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Abstract. Paraneoplastic syndromes can serve as initial indicators of malignancy,

with small cell lung cancer accounting for 13% of new lung cancer diagnoses. The most

prevalent paraneoplastic syndrome associated with small cell lung cancer is inappropriate

antidiuretic hormone syndrome, followed by ectopic adrenocorticotropic hormone-

mediated Cushing’s syndrome. Cushing’s syndrome manifests as hypercortisolemia

and presents with diverse symptoms, including central obesity, plethora, menstrual

irregularities, hypertension/diabetes mellitus, ecchymoses, osteoporosis, muscle

weakness, virilization/hirsutism, skin atrophy, decreased libido, and infertility. This case

report details the uncommon presentation of small cell lung carcinoma manifesting with

Article history: ectopic adrenocorticotropic hormone secretion (EAS), leading to resistant hypokalemia
Received November 17, 2023 and rhabdomyolysis. This case emphasizes the importance of considering EAS in severe
Received in revised form cases of Cushing’s syndrome and highlights the diagnostic and therapeutic challenges

December 02, 2023 associated with this condition.
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Ecpa I'eurean!, Anenep Anen?, Emens Kimivapcnan Kapmysoray?3,
Hinexk Ti6’eni F'enex?, Broaent Xynnam?

PinkicHa npe3eHTanisi IpiOHOKJITHHHOT KAPIMHOMH JiereHi
3 eKTOMIYHOI0 CEKPeli€l0 aJpeHOKOPTHKOTPOIHOIO FOPMOHY Ta Pe3UCTEHTHOIO
FNOKAJIEMIEI0: KIiHIYHUA BUIIAI0K

IKadenpa BHyTpiLIHBOT MEIULIMHI, MEAUYHUI (pakynbreT, YHiBepcuTeT Myra Citki Koumana,
Myrna, TypeyunHa
ZKadenpa Hedpoorii, MenuuHMii pakyisTeT, YHiBepcuteT Myrina Citki Koumana, Myria, TypeyunHa
3Kadenpa narouorii, MeauuHuil paxynsret, YHiBepcuteT [Tamykkane, deHisni, TypeuunHa

Pestome. [lapaneonsacmuunuii cunopom moxce Oymu nepuium KAiHIMHUM NPOSBOM 3108KICHO20 30X60PIOGAHHS,
de OpiOHOKAIMUHHUIL pak nezenie cmanogums 0ausbko 13% Hosux eunadkis paky neeenis. Haiinowupeniwum napa-
HEONAACMUYHUM CUHOPOMOM, MO8 I3AHUM 3 OPIOHOKAIMUHHUM PAKOM Ne2eHi, € CUHOPOM NOPYUIeHHs ceKpeyii anmuoi-

YPemu4H020 2OPMOHY, 3a AKUM cAidye cunopom Kyuwunea.

Cundpom Kywiunea obymoeénenuil einepkopmusonemico ma

NPOABASIEMBCA PIZHUMU CUMIIMOMAMU, BKAIOYAIOMU UEHMPAAbHE 0XCUPIHHS, NOBHOKPOB S, NOPYULEHHS MEHCMPYANbHOO
yuKay, einepmensito, UyKpoeuil diabem, eKximosu, 0cmeonopos, M 1308y caabkicmo, eipcymusm, ampoito wKipu, 3Hu-
JHceHHA Ni0i00 ma 6e3nniooa. Lleil kainiuHuil sunadok demoncmpye pioKicHi nposéu OpiOHOKAIMUHHOI KAPYUHOMU Ne2eHI8,
00yMo6AeHi eKkmoniuHolo cekpeuicto adperoxopmukompontoeo eopmorny (ECAKTT), wo npuszseno 0o peaucmenmHoi ei-
nokaniemii ma pabdomionizy. lleii eunadok nidkpecaioe eaxcaugicmo pozensidy ECAKTI y eaxckux sunadkax cunopomy
Kywunea ma niokpecaroe diaenocmuyni ma mepanesmu4ti npoosemu, acoyitiosami 3 YUM CMaHoM.

KnrouoBi ciioBa: dpionokaimunnuil pak neeeni, cunopom Kywunea, einokaniemis.

Introduction. Cushing’s syndrome (CS) is clas-
sified as; adrenocorticotropic hormone (ACTH)-de-
pendent CS and ACTH-independent CS and Pseudo-
Cushing’s syndrome. Only approximately 10% are
caused by entities that cause ectopic ACTH release,
mostly malignant. Ectopic ACTH syndrome (EAS) is
caused by abnormal expression of the proopiomela-
nocortin gene product arising from non—pituitary
tumors in response to ectopic activation of the pitu-
itary-specific promoter of this gene [1]. EAS involves
ACTH secretions from a region other than the pitu-
itary gland, especially from the tumoral tissue, leading
to high ACTH, cortisol, and aldosterone levels, as well
as, accordingly, refractory hypokalemia, metabolic al-
kalosis, and hypertension, which can be the case with
parancoplastic syndromes (PNS). Ectopic ACTH se-
cretion should be suspected in severe cases of CS, of-
ten due to an underlying malignancy, most commonly
Small cell lung cancer (SCLC) or neuroendocrine tu-
mors of pulmonary origin, and rarely thymus or en-
docrine pancreas. Thorax computed tomography (CT)
should be the first choice as the initial imaging mo-
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dality in cases where ectopic ACTH secretion is sus-
pected, because the origin of most ACTH-producing
tumors is the intrathoracic area. Another important
complication that may develop in severely hypokale-
mic patients is rhabdomyolysis. In this case, we pres-
ent our diagnostic approach to a patient presenting
with various metabolic abnormalities.

Case report. A 56-year-old male patient pre-
sented to the emergency department with complaints
of shortness of breath, coughing, and weakness. His
medical history included arterial hypertension, which
was diagnosed 2 weeks prior, and a history of 30-pack-
year smoking. As an antihypertensive he had been us-
ing 150 mg irbesartan+12.5 mg hydrochlorothiazide.
His family history was noncontributory. Upon a physi-
cal examination, he had a plethoric facial appearance.
Arterial blood pressure was 165/99 mmHg, tempera-
ture 36.5 °C, HR 80/min, and saturation was 90%, and
there was widespread muscle pain and weakness in his
body. Rales were present in the lung bases. The labora-
tory values on admission are shown in Table 1.
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Table 1
Initial Laboratory Tests upon Admission.
Urea (mg/dL) 47 White blood cells 13.000 |pH 7.77
Creatinine (mg/dL) 0.97 | Neutrophil 11.320 |pCO, (mmHg) 54
. Bicarbonate
Sodium (mmol/L) 136 Lymphocyte 1.050 (mEq/L) 60
Potassium (mmol/L) 1.45 | Monocytes 490 Lactate (U/L) 1.9
Lactate
Calcium (mg/dL) (corrected) 8.45 Hemoglobin (gr/dL) 12.1 dehydrogenase 1.514
(U/L)
. . Creatine kinase
Albumin (gr/L) 32 Hematocrit (%) 38.4 (U/L) 12.240
. . Mean corpuscular C-reactive
Uric acid (mg/dL) 5.7 <rallEae (L) 85 ) 23.63
. . Myoglobin
Alanine aminotransferase (U/L 308 Phosphorus (mg/dL 2.75 3.000
(U/L) phorus (mg/dL) (/L)

Aspartate aminotransferase Magnesium

456 | Platelet (mm?3 155.000 2.17
(U/L) $aeet) (mg/dL)

T flattening was observed on electrocardiogra-
phy possibly due to severe hypokalemia, and potassium
citrate+potassium bicarbonate oral tablets, spironolac-
tone tablets, and intravenous potassium were initiated at
optimal doses. Thiazide was discontinued and irbesartan
was given at 300 mg as the patient was hypertensive dur-

ing the follow up (170—180/85—90 mmHg). Further, an
intravascular saline infusion was started due to very high
levels of creatinine kinase and myoglobin. Although po-
tassium replacement was performed at maximum dosage,
we could not succeed a definite biochemical response.
The follow-up laboratory values are shown in Table 2.

Table 2
Potassium levels and blood gas analysis results during follow-up
On admission 2nd day 3rd day
Potassium (mmol/L) 1.45 1.70 1.88
pH 7.77 7.69 7.64
Bicarbonate (mEq/L) 60 60 56
Creatine kinase (U/L) 12.240 6.876 2.568

Lung X-ray revealed an approximately 1x1.5-cm-
sized irregular, heterogeneous increased density at
right lung, near the 4th costa and costochondral joint
level, while fullness in the right hilar region was no-
ticeable. Considering there may be EAS in the etiol-
ogy of hypokalemia in the patient, whose resistant hy-
pokalemia persisted despite optimal treatment doses,
thorax CT was performed. ACTH, renin, aldosterone,
and cortisol levels were 150.1 pg/ml (7.2—63.3 pg/mL),
0.89 ng/mL/s (0.2—3.4 ng/mL/h), 14.53 ng/dL
(1-21ng/dL), and 63.44 ug/dL (5—20 pg/dL), respec-
tively. Thorax CT revealed: pathological lymphade-
nopathies, the largest of which was 42x33 mm, were
observed in the paratracheal, paraaortic, and subcari-
nal areas, as were a mass image measuring about 4x2.5
cm in the right hilar and multiple nodules in the bilat-
eral lung parenchyma (Fig. 1).

Figure 1. Thorax CT. A mass image in the right hilar region.
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ACTH-dependent CS related to lung pathology
was considered. Upon a bronchoscopic biopsy, small
cell lung carcinoma with CD56 (+0), thyroid tran-
scription factor-TTF-1 (+), dot-like pan-cytokeratin

(PANCK) [+], p40 [-], vimentin [-], and high prolif-
eration index of KI-67 (98%) were detected immuno-
histochemically (Fig. 2).

Fig. 2. Histopathological assessment of the hilar mass.

2A: Malignant tumoral proliferation consisting of small cells with crushed artifacts, forming infiltrative islands in loose connective
tissue containing smooth muscle, under pseudostratified ciliated epithelium in a single row on the surface and in some shed areas.

(4x magnification, HE)

2B: At high magnification (40x), tumor cells are small cells with hyperchromatic nuclei, and pleomorphic, narrow cytoplasm.

SCLC presenting with paraneoplastic syndrome,
EAS, associated with severe hypokalemia-related rhab-
domyolysis was the diagnosis. However, the patient,
who was followed up in the intensive care unit due to
hypoxemia in the post-bronchoscopy period, was lost
during intensive care follow-up. During this period,
maximal pulmonary rehabilitation support, appropriate
intravenous antibiotic therapy, and electrolyte replace-
ment were provided, but the patient’s clinical deterio-
ration was very rapid. There was not enough time to
prepare the patient for surgery and the opportunity to
provide rapid medical treatment.

Discussion. The most common etiologies of en-
dogenous CS are a pituitary ACTH-secreting adenoma
(Cushing’s disease) in 60—70% of patients and primary
adrenal CS in 20—25%. The remaining 5—10% of cases
represent ectopic CS and are the result of paraneoplas-
tic ectopic ACTH (mostly) and less likely corticotro-
pin-releasing hormone secretion. All cancer types that
show neuroendocrine differentiation have the potential
to develop EAS. The most prevalent tumors associated
with ectopic CS are SCLC of the lung and pulmonary
carcinoid tumors. Also, pancreatic and thymic neuro-
endocrine tumors, breast carcinoma, medullary thyroid
cancer, pheochromocytoma, gastric cancer, and cervi-
cal cancer can be considered as the other causes.

EAS is a heterogeneous, rare condition with a re-
ported incidence of 1.4 new cases per 10 million in-
habitants per year [2]. Hypercortisolism is usually se-
vere, patients often have a short course of the disease
and a rapid progression of symptoms due to high serum
ACTH and cortisol status. The typical manifestations
of CS may be obscure, and patients may be under in-

vestigation for secondary hypertension, hypokalaemic
metabolic alkalosis, and/or hyperglycemia. It may also
be associated with typical features of intense proximal
muscle weakness, hyperpigmentation, and edema [3].

In clinical practice, hypokalemia often occurs due
to the use of diuretics (especially thiazides), antipsy-
chotics, and laxatives, as well as secondary to alkalosis,
vomiting, diarrhea, elevated insulin, and hypercorti-
solism/mineralocortisolism or CS, including ectopic
ACTH secretion. Gastrointestinal loss, primary or
secondary hyperaldosteronism, hypomagnesemia, re-
nal tubular acidosis, diabetic ketoacidosis, and Liddle,
Bartter, and Gitelman syndromes are also some of the
main reasons of hypokalaemia. Our patient had recent-
ly been started on thiazide therapy, which probably po-
tentiated hypokalemia.

The presence of hypokalemia in a patient with
arterial hypertension first brings to mind primary hy-
peraldosteronism. Considering the mineralocorticoid
effect of high cortisol concentrations, other causes
should not be overlooked. Under normal conditions,
the mineralocorticoid effect of cortisol is not prominent
due to its local conversion to cortisone by the action
of 11B-hydroxysteroid dehydrogenase (rate-limiting
step in the mineralocorticoid action of cortisol). When
plasma concentrations of cortisol are very high, the en-
zyme is saturated so that the action of this enzyme is
insufficient, and mineralocorticoid effects appear (cor-
tisol binding to mineralocorticoid receptors to produce
effects similar to that of aldosterone), leading to hyper-
tension and hypokalemia through the renin—angioten-
sin—aldosterone system (RAAS). It is through indirect
overactivation of this system (activated by the ACTH)
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that patients with CS develop hypokalemia. Due to the
increased aldosterone, the Nat-K*-ATPase pump is
activated, and the absorption of Na* and water in the
distal tubules and K* secretion increase. In addition,
K* and HCO3- secretions increase with the activation
of the H-K* ATPase pump in the apical membrane of
intercalated cells in the cortical and external medullary
collecting ducts. Due to all these mechanisms, resistant
hypokalemia, metabolic alkalosis, and hypertension
occur in EAS.

Under physiological conditions, the release of po-
tassium from the muscles causes vasodilation. There-
fore, blood flow toward the muscles increases. Further,
under deep hypokalemic conditions (K*<2.5 mEq/L),
intracellular calcium levels increase due to dysfunction
in the Nat-K* ATPase and Ca-Na*' channels, where
mitochondrial dysfunction and cell destruction oc-
cur due to ATP depletion, leading to rhabdomyolysis.
Rhabdomyolysis in EAS is rare, but almost always is as-
sociated with severe hypokalemia. A similar case with
deep hypokalemia and secondary rhabdomyolysis was
identified in the report of Wei Qiang et al. Although
chemotherapy was started in this case, survival was lim-
ited to only 1 month [4]. Rhabdomyolysis risk increas-
es when potassium levels drop below 2-2.5 mmol/mL
[5]. When severe hypokalemia is detected, we should
be aware of the possibility of rhabdomyolysis develop-
ment. Effective regression of creatinine kinase levels
was achieved with intravascular hydration therapy in
our patient.

Compared to pituitary-dependent Cushing’s dis-
ease, EAS is more strongly associated with biochemi-
cal abnormalities (especially electrolyte disturbances)
and less with the classic physical manifestations of CS.
This is due to much higher concentrations of ACTH
and cortisol in the EAS [6]. Additionally, patients die
before they have a physical Cushingoid appearance.
In our patient, also, no specific physical examination
findings other than the plethoric facial appearance were
prominent in terms of CS.

Patients with EAS almost always have hyperten-
sion, but the frequency of hypokalemia may vary. Es-
pinosa-de-Los-Monteros et al, reported that hyperten-
sion were present in 92.8% of the cases, in this regard,
the prevalence of hypokalemia among patients with EAS
was 42.8% [7]. In another study that retrospectively an-
alyzed EAS patients; most of the primary tumors were
located in the thorax (57.1%), the most common asso-
ciated comorbidity was hypertension in 93%. In 92.3%
of the patients mean potassium level was 2.3 mEq/L.
50% of patients required oralt+intravenous potassium
replacement to manage hypokalemia. The progno-
sis was poor for the patients with intrathoracic lesions
(75% of the cases died) [8]. In another study; hypokale-
mia was so frequent among patients with EAS (85.7%).
The median potassium was 2.6 meq/1 (1.2-3.9 meq/1).
A median of 5 days (1-20) required for correction for
hypokalemia. All patients required parenteral potas-
sium, in addition to oral potassium-+spironolactone.

Metabolic alkalosis was seen in 17/21 (80%) patients.
Hypokalemia was rare in patients with pituitary-depen-
dent CS [9]. According to Montserrat et al. in a study
where they analyzed the incidence of paraneoplastic
syndrome and endocrine-metabolic pathologies, the
incidence of hypokalemia in PNS in the study was 0.71
(1,000 people/year) [10].

EAS developed at a rate of 1-5% in cases diag-
nosed with SCLC [11, 12]. Tumor histopathology and
high cortisol concentration are the two most important
points in terms of prognosis in EAS patients. The pres-
ence of EAS due to a poor response to chemotherapy,
increased risk of infection, and increased risk of venous
thromboembolism in SCLC with ectopic CS is a poor
prognosis indicator, with 5-year survival in EAS that
develops during the course of SCLC being <7% [13].
The median survival without treatment for SCLC was
shown to be 6.8 months on average, and the median
survival with treatment was 9.3 months. Unfortunately,
average life expectancy of SCLC with ectopic CS is 3—5
months, regardless of the treatment process [14, 15].

Different treatment approaches can be seen in
similar cases in the literature. Unfortunately, the
overall survival rate is low. In the article by Richa et
al. presenting 3 cases (2 cases of small cell lung can-
cer, one case of neuroendocrine tumor of unknown
etiology), in addition to standard treatments, one
case included ketokenazole+doxorubicin+paclitaxel,
ketoconazole+chemotherapy in one case, and soma-
tostatin and everolimus treatments in addition to car-
boplatin and etoposide were given in the other, but the
patients died within 1 year at the latest [16]. Zhang et
al. successfully used CT-guided radiofrequency abla-
tion in the diagnosis of lung carcinoid tumor and con-
trol of hypercortisolism in a surgically difficult case that
was unresponsive to drug therapy [17]. In Suyama et
al.’s case, EAS developed in a patient receiving chemo-
therapy treatment for small cell lung cancer and a good
response was obtained to mitotane treatment in terms
of clinical and cortisol level reduction [18]. In a case
reported by Braun et al., an improvement in metabolic
abnormalities was observed within 2 weeks after cispla-
tin in a patient with EAS associated with small cell lung
cancer [19]. In a similar case by Ferreira et al., effective
clinical improvement was achieved in the short term
with metyrapone and the patient was referred to the on-
cology unit for carboplatin + etoposide treatment [20].

The main goal in the EAS treatment approach is
curative surgical resection. Medical treatment is used
in the following cases: contraindication to surgery or
preoperative preparation phase, postoperative hyper-
cortisolism status (relapse/insufficient surgery), CS
treatment in non-localizable tumors [21]. Alba et al.’s
algorithmic treatment approach on this issue is up-to-
date and comprehensive. Primary medical treatment
primarily includes stabilization of comorbid clinical
conditions, which includes the control of hypertension,
blood glucose and hypokalemia, thromboembolism and
infection prophylaxis, and the use of drugs that reduce
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cortisol levels (ketokenazole and its enantiomer, levo-
ketokenazole; metyrapone, a potent 113-hydroxylase
inhibitor and a partial 18-hydroxylase inhibitor; osilo-
drostat, a rapid-acting 11p-hydroxylase inhibitor;
mifepristone, an antiprogesterone and glucocorticoid
receptor blocking agent; and etomidate) [22]. The most
commonly used steroidogenesis inhibitor in clinical
practice is ketoconazole, a drug that inhibits multiple
cytochrome P450 steroidogenic enzymes. When using
all these drugs, attention should be paid to CYP3A4
inhibition and induction. Etomidate is a drug that can
be used intravenously, provides acute cortisol control
and inhibits 11B-hydroxylase and 20, 22 desmolase.
Frequent monitoring of cortisol levels is required to
achieve targeted low serum and urine cortisol levels
during medical treatment [23]. In cases where the tu-
mor cannot be resected, other treatment options are;
somatostatin analogues (octreotide and lanreotide),
everolimus, capecitabine and temozolomide, tyrosine
kinase inhibitors (vandetanib, sorafenib or sunitinib),
radiofrequency ablation, transarterial chemoemboliza-
tion/radioembolization [22].

Further, 70—85% of malignancies in the thoracic
region may lead to EAS [24]. Early diagnosis and lo-
calization of the ectopic source of ACTH is the main
point of the approach. For this reason, thoracic CT
should definitely be performed in patients with resistant
hypokalemia, severe metabolic alkalosis, a Cushingoid
appearance (though it may be absent), and, especially,
newly developed hypertension. If EAS clinic is present
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or there is a high diagnostic suspicion, it has been rec-
ommended to use a neck-to-pelvis thin-slice CT scan
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Conclusions. Early diagnosis of EAS is based on
clinical suspicion and rapid evaluation. Different clini-
cal entities may underlie serious and treatment-resis-
tant metabolic disorders.
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