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Abstract 1 

Background: Cyclic Cushing’s syndrome (cCS) features fluctuating cortisol secretion, often causing 2 

diagnostic errors/delays, and possibly poorer outcomes. We aimed to identify unpublished cCS cases to 3 

identify clinical challenges and guide strategies for improving outcomes by characterizing cycle 4 

patterns, peak frequency, and evaluating complications. 5 

Methods: This was a retrospective observational study at 45 endocrine centers in 21 countries, including 6 

patients with confirmed CS showing ≥2 hypercortisolemic peaks and ≥1 spontaneous 7 

eu/hypocortisolemic trough. Data included clinical/biochemical parameters, diagnostics, treatment, 8 

complications, and outcomes.  9 

Findings: Among 110 patients, cCS origin was pituitary in 64% (70/110), ectopic in 23% (25/110), 10 

adrenal in 3% (3/110), and occult in 11% (12/110). Cyclicity was primarily determined by 24-hour 11 

urinary free cortisol, with median peaks of 7.40 (2.86-28.9) and troughs of 0.31×ULN (IQR 0.15-0.53). 12 

The median peak count was 3.0 (IQR 2.0-4.0), most frequent and pronounced in ectopic cCS, and mostly 13 

(86%, 55/64) occurring at irregular intervals. Symptoms worsened in 81% (87/108) during peaks and 14 

improved in 74% (79/107) during troughs; 28% (31/110) experienced spontaneous adrenal insufficiency. 15 

Bilateral inferior petrosal sinus sampling (BIPSS) was performed during troughs in 18% (14/78). 16 

Imaging missed tumors in 32% (35/110), and 8% (9/110) underwent unwarranted surgeries at the wrong 17 

anatomical site due to misclassification. After 5.8 years median follow-up, 50% (55/110) achieved 18 

complete biochemical surgical remission, 6% (7/110) spontaneous remission, 20% (22/110) were 19 

medically controlled, 5% (6/110) had partial remission, 10% (10/110) remained uncontrolled, and 8% 20 

(9/110) were lost to follow-up. Overall, 3% (3/110) died. Delayed diagnosis and therapy occurred in 21 

41% (45/110) and 43% (47/110), respectively.  22 

Interpretation: Even in specialized centers, cCS diagnosis and management remain challenging with 23 

high rates of spontaneous adrenal insufficiency, inappropriate surgeries and poor outcomes. Ectopic cCS 24 

showed the most frequent and severe peaks. These findings may help guide imaging localizations or the 25 

timing of BIPSS in patients with active occult ACTH-dependent cCS. Hypercortisolism needs to be 26 

biochemically confirmed prior to BIPSS to enable correct tumor localization. Patients with suspected or 27 

proven cCS should be equipped with salivary cortisol collection kits to capture dynamic changes as well 28 

as glucocorticoids prescribed to be used as a precaution.  29 

Funding: None  30 
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Research in context 31 

Evidence before the study 32 

Cushing’s syndrome (CS), caused by endogenous cortisol excess, is potentially fatal if left untreated. It 33 

typically results from a benign adrenocorticotropin (ACTH)-secreting pituitary tumor, followed by 34 

ACTH-independent adrenal origin, and ectopic sources of ACTH excess. Diagnosis is often delayed due 35 

to nonspecific symptoms and inconclusive test results. Intraindividual variability in cortisol secretion is 36 

common, as demonstrated by prospective studies using urinary free cortisol and late-night salivary 37 

cortisol. Cyclic Cushing’s syndrome (cCS) refers to a subtype of CS characterized by intermittent 38 

hypercortisolism interspersed with spontaneous troughs of physiological or hypocortisolemic cortisol 39 

concentrations. These troughs may last for years, during which clinical signs can improve or resolve. In 40 

a recent systematic review, we identified 212 cCS cases, with prevalence estimates ranging from 14% 41 

(≥3 peaks and 2 troughs) to 18% (≥2 peaks and 1 trough) depending on diagnostic criteria. However, 42 

data reporting from previously published case reports and series was often imprecise or uncomplete, 43 

impeding detailed analysis of cycle patterns. To overcome this limitation and to guide future diagnostic 44 

strategies, we conducted the first international and largest observational study on cCS to date, including 45 

previously unpublished cases from expert endocrine and pituitary centers. 46 

Added value of this study 47 

This study analyzed 110 previously unpublished cCS cases, enabling for the first time a comparative 48 

assessment of cycle characteristics across different CS etiologies. Patients with ectopic or occult cCS 49 

exhibited the most pronounced cortisol elevations and the greatest biochemical deltas between peaks 50 

and troughs, alongside the highest rates of hypokalemia compared to pituitary and adrenal cCS. Ectopic 51 

cCS also had the highest annual peak frequency, with a median of 1·80 (IQR 1·05–11·3) peaks per year. 52 

Across all etiologies, spontaneous adrenal insufficiency occurred in 28% (31/110) of patients, a rate 53 

higher than previously recognized, likely reflecting corticotroph suppression during prolonged troughs. 54 

Among these, six patients experienced spontaneous adrenal crises. We also identified a higher rate of 55 

inappropriate surgeries (9/110, 8%) in patients with cCS due to misleading findings than previously 56 

reported. With 41% (45/110) of patients experiencing a delayed diagnosis, and 43% (47/110) receiving 57 

delayed therapy, only 50% (55/110) achieved complete therapy-induced biochemical remission after a 58 

median follow-up of 5·8 years. 59 

Implications of all available evidence 60 

Our data suggest, that although there is considerable variability both within and between individuals, 61 

cyclicity may be more frequent and/or more biochemically pronounced in patients with ectopic 62 

compared to other forms of cCS. These observations could guide diagnostic procedures, such as the 63 

choice of imaging regions or timing of bilateral inferior petrosal sinus sampling, in patients with occult 64 

ACTH-dependent cCS. Confirmation of biochemical cortisol excess prior to inferior petrosal sinus 65 
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sampling (e.g., through late night salivary cortisol and/or urinary free cortisol measurements) is essential 66 

to enable accurate tumor localization. As most patients experience symptom fluctuation in line with 67 

cortisol cycling, we recommend equipping patients suspected of having cCS with salivary cortisol 68 

collection kits to capture dynamic changes. Given the high rate of spontaneous adrenal insufficiencies, 69 

we furthermore advise that these patients be educated about this risk and equipped with glucocorticoid 70 

replacement as a precaution. While prospective studies are underway to define optimal diagnostic 71 

timelines, our study lays the groundwork for future molecular investigations. Eventually increased 72 

awareness of a cyclic phenotype and improved technologies for more frequent, and ideally continuous 73 

cortisol monitoring will improve diagnostic accuracy and consequently therapeutic care. 74 
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Introduction 75 

Cushing's syndrome (CS) is a severe endocrine disorder caused by endogenous hypercortisolism, 76 

typically due to a benign endocrine tumor. The most frequent form is Cushing’s disease, caused by a 77 

pituitary adenoma secreting adrenocorticotropic hormone (ACTH), followed by adrenal CS (ACTH-78 

independent) and ectopic CS where ACTH is secreted from a non-pituitary site1. In some cases, the 79 

source of ACTH hypersecretion is never found (occult). CS is associated with various metabolic and 80 

cardiovascular comorbidities and can be fatal if left untreated2-5. Although intraindividual variability of 81 

glucocorticoid excess has been described in all types of overt CS6-8, so-called “cyclic Cushing 82 

syndrome” (cCS) refers to a subgroup of patients in whom phases of glucocorticoid excess (peaks) 83 

alternate with spontaneous phases of low or normal cortisol concentrations (troughs)9. First described in 84 

196610, cCS has gained increasing recognition since9,11-14. Depending on the trough duration, which may 85 

last several years, clinical signs of CS can improve or even vanish15. In a recent systematic review of 86 

212 cCS cases15, we identified that cCS may be present in 7-21% of individuals with pituitary CS and 87 

in up to 26% of those with micronodular adrenal hyperplasia. Depending on the diagnostic criteria, the 88 

prevalence ranges from 14% (≥3 peaks and 2 troughs) to 18% (≥2 peaks and 1 trough)15. Due to 89 

pronounced cortisol fluctuations, diagnosing cCS is challenging, often delaying diagnosis and treatment 90 

compared to “non-cyclic” CS15.  91 

The switch between hyper- and eu/hypocortisolism appears spontaneously, and the underlying 92 

mechanisms are usually not identifiable in individual patients. Potential mechanisms include 93 

microhemorrhages, hypothalamic dysregulation, neurotransmitters, and variable feedback disruptions15.  94 

We aimed to identify previously unpublished cases of cCS to identify common challenges in expert 95 

clinical care and define strategies to improve long-term outcomes. Specifically, we sought to 96 

characterize clinical and biochemical features, assess peak frequency, and evaluate the impact of cCS 97 

diagnosis on complications and overall outcomes.  98 
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Methods 99 

Study design and ethical approval 100 

This was an international retrospective cohort study of patients with cCS, approved by the local ethics 101 

committee of the leading study center (LMU Hospital Munich; study number: 23-0786) and local 102 

institutional review boards. Each participating center also obtained appropriate local approval for data 103 

collection and sharing. Written informed consent was obtained unless waived by local regulations. 104 

Centers were invited via e-mail, national and international conferences, and public calls for eligible 105 

cases during these meetings.  106 

Data collection, quality control and definition of outcome variables 107 

Data collection was performed between December 2023 and February 2025, until a minimum of 100 108 

patients had been enrolled. To ensure data quality, a standardized, pre-defined data collection 109 

spreadsheet was used across all participating centers (appendix p22-25). Data were extracted locally 110 

from electronic patient records. Key outcome variables were clearly defined, and biochemical data were 111 

documented alongside measurement units and local reference ranges. Missing data were systematically 112 

categorized as not available, not applicable, or lost to follow-up. The lead author conducted consistency 113 

checks across variables and issued data queries when entries were imprecise or required clarification. 114 

Outcomes were documented and reported following the STROBE (STrengthening the Reporting of 115 

OBservational studies in Epidemiology, https://www.strobe-statement.org/) guidelines. Remission was 116 

categorized as complete therapy-induced (i.e. prolonged adrenal insufficiency or response to the 1 mg 117 

dexamethasone suppression test (DST) <50 nmol/L following successful tumor resection, targeted 118 

radiotherapy, or bilateral adrenalectomy), partial (improvement without full cortisol normalization), and 119 

spontaneous (same biochemical criteria as complete remission, without therapeutic intervention). 120 

Spontaneous adrenal insufficiency was defined as low morning cortisol and/or need for glucocorticoid 121 

supplementation without prior intervention. Adrenal crises were defined according to the criteria 122 

established by Bruno Allolio16. Patients on medical therapy were considered biochemically controlled 123 

if 24-hour urinary free cortisol (UFC) was within the normal range.  124 

Definition and subtyping of cyclic Cushing’s syndrome  125 

CS was diagnosed and subtyped according to guideline recommendations18,19. In detail, Cushing’s 126 

disease was diagnosed based on at least one of the following: histopathological confirmation, a positive 127 

ACTH gradient on BIPSS and/or a positive confirmatory test (CRH and/or desmopressin stimulation 128 

and/or 8 mg DST) during biochemical hypercortisolism. Ectopic CS was diagnosed based on 129 

histopathological confirmation and/or remission after NET surgery, or – if occult on imaging – on the 130 

absence of an ACTH gradient on BIPSS during hypercortisolism. BIPSS results were considered 131 

diagnostic only if performed during hypercortisolism and with adequate catheter placement. Occult 132 

ACTH-dependent CS was diagnosed in patients with confirmed CS, in whom the ACTH-source 133 

https://www.strobe-statement.org/
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remained undetermined. ACTH-independent adrenal CS was diagnosed based on low/suppressed ACTH 134 

concentrations during peaks as well as positive adrenal imaging and/or histopathological confirmation. 135 

cCS was subsequently diagnosed in patients who had experienced at least two spontaneous phases of 136 

cortisol excess (“peaks”) separated by one spontaneous (i.e., without intervention) phase of low or 137 

normal cortisol concentrations (“troughs”). Although diagnostic criteria vary, this study used a uniform 138 

definition as above and both peaks and troughs were documented by at least two biochemical tests 139 

performed on at least two separate occasions. A cycle was defined as the period spanning one peak and 140 

one trough. Accepted biochemical tests included morning and midnight serum cortisol, UFC, late night 141 

salivary cortisol (LNSC), hair cortisol, and the 1 mg DST. Plasma ACTH obtained during 142 

hypercortisolism distinguished ACTH-dependent from -independent CS. Biochemical data were 143 

documented alongside their local reference ranges and reported as multiples the upper limit of normal 144 

(ULN).  145 

Statistical analysis 146 

Statistical analysis was performed with Graph Pad Prism Version 10.4. Continuous variables were 147 

presented as median with interquartile range (IQR) or full ranges, while categorical variables were 148 

expressed as percentages. Percentages were reported alongside the number of individuals with available 149 

data. Binary outcomes were analyzed using the Fisher’s exact test. Non-normally distributed continuous 150 

data were analyzed using the Kruskal-Wallis test for independent group comparisons and the Mann-151 

Whitney test for pairwise comparisons. Non-parametric Spearman correlation was used to assess the 152 

association between peak frequency and measures of cortisol excess.  A p-value of <0·05 was considered 153 

statistically significant, and no adjustments were made for potential confounders.  154 

Funding source 155 

This study received no direct funding.  156 
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Results 157 

Baseline characteristics and tumor origin 158 

Of 116 potentially eligible patients, 110 from 45 centers in 21 countries were included. Six patients were 159 

excluded (five due to only one spontaneous peak and trough; one due to suspected non-neoplastic CS). 160 

Center-specific patient numbers and ethnicity are shown in the appendix (p2). Patients were diagnosed 161 

between 1985 and 2024 with more frequent detection in recent years (appendix p3). Overall, 107 162 

patients (107/110, 97%) had ACTH-dependent CS, while three (3/110, 3%) patients had ACTH-163 

independent CS (Table 1). Pituitary cCS was diagnosed in 70 patients (70/110, 64%), with histological 164 

confirmation in 53 (53/70, 76%). Ectopic cCS was diagnosed in 25 patients (25/110, 23%): 8 pulmonary, 165 

6 thymic, 2 pancreatic, 1 small bowel NET, and 8 of unidentified ectopic sources. Additionally, 12 166 

patients (11%, 12/110) had ACTH-dependent tumors of unknown origin that could not be classified as 167 

pituitary or ectopic (i.e., occult). Among the three adrenal cCS cases, all had bilateral adrenal 168 

macroadenomas. Most patients were female (84/110, 76%), with a median age at diagnosis of 44·0 years 169 

([31·8–58·3]). Typical CS-related comorbidities were present in most patients. Median BMI at first 170 

evaluation was 29·3 kg/m2 (IQR 25·4-33·2), with 69% (72/105) classified as obese (BMI >30 kg/m2). 171 

At diagnosis, 79% (86/109) had hypertension, 38% (41/108) had diabetes, and 35% (36/102) had 172 

osteoporosis (T-score < -2.5), with 22% (24/110) having experienced at least one pathological fracture. 173 

Depression was reported in 32% (35/110) of patients. Severe or opportunistic infections had occurred 174 

in 15% (17/110), and 14% (15/110) had experienced at least one thromboembolic event (Table 1).  175 

Biochemical characterization of peaks and troughs and correspondence of clinical signs and symptoms 176 

Biochemical data were analyzed at referrals (appendix p4 and 14-15), and during maximum peaks and 177 

minimum troughs (Figures 1A-B and appendix p5-6). 24h-UFC and LNSC were the main biochemical 178 

tests used to assess cortisol excess and periodicity. Overall, 24h-UFC ranged from a median of 7·40 x 179 

ULN (range 0·44-299) during peaks to 0·31 x ULN (range 0·02-0·98) during troughs. Likewise, LNSC 180 

ranged from 5·74 x ULN (range 0·11-2831) during peaks to 0·46 x ULN (range 0·05-7·89) during 181 

troughs (appendix p5-6). Patients with ectopic and occult cCS showed the highest cortisol elevations 182 

(Figure 1A) and largest biochemical deltas between peaks and troughs (appendix p7). They were also 183 

associated with the highest rates of hypokalemia (ectopic cCS: 22/25, 88%; occult cCS: 8/11 with 184 

available data, 73%) compared with pituitary (21/66 with available data, 32%) and adrenal cCS (0/3, 185 

0%). Overall, spontaneous adrenal insufficiency (i.e., without medical/surgical intervention) were 186 

documented in 31 cases (31/110, 28%). They occurred in 26% of patients with pituitary cCS (18/70), 187 

28% of patients with ectopic cCS (7/25) and 50% of those with occult cCS (6/12). None was documented 188 

in patients with adrenal cCS. Spontaneous adrenal crises occurred in six patients (3 ectopic, 2 occult, 1 189 

pituitary). 190 
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During an overall median observation period of 3·4 years (IQR 1·5-8·1) until either therapy-induced 191 

remission or the latest follow-up, patients experienced a median of 3·0 (IQR 2·0-4·0) documented 192 

hypercortisolemic peaks with higher frequency observed in ACTH-dependent versus ACTH-193 

independent CS (appendix p8). In relation to their observation period, patients with ectopic cCS had 194 

the highest frequency of peaks per year (1·80 [IQR 1·05-11·3]), followed by occult (1·45 [IQR 0·82-195 

2·68]) and pituitary cCS (0·70 [IQR 0·30-1·78]; Figure 2A-C and appendix p8. There was a weak 196 

positive correlation between peak frequency and degree of cortisol excess during peaks, with the 197 

strongest association observed for LNSC (r=0.49 [95% CI 0.26-0.67]; p<0.0001; appendix p9). Cycle 198 

regularity was assessed in 64 patients with ≥3 documented peaks separated by spontaneous troughs. Of 199 

these, 55 (55/64, 86%) had irregular trough durations between peaks, ranging from days to years. Due 200 

to the retrospective design, individual test frequencies and the common use of medical therapy, a detailed 201 

analysis of duration of peaks and troughs was not feasible. However, centers were able to classify the 202 

trough durations into rough time intervals, namely days, weeks, months, or years during which 203 

biochemical tests were repeatedly negative. Most patients (61/110, 55%) experienced trough durations 204 

lasting several months. Very rapid cycles with trough durations of only days occurred in 7 patients with 205 

pituitary cCS and two patients with ectopic and occult cCS, respectively. Twelve patients had troughs 206 

lasting weeks, while 25 experienced trough durations of at least one year (16 pituitary, four ectopic, 207 

three occult, and two adrenal cCS). The longest interval (10 years) was seen in a female patient with a 208 

pituitary microadenoma. 209 

All patients showed typical CS signs during peaks. While weight gain, muscle weakness and plethora 210 

usually worsened during peaks and improved during troughs, central obesity, a round face, and 211 

dorsocervical fat pad were most often present regardless of the cycling phase (appendix p10). Overall, 212 

81% (87/108) of patients reported worsening of at least one clinical symptom during peaks, while 74% 213 

(79/107) experienced symptom improvement during troughs.  214 

Imaging characteristics 215 

Imaging was considered diagnostic for CS localization in 75 cases (75/110, 68%). Amongst patients 216 

with pituitary cCS, 40 (40/70, 57%) had a microadenoma, 15 (15/70, 21%) a macroadenoma, and no 217 

lesion was visible in 15 patients (15/70, 21%). Of the 25 patients with ectopic tumor origin, a suspicious 218 

lesion was detected in 18 cases (18/25, 72%). In ACTH-dependent cCS, bilateral adrenal enlargement 219 

was described in 33% (19/57) of pituitary, 38% (9/24) of ectopic, and 50% (6/12) of occult cCS. 220 

Bilateral inferior petrosal sinus sampling (BIPSS)  221 

BIPSS is an invasive diagnostic procedure used to determine the source of excess ACTH production in 222 

patients with ACTH-dependent CS. It involves inserting catheters into the inferior petrosal sinuses and 223 

collecting blood samples from both the central (pituitary) and peripheral circulation, typically before 224 

and after stimulation with corticotropin-releasing hormone or desmopressin. A central-to-peripheral 225 
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ACTH gradient of <2 at baseline and <3 after stimulation suggests an ectopic source; however, false-226 

negative and false-positive results have been reported2,19. In total, 78 BIPSS were performed in 67 227 

patients with ACTH-dependent CS (67/107, 61%), including 11 patients who underwent the procedure 228 

twice as they were not hypercortisolemic at the time of their first BIPSS. The majority (64/78, 82%) 229 

were conducted during biochemical hypercortisolism, while 14 (14/78, 18%) were performed during a 230 

trough.  231 

To assess the diagnostic accuracy of BIPSS, a subanalysis was conducted in patients with histological 232 

tumor proof upon surgery (Table 2). Among them, 37 patients (28 pituitary, 9 ectopic) underwent 41 233 

BIPSS procedures, with four patients with pituitary cCS undergoing the test twice. Two BIPSS were 234 

deemed non-diagnostic (e.g. due to anatomical vessel variants), leaving 39 for analysis (Table 2). Of 235 

these, 33 were performed during a biochemical peak and six during a trough. Regardless of the timing, 236 

this resulted in an overall positive predictive value for true pituitary origin of 96% and a negative 237 

predictive value for true ectopic origin of 67%, with better performance during peaks. During 238 

biochemical troughs, four BIPSS showed low ACTH concentrations that did not respond to stimulation 239 

despite a true pituitary origin, falsely suggesting an ectopic source. Of those performed during a peak, 240 

only one BIPSS was misleading: In a patient with a histologically confirmed thymic NET, BIPSS 241 

incorrectly indicated a pituitary source. Ectopic CRH production was suspected but could not be proven. 242 

Therapeutic interventions and histopathological findings 243 

Therapeutic interventions are detailed in the appendix (p11-13). Most patients with pituitary cCS (63/70, 244 

90%) underwent transsphenoidal surgery (TSS). Among these, cyclicity was diagnosed prior to TSS in 245 

36 cases (36/63, 57%) and after TSS in 27 cases (27/63, 43%). Only 56% (14/25) of patients with ectopic 246 

cCS underwent ectopic tumor resection. Histopathological evidence of tumor infarction or necrosis was 247 

reported in just two cases of pituitary cCS and one case of ectopic cCS caused by a thymic NET (an 248 

atypical carcinoid with 4-6 mitoses per 10 high-power fields, with necrosis being focal and not 249 

extensive). Overall, 13 patients (13/110, 12%) underwent bilateral adrenalectomy, including four (4/13, 250 

31%) with pituitary and nine (9/13, 69%) with an ectopic or occult tumor source. Tumor targeted 251 

radiotherapy was administered to 14 patients with pituitary and six patients with ectopic cCS. Adrenal 252 

steroidogenesis inhibitors were used in 60 patients (60/110, 54%). The majority of these (38/60, 63%) 253 

received a titration regimen, while a block-and-replace approach was used in nine patients (9/60, 15%). 254 

In 13 patients (13/60, 22%), both regimens were applied at different times.  255 

Follow-up and outcomes 256 

After a median follow-up duration of 5·8 years (IQR 2·6-10·5) from first to last documented visit, three 257 

patients with ectopic cCS had died – one from pneumonia, one from pneumonia and heart failure (both 258 

during hypercortisolism before curative surgery or bilateral adrenalectomy could be performed), and 259 

one from multi-organ failure due to metastatic thymic NET (after bilateral adrenalectomy, but unrelated 260 
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to adrenal insufficiency). Clinical and biochemical outcomes are shown in Figures 3A-B and in the 261 

appendix (p11-13). Overall, 55 patients (55/110, 50%) had achieved multimodal complete therapy-262 

induced biochemical remission, and seven patients (7/110, 6%) went into spontaneous remission. Eleven 263 

patients (11/110, 10%) were biochemically uncontrolled at last follow-up.  264 

Diagnostic challenges and adverse and unanticipated events 265 

Diagnostic challenges regarded the timing of BIPSS, with 18% (14/76) of inconclusive or potentially 266 

misleading results due to testing during a trough. Overall, nine patients (9/110, 8%) underwent 267 

unwarranted surgeries at the wrong anatomical site due to misclassification of the tumor origin based 268 

on misleading imaging and/or BIPSS results. This included five patients with ectopic cCS who 269 

underwent inappropriate removal of incidental pituitary microadenomas, and three patients with occult 270 

(but later suspected ectopic) cCS who all had inappropriate pituitary surgery – one of them even twice. 271 

One of these patients also underwent surgery to remove a peri-carotid paraganglioma, which was not 272 

the source of ACTH. Additionally, one patient with pituitary cCS underwent an inappropriate unilateral 273 

adrenalectomy due to initial suspicion of ACTH-independent adrenal disease. 274 

Further adverse events included the occurrence of unexpected spontaneous episodes of adrenal 275 

insufficiency in 31 cases (31/110, 28%), requiring glucocorticoid supplementation. Notably, six of these 276 

patients experienced spontaneous adrenal crises. Overall, centers reported a delayed diagnosis of CS in 277 

45 cases (45/110, 41%), and a delayed initiation of targeted therapy in 47 cases (47/110, 43%), based on 278 

self-assessments informed by their clinical experience with potential diagnostic delays in CS in general 279 

(appendix p11-13).   280 
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Discussion 281 

Here, we present the largest and first international cohort of patients with cCS, highlighting the 282 

considerable inter- and intraindividual variability in cyclicity. Furthermore, we report substantial 283 

diagnostic and therapeutic challenges as encountered by expert endocrine and pituitary centers.  284 

We observed a high prevalence of cardiovascular (arterial hypertension in 86/110, 79%, thromboembolic 285 

events in 15/110, 14%), metabolic (obesity in 72/105, 69%, diabetes in 41/108, 38%), psychiatric 286 

(35/110, 32%), and infectious (17/110, 16%) comorbidities in our study, consistent with literature 287 

findings in patients with CS in general1,2. This underscores that cortisol excess, even if only present 288 

intermittently or for a limited duration, is associated with a substantial disease burden that requires 289 

targeted and effective treatment. However, due to diagnostic challenges in cCS, 43% (47/110) of patients 290 

had treatment delays and more noteworthy, 8% (9/110) underwent unwarranted surgery at the wrong 291 

anatomical site. This resulted in a poor overall outcome with only 50% (55/110) achieving therapy-292 

induced biochemical remission at 5·8 years. In comparison, remission rates after primary TSS in patients 293 

with non-cyclic Cushing disease range between 76-80%20-22. A recent study of patients with non-cyclic 294 

CS due to different etiologies demonstrated that after a median follow-up of 6·3 years biochemical 295 

control was achieved in 93% of patients23. The comparatively low remission rate in our cohort likely 296 

reflects multiple contributing factors, including diagnostic challenges and prolonged trough durations. 297 

Despite this, overall mortality was low, with only two patients dying from CS-related complications 298 

(pneumonia).Variability of cortisol secretion is common, if not omnipresent, in conditions of cortisol 299 

excess, yet no optimal measurement method exists24. Our study is the first to compare cycle patterns 300 

across different cCS etiologies. We observed cortisol peaks to be the most frequent and severe in ectopic 301 

cCS, less so in pituitary, and least in adrenal cases. These findings are essential when planning diagnostic 302 

procedures (e.g., by considering the frequency, duration and severity of peaks when performing BIPSS) 303 

or evaluating medical therapy response. Notably, occult ectopic sources were slightly more common in 304 

cCS (8/25, 32%) than previously reported in non-cyclic ectopic CS (18·6-20%)25,26. In patients with 305 

non-cyclic pituitary CS, false negative rates of BIPSS range from 1-10%27. False positive and negative 306 

findings occur not only related to the overall amplitude of hypercortisolism but importantly, also the 307 

duration of cortisol excess28. Since the diagnostic accuracy of BIPSS is (consequently) even lower 308 

during troughs in patients with cCS, it is important to ensure that cortisol excess is still present at the 309 

time of BIPSS19 to avoid misdiagnosis and repeat invasive procedures. As per expert consensus on 310 

Cushing’s disease19, we recommend assessing for hypercortisolism presence (LNSC and/or UFC, 311 

depending on availability and turnaround time), shortly before BIPSS. Ideally, morning serum cortisol 312 

concentrations on the day of the procedure should also fall within previously observed cortisol excess 313 

ranges. However, as a recent onset of hypercortisolism may not allow sufficient time for full 314 

hypothalamic-pituitary-adrenal axis suppression, clinical judgment is required when evaluating 315 

biochemical results in this context. Importantly, standard diagnostic criteria for Cushing disease – 316 
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including suppression/stimulation tests and BIPSS – may be unreliable, as intermittent or recently 317 

developed hypercortisolism can result in dynamic test responses that overlap with normal individuals or 318 

ectopic ACTH secretion. Thus, all such test results should be interpreted with caution in this setting, and 319 

the diagnosis should be supported by repeated biochemical confirmation and careful clinical correlation. 320 

If hypercortisolism can be biochemically confirmed on separate occasions (thereby confirming a longer 321 

duration), this may increase the likelihood that BIPSS will yield accurate and reliable results. While 322 

very highly elevated 24-UFC can accurately distinguish an ectopic from a pituitary source in most 323 

patients with non-cyclic CS29, our findings show for the first time that a similar observation may apply 324 

to the management of cCS. Notably, all median cortisol markers – not just median 24h-UFC – were 325 

substantially higher in ectopic than in pituitary and adrenal cCS. However, there was a considerable 326 

overlap between groups: 79% (19/24 ectopic patients with available UFC data during peaks) had values 327 

that overlapped with those observed in pituitary cCS. While 24h-UFC normalized across all entities 328 

during biochemical troughs, other biochemical parameters did not always follow, as they only reflect 329 

cortisol concentrations at one specific time point. These observations demonstrate the need for repeated 330 

biochemical testing and the combination of different methods to obtain accurate information. They also 331 

suggest that remission may not have been complete but only partial in some cases. Biochemical cortisol 332 

fluctuations often, but not always, aligned with changes in clinical presentation or comorbidity severity. 333 

We recommend, therefore, that patients with suspected or confirmed cCS be provided with saliva tubes 334 

for LNSC assessment, as it could be particularly suited for detecting short-term fluctuations, especially 335 

when CS-related symptoms are worsening. Hair cortisol, on the other hand, may be useful for identifying 336 

long-term variations and as a proof-of-concept tool32.  337 

It is important to consider that the actual peak frequency is likely much higher than reported here. 338 

Frequent use of medical therapy, surgical interventions, and the lack of continuous monitoring likely 339 

contribute to an underestimation of cycle frequency in our study. Furthermore, we might have to 340 

distinguish between patients diagnosed with cyclicity prior to any interventional therapy and those 341 

diagnosed afterward. In our cohort, cyclicity was diagnosed postoperatively in 43% of patients with 342 

pituitary cCS undergoing TSS. While there is no causal evidence to explain this observation, frequent 343 

postoperative biochemical monitoring to assess therapeutic success likely results in higher detection 344 

rates of cyclicity. 345 

Another novel finding of our study pertains to a much higher prevalence of spontaneous adrenal 346 

insufficiency and even adrenal crisis, likely resulting from suppressed normal corticotrophs, compared 347 

to previously reported rates15. This discrepancy is presumably due to the more comprehensive data 348 

documentation of our well-characterized cohort presented here and a more unified definition. Based on 349 

these findings we advise that all patients with cCS be informed about the risk of spontaneous adrenal 350 

insufficiency and provided with glucocorticoid replacement as a precaution as well as injectable 351 

glucocorticoids for emergencies at home. A low morning serum cortisol (<138-150 nmol/L [<5 µg/dL]) 352 
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may indicate adrenal insufficiency; however these values should be interpreted as part of a continuum 353 

rather than as strict cut-offs, and additional information such as clinical symptoms or results from 354 

dynamic testing may aid in diagnosis33,34. Whenever medical therapy is adopted in a block-and-replace 355 

approach, steroidogenesis inhibitors should be administered at doses sufficient to completely block the 356 

adrenal secretion and adjust glucocorticoid doses accordingly to clinical status35,36. A titration regimen 357 

could be reserved for patients with mild cortisol excess or those unable or unwilling to take additional 358 

drugs, however risk of adrenal insufficiency is higher in patients with cCS as demonstrated here.  359 

Our study has several strengths. First, it is the largest and most comprehensively described cohort of 360 

patients with cCS to date. Second, it includes all cases from 45 expert endocrine centers, with large 361 

international representation across 21 countries on five continents over a diagnostic time frame of 39 362 

years. Third, the study design, which required repeated clinical and biochemical assessments, increased 363 

the chances of only including cases with “true” cyclicity. Fourth, the cases are more recent than 364 

published monocentric series that include old cases with different diagnostic and therapeutic regimens14. 365 

Finally, our findings contribute to raise awareness of a cyclic phenotype and should therefore improve 366 

care for these patients.  367 

Limitations of our study relate to the retrospective design which precluded a detailed analysis of trough 368 

durations and could lead to data bias due to variations in test frequency, methodologies, and overall data 369 

quality. However, data consistency was reviewed by the lead author, and additional inquiries were made 370 

to each center when necessary. These limitations can only be overcome by multicenter prospective 371 

observational studies with frequent, and ideally continuous, biochemical monitoring which can also 372 

allow estimating the true prevalence and incidence of cCS. Further limitations include the small number 373 

of patients with adrenal cCS, lack of standardized imaging data, and absence of adjustment for multiple 374 

testing or potential confounders. Delayed diagnoses and treatment initiation were based on self-375 

assessments by individual centers and should therefore be interpreted with caution, as no formal analysis 376 

using reference standards was conducted. Adrenal insufficiency in some patients who ever received 377 

medical therapy could have been related to other causes, not just cCS, including prolonged and/or 378 

delayed effects of adrenal steroidogenesis inhibitors1,2,37 or genetic differences in response to 379 

medications38. Finally, the absence of a contemporary control cohort with “non-cyclic” CS, along with 380 

the absence of data on the overall number of patients with CS at each center, limits both the interpretation 381 

of cCS-specific features and the ability to estimate its prevalence. In conclusion, our large international 382 

patient cohort shows that cCS is associated with a high burden of cortisol-related comorbidities, a 383 

substantial risk of spontaneous adrenal insufficiency, a high rate of inappropriate surgeries and repeated 384 

invasive procedures, a delay in diagnosis and therapeutic interventions, and overall poorer outcomes. 385 

Although cyclicity varies significantly within and between individuals, cycles may be more frequent 386 

and/or more biochemically pronounced in patients with ectopic compared to pituitary cCS. These 387 

observations, synthesizing collective knowledge from prior experiences to advance understanding, 388 
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could be useful to guide diagnostic procedures in patients with occult ACTH-dependent cCS. Increased 389 

awareness of a cyclic phenotype, along with ongoing research into technologies aiming to enable more 390 

frequent – and ideally continuous – cortisol monitoring, such as current investigations into wearable 391 

devices39,40, may support future improvements in diagnostic accuracy and consequently therapeutic care. 392 
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Data sharing 393 

De-identified individual participant data underlying the results reported here may be made available 394 

upon reasonable request. Requests should be directed to the corresponding author accompanied by a 395 

detailed study hypothesis and statistical analysis plan. The corresponding author and lead investigators 396 

will review each request to assess its scientific value before approving data access. Approved applicants 397 

will be required to sign a data access agreement.398 
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Figure Legends 

 

Figure 1A-B. Maximum and minimum documented biochemical values during the evaluation of cortisol 

excess (i.e. peaks, A) and normal/low cortisol concentrations (i.e. troughs, B).  

All biochemical results are expressed as x-times upper limit of normal (ULN). Response to the 1 mg 

dexamethasone suppression test (DST) is additionally expressed in SI units. The black horizontal bars 

on top of the graphs refer to the Kruskal-Wallis test for the overall group comparisons with the asterisks 

indicating statistically significant findings (****p<0.0001, ***<0.001, ns, not significant). The colored 

horizontal bars within the data points represent medians with extensions indicating the interquartile 

range (IQR). The dotted line indicates the upper limit of normal (i.e., 1) in all graphs, except for DST 

values expressed in nmol/L, where it corresponds to 50 nmol/L. In adrenal Cushing’s syndrome ACTH 

concentrations are suppressed (lower) during peaks and higher during troughs. Abbreviations: ACTH, 

adrenocorticotropic hormone; Adr, Adrenal Cushing’s syndrome; DST, dexamethasone suppression test; 

Ect, ectopic Cushing’s syndrome; IQR, interquartile range; LNSC, late night salivary cortisol; Occ, 

occult Cushing’s syndrome; Pit, pituitary Cushing’s syndrome; UFC, urinary free cortisol; ULN, upper 

limit of normal. 

 

Figure 2A-C. Cycle frequency per patient group. 

Peaks per year of observation referring to the observation period until therapy-induced remission or the 

latest follow-up. The dotted line indicates one peak per year. Kruskal-Wallis test for comparison of all 

four groups with asterisks indicating statistically significant findings (p<0.05). A: peaks per observation 

year in the entire cohort. B: Zoom for differentiation of cycle characterization in the lower (0-5) range. 

C: Cycle frequency per patient group. Abbreviations: Adr, Adrenal Cushing’s syndrome; Ect, ectopic 

Cushing’s syndrome; Occ, occult Cushing’s syndrome; Pit, pituitary Cushing’s syndrome. 

 

 

Figure 3A-B. Clinical (A) and biochemical (B) outcomes at the latest available follow-up. 

Results are expressed as percentages out of the respective entities. Abbreviations: Adr, Adrenal 

Cushing’s syndrome; All, entire cohort; Ect, ectopic Cushing’s syndrome; Occ, occult Cushing’s 

syndrome¸ Pit, pituitary Cushing’s syndrome.
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