micro 0, 37.0 (20-56)
SC macro
LDDST

UFC

Kim 54 sSC 47.4
LDDST

UFC

108 (12-176)

N

. Hassan- 72
Smith

25.2 (15.6-37.2)

w

. Honegger 83

»

57.2 (13-148)

(Continued)

1. Alexandraki 131 Clinical 24.4 65.1

LDDST

Clinical 5.6
SC

LDDST

Clinical 10.8
SC

UFC

LDDST

Clinical NA NA
SC

UFC

Midnight SC 16.1
LDDST

UFC

2. Berker 90 20.5 (20-35)

3. Lambert 346 69.6 (14.4-345)

4. Starke 66

5. Wagenmakers 86 42 (10-98)

Clinical 341
LDDST
UFC

1. Dimopoulou 120 54 (5-205)

1. Amlashi 224 Clinical 28
UFC

ODST

LNSC

Clinical 65
Midnight SC

LDDST

UFC

Clinical 18 NA
Midnight SC

LDDST

UFC

21.7 (3.1-54.0)

2. Aranda 35

28.8 (6-60)

3. Shin 50

1. Chandler 276 Clinical 17 48
ODST

UFC

Clinical 6.3 29
Midnight SC

LDDST

UFC

2. Sarkar 64

—

. Espinosa- 89 UFC 22
de-los-
Monteros
. Feng 341 UFC 2.42 NA (12-36)
. Johnston 101 NA 7.2 NA
. Shirvani 96 Clinical 21.9 24 (4-38)
UFC
ODST
LNSC

48 (28.5-63)

M~ WD

1. Brichard 71 NA 18 36 (18-156)

Adapted from Fleseriu et al. (12).

SC, Serum Cortisol; UFC, 24-hour urinary free cortisol; ODST, Overnight dexamethasone
suppression test; LNSC, Late-night salivary cortisol; NA, Not available; LDDST, Low-
dose dexamethasone suppression test; ACTH, Adrenocorticotropic Hormone; DDAVF,
1-deamino-8-D-arginine vasopressin; Micro, Microadenomas, Macro, Macroadenomas.
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studied to assess an ability to predict, which patients in remission
postoperatively will later experience recurrence, however, none
have demonstrated sufficient accuracy (12, 17, 18).

CLINICAL PICTURE: SYMPTOMS AND
CLINICAL FINDINGS IN RECURRENT
HYPERCORTISOLISM

A 21-year-old male presents with hypertension, lower extremity
weakness, poor wound healing, and central weight gain. There
is face rounding, violaceous stretch marks, ecchymoses, and
thinning of the skin. Laboratory evaluation reveals SC of 33.9
ng/dl, 24-h UFC of 272 pg/day (normal up to 45 pg/day), 1 mg
DST is 19.1 pg/dl, and ACTH is 63 pg/ml. Pituitary MRI reveals
a 5mm pituitary adenoma. Inferior petrosal sinus sampling
(IPSS) confirms a central source. The patient undergoes TSS and
pathology confirms an ACTH positive pituitary adenoma. Post-
operative serum cortisol is 3.3 png/dl and ACTH is 18 pg/ml
on day 1. Symptoms resolve, and the patient is considered in
remission with Al requiring glucocorticoid replacement for 1
year; this is stopped when adrenal function is normal (confirmed
by normal ACTH stimulation test). Three years post-operatively
the patient experiences proximal weakness and central weight
gain of 20 pounds with supraclavicular and dorsal fat deposition,
poor concentration and fatigue.

Question

Does this patient have recurrence or could they have pseudo-
Cushing’s (non-neoplastic hypercortisolemia) caused by stress,
depression or sleep deprivation due to work-life balance?

WHAT IS THE NEXT BEST STEP?

While CS has a variety of manifestations, recurrence of signs,
and symptoms more specific for hypercortisolism such as easy
bruising, wide violaceous stretch marks, osteopenia and thinning
of the skin (19), as well as the subjective perception of the
recurring symptoms by the patient should alert the clinician to
begin a biochemical workup. Various tests to evaluate recurrence
of hypercortisolism are described below.

BIOCHEMICAL WORKUP FOR
SUSPECTED RECURRENCE

Post-surgical Serum Cortisol (SC) Levels in

Cushing’s Disease

Adrenal insufficiency postoperatively was previously interpreted
as an indicator of long- term cure, but several studies have now
shown that recurrence rates increase with longer follow-up even
in patients with postoperative AI (20, 21). Studies that used
postoperative SC cutoffs of <2 and 5 pg/dl found a recurrence
rate of 3.1-4% with shorter follow up (mean 33-87.6 months),
(14, 22) compared with 9-11% in studies with longer follow up
(median 86.4; mean 92 months) (15, 20). Patients with SC > 2.0
pg/dl have 1.5 times greater odds of developing recurrence as
compared to patients with levels < 2.0 pg/dl (OR 2.5; 95% CI

1.12-5.52, p = 0.022) (23). While recent studies might support a
nadir postoperative cortisol as a predictor of long-term “disease -
free” with a positive predictor value (PPV) for remission of 90.5%
when cortisol is <2 g/dl and 80% when cortisol is <5 pg/dl
(80%; 95%CI 66-94%) (1, 24), there is no cortisol value that can
exclude all patients who will experience recurrence (12).

Furthermore, remission may be delayed in ~5.6% of patients
after TSS, who remain hypercortisolemic and experience a
cortisol decrease to normal after a median of 25 days (4-
180 days) and some who become hypocortisolemic after a
median of 8 days (4-150 days). However, a “delayed remission”
group is significantly more likely to experience recurrence when
compared with patients with immediate postsurgical remission
(43 vs. 14%, p = 0.02) (25). Hameed et al. found that patients
with postoperative SC >10 pg/dl are not likely to experience
delayed remission (26). A postoperative cortisol <2 pg/dl and
ACTH <5 pg/ml was found to have a PPV of 100% for
remission, although no level predicted lack of recurrence, and
ACTH/cortisol ratio did not predict the length of remission
(26). Similarly, Costenaro’s group found that SC nadir of <3.5
pg/dl within 48-h and <5.7 pg/dl within 10-12 days post-
operatively predicted surgical remission with specificity and PPV
of 100% (27).

Hypocortisolemia after surgery is still regarded as a marker of
early remission, but cannot predict long-term remission; current
clinical guidelines and disease state review recommend life-long
clinical follow up in all patients (2, 12).

LATE NIGHT SALIVARY CORTISOL

Late night salivary cortisol has high sensitivity and specificity
(90.0 and 91.8%, respectively) in the initial diagnosis of CS in
the appropriate clinical setting (28), similar to midnight plasma
cortisol (29).

Since circadian rhythm alterations are the first sign of
hypothalamus-pituitary-adrenal axis dysfunction and precede
defects in both negative feedback (evaluated by ODST) and
hypercortisolemia (screened by 24-h UFC) (Figure 1) (30, 31),
this test has been used for the initial diagnosis of both subclinical
and overt presentation of CS with a sensitivity and specificity of
90% for the former (28) and 92-93% for the latter (32, 33), as
well for identification of patients with non-neoplastic Cushing’s
(pseudo-Cushing’s) syndrome (31).

Late night salivary cortisol should be the first choice in
assessing CS recurrence (33). Nonetheless, a variety of pre-
analytic factors may influence the results including method of
obtaining saliva, sample contamination with blood, or vomit
especially in the postoperative period, lack of saliva, timing
compliance, and medication inference. Analytic assay issues
have been reported with both direct immunoassay and liquid
chromatography (less so with tandem mass spectrometry;
LC/TMS). Direct immunoassay, including radioimmunoassay
(RIA), manual enzyme-linked immunosorbent assay (ELISA)
and automated electrochemiluminescent/electrofluorescent
immunoassay (ELCIA/ELFIA), can cross-react with cortisone
and synthetic steroids although they have the advantage of
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FIGURE 1 | Chronological changes of recurrent hypercortisolemia in Cushing’s disease. Overt hypercortisolemia is characterized by abnormal circadian rhythm which
can be assessed by LNSC, impaired feedback shown by lack of suppression of ACTH/cortisol after dexamethasone, and increased levels of bioavailable cortisol
measured by UFC. After TSS, patients with persistent disease will retain these abnormalities while they will resolve in the ones who experience remission, who will also
have low post-TSS serum cortisol (remission) or normalized during the first ~25 days post-op (delayed remission). Residual neoplastic corticotrophs may be identified
during remission or early recurrence by DDAVP/Dex-DDAVP and potentially by CRH/Dex-CRH. Abnormal circadian rhythm is the first abnormality that appears after
recurrence, followed by impaired cortisol feedback, and finally by overt hypercortisolemia. DDAVP testing for hypercortisolemia is rarely performed in the United States.

ACTH, adrenocorticotropic hormone; CRH, corticotropin releasing hormone stimulation test; DDAVP, desmopressin stimulation test; Dex-DDAVP, desmopressin
stimulation test after low-dose dexamethasone suppression test; Dex-CRH, corticotropin releasing hormone stimulation test after low-dose dexamethasone
suppression test; LNSC, late-night salivary cortisol; ODST, overnight dexamethasone suppression test; UFC, 24-h urinary free cortisol; TSS, transsphenoidal surgery.

not being expensive, require less saliva volume, and are simple
to perform. On the other hand, LC/TMS has minimal cross-
reactivity and can identify sample contamination, but at a
higher cost, requiring laboratory personnel expertise and a
larger extraction of saliva volume (34, 35). Raff and Phillips
(2019) reported a good correlation between LNSC measured by
LC/TMS and the standard US Food and Drug Administration-
cleared LNSC enzyme immunoassay in healthy adults, using
smaller saliva volumes (50 j11) and measuring at normal bedtime,
instead of late night sampling (36).

In a large study, postsurgical remission has been established
with a LNSC cut-off of 1.9 nmol/l measured by enzyme
immunoassay, with 94% sensitivity and 80% specificity. During
follow up, a cutoff point of 7.5 nmol/l diagnosed recurrence with
75% sensitivity and 95% specificity a PPV of 92% and negative
predictive value (NPV) of 80%. A lower cutoft point of 4.7 nmol/l
increased the sensitivity (87%) and NPV (87%) at the expense of
specificity and PPV (73 and 74%, respectively) (37). Other data
on serial postsurgical LNSC using RIA also achieved specificity
0f 92.9% with 90% sensitivity (38).

Nonetheless, variability can be an important pitfall; a
prospective study following 19 patients with confirmed CD found
a great variability of LNSC measured by LC/TMS in all patients
with early recurrence, presenting with maximal levels ranging
from 1.55 to 15.5 x ULN, but all patients had at least two normal

results and more than 50% of the tests performed in the same
patient were normal (11). This suggests that LNSC also has some
accuracy issues for diagnosing early recurrence of CD, although
seems overall to be a better test than 24-h UFC (2, 12, 13, 17, 37).

DEXAMETHASONE SUPPRESSION TESTS

Both the overnight 1-mg ODST and the 2-mg low-dose
dexamethasone suppression test over 48 h (LDDST) evaluate the
lack of feedback inhibition of corticotrophs by glucocorticoids
and have good initial diagnostic accuracy, with LDDST slightly
lower than that of ODST (2). While ODST is a common test
performed for the screening of an initial CS diagnosis and LDDT
an adjuvant screening test (2), there are no clinical studies
specifically assessing these tests for their diagnostic yield for
long-term remission or recurrence. ODST is expected to become
abnormal in most cases after LNSC, but before 24-h UFC (17,
30). A study of 174 patients that underwent TSS found that a
cortisol level <3 pg/dl on postoperative day 3 after ODST (early
remission) predicted a 93% chance of remission at 5-year follow
up (39). Current recommendations suggest a more stringent
cutoff level (<1.8 pg/dL) (2, 12, 13) for both tests than the above
mentioned study (previously a cutoft <5 pg/dl after ODST was
considered normal).
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24-HOUR URINARY FREE CORTISOL

Urinary free cortisol is one test currently recommended for
CS screening at initial diagnosis (2), but seems to lag in
diagnosing early recurrence after TSS; a few studies report
it as the last biochemical test with abnormal levels in this
setting (mean time 50.6 months) (30, 37). Although UFC is
a direct reflection of unconjugated and bioavailable cortisol
in 24h (19), interpretation of results may be difficult due to
multiple patient factors such as increased water intake, collection
volume and kidney function (40). Laboratory methodology may
also be a factor (19, 40); RIA and electrochemiluminescence
methods react to synthetic steroids and cortisol metabolites
whereas high-pressure liquid chromatography and mass
tandem spectrometry do not; however some drugs such
as fenofibrate and carbamazepine may interfere with the
assay (19, 41). Furthermore, intra-patient results can vary
at ~50% in consecutive 24-h urine collections and this
variability persists even after more than 2 collections are
performed (41).

In a study of 50 patients with an initial CD remission after
TSS and 15 with documented recurrence (by LNSC values), only
3 patients (20%) had an abnormal 24-h UFC (40). This was
concordant with a study assessing early recurrence, finding a
mildly elevated (1-2 x ULN) 24-h UFC in 39% of patients at
recurrence diagnosis (38). A longer term study (median time of
53.5 months after TSS) found a low (68%) sensitivity of 24-h
UEC although a high specificity (100%; NVP 78%) to establish
recurrence at a cutoff point of 1.6 x ULN; adjusting to a stricter
cutoft point (> 1.01 x ULN) provides the same sensitivity, but
decreased specificity and NPV to 89 and 76%, respectively (37).
The data confirms that using 24-h UFC alone might lead to
missing the diagnosis of early recurrence of CD (2, 12, 13, 40).

More pitfalls of each of these particular tests have been
previously reviewed in detail (2, 12, 13) and can be also found
elsewhere in this special research issue.

ADRENOCORTICOTROPIC HORMONE
LEVELS

The role of ACTH in diagnosing either remission or recurrence
is controversial. Adrenocorticotropic hormone has been studied
as a predictor for remission and prognosis of recurrence
following TSS for CD, either measured before treatment (42,
43), perioperatively (44), or during the immediate postoperative
period (26, 45). These studies were performed with ACTH levels
alone, in conjunction with dehydroepiandrosterone (DHEA) and
DHEA sulfate (DHEAS), ACTH to cortisol ratio, or ACTH
following suppression with betamethasone.

In one study (42), ACTH was significantly higher during
the first 3 months postoperatively in patients with persistent
disease compared to those with remission, however, there was no
particular ACTH value to predict recurrence in the study (42).
Furthermore, Hameed et al. showed in a large single center study
that ACTH/cortisol ratio does not predict the length of remission
(26). Although postoperative ACTH levels < 5 pg/ml combined

with serum cortisol levels < 2 pg/dl predicted remission, specific
cutoffs to predict recurrence were not established (26).

In another study, preoperative ACTH and ACTH/cortisol
ratio were significantly higher in patients who experienced
recurrence as compared to patients with sustained remission
(43). Conversely, in another study all postoperative patients who
later experienced recurrence had an ACTH value >20 ng/l and all
those with sustained remission had <20 ng/l, with a statistically
significant difference (44).

There have been concerns about assay interference and
spurious results in ACTH (Immulite) assays, which can lead to
misdiagnosis (46, 47). This has been described for immunoassays
in the presence of heterophil antibodies and substances such as
medications, metabolites or POMC, and/or ACTH fragments.
Therefore, ACTH should not be used alone to diagnose remission
or predict recurrence.

CORTICOTROPIN-RELEASING HORMONE
STIMULATION TEST AFTER
DEXAMETHASONE SUPPRESSION

This test is currently the best option to distinguish non-
neoplastic hypercortisolism (pseudo-Cushing’s syndrome) from
CS in patients who failed ODST during initial evaluation of
hypercortisolism. First reported to have 100% sensitivity and
specificity (48), subsequent studies reported a lower yield of
diagnostic performance at the cutoff level of >1.4 pg/dl (49, 50)
and test interpretation issues when performed with concomitant
medication (51), with the possibility to increase specificity to
100% at a cutoff value of > 3.2 pg/dl, although sacrificing
sensitivity (94%) (52). Another study found a threshold of 2.5
pg/dl al 15 min after CRH to have 90% sensitivity and specificity,
although 15-min ACTH > 27 pg/ml had the greatest diagnostic
accuracy (53). There is limited data of dexamethasone-CRH use
in diagnosis of recurrence and optimal cutoff levels to rule out
non-neoplastic hypercortisolism during recurrence are yet to
be established.

CORTICOTROPIN-RELEASING HORMONE
STIMULATION TEST

Early CRH studies found that patients with a normal ACTH
response to CRH compared to control subjects in the
early postoperative period seem to have significantly greater
recurrence rates than those with subnormal responses (54). In
one study CRH-stimulated cortisol (5.4 £ 0.4 vs. 10.3 £+ 1.7
pg/dl) and ACTH (23.5 + 1.8 vs. 44.8 + 8.5 pg/ml) were
significantly higher in patients with recurrence than those with
sustained remission (24). In another study a CRH stimulation test
failed to predict remission in patients with exaggerated ACTH
response when performed 7-10 days after surgery, however
follow-up was insufficient to assess prediction of recurrence (55).

Again, potential assay interference should be taken into
account when interpreting ACTH values obtained after
CRH stimulation.
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TABLE 2 | Diagnostic accuracy of tests for Cushing’s disease recurrence.

Test Cutoff level Sensitivity Specificity PPV NPV Pros Cons References
(%) (%) (%) (%)
LNSC 7.5 nmol/l 75-90 92.9-95 92 80 In most patients abnormal Intra-patient variability Amlashi et al. (37)
earlier than ODST and/or UFC  May be normal Danet-Lamasou et al. (38)
despite recurrence
24-h UFC 1.6 x ULN 68 100 NA 78  Direct reflection of bioavailable ~50% intra-patient variability ~ Amlashi et al. (37)
cortisol Last to become abnormal
DDAVP 7.0-7.4 68 95 75 92  First test to become positive in - Dynamic testing Barbot et al. (62)
increments some studies Can become positive before Le Marc’Hadur et al. (63)
Predicts presence of tumoral  clinical recurrence Losa et al. (56)
corticotrophs Romanholi et al. (64)
Valero et al. (65)
Vassiliadi et al. (66)
Dex- 50% increase of 100 71-89 41 100 May be more accurate than Few studies assessing Castinetti et al. (71)
DDAVP ACTH DDAVP alone Le Marc’Hadur et al. (63)

LNSC, Late-night salivary cortisol; UFC, 24-hour urinary free cortisol; DDAVE, Desmopressin stimulation test; Dex-DDAVF, Dexamethasone suppression and desmopressin stimulation
test; PPV, Positive predictive value; NPV, Negative predictive value; NA, Not available; ODST: Dexamethasone suppression test; Sensitivity and specificity of this test for detecting

recurrence are not well studied; ACTH, Adrenocorticotropic hormone.

DESMOPRESSIN STIMULATION TEST

Stimulation testing with 10 ng of 1-deamino-8-D-arginine
vasopressin (desmopressin, DDAVP) was previously proposed
as a method to diagnose CD (56) and distinguish the
differential diagnoses of ACTH-dependent CS (sensitivity 83%
and specificity 62%) (7, 57). Currently it has been proposed
for ruling out non-neoplastic hypercortisolism, but may have
lower sensitivity (75-90%) and specificity (90-92%) than CRH
stimulation test after dexamethasone suppression (50, 58-60).
Interestingly, a recent study found an ACTH peak of 71.8 pg/ml
following DDAVP dose to have a higher diagnostic yield, with
90.8% sensitivity and 94.6% specificity, 95.3% PPV and 89.9%
NPV. In this same study, an ACTH increment >37 pg/ml from
baseline had 88% sensitivity, 96.4% specificity, 95.3% PPV, and
87% NPV (61).

Nine studies have reported the usefulness of a DDAVP
test to detect early recurrence (56, 62-69). The use of the
DDAVP test postoperatively can exploit its ability to detect the
presence of residual neoplastic corticotroph cells, and hence a
possible increased risk for relapse. The test was performed as
soon as 4 days and as late as 6 months after TSS. Absolute
cortisol increments of 7.0-7.4 pg/dl from baseline after DDAVP
administration were found to have a NPV of 92%, specificity
of 95%, PPV of 77%, and sensitivity of 68% for recurrence
when data was combined by Vassiliadi et al. (7, 56, 62-66).
Also, Vassiliadi et al. reported that a cortisol increment of >
7.4 from baseline had a hazard ratio of recurrence of 24.7 (95%
confidence interval, 10.6-448.5) at a median of 60 months, and
that a loss of response to DDAVP posed a favorable prognosis
for sustained remission (7, 66). A study assessing ACTH
responsiveness set the cutoff level of 27 pg/ml increase from
baseline as a positive test criterion for recurrence. Interestingly,
in this study the reappearance of ACTH response to DDAVP
preceded the recurrence of hypercortisolism by months to
years (70).

DESMOPRESSIN STIMULATION AFTER
DEXAMETHASONE SUPPRESSION

The performance of the DDAVP stimulation test has been also
performed after dexamethasone suppression. An increase of >
50% on cortisol and ACTH levels had a sensitivity of 100% and
specificity of 89% (71), and interestingly, the test was positive in
some patients while they were still cortisol insufficient (71). The
authors hypothesized that a positive test may identify patients at
risk of recurrence and mandate closer monitoring, rather than
need for treatment at that time.

Another study by the same group found that the combined test
was more precise than DDAVP stimulation test alone to predict
the lack of recurrence of CD with a NPV 100%, sensitivity 100%,
specificity 71% and PPV 41% (63).

Theoretically it may be possible that the late appearance
of ACTH or cortisol reactivity to DDAVP stimulation after
initial remission may represent true recurrence, while early
postoperative reactivity may indicate the persistence of tumoral
corticotroph cells (7), however more research is needed.

Desmopressin is not used in the US neither for initial CD
diagnosis nor for recurrence.

A summary of sensitivity and specificity of the above tests in
diagnosis recurrence from various studies is shown in Table 2.

ASSESSING REMISSION IN PATIENTS ON
PREOPERATIVE MEDICAL THERAPY

Although surgery is the most common first-line treatment
for all CS types (78%), it is estimated that around 20% of
patients need to take preoperative medical therapy and ~2% are
treated with medical treatment only (72). Interestingly, clinical
improvement after surgery is less likely to be reported by patients
with presurgical medical therapy than those without previous
treatment (76 vs. 83%, p = 0.04), but the former group was
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more frequently reported to have postsurgical cortisol levels
within the normal range than the later (23 vs. 13%, p =
0.006). Furthermore, postsurgical low or undetectable cortisol
levels were more frequently found in patients without previous
medical therapy (69 vs. 60%, p = 0.01), with higher odds early

after surgery [OR 0.48 (95% CI 0.30-0.76); P = 0.002]. There
was no difference in the prevalence of postsurgical morbidities
or remission rates between presurgical treated and untreated
patients (72). One can envision that assessing recurrence in these
patients who were on medical therapy before surgery would be

New onset of symptoms related to hypercortisolemia
or
worsening of pre-existing symptoms and comorbidities:
Diabetes mellitus
Hypertension
Depression
Osteoporosis
Hypokaliemia
Central weight gain
Easy bruising

Normal
results

Biochemical testing:
1. Collect LNSC 2-3 times; if high normal,

additional LNSC tests are recommended.
2. Overnight dexamethasone suppression test.
3. Collect 24-hour UFC, twice or more.

Discordant results
and
Suggestive clinical features

New evidence of tumor on MRI
or
increase in size of previous residual tumor

! !

Repeat/additional biochemical testing:

1. Collect LNSC 2-3 times; if high normal,
additional LNSC tests are recommended.

2. Overnight dexamethasone suppression test.

3. Collect 24-hour UFC, twice or more.

A 4

’Diagnosis of hypercortisolemia recurrence ’

!

e Pituitary
* Ectopic

or

e Adrenal

Imaging; as appropriate for Cushing’s source

Localization test; IPSS

e equivocal diagnosis
or

» if previous source not confirmed

* new tumor is suspected

B R ——

222

Dexamethasone-DDAVP
Dexamethasone-CRH
Role of additional combined testing remains to be determined’’’

?2? DDAVP stimulation test may predict early recurrence’”’

FIGURE 2 | Clinical suspicion of recurrent Cushing’s Syndrome (2, 12, 78). DDAVP, desmopressin stimulation test; Dex-DDAVP, desmopressin stimulation test after
low-dose dexamethasone suppression test; Dex-CRH, corticotropin releasing hormone stimulation test after low-dose dexamethasone suppression test; LNSC,
Late-night salivary cortisol; ODST, overnight dexamethasone suppression test; UFC, 24-h urinary free cortisol.
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more complicated, especially in cases with no clear-cut features
of remission either, however, more data is needed.

ROLE OF LOCALIZATION TESTS AFTER
CONFIRMATION OF
HYPERCORTISOLEMIA RECURRENCE

In most patients, recurrence of hypercortisolemia has the
same etiology as initial diagnosis. However, in absence of a
clear-cut diagnosis (pituitary pathology with ACTH staining,
postoperative AI), reestablishing the source of ACTH excess is
important before any further treatment.

Inferior Petrosal Sinus Sampling

Inferior petrosal sinus sampling is the most accurate method
to locate the source of ACTH-dependent CS (19). If not
performed during initial workup before the first surgery and
if no pathological confirmation of an ACTH-secreting tumor
is available, IPSS should be performed to confirm the ACTH-
secreting source and guide further workup (2). Repeat IPSS may
be considered if there is reasonable suspicion of an inaccurate or
equivocal former procedure, which can occur up to 10% of cases
(73, 74) as well in the case where a second ACTH-secreting tumor
is suspected, which is extremely rare.

Pituitary Imaging to Detect Recurrent

Tumors

Since most CD cases are secondary to an ACTH-secreting
microadenoma,  contrast-enhanced  pituitary  magnetic
resonance imaging (MRI) remains the study of choice for
surveillance to detect recurrent or growing residual tumors.
New evidence of tumor or growth of previous residuals on MRI
should prompt biochemical evaluation in patients in clinical
remission (12).

Positron emission tomography (PET)-CT and PET-MRI have
been also recently proposed as potential methods to locate the
secreting tumor, but diagnostic yield and cost-effectiveness is
yet to be evaluated (75, 76). Patients with CD and adrenal
tumors may develop ACTH-independent hypercortisolism and
“recur” due to adrenal CS (77). Suppressed ACTH levels in these

REFERENCES

1. Carroll TB, Findling JW. The diagnosis of Cushing’s syndrome. Rev Endocr
Metabol Disord. (2010) 11:147-53. doi: 10.1007/s11154-010-9143-3

2. Nieman LK, Biller BM, Findling JW, Newell-Price ], Savage MO, Stewart
PM, et al. The diagnosis of Cushing’s syndrome: an endocrine society
clinical practice guideline. J Clin Endocrinol Metab. (2008) 93:1526-40.
doi: 10.1210/j¢.2008-0125

3. van Haalen FM, L.Broersen HA, Jorgensen JO, Pereira AM, Dekkers OM.
Management of endocrine disease: mortality remains increased in Cushing’s
disease despite biochemical remission: a systematic review and meta-analysis.
Eur ] Endocrinol. (2015) 172:R143-9. doi: 10.1530/EJE-14-0556

4. Wagner J, Langlois E, Lim DST, McCartney S, Fleseriu M. Hypercoagulability
and risk of venous thromboembolic events in endogenous cushing’s
syndrome: a systematic meta-analysis. Front Endocrinol. (2019) 9:805.
doi: 10.3389/fend0.2018.00805

cases will aid in the differential diagnosis. A flowchart depicting
suggested testing is shown in Figure 2.

CONCLUSIONS

Diagnosis of CD recurrence is challenging especially early on and
must be distinguished from non-neoplastic hypercortisolemia.
Late night salivary cortisol is the first test to reveal abnormal
results, ODST the second, while 24-UFC does not increase above
normal until later in recurrence course. Existing tests used for
CD initial diagnosis need new cut-off values for establishing
recurrence and/or to predict a possible recurrence in patients
with remission after surgery. Clinical features and evidence
of tumor regrowth on MRI are additional factors that should
prompt suspicion for recurrence of CD and warrant biochemical
evaluation. Further studies are needed to determine frequency
of testing in patients with remission and an ideal sequence
of testing in patients to establish recurrence. A search for
and research on new accurate diagnostic tests and/or tools to
accurately determine recurrence is warranted. After a clinical
and biochemical diagnosis of recurrence, therapy should be
individualized and physicians and patients need to balance
benefits with possible adverse effects of each type of treatment.

AUTHOR CONTRIBUTIONS

JH-A, EV, SM, and MF have made substantial contributions to
the conception or design of the work, the acquisition, analysis or
interpretation of data for the work, drafted the work, critically
revised it for important intellectual content, provided approval
for publication of the content, and agreed to be accountable for
all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fendo.
2019.00740/full#supplementary-material

5. Plotz CM, Knowlton AI, Ragan C. The natural history of cushing’s
syndrome. Am ] Med. (1952) 13:597-614. doi: 10.1016/0002-9343(52)90
027-2

6. Dekkers OM, Horvéith-Puho E, Jorgensen JOL, Cannegieter SC, Ehrenstein
V, Vandenbroucke JP, et al. Multisystem morbidity and mortality in cushing’s
syndrome: a cohort study. J Clin Endocrinol Metab. (2013) 98:2277-84.
doi: 10.1210/j¢.2012-3582

7. Vassiliadi DA, Tsagarakis S. Diagnosis of endocrine disease: the role of the
desmopressin test in the diagnosis and follow-up of Cushing’s syndrome. Eur
J Endocrinol. (2018) 178:R201-14. doi: 10.1530/EJE-18-0007

8. Barker FG, Klibanski A, Swearingen B. Transsphenoidal surgery for pituitary
tumors in the United States, 1996-2000: mortality, morbidity, and the effects
of hospital and surgeon volume. J Clin Endocrinol Metab. (2003) 88:4709-19.
doi: 10.1210/j¢.2003-030461

9. Casanueva FE, Barkan AL, Buchfelder M, Klibanski A, Laws ER, Loeffler
JS, et al. Criteria for the definition of pituitary tumor centers of

Frontiers in Endocrinology | www.frontiersin.org

November 2019 | Volume 10 | Article 740


https://www.frontiersin.org/articles/10.3389/fendo.2019.00740/full#supplementary-material
https://doi.org/10.1007/s11154-010-9143-3
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1530/EJE-14-0556
https://doi.org/10.3389/fendo.2018.00805
https://doi.org/10.1016/0002-9343(52)90027-2
https://doi.org/10.1210/jc.2012-3582
https://doi.org/10.1530/EJE-18-0007
https://doi.org/10.1210/jc.2003-030461
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Hinojosa-Amaya et al.

Hypercortisolemia, CD; Adiagnostic Challenge

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

excellence (PTCOE): a pituitary society statement. Pituitary. (2017) 20:489-
98. doi: 10.1007/s11102-017-0838-2

Findling JW, Fleseriu M, Newell-Price ], Petersenn S, Pivonello R, Kandra
A, et al. Late-night salivary cortisol may be valuable for assessing treatment
response in patients with Cushing’s disease: 12-month, Phase III pasireotide
study. Endocrine. (2016) 54:516-23. doi: 10.1007/s12020-016-0978-6
Sandouk Z, Johnston P, Bunch D, Wang S, Bena J, Hamrahian A, et al.
Variability of late-night salivary cortisol in cushing disease: a prospective
study. J Clin Endocrinol Metab. (2018) 103:983-90. doi: 10.1210/jc.2017-02020
Fleseriu M, Hamrahian AH, Hoffman AR, Kelly DE Katznelson L. American
association of clinical endocrinologists and american college of endocrinology
disease state clinical review: diagnosis of recurrence in cushing disease. Endocr
Pract. (2016) 22:1436-48. doi: 10.4158/EP161512.DSCR

Hammer GD, Tyrrell JB, Lamborn KR, Applebury CB, Hannegan ET,
Bell S, et al. Transsphenoidal microsurgery for cushings disease: initial
outcome and long-term results. J Clin Endocrinol Metab. (2004) 89:6348-57.
doi: 10.1210/jc.2003-032180

Esposito F, Dusick JR, Cohan P, Moftakhar P, McArthur D, Wang C, et al.
Early morning cortisol levels as a predictor of remission after transsphenoidal
surgery for cushing’s disease. J Clin Endocrinol Metab. (2006) 91:7-13.
doi: 10.1210/j¢.2005-1204

Yap LB, Turner HE, Adams CBT, Wass JAH. Undetectable postoperative
cortisol does not always predict long-term remission in Cushings
disease: a single centre audit*. Clin Endocrinol. (2002) 56:25-31.
doi: 10.1046/j.0300-0664.2001.01444.x

Toachimescu AG. Prognostic factors of long-term remission after surgical
treatment of cushing’s disease. Endocrinol Metab Clin North Am. (2018)
47:335-47. doi: 10.1016/j.ec1.2018.02.002

Sundaram NK, Carluccio A, Geer EB. Characterization of persistent
and recurrent Cushing’s disease.  Pituitary. (2013)  17:381-91.
doi: 10.1007/s11102-013-0511-3

Nieman LK. Cushing’s syndrome: update on signs, symptoms and biochemical
screening. Eur ] Endocrinol. (2015) 173:M33-8. doi: 10.1530/EJE-15-0464
Loriaux DL. Diagnosis and differential diagnosis of cushing’s syndrome. N
Engl ] Med. (2017) 376:1451-9. doi: 10.1056/NEJMral1505550

Pereira AM, van Aken MO, van Dulken H, Schutte PJ, Biermasz NR, J.Smit
WA, et al. Long-term predictive value of postsurgical cortisol concentrations
for cure and risk of recurrence in cushing’s disease. J Clin Endocrinol Metab.
(2003) 88:5858-64. doi: 10.1210/jc.2003-030751

Tahir AH. Recurrent cushing’s disease after transsphenoidal surgery. Arch
Intern Med. (1992) 152:977-81. doi: 10.1001/archinte.1992.00400130047001
Imaki T, Tsushima T, Hizuka N, Odagiri EMI, Murata Y, Suda T, Takano
K. Postoperative plasma cortisol levels predict long-term outcome in
patients with cushing’s disease and determine which patients should be
treated with pituitary irradiation after surgery. Endocr J. (2001) 48:53-62.
doi: 10.1507/endocrj.48.53

Patil CG, Prevedello DM, Lad SP, Vance ML, Thorner MO, Katznelson L, et al.
Late recurrences of cushing’s disease after initial successful transsphenoidal
surgery. J Clin Endocrinol Metab. (2008) 93:358-62. doi: 10.1210/jc.2007-2013
Lindsay JR, Oldfield EH, Stratakis CA, Nieman LK. The postoperative
basal cortisol and CRH tests for prediction of long-term remission from
cushing’s disease after transsphenoidal surgery. J Clin Endocrinol Metab.
(2011) 96:2057-64. doi: 10.1210/jc.2011-0456

Valassi E, Biller BMK, Swearingen B, Pecori Giraldi F, Losa M, Mortini P, et al.
Delayed remission after transsphenoidal surgery in patients with cushing’s
disease. ] Clin Endocrinol Metab. (2010) 95:601-10. doi: 10.1210/jc.2009-1672
Hameed N, Yedinak CG, Brzana ], Gultekin SH, Coppa ND, Dogan A, et al.
Remission rate after transsphenoidal surgery in patients with pathologically
confirmed Cushing’s disease, the role of cortisol, ACTH assessment and
immediate reoperation: a large single center experience. Pituitary. (2012)
16:452-8. doi: 10.1007/s11102-012-0455-z

Costenaro F, Rodrigues TC, Rollin GAE Ferreira NP, Czepielewski MA.
Evaluation of cushing’s disease remission after transsphenoidal surgery
based on early serum cortisol dynamics. Clin Endocrinol. (2014) 80:411-8.
doi: 10.1111/cen.12300

Nunes ML, Vattaut S, Corcuff JB, Rault A, Loiseau H, Gatta B, et al. Late-night
salivary cortisol for diagnosis of overt and subclinical cushing’s syndrome
in hospitalized and ambulatory patients. J Clin Endocrinol Metab. (2009)
94:456-62. doi: 10.1210/jc.2008-1542

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Putignano P, Toja P, Dubini A, Giraldi FP, Corsello SM, Cavagnini F. Midnight
salivary cortisolversusurinary free and midnight serum cortisol as screening
tests for cushing’s syndrome. J Clin Endocrinol Metab. (2003) 88:4153-7.
doi: 10.1210/j¢.2003-030312

Bou Khalil R, Baudry C, Guignat L, Carrasco C, Guibourdenche J, Gaillard S,
Bertagna X, et al. Sequential hormonal changes in 21 patients with recurrent
Cushing’s disease after successful pituitary surgery. Eur ] Endocrinol. (2011)
165:729-37. doi: 10.1530/EJE-11-0424

Findling JW, Raff H. Cushing’s syndrome: important issues in diagnosis
and management. ] Clin Endocrinol Metab. (2006) 91:3746-53.
doi: 10.1210/j¢.2006-0997

Carroll T, Raff H, Findling J. Late-night salivary cortisol for the diagnosis
of cushing syndrome: a meta-analysis. Endocr Pract. (2009) 15:335-42.
doi: 10.4158/EP090230R

Raff H. Utility of salivary cortisol measurements in cushings syndrome
and adrenal insufficiency. J Clin Endocrinol Metab. (2009) 94:3647-55.
doi: 10.1210/jc.2009-1166

Raff H. Cushing’s syndrome: diagnosis and surveillance using salivary cortisol.
Pituitary. (2011) 15:64-70. doi: 10.1007/s11102-011-0333-0

Raff H. Update on late-night salivary cortisol for the diagnosis of Cushing’s
syndrome: methodological considerations. Endocrine. (2013) 44:346-9.
doi: 10.1007/512020-013-0013-0

Raff H, Phillips JM. Bedtime salivary cortisol and cortisone by LC-MS/MS
in healthy adult subjects: evaluation of sampling time. ] Endocr Soc. (2019)
3:1631-40. doi: 10.1210/j5.2019-00186

Amlashi FG, Swearingen B, Faje AT, Nachtigall LB, Miller KK, Klibanski
A, et al. Accuracy of late-night salivary cortisol in evaluating postoperative
remission and recurrence in cushing’s disease. J Clin Endocrinol Metab. (2015)
100:3770-7. doi: 10.1210/jc.2015-2107

Danet-Lamasou M, Asselineau J, Perez P, Vivot A, Nunes ML, Loiseau H, et al.
Accuracy of repeated measurements of late-night salivary cortisol to screen for
early-stage recurrence of Cushing’s disease following pituitary surgery. Clin
Endocrinol. (2014) 82:260-6. doi: 10.1111/cen.12534

J.Chen CT, Amar AP, Choi S, Singer P, Couldwell WT, Weiss MH.
Transsphenoidal microsurgical treatment of cushing disease: postoperative
assessment of surgical efficacy by application of an overnight low-
dose dexamethasone suppression test. | Neurosurg. (2003) 98:967-73.
doi: 10.3171/jns.2003.98.5.0967

Carroll TB, Javorsky BR, Findling JW. Postsurgical recurrent cushing disease:
clinical benefit of early intervention in patients with normal urinary free
cortisol. Endocr. Pract. (2016) 22:1216-23. doi: 10.4158/EP161380.0R
Petersenn S, Newell-Price J, Findling JW, Gu F, Maldonado M, Sen K, et al.
High variability in baseline urinary free cortisol values in patients with
Cushing’s disease. Clin Endocrinol. (2013) 80:261-9. doi: 10.1111/cen.12259
Kuo CH, Shih SR, Li HY, Chen SC, Hung PJ, Tseng FY, et al
Adrenocorticotropic ~ hormone  levels  before  treatment  predict
recurrence of Cushings disease. J Formos Med Assoc. (2017) 116:441-7.
doi: 10.1016/j.jfma.2016.08.008

Selek A, Cetinarslan B, Canturk Z, Tarkun I, Akyay O, Cabuk B,
et al. The utility of preoperative acth/cortisol ratio for the diagnosis
and prognosis of cushing’s disease. ] Neurosci Rural Pract. (2018) 9:106.
doi: 10.4103/jnrp.jnrp_308_17

El Asmar N, Rajpal A, Selman WR, Arafah BM. The value of perioperative
levels of ACTH, DHEA, and DHEA-S and tumor size in predicting
recurrence of cushing disease. J Clin Endocrinol Metab. (2017) 103:477-85.
doi: 10.1210/jc.2017-01797

Uvelius E, Hoglund P, Valdemarsson S, Siesjo P. An early post-operative
ACTH suppression test can safely predict short- and long-term
remission after surgery of Cushing’s disease. Pituitary. (2018) 21:490-8.
doi: 10.1007/s11102-018-0902-6

Donegan DM, Algeciras-Schimnich A, Hamidi O, Young WE, Nippoldt T,
Bancos 1, et al. Corticotropin hormone assay interference: a case series. Clin
Biochem. (2019) 63:143-7. doi: 10.1016/j.clinbiochem.2018.11.006

Greene L, Raff H, Findling J, Geer E. SUN-400 assay-specific spurious
ACTH results lead to misdiagnosis, unnecessary testing, and surgical
misadventure: a case series. ] Endocrine Soc. (2019) (Suppl 1):SUN—400.
doi: 10.1210/j5.2019-SUN-400

Yanovski JA. Corticotropin-releasing hormone stimulation following low-
dose dexamethasone administration. JAMA. (1993) 269:2232.

Frontiers in Endocrinology | www.frontiersin.org

November 2019 | Volume 10 | Article 740


https://doi.org/10.1007/s11102-017-0838-2
https://doi.org/10.1007/s12020-016-0978-6
https://doi.org/10.1210/jc.2017-02020
https://doi.org/10.4158/EP161512.DSCR
https://doi.org/10.1210/jc.2003-032180
https://doi.org/10.1210/jc.2005-1204
https://doi.org/10.1046/j.0300-0664.2001.01444.x
https://doi.org/10.1016/j.ecl.2018.02.002
https://doi.org/10.1007/s11102-013-0511-3
https://doi.org/10.1530/EJE-15-0464
https://doi.org/10.1056/NEJMra1505550
https://doi.org/10.1210/jc.2003-030751
https://doi.org/10.1001/archinte.1992.00400130047001
https://doi.org/10.1507/endocrj.48.53
https://doi.org/10.1210/jc.2007-2013
https://doi.org/10.1210/jc.2011-0456
https://doi.org/10.1210/jc.2009-1672
https://doi.org/10.1007/s11102-012-0455-z
https://doi.org/10.1111/cen.12300
https://doi.org/10.1210/jc.2008-1542
https://doi.org/10.1210/jc.2003-030312
https://doi.org/10.1530/EJE-11-0424
https://doi.org/10.1210/jc.2006-0997
https://doi.org/10.4158/EP09023OR
https://doi.org/10.1210/jc.2009-1166
https://doi.org/10.1007/s11102-011-0333-0
https://doi.org/10.1007/s12020-013-0013-0
https://doi.org/10.1210/js.2019-00186
https://doi.org/10.1210/jc.2015-2107
https://doi.org/10.1111/cen.12534
https://doi.org/10.3171/jns.2003.98.5.0967
https://doi.org/10.4158/EP161380.OR
https://doi.org/10.1111/cen.12259
https://doi.org/10.1016/j.jfma.2016.08.008
https://doi.org/10.4103/jnrp.jnrp_308_17
https://doi.org/10.1210/jc.2017-01797
https://doi.org/10.1007/s11102-018-0902-6
https://doi.org/10.1016/j.clinbiochem.2018.11.006
https://doi.org/10.1210/js.2019-SUN-400
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Hinojosa-Amaya et al.

Hypercortisolemia, CD; Adiagnostic Challenge

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Gatta B, Chabre O, Cortet C, Martinie M, Corcuff, Roger P, et al.
Reevaluation of the combined dexamethasone suppression-corticotropin-
releasing hormone test for differentiation of mild cushing’s disease from
pseudo-cushing’s syndrome. J Clin Endocrinol Metab. (2007) 92:4290-3.
doi: 10.1210/jc.2006-2829

Pecori Giraldi E Pivonello R, Ambrogio AG, De Martino MC, De Martin
M, Scacchi M, et al. The dexamethasone-suppressed corticotropin-releasing
hormone stimulation test and the desmopressin test to distinguish Cushing’s
syndrome from pseudo-Cushing’s states. Clin Endocrinol. (2007) 66:251-7.
doi: 10.1111/j.1365-2265.2006.02717.x

Valassi E, Swearingen B, Lee H, Nachtigall LB, Donoho DA, Klibanski A, et al.
Concomitant medication use can confound interpretation of the combined
dexamethasone-corticotropin releasing hormone test in cushing’s syndrome.
J Clin Endocrinol Metab. (2009) 94:4851-9. doi: 10.1210/jc.2009-1500

Alwani RA, Schmit Jongbloed LW, de Jong FH, van der Lely AJ, de Herder
WW, Feelders RA. Differentiating between Cushing’s disease and pseudo-
Cushing’s syndrome: comparison of four tests. Eur | Endocrinol. (2014)
170:477-86. doi: 10.1530/EJE-13-0702

Erickson D, Natt N, Nippoldt T, Young WE, Carpenter PC, Petterson T, et al.
Dexamethasone-suppressed corticotropin-releasing hormone stimulation test
for diagnosis of mild hypercortisolism. J Clin Endocrinol Metab. (2007)
92:2972-6. doi: 10.1210/jc.2006-2662

Avgerinos PC, Chrousos GP, Nieman LK, Oldfield EH, Loriaux DL, Cutler GB.
The corticotropin-releasing hormone test in the postoperative evaluation of
patients with cushing’s syndrome. J Clin Endocrinol Metab. (1987) 65:906-13.
doi: 10.1210/jcem-65-5-906

Schrell U, Fahlbusch R, Buchfelder M, Riedl S, Stalla GK, MULler
OA. Corticotropin-releasing hormone stimulation test before and
after transsphenoidal selective microadenomectomy in 30 patients
with cushings disease®. J Clin Endocrinol Metab. (1987) 64:1150-9.
doi: 10.1210/jcem-64-6-1150

Losa M, Mortini P, Dylgjeri S, Barzaghi R, Franzin A, Mandelli C,
et al. Desmopressin stimulation test before and after pituitary surgery
in patients with Cushing’s disease. Clin Endocrinol. (2001) 55:61-8.
doi: 10.1046/j.1365-2265.2001.01324.x

Barbot M, Trementino L, Zilio M, Ceccato F, Albiger N, Daniele A, et al.
Second-line tests in the differential diagnosis of ACTH-dependent Cushing’s
syndrome. Pituitary. (2016) 19:488-95. doi: 10.1007/s11102-016-0729-y
Findling JW, and Raff H. Diagnosis of endocrine disease: differentiation
of pathologic/neoplastic hypercortisolism (Cushing’s syndrome) from
physiologic/non-neoplastic ~ hypercortisolism  (formerly =~ known as
pseudo-Cushing’s syndrome). Eur ] Endocrinol. (2017) 176:R205-16.
doi: 10.1530/EJE-16-0946

Tirabassi G, Faloia E, Papa R, Furlani G, Boscaro M, Arnaldi G. Use
of the desmopressin test in the differential diagnosis of pseudo-cushing
state from cushing’s disease. J Clin Endocrinol Metab. (2010) 95:1115-22.
doi: 10.1210/jc.2009-1146

Moro M, Putignano P, Losa M, Invitti C, Maraschini C, Cavagnini F. The
desmopressin test in the differential diagnosis between Cushing’s disease
and pseudo-Cushing states. J Clin Endocrinol Metab. (2000) 85:3569-74.
doi: 10.1210/jcem.85.10.6862

Rollin GAF, Costenaro F, Gerchman E Rodrigues TC, Czepielewski MA.
Evaluation of the DDAVP test in the diagnosis of Cushing’s Disease. Clin
Endocrinol. (2015) 82:793-800. doi: 10.1111/cen.12661

Barbot M, Albiger N, Koutroumpi S, Ceccato F, Frigo AC, Manara R, et al.
Predicting late recurrence in surgically treated patients with Cushing’s disease.
Clin Endocrinol. (2013) 79:394-401. doi: 10.1111/cen.12133

Le Marchadour P, Muller M, Albarel E Coulon AL, Morange I, Martinie
M, et al. Postoperative follow-up of Cushings disease using cortisol,
desmopressin and coupled dexamethasone-desmopressin tests: a head-to-
head comparison. Clin Endocrinol. (2015) 83:216-22. doi: 10.1111/cen.
12739

Romanholi DJ, Machado PC, Pereira MC, Danilovic CC, Pereira DS, Cescato
AS, et al. Role for postoperative cortisol response to desmopressin in
predicting the risk for recurrent Cushing’s disease. Clin Endocrinol. (2008)
69:117-22. doi: 10.1111/j.1365-2265.2007.03168.x

Valero R, Vallette-Kasic S, Conte-Devolx B, Jaquet P, Brue T. The
desmopressin test as a predictive factor of outcome after pituitary

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

surgery for Cushings disease. Eur Endocrinol ]. (2004) 151:727-33.
doi: 10.1530/eje.0.1510727

Vassiliadi DA, Balomenaki M, Asimakopoulou A, Botoula E, Tzanela M,
Tsagarakis S. The desmopressin test predicts better than basal cortisol the
long-term surgical outcome of cushing’s disease. J Clin Endocrinol Metab.
(2016) 101:4878-85. doi: 10.1210/j¢.2016-2799

Colombo P, Passini E, Re T, Faglia G, Ambrosi B. Effect of desmopressin
on ACTH and cortisol secretion in states of ACTH excess. Clin Endocrinol.
(1997) 46:661-8.

Malerbi DA, Mendonca BB, Liberman B, Toledo SP, Corradini MC, Cunha-
Neto MB, et al. The desmopressin stimulation test in the differential
diagnosis of Cushing’s syndrome. Clin Endocrinol. (1993) 38:463-72.
doi: 10.1111/j.1365-2265.1993.tb00341.x

Newell-Price ], Perry L, Medbak S, Monson ], Savage M, Besser M, et al. A
combined test using desmopressin and corticotropin-releasing hormone in
the differential diagnosis of Cushing’s syndrome. J Clin Endocrinol Metab.
(1997) 82:176-81. doi: 10.1210/jcem.82.1.3674

Ambrogio AG, Andrioli M, De Martin M, Cavagnini F, Pecori Giraldi F.
Usefulness of desmopressin testing to predict relapse during long-term follow-
up in patients in remission from Cushing’s disease. Endocr Connect. (2017)
6:791-9. doi: 10.1530/EC-17-0292

Castinetti F, Martinie M, Morange I, Dufour H, Sturm N, Passagia ]G,
et al. A combined dexamethasone desmopressin test as an early marker of
postsurgical recurrence in cushing’s disease. J Clin Endocrinol Metab. (2009)
94:1897-903. doi: 10.1210/jc.2008-2234

Valassi E, Franz H, Brue T, Feelders RA, Netea-Maier R, Tsagarakis S, et al.
Preoperative medical treatment in Cushing’s syndrome: frequency of use
and its impact on postoperative assessment: data from ERCUSYN. Eur J
Endocrinol. (2018) 178:399-409. doi: 10.1530/EJE-17-0997

Swearingen B, Katznelson L, Miller K, Grinspoon S, Waltman A, Dorer DJ,
et al. Diagnostic errors after inferior petrosal sinus sampling. J Clin Endocrinol
Metab. (2004) 89:3752-63. doi: 10.1210/jc.2003-032249

Zampetti B, Grossrubatscher E, Dalino Ciaramella P, Boccardi E, Loli P.
Bilateral inferior petrosal sinus sampling. Endocr Connect. (2016) 5:R12-25.
doi: 10.1530/EC-16-0029

Koulouri O, Steuwe A, Gillett D, Hoole AC, Powlson AS, Donnelly NA,
et al. A role for 11C-methionine PET imaging in ACTH-dependent Cushing’s
syndrome. Eur ] Endocrinol. (2015) 173:M107-20. doi: 10.1530/EJE-15-0616
Zhou J, Ju H, Zhu L, Pan Y, Lv J, Zhang Y. Value of fluorine-
18-fluorodeoxyglucose PET/CT in localizing the primary lesion in
adrenocorticotropic hormone-dependent Cushing syndrome. Nucl Med
Commun. (2019) 40:539-44. doi: 10.1097/MNM.0000000000000989
Timmers HJ, van Ginneken LM, Wesseling EM, Sweep GJ, Hermus MM. A
patient with recurrent hypercortisolism after removal of an ACTH-secreting
pituitary adenoma due to an adrenal macronodule. ] Endocrinol Invest. (2006)
29:934-9. doi: 10.1007/BF03349200

Ciporen JN, Cetas JS, McCartney S, Fleseriu M. Cushing’s disease, refining the
definition of remission and recurrence. In: Geer EB, editor. The Hypothalamic-
Pituitary-Adrenal Axis in Health and Disease: Cushing’s Syndrome and Beyond.
Cham: Springer International Publishing. (2017). p. 225-52.

Conflict of Interest: MF disclosures: Principal investigator with research funding
to OHSU from Novartis, Millendo, Strongbridge, and has received occasional
scientific consulting fees from Novartis and Strongbridge. The funders were not
involved in the study design, collection, analysis, interpretation of data, the writing
of this article or the decision to submit it for publication.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2019 Hinojosa-Amaya, Varlamov, McCartney and Fleseriu. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Endocrinology | www.frontiersin.org

November 2019 | Volume 10 | Article 740


https://doi.org/10.1210/jc.2006-2829
https://doi.org/10.1111/j.1365-2265.2006.02717.x
https://doi.org/10.1210/jc.2009-1500
https://doi.org/10.1530/EJE-13-0702
https://doi.org/10.1210/jc.2006-2662
https://doi.org/10.1210/jcem-65-5-906
https://doi.org/10.1210/jcem-64-6-1150
https://doi.org/10.1046/j.1365-2265.2001.01324.x
https://doi.org/10.1007/s11102-016-0729-y
https://doi.org/10.1530/EJE-16-0946
https://doi.org/10.1210/jc.2009-1146
https://doi.org/10.1210/jcem.85.10.6862
https://doi.org/10.1111/cen.12661
https://doi.org/10.1111/cen.12133
https://doi.org/10.1111/cen.12739
https://doi.org/10.1111/j.1365-2265.2007.03168.x
https://doi.org/10.1530/eje.0.1510727
https://doi.org/10.1210/jc.2016-2799
https://doi.org/10.1111/j.1365-2265.1993.tb00341.x
https://doi.org/10.1210/jcem.82.1.3674
https://doi.org/10.1530/EC-17-0292
https://doi.org/10.1210/jc.2008-2234
https://doi.org/10.1530/EJE-17-0997
https://doi.org/10.1210/jc.2003-032249
https://doi.org/10.1530/EC-16-0029
https://doi.org/10.1530/EJE-15-0616
https://doi.org/10.1097/MNM.0000000000000989
https://doi.org/10.1007/BF03349200
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Hypercortisolemia Recurrence in Cushing's Disease; a Diagnostic Challenge
	Introduction
	Definition of Cushing's Disease Remission and Recurrence
	Clinical Picture: Symptoms and Clinical Findings in Recurrent Hypercortisolism
	Question

	What Is the Next Best Step?
	Biochemical Workup for Suspected Recurrence
	Post-surgical Serum Cortisol (SC) Levels in Cushing's Disease

	Late Night Salivary Cortisol
	Dexamethasone Suppression Tests
	24-Hour Urinary Free Cortisol
	Adrenocorticotropic Hormone Levels
	Corticotropin-Releasing Hormone Stimulation Test After Dexamethasone Suppression
	Corticotropin-Releasing Hormone Stimulation Test
	Desmopressin Stimulation Test
	Desmopressin Stimulation After Dexamethasone Suppression
	Assessing Remission in Patients on Preoperative Medical Therapy
	Role of Localization Tests After Confirmation of Hypercortisolemia Recurrence
	Inferior Petrosal Sinus Sampling
	Pituitary Imaging to Detect Recurrent Tumors

	Conclusions
	Author Contributions
	Supplementary Material
	References


