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Management of small cell
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with paraneoplastic Cushing's
syndrome: a systematic
literature review

Yanlong Li", Caiyu Li", Xiangjun Qi", Ling Yu® and Lizhu Lin*

The First Clinical School of Guangzhou University of Chinese Medicine, Guangzhou, China, ?The First
Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangzhou, China

Paraneoplastic Cushing’s syndrome (PCS) is a rare, but clinically important
feature of small cell lung cancer (SCLC) that is associated with even worse
prognosis. To identify key considerations in comprehensive management of
SCLC patients complicated with PCS, we conducted a systematic review of
relevant reports on PubMed and Web of Science, focusing on SCLC with PCS
cases. The systematic review analyzed 61 reports published between 1985 and
2022 with a total of 157 SCLC patients included. Out of the 157 patients, 132
(84.1%) patients across 58 (95.1%) reports were diagnosed with ectopic Cushing's
syndrome. The immunohistochemical (IHC) staining for adrenocorticotropic
hormone (ACTH) was performed on 30 (19.1%) patients across 22 (36.1%)
reports and demonstrated encouraging performance. For treatment,
chemotherapy and ketoconazole were utilized in 50 (81.97%) and 24 (39.34%)
reports, respectively. Regarding cause of death, infection and cancer were
equally frequent, each being recorded in 17 (27.87%) reports. To conclude, the
majority of PCS cases in SCLC patients were caused by ectopic hormone
secretion. In order to make a differential diagnosis, it is recommended to
utilize IHC staining for a specific hormone such as ACTH or corticotropin-
releasing hormone. In the comprehensive treatment of SCLC with PCS patients,
effective management of hypercortisolism and potent safeguarding against
infection play two crucial roles. Ultimately, further confirmations are required
regarding the specificity and accuracy of IHC staining technique as well as the
efficacy and safety of immunotherapy in the treatment of SCLC with
PCS patients.
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1 Introduction

Small cell lung cancer (SCLC), a highly aggressive subtype of
lung cancer, is characterized by rapid proliferation, high growth
fraction, and early development of metastases. It accounts for
approximately 14% of all lung cancer cases and possesses a
particularly poor prognosis (1, 2). Likewise, ectopic Cushing’s
syndrome (ECS), hypercortisolism due to ectopic hormone
secretion, is estimated to account for 5%-10% of all Cushing’s
syndrome (CS) cases (3-5). Furthermore, the SCLC patients
complicated with paraneoplastic Cushing’s syndrome (PCS),
mostly caused by ectopic hormone secretion from tumor tissues,
comprise a smaller proportion [reported as 1.6%-6% of all SCLC
cases (6-9)] but possess an even poorer prognosis among all SCLC
patients (6, 8). Retrospective studies have shown that median
survivals of SCLC patients with PCS were less than 7 months
(6-11).

Regarding the management of SCLC with PCS patients,
although some effective hypercortisolism controlling methods
exist (3, 12, 13), there was little advancement in treating SCLC
for over three decades before the advent of immune checkpoint
inhibitors (ICIs) modestly improved its overall survival (14-16).
However, several reports have emerged on immunotherapy-
induced CS, drawing much attention to the adverse effect (17-
20). Considering PCS being a poor prognosis marker for SCLC
patients, early and further differential diagnosis of CS is relevant for
evaluating prognosis of SCLC patients.

Although there have been case reports, case series, and
retrospective studies on SCLC complicated with PCS, no
systematic review has been carried out on this topic before.
Accordingly, we conducted one, incorporating relevant reports of
SCLC with PCS available on PubMed and Web of Science. Through
this review, we aimed to illustrate the treatment status of this disease
previously and to identify key considerations for comprehensive
treatment of these patients.

2 Methods

The systematic review has been conducted and reported
following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 statement (21).

2.1 Literature search and selection

We performed a systematic review of relevant reports of SCLC
complicated with PCS on PubMed and Web of Science. The search
queries are “(cushing[Title/Abstract]) AND ((sclc[Title/Abstract])
OR (small cell lung cancer[Title/Abstract]) OR (small cell lung
carcinoma[Title/Abstract])) NOT ((nsclc[Title/Abstract]) OR (non
small cell lung cancer[Title/Abstract]) OR (non small cell lung
carcinomalTitle/Abstract]))” on PubMed and “(TS=cushing) AND
((TS=sclc) OR (TS=small cell lung cancer) OR (TS=small cell lung
carcinoma)) NOT ((TS=nsclc) OR (TS=non small cell lung cancer)
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OR (TS=non small cell lung carcinoma))” on Web of Science,
respectively. The literature retrieval was performed on 19
November 2022, without restriction on publication date
or language.

Selection criteria were as follows: (1) clinical case or case series,
prospective or retrospective study, systematic review, or meta-
analysis; (2) special reports on this topic or relevant articles
involving management of SCLC with PCS patients; (3) critical
data available, at least the information on clinical presentation,
therapeutic strategy, or causes of death; and (4) no preference for
publication date or language. The study was supplemented by
screening references of selected articles.

Selection procedures are presented in Figure 1. The evidence
quality of included reports has been evaluated using the critical
appraisal tools provided by the Joanna Briggs Institute (JBI).

2.2 Data extraction and analysis

The following information were collected from eligible articles:
age, gender, clinical presentation, the immunohistochemical (IHC)
staining for adrenocorticotropic hormone (ACTH), therapeutic
strategy, survival time/follow-up time, and cause of death. For
retrospective and prospective studies included, the quantitative
data on age, survival time, and follow-up time were represented
as median (minimum-maximum), while the descriptive
information on clinical presentation, therapeutic strategy, and
cause of death were recorded as percentages wherever possible.
As for clinical presentation, therapeutic strategy, and cause of death,
we focused on specific details of critical significance for diagnosis
and management of the disease. These specific details were
categorized and their frequencies were presented.

3 Results

Throughout the entire selection process, 61 articles were
retrieved, comprising 44 case reports (22-65), 7 case series (66—
72), 9 retrospective studies (6-11, 73-75), and 1 prospective study
(76) published between 1985 and 2022 in English, Japanese, French,
German, Spanish, and Korean. A total of 157 SCLC with PCS
patients were involved in these 61 articles. Table 1 presents details of
included reports and patients while Table 2 displays frequencies of
specific details on clinical presentation, therapeutic strategies, and
cause of death. The evidence quality of all 61 included reports was
evaluated using JBI critical appraisal checklists for case reports, case
series, and cohort studies, and results are presented in
Supplementary Materials.

All 157 patients were diagnosed with SCLC through histological
methods. The one reported by Bodvarsson et al. was a patient with
donor-derived SCLC (31). One patient (1/10) reported by Winquist
et al. was mixed SCLC with non-small cell lung cancer (NSCLC)
(10). The one reported by Qiang et al. was mixed SCLC with large
cell neuroendocrine carcinoma (65). The one reported by
Vadlamudi et al. had combined SCLC, lung adenocarcinoma, and
giant cell carcinoma of the lung (40).
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FIGURE 1

Flow diagram for publication selection procedures performed according to the PRISMA 2020 Statement

For differential diagnosis of CS, 132 SCLC patients (84.1% of all
157 patients) in 58 reports (95.1% of all 61 reports) were diagnosed
with ECS. In 9 (15.5%) reports, 40 (30.3%) patients were diagnosed
without strict evidence from combining imaging examinations with
laboratory tests or reported with no mention of specific procedures
for the diagnosis of ectopic hormone secretion (8, 10, 22, 40, 45, 49,
57, 58, 72). The patient reported by Cabral et al. (63) and the 23
patients in the report by Nagy-Mignotte et al. (6) were merely
diagnosed as PCS without further investigating the hormone origin.
The patient reported by Tabata et al. (24) was diagnosed as PCS and
his THC result was negative for ACTH, while some laboratory tests
revealed the opposite. In addition, the patient reported by Kosuda
et al. was complicated not only by ECS but also by the syndrome of
inappropriate antidiuretic hormone secretion (61). Moreover, IHC
staining for ACTH was performed in 30 (19.1%) patients, 29 had
ECS and 1 had PCS, across 22 (36.1%) reports. Out of these reports,
four ECS patients (25, 35, 39, 57) and one PCS patient (24) showed
negative results. It is noteworthy that the case reported by Auchus
et al. stained negative for ACTH, but positive for corticotropin-
releasing hormone (CRH), which confirmed that the patient’s ECS
was caused by ectopic CRH secretion rather than ACTH (25).

Regarding clinical presentation, hypokalemia was mentioned in
59 (96.72%) reports as the most frequently recorded clinical feature
in PCS patients, followed by hypertension in 42 (68.85%) reports.
For treatment, chemotherapy and ketoconazole were the first-line
option used for SCLC patients with PCS, in 50 (81.97%) and 24
(39.34%) reports, respectively. As for cause of death, infection was
recorded in 17 (27.87%) reports, equally to cancer. The remaining
causes included respiratory complications in 16 (26.23%) reports,
cardiovascular complications in 8 (13.11%), hormone issues in 7
(11.48%), and other causes (including general condition
deterioration) in 15 (24.59%).
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Regarding the survival of SCLC with PCS patients, five
retrospective studies (6-9, 75) and one prospective study (76)
indicated unfavorable results, with median survivals of less than 7
months. However, eight case reports with superior outcomes also
existed, all showing a survival of 1 year or more (28, 31, 50, 57, 61,
68-70), with four patients having lived for over 2 years (28, 61, 68,
70). The longest survival was 117 months, reported by Sakuraba
et al. (61).

General descriptions of specific cases exhibiting long-term survival,
mixed pathological types of lung cancer, or negative results in IHC
staining for ACTH, as well as a brief introduction to the latest
retrospective study, are presented in Supplementary Materials.

4 Discussion

In this systematic review, we have incorporated relevant reports
of SCLC with PCS available on PubMed and Web of Science and
presented a comprehensive analysis. Through the review and
analysis, we have not only reflected on opportunities to refine the
differential diagnostic strategy for PCS, but also discovered key
considerations to underpin the comprehensive treatment of SCLC
with PCS patients.

4.1 Differential diagnosis of ECS from
Cushing’s disease

Since PCS is a marker of poor prognosis for SCLC patients, it is
crucial to perform early differential diagnosis of CS to evaluate the
prognosis of SCLC patients. Once the CS has been identified and the
ACTH non-dependent type has been ruled out, the most
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TABLE 1 The 61 reports of SCLC complicated with PCS from PubMed and Web of Science.

IHC
First Year Journal Agg Clinical_Pre— staining Treatment Survi-val Cause of Follow-
Author (median) sentation for (median) Death up
ACTH
1 Arch Intern 1. hypokalemia 1. chemothera 1. tumor
(22) Shepherd 1985 Med case report ! ECs® 56 M 6. w);pa.kness 4. ketoconazolzy 5 months progression
1. hypokalemia 3. rapidly
5 5. edema 1. chemotherapy increasing ACTH
Hoffman 1991 Cancer case report 1 ECS 60 F 6. myopathy, 3 months and cortisol levels
(23) 4. ketoconazole .
weakness 6. condition
9. polyuria deteriorated
1. hypokalemia 2. infection (73%)
(100%) 4. cardiac
. ' 3. glycemia. (91%) 1. chemotherapy 12 days (2- compli'cations
3(9) = Dimopoulos 1992 Cancer retrospective = 11 ECS 62(49-65) 3/8 4. metabolic 5. metyrapone 45) 5. respiratory
alkalosis (100%) complications
6. weakness (55%) 6. miscellaneous,
7. dyspnea (27%) not know
1. hypokalemia
(96%)
3. hyperglycemia 1. progressive
(59%) 1. chemotherapy 6.23 months malignancy
4(8) = Shepherd 1992 J Clin Oncol retrospective 23 ECS* 60(43-77) 17/6 4. metabolic 4. ketoconazole ((']_20) 2. infection
alkalosis (96%) 5. aminoglutethimide 5. pneumonia
5. edema (83%) 6. other causes
6. muscle
weakness (61%)
1. hypokalemia
(100%)
2. hypertension
;li%) eralycemia 1. progressive
Arch Intern (71°§)1)3 & 1. chemotherapy 5.5 months growth of tumor
5(7)  Delisle 1993 retrospective 14 ECS 62(36-67) 717 . . (79%)
Med 4. metabolic 2. radiotherapy (0.75-22) . i
. 2. infections
alkalosis (21%)
5. peripheral
edema (36%)
6. proximal
myopathy (29%)
2. hypertension L. chemotherapy 1. metastatic
6 . ) ECS 55 M 3. hyperglycemia 2. radiotherapy 2 months discase
©7) Rieu 1993 Horm Res case series 2 6. octrotide
ECS 34 F 8 months

(Continued)
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TABLE 1 Continued

IHC
First Age Gender Clinical Pre-  stainin Survival Cause of Follow-
ID Year Journal PCS 9 . 9 Treatment .
Author (median) = (M/F) sentation for (median) Death up
ACTH
1. chemotherapy
2. radiotherapy
5. edema 3. thoracotomy 1. metastatic
7. dyspnea 4. ketoconazole disease
5. metyrapone
6. lanreotide, octreotide
Nihon 1. hypokalemia
S Kyobu 2. hypertension 1. cancer
Tabata 1993 Shikkan case report 1 CS 62 M 3. hyperglycemia -) 1. chemotherapy 5 months ’ .
(24) . ; 5. pneumonia
Gakkai 4. alkalosis
Zasshi 9. polyuria
1. hypokalemia
2. hypertension
8 Endocrinol 1. chemoth
25) Auchus 1994 {nvn tocrmo case report 1 ECSx 75 F 4. metabolic (-) 5 ;:nem:; errlapy / /
s alkalosis - metyrapone
7. dyspnea
1. hypokalemic 1.progression of
9 H 1994 Changgeng report L ECS 25 M 3. hyperglycemia " 4 ketoconazol 13d lung lesion
(26) uang yi xue za zhi case repo 4. alkalosis - Ketoconazoe ays 2. Nocardia
7. dyspnea infection
1. hypokalemia
2. hypertension
3. diabetes 1 i
0 . mellitus R . progressive
Winquist 1995 ] Clin Oncol retrospective ECS* 58.5 (44-71) 8/2 4. metabolic - chemotherapy / cancer
(10) +1e R 4. ketoconazole 3. hormonal
alkalosis X
disorder
5. edema
6. muscle
weakness
Nihon 1. hypokalemia
1 Kyobu 2. hypertension 1. progressive
. Y
Takano 1996 Shikkan case report 1 ECS 70 F 3. hyperglycemia (+) 1. chemotherapy 11 months ,P 5
(27) K A disease
Gakkai 4. metabolic
Zasshi alkalosis
Nibon 1. hypoka.lerfua
12 Ronen 2. hypertension 1. chemotherapy 5. respirato
Sato 1997 . case report 1 ECS 72 M 4. metabolic (+) 2. radiotherapy 26 months . piratory
(28) Igakkai i X failure
K alkalosis 5. mitotane
Zasshi
5. edema

(Continued)
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IHC
D First Age Gender Clinical Pre-  staining Treatment Survival Cause of Follow-
Author (median) = (M/F) sentation for (median) Death up
ACTH
1. hypokalemia
1 4. li 1. ch hy 1. ingiti
3 Cabezas 1998 Neth ] Med case report 1 ECS 56 M metébo e (+) c emot' erapy 9 months m'erungltls
(29) alkalosis 6. octreotide carcinomatosa
9. polyuria
14 5. edema 1. chemotherapy
Bodvarsson 2001 Cancer case report 1% ECS 25 F 3. nephrectomy of the / / 18 months
(31) 6. weakness :
transplanted kidney
1. hypokalemia
15 Ann Fr 4. metabolic 5 irat
Dube 2001 Anesth case report 1 ECS 58 M alkalosis / 1 week ’ res.plra .ory
(30) X deterioration
Reanim 5. edema
7. dyspnea
16 Jpn I' Thorac . 1. hypokalemia 3: sgrgery (anterior lobe o'f
Sakuraba 2003 Cardiovasc case series 1 ECS 44 F . (+) pituitary, adrenal gland, right 117 months /
(68) 6. fatigue X
Surg middle lobectomy)
1. hypokalemia
2. hypertension
17 5. edema 1. chemotherapy
Agh: 2005 Pituit: rt 1 ECS 49 M 9 th
(32) gha Hutary case repo 6. weakness ) 4. ketoconazole months !
7. dyspnea
9. polyuria
1. hypokalemia
. 2. hypertension 1. chemotherapy
18 J Clin 3. diabetes 3. bilateral adrenalectomy (2/3) 1-48
Tlias 2005 Endocrinol retrospective | 3 ECS / 2/1 ’ T K . Y / /
(73) Metab 5. edema 7. with/without endocrine months
6. muscle therapy
weakness
1. hypokalemia 1. intracranial
2. hypertension tumor spread
3. hyperglycemia 2. septic
19 Z 4. metabolic 1. chemotherapy complications
(34) Hadem 2007 Gastroenterol case report ! ECS o8 F alkalosis 4. ketoconazole 7 weeks 3. endocrine and
6. muscle electrolyte
weakness disturbances
7. dyspnea 5. pneumonia
1. hypokalemi
20 Endocrinol PO erTna 1. chemotherapy 5. neutropenic
Lee 2007 case report 1 ECS 73 F 2. hypertension -) . 10 days .
(35) Metab . 2. radiotherapy pneumonia
3. hyperglycemia
(Continued)
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TABLE 1 Continued

IHC
First Study Age Gender Clinical Pre-  staining Survival Cause of Follow-
ID Year Journal : > . Treatment .
Author Design (median)  (M/F) sentation for (median) Death up
ACTH
4. metabolic
alkalosis
5. edema
6. weakness
1. hypokalemia
2 2. hypertension 3 courses
Muessig 2007 Internist case report 1 ECS 68 F 3. hyperglycemia (+) 1. chemotherapy / / o
(36) therapy
6. weakness
7. dyspnea
1. hypokalemia
2. hypertension
ch 1 i
22 Ann Biol 3. hyperg )Tcemla 1. chemotherapy
Servonnet 2007 K case report 1 ECS 41 F 4. metabolic . / /
(37) Clin i 5. metopirone
alkalosis
5. edema
7. dyspnea
2. multiple
Nihon infctons o
infecti
23 Kokyuki 1. chemoth
(3) Tanaka 2007 GZklir:ih case report 1 ECS 54 F 9. polyuria 5 :a;:t(;leg;)lf)y 3 months })Oireteral upper
Zasshi,
6. general
deterioration
1. hypokalemia
, Arq Bras 2. hypertension
24 F dez- 1. ch th
(39) Rerdnra;n ezz 2008 Endocrinol case report 1 ECS 59 M 4. metabolic -) 4 IC{ :mon ezralpy <1 month 2. septic shock
ocrigue Metabol alkalosis - Ketoconazole
5. edema
1. hypokalemia i;li(;oilziectmn,
2 A li 2. h i
> Guabello 2008 m J Clin case report 1 ECS 71 M ypertensmn. 1. chemotherapy 1 month 3.
(38) Oncol 3. hyperglycemia Lo
hypercortisolism
5. edema .
6. nephrosis
1. hypokalemia
2. hypertension 2. hyperinfection
26 Vadlamudi 2008 | South Med ] r 1. ECS* 76 M 4. metabolic / ral days
(40) adlamudt ou ¢ case repo : alkalosis several days hypercortisolism
6. weakness 4. cardiac arrest
7. dyspnea
(Continued)

SCRERY

SCTLLIT'$2020PUR)/682¢ 0T


https://doi.org/10.3389/fendo.2023.1177125
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

TABLE 1 Continued

IHC
Clinical Pre-  staining
sentation for
ACTH

Cause of Follow-
Death up

Survival
(median)

First Age

ID Treatment

Author (median)
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27 Recenti P 1. hypokalemi
Bindi 2009 Coenti TIO8 | Case report ECS 64 YpoRE en?lai 1. chemotherapy / /
(41) med 8. hypothyroidism
1. hypokalemi
PO erfna 2. sepsis due to a
2. hypertension K .
. right leg cellulitis
28 Martinez 4. metabolic 5. respirato
2009 Cases | case report ECS 54 alkalosis 4. ketoconazole a few days . piratory
(42)  Valles failure
5. edema K
. 6. bilateral pleural
6. fatigue R
K effusions
9. polyuria
1. hypokalemia
29 Trak Uni 4. alkalosi 1. chemoth 2. infecti
Cicin 2010 r m case report ECS 37 aosis chemotherapy 11 days fnfection .
(43) Tip Fak Derg 5. edema 4. ketoconazole 5. pneumonia
6. weakness
1. chemoth
ECS 58 / © e.mo erapy 7 months 1. cancer
2. radiotherapy
30 Doi 2010 Endocr | retrospective 1. hypokalemia
(74) P 2 hypertension 1. chemotherapy
ECS 69 ' YP 2. radiotherapy 6 months 1. cancer
3. diabetes 5. mitotane, metyrapone
6. weakness - > metyrap
3. surgery (bilateral
drenalectomy, tion of
1. hypokalemia d 'ren ectory, resec 1?n ° 2. infections
31 2. hypertension primary tumors, combined 3. hyperglycemia
Ejaz 2011 Cancer retrospective ECS / - WP . (+) bilateral adrenalectomy along / - YPergly
an 3. hyperglycemia with primary tumor resection) 4. venous
4. alkalosis P s thromboembolism
4. ketoconazole
5. metyrapone
1. hypokalemia
32 2. h tensi 1. ch th
Suyama 2011 Intern Med case report ECS 53 per ensmn' © 'e moterapy 5 months 1. cancer progress
(44) 3. hyperglycemia 5. mitotane
7. dyspnea
2. hypertension
4. metabolic 4. lateral
33 BMJ C alkalosi ischaemi
Stempel 2013 J Case case report ECS* 79 iosis 5. metyrapone 1 week e aeI:ma
(45) Rep 5. edema 5. respiratory
6.lethargy failure
7. dyspnea

(Continued)
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TABLE 1 Continued

IHC
D First Age Gender Clinical Pre-  staining Treatment Survival Cause of Follow-
Author (median) = (M/F) sentation for (median) Death up
ACTH
34 . Ann Clin 1. hypokalemia 1. chemotherapy
Aki 1 2014 1 E M
(46) nosogion 0 Biochem case report s 9 5. edema 4. ketoconazole ! !
1. hypokalemia
(95.6%)
2. hypertension
(56.5%) 6.6 months
3. hyperglycemia 1. chemothera (95% - cancer (81.8%)
35 Nagy- J Thorac . - hypergly T Py N 2. infection
K 2014 retrospective | 23 CS 62 (29-84) 16/7 (95.6%) 2. radiotherapy confidence
(6) Mignotte Oncol . . (45.5%)
4. metabolic 3. surgery interval, 4. cardiac (9.1%)
alkalosis (69.6%) 3.2-11.4) i o
5. edema (52.4%)
6. myopathy
(55%)
1. hypokalemia
2. hypertension
4. metabolic
1. ch h
36 Nandagopal = 2014 Am ] Ther case report 1 ECS 57 F alkalosis c e'mot erapy / /
(48) 2. radiotherapy
5. edema
6. weakness,
fatigue
1. hypokalemia
2. hypertension 2. escherichia coli
. 3. hyperglycemia septicemia
37 Rev Clin E 1. ch th
Vega 2014 VIALER T ase report 1 ECS 66 M 4. metabolic chemotherapy 1 month secondary to acute
(47) (Barc) i 4. ketoconazole
alkalosis perforated
5. edema diverticulitis
7. dyspnea
1. hypokalemia
38 Acta Clin A 3. hypergl?'cemla 4. hear't failure
Cekerevac 2015 case report 1 ECS 63 M 6. exhaustion / 2 weeks 5. respiratory
(49) Croat .
7. shortness of failture
breath
1. hypokalemia 2. sepsis
(50%) .
3. hyperglycemia 3. postero-lateral thoracotomy 4 intractable
39 . Endokrynol . : : ) 1.5 months tachyarrhythmias,
Gh: 2015 t 4 ECS 61.5 (40-65 2/2 509% 2/4
ey Pol prospective uo-65) | 2 (50%) @ (1-3) heart failure

4. metabolic
alkalosis (25%)
6. muscle

4 ketoconazole

(only one patient
mentioned)
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TABLE 1 Continued

First
Author

ID

40

(50) Jeong

2015

Tuberc
Respir Dis
(Seoul)

case report

ECS

Age
(median)

69

Clinical Pre-
sentation

weakness (100%)
9. polyuria (25%)

1. hypokalemia
2. hypertension
4. metabolic
alkalosis

6. weakness

staining

IHC

Treatment
for

ACTH

(+)

1. chemotherapy
4. ketoconazole

Survival
(median)

15 months

Cause of Follow-
Death up

41

2) Aoki

42

1) Kaya

2016

2016

Intern Med

J Clin Diagn
Res

case report

case report

ECS

ECS

35

70

1. hypokalemia
2. hypertension
6. muscle
weakness

9. polyuria

1. hypokalaemia
2. hypertension
4. metabolic
alkalosis

6. weakness

(+)

(+)

1. chemotherapy

3. surgery for intestinal
perforation
4. ketoconazole

4 courses
therapy

12 days

6. suffocation due
toa
retropharyngeal
abscess

6. general
deterioration

43

3) Ohara

2016

Intern Med

case report

ECS

64

1. hypokalemia
2. hypertension
3. hyperglycemia
4. metabolic
alkalosis

5. edema

6. weakness

7. dyspnea

b4

metyrapone

1 month

5. idiopathic
pulmonary
fibrosis,
respiratory failure

44

Hi
(54) mne

2017

J Emerg Med

case report

ECS

62

hypokalemia
hypertension
diabetes
edema

AN ol

weakness

+)

—

. chemotherapy
radiotherapy

N

45

6) Wilkins

46

5) Zhang

2017

2017

Clin
Schizophr
Relat
Psychoses

Thorac
Cancer

case report

case report

ECS

ECS

56

74

N

hypertension

w

. hyperglycemia

—

. hypokalemia
3. hyperglycemia
4. metabolic
alkalosis

chemotherapy
radiotherapy
ketoconazole
metyrapone

LAl A

—

. chemotherapy

3 months

4 courses
therapy

6. liver failure
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TABLE 1 Continued

First

Author

Age
(median)

Gender
(M/F)

Clinical Pre-
sentation

5. edema
6. muscle
weakness

IHC

staining

for

ACTH

Treatment

Survival
(median)

Cause of Follow-
Death up

47

(66) Deldycke

48

Ferreira
(57)

2018

2018

Acta Clin
Belg

BM]J Case
Rep

case series

case report

ECS

ECS*

71

42

1. hypokalemia
3. hyperglycemia,
diabetes

5. peripheral
edema

6. muscle
weakness

1. hypokalemia
2. hypertension
4. metabolic
alkalosis

A =

(S NI

. chemotherapy

somatostatin analogue

. chemotherapy

radiotherapy

. metyrapone

12 months

4.5.
cardiopulmonary
arrest

6. clinical
deterioration
persisted with
hypotension and
prostration

49

F
8) oray

2018

Respir Med
Case Rep.

case report

ECS*

66

1. hypokalemia

3. diabetes
mellitus

4. metabolic
alkalosis

5. edema

6. weakness

8. hypothyroidism

12 days

6. comorbid

50

(©9) Richa

2018

Endocrinol
Diabetes
Metab Case
Rep

case series

ECS

46

1. hypokalemia

2. hypertension

4. metabolic
alkalosis

6. lethargy, fatigue
8.
hyperthyroidism

Ll A

. chemotherapy

radiotherapy
ketoconazole

12 months

ECS

51

1. hypokalemia
2. hypertension
3. diabetes
mellitus

4. metabolic
alkalosis

5. edema

N

. chemotherapy

ketoconazole

several
months
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TABLE 1 Continued

First
Author

ID

51

Kamii
(59) amijo

52

70) Zhou

Year

2019

2019

Journal

Intern Med

World J Clin
Cases

case report

case series

ECS

ECS

Age
(median)

72

54

Clinical Pre-
sentation

N

lethargy, fatigue
dyspnea

N

—

hypokalemia

w

. hyperglycemia
fatigue

N

hypokalemia
hypertension
hyperglycemia
weakness

© W

hypothyroidism

IHC

staining

for

ACTH

(+)

—

Treatment

. chemotherapy

Survival
(median)

11 days

Cause of Follow-
Death up

6. liver failure,
hepatic and renal
dysfunction

/ 2 years

ECS

50

—_

hypokalemia

2. hypertension

3. diabetes
mellitus

5. edema

8. hypothyroidism
9. diuresis

[ S

. chemotherapy
. radiotherapy

4 courses
therapy

53

©) Gerhardt

2020

Dtsch Med
Wochenschr

case report

ECS

58

1. hypokalemia
2. hypertension
4. metabolic
alkalosis

5. edema

(+)

Iy

. chemotherapy
. ketoconazole

54

(61) Kosuda

2020

Intern Med

case report

ECS+

70

1. hypokalemia
5. edema
6. fatigue

[

. chemotherapy
. radiotherapy

40 months

1. cancer
progression

55

©3) Cabral

2020

Eur J Case
Rep Intern
Med

case report

CS

49

1. hypokalemia
2. hypertension
4. metabolic
alkalosis

5. edema
asthenia
dyspnea
polyuria

0 N

b

etomidate, metyrapone

50 days

2. infection
5. pneumonia,
respiratory failure

56

(60) Pingle

2020

ESC Heart
Fail

case report

ECS

64

1. hypokalemia
2. hypertension
3. hyperglycemia,
diabetes mellitus
5. edema

S

. chemotherapy

metyrapone

5 courses
therapy

(Continued)

SCRERY

SCTLLIT'$2020PUR)/682¢ 0T


https://doi.org/10.3389/fendo.2023.1177125
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

ABojourdopul Ul s1a13uU0I4

et

[SSIRVFETM I

TABLE 1 Continued

IHC
First Age Clinical Pre-  staining Survival Cause of Follow-
|D) : . Treatment .
Author (median) sentation for (median) Death up
ACTH
1. disease
1. hypokalemia progression
- s e 09 s 2
P 2021 Endocrinol retrospective | 3 ECS 68(50-72) 2/1 C C Py (22 days-3 ) penia,
(75) = Montoya mellitus 3. bilateral adrenalectomy (1/3) septic shock,
Metab K months) R
6. proximal 4. ketoconazole (2/3) sepsis
myopathy 5. respiratory
failure
1. hypokalemia
3. hyperglycemia
58 BMC Endocr 4. metabolic 1. chemotherapy
i 2021 rt 1 ECS 64 M 1 th 6.d i
(65) Qiang Disord case repo " alkalosis ) 7. mifepristone <l mon yscrasia
5. edema
6. weakness
1. hypokalemia
3. hyperglycemia .
BM, 1. ch h X
59 Senarathne 2021 J Case case report 1 ECS 56 M 5. edema (+) chemotherapy 3 weeks > neutrogemc
(64) Rep 4. ketoconazole pneumonia
6. weakness
7. dyspnea
1. hypokalemia
2. hypertension
60 Front Med 5. ed 6. diti
Piasecka 2022 ront e case series 1 ECS* 81 M edema / 1 week Cor,l Hon
(72) (Lausanne) 6. muscle deteriorated
weakness
7. dyspnea
1. hypokalemia
2. hypertension
ECS 59 M 3. hyperglyfcemia 1. chemotherapy 1 courses 6. massive -
4. metabolic therapy hematemesis
alkalosis
9. polyuria
61 Rosales- 2022 Hipertens . )
case series .
(71)  Castillo Riesgo Vasc 1. hypokalemia
2. hypertension
3. hyperglycemia .
ECS 47 M 4. metabolic 4. ketoconazole 2 months > mEt?bOhC
i alterations
alkalosis
5. edema
6. weakness

1.Asuspected; 2.%CRH induced; 3.4combined with STADH; 4.8donor-derived SCLC; 5.4;mixed with NSCLC; 6mmixed with large cell neuroendocrine carcinoma; 7.emixed with adenocarcinoma and giant cell carcinoma of the lung.

N, number of patients; M, male; F, female; CS, Cushing’s syndrome; PCS, paraneoplastic Cushing’s syndrome; ECS, ectopic Cushing’s syndrome; THC, immunohistochemical; ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; SIADH,
syndrome of inappropriate antidiuretic hormone secretion; SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer.
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TABLE 2 The frequency of specific details recorded in all 61 reports.

10.3389/fendo.2023.1177125

Category Specific Detail No. of Articles Rank
Clinical Presentation

1 hypokalemia 59(96.72%) 1
2 hypertension 42(68.85%) 2
3 hyperglycemia or diabetes mellitus 37(60.66%) 4
4 metabolic alkalosis 37(60.66%) 4
5 edema 36(59.02%) 5
6 myopathy, weakness, fatigue, or lethargy 41(67.21%) 3
7 dyspnea 19(31.15%) 6
8 hypothyroidism or hyperthyroidism 5(8.20%) 8
9 diuresis, polyuria, polyuresis or diabetes insipidus 11(18.03%) 7
Treatment

1 chemotherapy 50(81.97%) 1
2 radiotherapy 17(27.87%) 3
3 surgery (lung, adrenal gland or elsewhere) 9(14.75%) 5
4 ketoconazole 24(39.34%) 2
5 metyrapone, mitotane, etomidate or other steroidogenesis inhibitors 15(24.59%) 4
6 octreotide, lanreotide or other somatostatin analogues 4(6.56%) 6
7 mifepristone or other treatments for hypercortisolism 2(3.28%) 7
Cause of Death

1 cancer 17(27.87%) 1
2 infection 17(27.87%) 1
3 hormone issues 7(11.48%) 5
4 cardiovascular complications 8(13.11%) 4
5 respiratory complications 16(26.23%) 2
6 other causes (included general condition deteriorated) 15(24.59%) 3

The percentage was calculated as the proportion of the articles with records of corresponding details out of the all 61 articles.

challenging part is distinguishing ECS from Cushing’s disease (CD),
where the pituitary gland releases ACTH (12, 57, 66). In this
context, IHC staining for ACTH in the tumor tissue could be an
efficient diagnostic tool.

No individual imaging examination or laboratory test has been
explicitly recommended to definitively differentiate between
pituitary and ectopic CS (3, 66, 77). Despite the fact that high-
dose dexamethasone suppression test and CRH stimulation test
may individually yield inaccurate outcomes, their combination has
shown a better diagnostic performance (3, 12, 77-80). Following the
Pituitary Society’s guideline, in the event of negative outcomes for
both tests, consideration should be given to diagnosing ECS.
Conversely, if both tests yield positive results, CD should be
acknowledged. If the results are mismatched, a bilateral inferior
petrosal sinus sampling is necessary for a definite diagnosis (77).
Furthermore, a conclusion drawn in collaboration with imaging
techniques must be more convincing. The guideline recommended
magnetic resonance imaging (MRI) as the preferred modality for
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imaging ACTH-secreting pituitary adenomas (77) despite its high
rate of false negative or false positive (12, 66, 81). Moreover,
emerging data have suggested that the CRH/desmopressin
stimulation test in collaboration with pituitary MRI, subsequently
followed by a whole-body computed tomography scan, could be a
reliable alternative (77, 82, 83). However, some investigators
suggested that a conclusive diagnosis of an ACTH-secreting
tumor should only be made post-surgery. After surgical removal
of the tumor, the resolution of hypercortisolism symptoms and the
positive THC staining for ACTH or its precursor in excised tissues
could indicate an ECS diagnosis (66, 81).

IHC staining for ACTH has demonstrated a high degree of
reliability for its consistency with outcomes from the combination
of laboratory tests and imaging examinations within our reviewed
reports. However, none of the three guidelines from the American
Endocrine Society, European Society of Endocrinology, or the
Pituitary Society contained any histological diagnosis-relevant
contents on ECS diagnosis in SCLC patients (13, 77, 78, 84). We
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look forward to this technique being evaluated by a proficient
multidisciplinary team in the future and the latest guidelines
shedding some light on this diagnostic method. The IHC staining
of a distinctive hormone (either ACTH or CRH) allows us to make an
early diagnosis of ECS in conjunction with the pathological diagnosis
of SCLC and to take prophylactic measures against hypercortisolism,

10.3389/fendo.2023.1177125

which can exacerbate cancer-induced immunosuppression and cause
severe infectious complications afterwards (6, 8, 9, 11, 64, 85).
Based on the literatures reviewed and the charts appreciated (3,
11-13, 66, 78, 82, 86, 87), we improved and perfected the specific
flowchart for the multistep diagnostic procedures of ECS from
Deldycke et al. (66). The flowchart is displayed in Figure 2.

Hypercortisolism

Exclusion

exogenous
corticoid
administration

Confirm
Cortisol circadian rhythm
- 24h urinary free cortisol (x2)
- Late night salivary cortisol (x2)
LDDST, 1-mg ONDST, Dex-CRH

Exclusion

other causes of
hypercortisolism

v

Level of blood ACTH

(at least two collections)

I
v v
ACTH-IndependenD (ACTH-Dependent

Pituitary vs Ectopic
BIPSS
HDDST, 8-mg ONDST
CRH/DDVAP stimulation test
MRI (3/7T,TSE,CISS,SPGR,FLAIR)

]
v
Ectopic Pituitary

Localization

- US,CT,MRI
- PET/MRCR
- 18F-FDG PET/CT

68Ga-SSTR-PET/CT
SSTR-SPECT/CT (SRS)
Endoscopy, Immunohistochemistry

!

Reevaluate

according to clinic or after 6 months.

FIGURE 2

Flow diagram for multistep diagnostic procedures of ECS. Based on the figure in the review of Deldycke et al. ECS, ectopic Cushing’s syndrome;
ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; DDAVP, desmopressin or 1-deamino-8-D-arginine-vasopressin;
ONDST, overnight dexamethasone suppression test; LDDST, low-dose dexamethasone suppression test; HDDST, high-dose dexamethasone
suppression test; Dex-CRH, combined LDDST-CRH test; BIPSS, bilateral inferior petrosal sinus sampling; US, ultrasound; CT, computed tomography;
MRI, magnetic resonance imaging; TSE, T1-weighted turbo spin echo; CISS, constructive interference in the steady state; SPGR, spoiled gradient
recalled; FLAIR, fluid attenuation inversion recovery; PET, positron emission tomography; SPECT, single-photon emission computed tomography;
PET/MRCR, PET coregistration with volumetric MRI; 18F-FDG, 18F-fluoro-deoxy-glucose; SSTR-PET/CT, somatostatin receptor-based positron
emission tomography/computed tomography (with 68Ga-DOTATATE/DOTATOC/DOTANOC); SSTR-SPECT/CT, somatostatin receptor-based single-
photon emission computed tomography/computed tomography; SRS (octreoscan), somatostatin receptor scintigraphy (with Octreotide)
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4.2 Therapeutic strategy for
SCLC with PCS

The treatment of SCLC with PCS patients demands two
primary factors. On one hand, it is vital to manage
hypercortisolism and take prophylactic measures against
infections. On the other hand, some therapeutic strategies have
advanced in the treatment of SCLC.

On one hand, both infection and cancer ranked highest among
all causes of death, with each being mentioned in 17 (27.87%)
reports. Furthermore, a significant number of patients had
infections recorded before respiratory complications (indicated in
16 reports). Infection facilitated by glucocorticoid-induced
immunosuppression and chemotherapy-induced agranulocytosis
is a significant poor prognostic factor for SCLC with PCS patients
(6,8,9, 11, 64, 85). Therefore, management of hypercortisolism and
prophylaxis against infection is particularly important throughout
the entire treatment process. Many authors emphasized the
importance of controlling hypercortisolism by a specific treatment
before or concurrently with chemotherapy to prevent infectious
complications (6, 43, 52, 64, 75, 76). Apart from radiotherapy and
surgical removal, the main pharmacological treatments for PCS
include steroidogenesis inhibitors (e.g., ketoconazole, metyrapone,
mitotane, etomidate, and osilodrostat), glucocorticoid receptor
antagonists (e.g., mifepristone), somatostatin analogs (e.g.,
octreotide, lanreotide, and pasireotide), and dopamine agonists
(e.g., cabergoline) (3, 4, 12, 13). According to guidelines and
high-quality reviews, steroidogenesis inhibitors have been the
principal treatment to control hypercortisolism while
somatostatin analogs and dopamine agonists are recommended to
inhibit ectopic ACTH production with limited intensity (3, 4, 12,
13). Within our included reports, steroidogenesis inhibitors were
used most frequent as in 39 (63.93%) reports, especially
ketoconazole recorded in 24 (39.34%) reports, while somatostatin
analogs and mifepristone were used little and no dopamine agonists
were recorded.

On the other hand, the ultimate cause of hypercortisolism is
ectopic hormone secretion by tumor tissues, meaning that the
treatment for cancer is fundamental to the management of
hypercortisolism and effective anti-cancer treatment could
alleviate PCS symptoms. All 61 reports we examined recorded
chemotherapy and radiotherapy as anti-tumor therapeutic
strategies apart from surgery. In fact, there had been no
substantial progress in treatment of SCLC for over 30 years until
ICIs updated the treatment pattern and modestly improved its
overall survival (1, 2, 14, 15). Formerly, platinum plus etoposide
combination chemotherapy was the preferred regimen for both
limited and extensive SCLC. Nowadays, the new standard of care in
first-line setting for SCLC is immuno-chemotherapy that combines
atezolizumab or durvalumab with platinum-etoposide (14, 15, 88,
89). Considering significant improvement in medical care over
recent years and the introduction of immunotherapy into
therapeutic strategy for SCLC, we look forward to seeing some
reports, especially high-quality large-sample studies conducted by
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proficient teams, evaluating the efficacy and safety of some novel
medical approaches, particularly the immunotherapy, for the
treatment of SCLC with PCS in the future.

We retrieved all drug approval notifications for SCLC in the
Oncology (Cancer)/Hematologic Malignancies Approval
Notifications) section on the official website of USA Food and
Drug Administration, which revealed a slow progression in
treatment of SCLC compared to NSCLC, as summarized in
Supplementary Materials.

4.3 Limitations

This systematic review has some limitations that need to be
acknowledged in order to contextualize the conclusions that have
been drawn or will be drawn from it. Firstly, the literature available
on the subject is relatively limited, and there exists a significant
degree of heterogeneity among the reports included in this review.
This review includes several types of studies, and there are
significant differences in outlines, focuses, and details of reported
management of the disease, even within the same study type.
Secondly, the evidence grade of case reports or case series is low.
Among the 61 included reports, a significant proportion is
composed of 44 case reports and 7 case series. As a result, the
complete data in Table 2 were derived from the number of reports
that had records of corresponding details, rather than from the
number of patients, which makes the statistical analysis sketchy and
generalized. Thirdly, the included reports stretch over a period from
1985 to 2022, during which medical care rapidly evolved, which
could be the inherent limitation for systematic reviews with too
wide a temporal scope. Ultimately, it is essential to acknowledge
that this systematic review serves only as a preliminary exploration
for the management of SCLC with PCS patients, and further
validation is eagerly awaited from future high-quality studies
covering significant sample sizes.

5 Conclusions

This systematic review indicated that the majority of PCS
complications in SCLC patients were caused by ectopic hormone
secretion. Furthermore, it is recommended to enhance the
employment of THC staining for distinctive hormones (ACTH or
CRH) in clinical practice for early differential diagnosis of PCS.
Moreover, effective management of hypercortisolism and potent
safeguarding against infections could form the foundation of
comprehensive treatment of SCLC with PCS patients.
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Glossary

18F-FDG

18F-fluoro-deoxy-glucose

ACTH Corticotropin, adrenocorticotropic hormone
BIPSS Bilateral inferior petrosal sinus sampling
CD Cushing’s disease (from pituitary)
CISS Constructive interference in the steady state
CRH Corticotropin-releasing hormone
CS Cushing’s syndrome
CT Computed tomography
DDVAP Desmopressin, 1-deamino-8-D-arginine-vasopressin
Dex-CRH Combined LDDST-CRH test
EC Etoposide plus carboplatin
ECS Ectopic Cushing’s syndrome
EP Etoposide plus cisplatin
FLAIR Fluid attenuation inversion recovery
HDDST High-dose dexamethasone suppression test
ICI Immune checkpoint inhibitor
THC Immunohistochemical staining
staining
JBI Joanna Briggs Institute
LDDST Low-dose dexamethasone suppression test
MRI Magnetic resonance imaging
NSCLC Non-small cell lung cancer
ONDST Overnight dexamethasone suppression test
PCS Paraneoplastic Cushing’s syndrome
PET Positron emission tomography
PET/MRCR | PET coregistration with volumetric MRI
SCLC Small cell lung cancer
SIADH Syndrome of inappropriate antidiuretic hormone secretion
SPECT Single-photon emission computed tomography
SPGR Spoiled gradient recalled
SRS Somatostatin receptor scintigraphy (with Octreotide)
(octreoscan)
SSTR-PET/ Somatostain receptor-based positron emission tomography/
CT computed tomography (with 68Ga=-DOTATATE/DOTATOC/
DOTANOC)
SSTR- Somatostain receptor-based single-photon emission computed
SPECT/CT tomography/computed tomography
TSE T1-weighted turbo spin echo
Us Ultrasound
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