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Summary

Ectopic ACTH (adrenocorticotrophic hormone) syndrome (EAS) is rarely associated with small-cell lung cancer (SCLC).
Although chemotherapy is initially effective for SCLC, complicated EAS scarcely improves. Recently, immune checkpoint
inhibitors have been used to treat SCLC. Atezolizumab plus chemotherapy for SCLC improved progression-free survival
compared to conventional chemotherapy. However, little has been reported on the efficacy of the combination therapy
for SCLC with EAS. We report a 72-year-old male who presented with 4-week history of leg oedema, proximal myopathy,
weight loss, and worsened symptoms of diabetes and hypertension. Laboratory findings revealed hypokalaemia,
increased plasma ACTH, and serum cortisol levels. Cortisol levels were not suppressed by the high-dose dexamethasone
test. Chest and abdominal CT revealed a right lower lobe tumour with multiple metastases on the hilar lymph nodes,
liver, lumbar spine, and bilateral enlarged adrenal glands. The patient was diagnosed with stage 4B SCLC with EAS.
Hypercortisolaemia was then treated with metyrapone and atezolizumab plus chemotherapy, which was started for
SCLC. After 10 days, the tumour shrank noticeably, and the ACTH level drastically decreased concomitantly with low
cortisol levels with symptoms of fever, appetite loss, and general fatigue. Hydrocortisone treatment was initiated, and
the symptoms resolved immediately. We describe a case of SCLC with EAS treated with atezolizumab plus chemotherapy,
presenting with adrenal insufficiency. Close observation is required for patients with adrenal insufficiency receiving
atezolizumab plus chemotherapy because of its stronger effect. Furthermore, advances in cancer therapy and care for
endocrine paraneoplastic syndrome needs to be adapted.

Learning points:

e The immune checkpoint inhibitor atezolizumab has recently been approved for the treatment of small-cell lung
cancer (SCLQ).

e Approximately 1-6% of tumour ectopically produce ACTH and cause ectopic ACTH syndrome (EAS) as an endocrine
paraneoplastic syndrome.

e The use of combined chemotherapy and atezolizumab in the ectopic ACTH syndrome secondary to small-cell lung
cancer may cause a precipitous fall in circulating ACTH/cortisol, resulting in symptomatic adrenal insufficiency

e The advances in cancer therapy and treatment for endocrine paraneoplastic syndrome need to be adapted.
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Background

Small-cell lung cancer (SCLC) has been treated with
chemotherapyasitissensitive tocytotoxicagentsatleastfor
several months (1). SCLC originates from neuroendocrine
cells and is classified as a neuroendocrine tumour (NET),
(1) and 1--6% of tumour ectopically produce ACTH
(adrenocorticotrophic hormone) that cause ectopic ACTH
syndrome (EAS) (2). In this condition, tumour generally
shows chemotherapy resistance and frequently some
serious complications (2), resulting in poor prognosis
than that without EAS; its median survival has reportedly
been 6.6 months (2). First-line chemotherapy with
atezolizumab, an immune checkpoint inhibitor (ICI) for
extensive-stage SCLC, has shown a better prognosis than
the conventional chemotherapy (3), and atezolizumab
for SCLC was newly approved by the Food and Drug
Administration (FDA) in March 2019. However, there have
been few reports regarding the effect of chemotherapy
with atezolizumab for SCLC with EAS. Here, we report a
case of SCLC with EAS treated with chemotherapy with
atezolizumab that demonstrates the clinical course of
Cushing’s syndrome.

Case presentation

A 72-year-old male who presented with a 4-week history
of leg oedema, proximal myopathy, and weight loss
was referred to our hospital. The patient has a history of
Graves’ disease and diabetes mellitus and hypertension,
which rapidly worsened for 2 months before the visit. In
addition, he had smoked 20 cigarettes daily for 51 years.
He was treated with metformin, ipragliflozin, sitagliptin,
metformin, pravastatin, telmisartan, amlodipine,
mexiletine, carvedilol, and thiamazole.

Investigation

During administration, the patient’s blood pressure was
158/60 mmHg, and he showed no classical Cushingoid
appearance. Laboratory findings were as follows: white
blood cell count: 1.39 x 10%/L (neutrophil: 1.30 x 10%/L,
eosinophil: 0.00 x 10°/L), blood glucose: 22.1 mmol/L,
haemoglobin Alc: 11.0%, serum sodium: 139 mmol/L,
serum potassium: 3.5 mmol/L, LH: <0.30 IU/L, FSH: 0.35
IU/L, prolactin: 199.3 ulU/mL, testosterone: 7.6 nmol/L,
insulin-like growth factor 1: 26 ng/mL, serum growth
hormone: 0.32 ng/mL, DHEA-S: 17.5 pmol/L, TSH: 0.63
mlU/L, freeT3: 1.23 pmol/L, and freeT4: 5.53 pmol/L.
Tumour markers for SCLC were markedly elevated; neuron-
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specific enolase (NSE) and progastrin-releasing peptide
(Pro-GRP) were 19.4 ng/mL and 11 400 pg/mL, respectively.
Endocrinological examination demonstrated that plasma
ACTH levels at 10:00, 16:00, and 23:00 h were 153.3, 126.1,
and 203.1 pmol/L, respectively. Serum cortisol levels were
2543.8,2684.5, and 2176.9 nmol/L, respectively. High-dose
dexamethasone (8 mg) did not suppress serum cortisol
levels. The brain MRI showed no obvious findings in the
pituitary gland. In addition, chest and abdominal contrast-
enhanced CT scans revealed a 25 mm diameter nodule
with an irregular surface in the right lower lobe (Fig. 1A),
swelling of the right hilar lymph nodes, thickening of the
pleura, multiple liver tumours (Fig. 1B), osteosclerotic
lesions in the lumbar spine, and bilateral enlarged
adrenal glands (Fig. 1C). Although biopsy was performed
by bronchoscopy, only necrotic tissue was obtained.
Collectively, we diagnosed SCLC with EAS.

Treatment

After the diagnosis of EAS, metyrapone was administered,
and the dose was increased according to the serum
cortisol levels (Fig. 2). The patient received chemotherapy
consisting of four cycles of carboplatin at a dose of 450
mg/body on day 1 of each cycle, etoposide at a dose of 160
mg/body (100 mg/m?2) on days 1 through 3 of each cycle,
and atezolizumab at a dose of 1200 mg/body on day 1 of
each cycle in the induction phase. Only atezolizumab was
administered at a dose of 1200 mg/body on day 1 of each
cycle in the maintenance phase.

Outcome and follow-up

On day 1, an initial dose of metyrapone 750 mg/day was
given and then titrated to 3000 mg divided into three
times per day. After the first cycle of chemotherapy,
the tumour rapidly shrank, and ACTH levels drastically
decreased with a concomitant decrease in cortisol levels
(Fig. 2). Ten days after the initiation of chemotherapy,
the patient complained of fever, appetite loss, and general
fatigue. At that time, plasma ACTH levels were 18.0
pmol/L, and serum cortisol levels were 182.1 nmol/L.
Therefore, hydrocortisone 20 mg per day (divided into
three doses at 10, 5, and 5 mg) was initiated. However, his
symptoms did not improve satisfactorily, probably due
to stress; therefore, the dose was increased to 40 mg, and
the symptoms rapidly resolved. After a month, the patient
was moved to the maintenance dose of 15 mg. Moreover,
S weeks after the initiation of chemotherapy, plasma
ACTH levels were within a normal range (11.4 pmol/L),
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Adrenal failure in
immunochemotherapy in EAS

ID: 20-0218; September 2021
DOI: 10.1530/EDM-20-0218

(A) Chest CT scan at the diagnosis shows 25-mm diameter nodule with an irregular surface in the right lower lobe with pleural thickening. (B) CT scan
shows multiple liver metastases. (C) Bilateral adrenal hyperplasia. (D) Tumour shows visible shrinkage after four cycles of chemotherapy (the coronal

plane at the maximum diameter of tumour).

and serum cortisol levels were 237.3 nmol/L; therefore,
metyrapone was discontinued,
replacement therapy was continued. Additionally, we
performed a brain MRI when adrenal insufficiency was
observed to rule out metastatic brain lesions and revealed
no lesions, including the pituitary. After four cycles of
chemotherapy, the tumour shrank (Fig. 1D), and Pro-GRP
and NSE levels markedly decreased (316 pg/mL and 12.0
ng/mL, respectively).

Treatment with atezolizumab was effective for a while
(~day 151); however, thereafter the disease progressed.
On day 201, serum ACTH levels increased significantly
(163.1 pmol/L) and metyrapone was started again.
Simultaneously, second-line chemotherapy (amrubicin)
was initiated. However, the patient refused to continue
further chemotherapy because of its side effects. Eleven
months after the diagnosis, the patient died.

and hydrocortisone

Discussion

We described a case of SCLC with EAS, demonstrating that
atezolizumab plus conventional chemotherapy showed a
drastic effectand a transient but complete remission of EAS;
however, the patient manifested an adrenal insufficiency,
and a prolonged adrenal replacement therapy was needed.
In practice, although uncontrollable hypercortisolaemia,
despite treatment with steroidogenesis inhibitors such
as metyrapone, was frequently experienced, adrenal
insufficiency during the clinical course was rare (2). For
example, it has been reported that among seven patients,
conventional chemotherapy did not reduce plasma ACTH
levels in two patients. Although five patients showed a
transient reduction of ACTH levels reduced concomitantly
with decreased tumour size and a duration of 1.5-3 months
to reach normal ACTH levels, there have been no reports
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Figure 2

Clinical course of tumour marker pro-GRP, plasma ACTH, and serum cortisol levels during the treatment. Immediately after the first cycle of the
chemotherapy, the patient manifested adrenal insufficiency, and subsequently, metyrapone for the treatment of hypercortisolaemia was discontinued.
CBDCA denotes carboplatin, VP16 denotes etoposide, and ATZ denotes atezolizumab.

regarding adrenal insufficiency during chemotherapy to
the best of our knowledge (1, 4, 5, 6, 7, 8).
In our patient, atezolizumab plus
chemotherapy was administered, and the effect on the
tumour and plasma ACTH levels was rapid and significant.
The tumour substantially shrank, and ACTH levels
normalised within 5 weeks. Furthermore, the patient
manifested adrenal insufficiency; therefore, we began
hydrocortisone replacement therapy and discontinued
metyrapone. The clinical course remarkably reflects the high
efficiency of the new chemotherapy regimen, including ICIs.
Serum cortisol levels were measured using the Elecsys®
cortisol II assay kit (Roche Diagnostics), which exhibits

conventional

cross-reactivity with 11-deoxycortisol (DOC) at 3.6%. With
the use of metyrapone, we cannot exclude the possibility
that the increased DOC may affect the cortisol levels;
however, in any case, the result of serum cortisol levels was
very low.

Although there was a possibility that PD-1 inhibitor
might cause hypophysitis that impairs ACTH secretion,
this case showed a typical feature of ectopic ACTH
syndrome caused by SCLC and ACTH, and cortisol levels
were markedly elevated, in which pituitary ACTH secretion
was considered to be suppressed. Therefore, it is suggested
that pituitary ACTH did not play a role in this clinical
course even if hypophysitis might have occurred.
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Interestingly, ACTH and cortisol levels transiently
increased after the first and second chemotherapy (Fig.
1). Although the half-life of ACTH was short, it can be
explained by the rapid release of intracellular ACTH
caused by the strong tumour lysis effect. Tumour lysis
syndrome was observed in some malignancies that showed
hypersensitivity to chemotherapy, such as malignant
lymphoma, but rare in SCLC (9).

EAS represents between 5 and 10% of cases of ACTH-
dependent Cushing’s syndrome (1). EAS results from
unregulated ACTH expression by NETs, including SCLC,
carcinoid, gut NET, and medullary thyroid carcinoma (7,
8). Recently, ICIs have been approved for SCLC, and clinical
trials of ICIs for NETs have been performed (10). Although it
depends on the tumours, induction of ICIs for the treatment
of these diseases may change the pathological condition
and care for paraneoplastic syndrome, including EAS.

In conclusion, we described a case of SCLC with
EAS treated with atezolizumab plus conventional
chemotherapy, showing adrenal insufficiency. Therefore, a
close observation should be implemented on patients with
adrenal insufficiency when treated with atezolizumab plus
chemotherapy because of its high efficiency. Finally, the
advancement in cancer therapy and the care for endocrine
paraneoplastic syndrome needs to be adapted.
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