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Abstract

BACKGROUND

Ectopic adrenocorticotropic hormone (ACTH)-secreting neuroendocrine tumors
are rare diseases. Patients with ACTH-secreting pancreatic neuroendocrine
carcinomas have a poor prognosis. Infections and coagulopathies have been
reported as the cause of death. However, detailed clinical descriptions of the
morbid complications of ACTH-secreting neuroendocrine carcinomas have not
been reported.

CASE SUMMARY
A 78-year-old Japanese woman consulted a medical center due to systemic edema
and epigastric discomfort. Laboratory analysis revealed hypercortisolemia with
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increased ACTH secretion without diurnal variation in serum cortisol level. An enhanced
computed tomography (CT) scan revealed a 3-cm tumor in the pancreatic head. The cytological
material from endoscopic ultrasound-guided fine-needle aspiration was compatible with ACTH-
secreting pancreatic neuroendocrine carcinoma. The Ki-67 index was 40%. She was transferred to
Mie University Hospital for surgical treatment. The patient was diagnosed with urinary tract
infection, cytomegalovirus hepatitis, esophageal candidiasis, pulmonary infiltrates suspicious for
Pneumocystis carinii pneumonia, peripheral deep vein thrombosis, pulmonary embolism, and
disseminated intravascular coagulation. The multiple organ infections and thromboses responded
well to antimicrobial and anticoagulant therapy. Radioisotope studies disclosed a pancreatic tumor
and a metastatic lesion in the liver, whereas somatostatin receptor scintigraphy showed negative
findings, suggesting the primary and metastatic tumors were poorly differentiated. A CT scan
before admission showed no metastatic liver lesion, suggesting that the pancreatic tumor was
rapidly progressing. Instead of surgery, antitumor chemotherapy was indicated. The patient was
transferred to another hospital to initiate chemotherapy. However, she died four months later due
to the rapidly progressive tumor.

CONCLUSION

ACTH-secreting pancreatic neuroendocrine neoplasm is a rare disease with a very poor prognosis.
The clinical course and acute complications of the tumor remain unreported. Here we report the
clinical course of a rapidly progressive case of ACTH-secreting pancreatic neuroendocrine tumor
that developed infectious complications due to many types of pathogens in multiple organs,
widespread thromboses, pulmonary embolism, and disseminated intravascular coagulation.

Key Words: Neuroendocrine tumors; Cushing's syndrome; Ectopic adrenocorticotropic hormone syndrome;
Pneumocystis pneumonia; Pulmonary embolism; Infections; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Adrenocorticotropic hormone (ACTH)-secreting pancreatic neuroendocrine tumor is a rare
malignant disease with a poor prognosis. The condition is frequently associated with infectious and
thrombotic complications. However, the detailed clinical course and acute complications of the tumor
remain unreported. Herein, we report a rare case of ACTH-secreting pancreatic neuroendocrine tumor
associated with infections due to multiple pathogens in several organs and systemic coagulopathies. The
infectious and thrombotic complications responded well to antibiotics, antiviral and antifungal drugs, and
anticoagulants. However, radioisotope studies showed that the tumor was poorly differentiated, rapidly
progressive with multiple metastatic lesions in the liver. On this basis, instead of surgical treatment,
antitumor chemotherapy was indicated. Unfortunately, the patient died due to systemic tumor dissem-
ination.

Citation: Yoshihara A, Nishihama K, Inoue C, Okano Y, Eguchi K, Tanaka S, Maki K, Fridman D'Alessandro V,
Takeshita A, Yasuma T, Uemura M, Suzuki T, Gabazza EC, Yano Y. Adrenocorticotropic hormone-secreting
pancreatic neuroendocrine carcinoma with multiple organ infections and widespread thrombosis: A case report.
World J Clin Cases 2022; 10(17): 5723-5731

URL: https://www.wjgnet.com/2307-8960/full/v10/i17/5723.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i17.5723

INTRODUCTION

Neuroendocrine tumors or neuroendocrine neoplasms are classified by the World Health Organization
into "well-differentiated" and "poorly differentiated" neuroendocrine carcinomas[1]. Ectopic adrenocor-
ticotropic hormone (ACTH)-secreting neuroendocrine tumors account for 9%-18% of Cushing's
syndrome cases[2]. Among ectopic ACTH-secreting tumors, pancreatic neuroendocrine (pNE) tumors
are rare (4%-16%) but very aggressive tumors[3]. Previous studies have shown that patients with
ACTH-secreting pNE neoplasms have a poorer prognosis than patients with insulinoma, gastrinoma,
and non-functioning pNE tumors[4]. In addition, pneumocystis pneumonia, pulmonary embolism, and
other complications have been reported as causes of death in patients with ACTH-secreting pNE tumors
[5-8]. However, previous reports provided no detailed clinical descriptions of the morbid complications
of ACTH-secreting pNE tumors. Clinical follow-up with studies using radioisotope scans is also lacking.
Here we report the detailed clinical course of a rapidly progressive case of ACTH-secreting pNE tumor
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that developed several complications, including multiple organ infections due to many types of
pathogens, disseminated intravascular coagulation, and pulmonary thromboembolism. This case study
shows that the progressive and aggressive nature of ACTH-secreting pNE tumors gives no truce for
treating the disease with more effective therapeutic modalities, including surgical resection.

CASE PRESENTATION

Chief complaints
The chief complaints of the patient were systemic edema and epigastric discomfort.

History of present illness

Two months before admission to our institution, a 78-year-old Japanese woman consulted a medical
center due to systemic edema and epigastric discomfort. Laboratory analysis showed no abnormalities.
Therefore, close clinical follow-up was suggested. However, blood analysis performed two months later
revealed a high hemoglobin Alc (5.5%-7.2%) and decreased potassium concentration (2.7 mEq/L).
Screening of potential causes of secondary diabetes mellitus showed high levels of cortisol (80.6 pg/dL)
and ACTH (177 pg/mL) in the early morning and increased levels of cortisol (56.2 pg/dL) at midnight.
The daily urine cortisol level (6550 pg/day) was also increased. A dexamethasone suppressive test (8
mg) showed no suppression of fasting blood cortisol (118 pg/dL) or ACTH (342 pg/mL). These results
suggested the diagnosis of ACTH-dependent hypercortisolism (Table 1). An abdominal computed
tomography (CT) scan showed a 3-cm tumor with poor contrast in the pancreatic tail (Figure 1).
Cytological findings of endoscopic ultrasound-guided fine-needle aspiration showed cell clusters
forming no specific structures with a high nuclear/cytoplasmic ratio, suggesting adenocarcinoma
(Figure 2A). However, the immunostaining results showed positivity for chromogranin A, synapto-
physin, CD 56, and ACTH (Figure 2B-E) that were compatible with the diagnosis of ACTH-secreting
PNE neoplasm. The Ki-67 index was approximately 40% (Figure 2F). The patient was then referred to
Mie University Hospital for subsequent examinations and treatment.

History of past illness
There was no remarkable past or family history. She had no history of allergy, excessive alcohol
consumption, or smoking,.

Physical examination

The clinical findings on admission to Mie University Hospital were as follows: height 157.5 cm, body
weight 54 kg, blood pressure 135/79 mmHg, and pulse rate 91 bpm. In addition, the patient presented a
"moon-face" with bilateral pitting edema on the lower limbs on physical examination.

Laboratory examinations

Laboratory analysis revealed thrombocytopenia with elevated blood levels of D-dimer,
fibrinogen/fibrin degradation products, liver enzymes, cortisol and ACTH, and hypokalemia (Table 1).
Brain magnetic resonance imaging (MRI) showed no pituitary tumor. Blood culture was negative, but
urine culture was positive for Escherichia coli and Pseudomonas aeruginosa. Esophageal candidiasis was
diagnosed by esophagogastroduodenoscopy. The patient was also positive for Cytomegalovirus antigen
(C7-HRP, on day 1, 132/82500 cells) associated with increased levels of liver enzymes (AST 121 U/L,
ALT 294 U/L on day 1), and thus Cytomegalovirus hepatitis was diagnosed. Additional laboratory
analysis on day 7 revealed an increased level of B-D glucan (48.0 pg/mL), and a chest CT scan on day 9
showed bilateral ground-glass opacity (Figure 3A and B) suspicious for Pneumocystis pneumonia.

Imaging examinations

In addition to laboratory findings of disseminated intravascular coagulation, venous ultrasonography of
the lower extremities performed on day 1 revealed deep venous thrombosis in the right popliteal
segment of the femoral vein (size not recorded), right soleus vein (5-6 cm), and left posterior tibial vein
(4 cm). In addition, pulmonary embolism was pointed out by a radiologist based on a chest CT scan
taken on day 9 (Figure 3D and E).

MULTIDISCIPLINARY EXPERT CONSULTATION

Somatostatin receptor scintigraphy with "!In-pentetoreotide performed on day 21 showed no uptake in
any organ (Figure 4A). However, an ¥F-fluorodeoxyglucose-positron emission tomography (PET)
performed on day 29 showed positive uptake in the pancreatic tumor and the liver (S6 segment;
Figure 4B and C). Enhanced CT imaging taken before transfer to Mie University Hospital showed no
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Table 1 Laboratory data on admission

Biochemical and

Blood cell count RR Units . RR Units Endocrinology RR Units
immunology
White blood cell 6530 3300- /pL Total protein 4.7 6.6-81 g/dL Cortisol 134.2 45211 pg/dL
8600
Neutrophils 91.1 37.0-720 % Albumin 2.8 41-51 g/dL Cortisol 56.2 pg/dL
(23:00)'
Lymphocytes 6.0 20.0-50.9 % BUN 213 8.0-20.0 mg/dL Cortisol (8 118.0 pg/dL
mg-DST)'
CD3+CD4+ 24.06 40.4-57.4 % Creatinine 0.67 0.46- mg/dL Urine 6,550 26-187  pg/day
0.79 cortisol'
CD4+CD8+ 15.46 15.0-30.0 % Uric acid 22 26-55 mg/dL ACTH 134.2 4.5-21.1 pg/mL
CD4+/CD8+ 1.56 Na 150 138-145 mEq/L ACTH (8 mg- 342.0 pg/mL
ratio DST)!
Monocytes 2.6 41-10.6 % K 2.7 3.6-48 mEq/L
Eosinophils 0.0 0.6-8.3 % Cl 108 101-108 mEq/L Tumor RR Units
Marker
Basophils 0.3 0.0-1.3 % Ca 7.9 8.8-10.1 mg/dL CEA 48 <52 ng/mL
Red blood cell 489 386-492 x10%/pL P 22 27-46 mg/dL CA19-9 28.8 <368 U/mL
Hemoglobin 125 11.6-148 g/dL AST 121 13-30 U/L DUPAN-2 47 0-150 U/mL
Hematocrit B76) 351-441 % ALT 294 7-23 U/L SPAN-1 15 0-30 U/mL
Platelet 37 15.8-348 x10*/pL  LDH 978 124-222 U/L
y-GTP 226 9-32 U/L Infection RR Units
Coagulation RR Units ALP 514 106-322 U/L HBsAg <0.01 <0.05 IU/mL
APTT 20.7 <37.0 Seconds T-Bil 1.0 04-1.5 mg/dL HBsAb 0.37 <10.00 IU/mL
PT 111 9.8-121 Seconds CRP 0.26 <014 mg/dL HBcAb 0.03 <100 S/CO
D-dimer 30.19 <1.00 pg/mL Total- 209 142-248 mg/dL HCVADb 0.05 <100 S/CO
cholesterol
FDP 80.1 <5.0 pg/mL Triglyceride 129 30-117 mg/dL B-DGlucan 9.2 <110  pg/mL
HbAlc 7.8 49-60 % CMV-antigen 132/82500 cells
(C7-HRP)
Plasma glucose 246 73-109  mg/dL
IgG 498 861- mg/dL
1747
IgM 169 93-393 mg/dL
IgM 104 50-269 mg/dL

1Shows the results at JA Suzuka General Hospital.

8 mg-DST: 8 mg dexamethasone suppressive test, RR: Reference range; ACTH: Adrenocorticotropic hormone; CRP: C-reactive protein; FDP: Fibrin
degradation products; CMV: Cytomegalovirus; APTT: Activated partial thromboplastin time; LDH: Lactic acid dehydrogenase; ALP: Alkaline
phosphatase; AST: Aspartate transaminase; ALT: alanine aminotransferase PT: Prothrombin time; -GTP: -glutamyl transferase; T-Bil: Total bilirubin; CEA:

Carcinoembryonic antigen; HbAlc: Hemoglobin Alc.

tumor in the liver S6 segment (Figure 4D). Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA)-MRI revealed multiple liver tumors suggesting liver metastases (Figure 4E and F).

Based on these findings, surgical intervention was canceled.

FINAL DIAGNOSIS

The patient's final diagnosis was ACTH-secreting pNE tumor with ACTH-dependent hypercortisolism
associated with urinary tract infection, Cytomegalovirus hepatitis, esophageal candidiasis, pulmonary
infiltrates suspicious for Pneumocystis carinii pneumonia, and widespread peripheral deep vein
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Figure 1 Contrast-enhanced abdominal computed tomography showing a 3-cm hypovascular lesion in the pancreatic tail. A: Arterial phase;
B: Venous phase; C: Equilibrium phase.

T
o)

DOI: 10.12998/wjcc.v10.i17.5723 Copyright ©The Author(s) 2022.

Figure 2 Cytological images of endoscopic ultrasound-guided fine-needle aspiration showing cell clusters with high nuclear/cytoplasmic
ratio. A: Cell clusters show non-specific structure after H-E staining; B: Immunostaining was positive for chromogranin A; C: Synaptophysin; D: CD 56; E: ACTH; and
F: The Ki-67 index was approximately 40%.

thromboses, pulmonary embolism, and disseminated intravascular coagulation.

TREATMENT

The pancreas tumor-related hypercortisolism and hypokalemia were treated with metyrapone (1500 to
3000 mg/day), hydrocortisone (60 mg/day), potassium chloride (2400-3600 mg/day) and spirono-
lactone (50 mg/day). Hyperglycemia was treated with multiple daily insulin injections (up to 25 U/day,
days 1 to 48) and oral repaglinide (0.75 mg/day). The response to therapy was good with a postprandial
blood glucose level of 172 mg/dL, and HbAlc of 5.5% on day 88.
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DOI: 10.12998/wjcc.v10.i17.5723 Copyright ©The Author(s) 2022.

Figure 3 Representative microphotographs showing hypercortisolemia-related infectious and thrombotic complications. A: Computed
tomography revealed bilateral ground-glass opacities (GGO) on day 9; B: The area of GGO was spread, and new patchy consolidations were found in the right lobe
on day 19; C: The area of GGO was decreased, and consolidation was observed in the sub-pleural regions suggesting the presence of organizing pneumonia on day
28; D and E: Computed tomography showing pulmonary thromboembolism.

DOI: 10.12998/wjcc.v10.i17.5723 Copyright ©The Author(s) 2022.

Figure 4 Radioisotope studies, computed tomography, and magnetic resonance imaging. A: Somatostatin receptor scintigraphy using '"'In-
pentetoreotide showed no uptake in the pancreatic tumor; B and C: Positron emission tomography using "®F-fluorodeoxyglucose showed uptake in the pancreatic
tumor and the liver; D: The computed tomography scan performed before transfer to Mie University showed no lesion; E and F: Gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-magnetic resonance imaging also revealed multiple liver tumors suggesting metastases.

The urinary tract infection was treated with meropenem (2 g/day, days 2 to 5) and ceftazidime (2
g/day, days 6 to 15). Esophageal candidiasis was treated with oral fluconazole (100 mg/day, from days
1 to 15). Cytomegalovirus hepatitis was empirically treated with foscarnet (5 g/day) from day 5 after
admission. Treatment with foscarnet was stopped on day 27 because the liver enzymes improved (AST
32U/L, ALT 66 U/L on day 9), and the C7-HRP test was negative.

The pulmonary infiltrates (Figure 3A and B) suspicious for Pneumocystis pneumoniae were treated
with oral trimethoprim-sulfamethoxazole (480-2400 mg/day) for 3 wk. The B-D glucan level (10.4
pg/mL) decreased, and the respiratory status was stable on day 27. Prednisolone (25 mg/day) was
added to the treatment because another radiological study disclosed organizing pneumonia on day 29
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(Figure 3C). Treatment with oral trimethoprim-sulfamethoxazole (80-400 mg/day, three times a week)
was also continued.

The patient's hypercoagulable states and thrombotic complications were treated with nafamostat
mesylate (200 mg/day, days 1 to 9) and gabexate mesylate (1500 mg/day, days 10 to19). Due to the
presence of severe thrombocytopenia, the patient received 10 units of platelet transfusion on day 6. A
radiologist pointed out pulmonary embolism based on a chest CT scan taken on day 9 (Figure 3D and
E). Treatment with apixaban was started from day 11 (20 mg/day for the first 7 days, 10 mg/day
thereafter). Disseminated intravascular coagulation improved, and the thrombi in the pulmonary artery
and deep veins completely disappeared on day 88.

OUTCOME AND FOLLOW-UP

The multiple organ infections and thromboses responded well to antimicrobial and anticoagulant
therapy. However, a radioisotope study with PET disclosed a pancreatic tumor and a metastatic lesion
in the liver, whereas somatostatin receptor scintigraphy showed negative findings, suggesting that the
primary and metastatic tumors were poorly differentiated and rapidly progressive. Based on these
findings, surgical intervention was canceled. The patient was then transferred to another institution for
antitumor chemotherapy. However, she died four months later due to rapid tumor progression.

DISCUSSION

ACTH-secreting pNE tumors are rare malignant diseases with aggressive behavior[3]. Patients with this
malignant disease have a poorer prognosis than patients with insulinoma, gastrinoma, or non-
functioning ACTH-secreting pNE tumors[4]. However, the explanation for the tumor aggressiveness
and the poor patient prognosis remains unclear. A previous study suggested that hypomethylation of
the proopiomelanocortin promoter may potentiate the ACTH secretory property of the tumors[8]. A
high Ki-67 index indicates poor clinical outcomes in pNE tumors[1,9]. The Ki-67 index was high in our
present case. A pathological diagnosis of a poorly differentiated pNE tumor also predicts a poor
prognosis[1]. Cytological study of samples taken by needle aspiration was available in our patient.
However, it was difficult to determine the tumor differentiation status based only on the cytological
material. Previous reports suggested that radioisotope techniques may help determine cell differen-
tiation status.

In addition to allowing localization of the primary malignant tumor and metastatic lesion,
radioisotope studies of pNE tumors may provide information on the tumor cell metabolic activity and
the expression of specific receptors such as somatostatin receptors[10]. In the current case, we
performed somatostatin receptor scintigraphy using In-pentetoreotide and PET using *F-fluorodeoxy-
glucose. The PET study confirmed the primary pNE tumor and the presence of liver metastasis, whereas
the scintigraphy disclosed no tumor uptake. The combination of positive *F-fluorodeoxyglucose uptake
by PET and negative In-pentetoreotide uptake by scintigraphy indicates poor differentiation of pNE
tumor cells[11,12]. Malcolm et al[10] reported a sensitivity of 57% for somatostatin receptor scintigraphy
using ™In-pentetoreotide and 100% for **F-fluorodeoxyglucose-PET in Grade 3 pNE tumors. Another
study showed that metastasis of highly differentiated pNE tumors can be detected by somatostatin
receptor scintigraphy using 'In-pentetoreotide but not by *F-fluorodeoxyglucose-PET[13]. In the
present case, the *F-fluorodeoxyglucose-PET study showed positive radioisotope uptake in the primary
PNE tumor and metastatic liver lesion, but the scintigraphy showed no radioisotope uptake, suggesting
that the primary and metastatic pNE tumor was not differentiated.

In the current case, the ACTH-secreting pNE tumor was associated with multiple organ infections,
including urinary tract infection, viral hepatitis, esophageal candidiasis, and bilateral pulmonary
infiltrates suspicious for Pneumocystis carinii pneumonia. Patients with hypercortisolemia are immuno-
compromised[14]. Immunosuppression in patients with hypercortisolism is generally characterized by
the reduced bactericidal function of neutrophils, decreased CD14- and CD16-mediated phagocytic
activity of monocytes, deficient cytotoxic activity of natural killer cells, and reduced number of CD4+ T
cells[14]. The current case showed a reduction in lymphocytes, including CD4+ cells, and decreased
peripheral blood concentration of IgG, suggesting she was an immunocompromised host. However,
infections with multiple microbes responded well to antibacterial, antifungal, and antiviral drugs. The
diagnosis of Pneumocystis carinii pneumonia in our patient was not confirmed by microscopic
observation of P. jirovecii or positivity by polymerase chain reaction. However, we initiated therapy for
Pneumocystis carinii pneumonia after suspecting the disease based on lung CT findings as delayed
treatment of Pneumocystis carinii pneumonia may be fatal in patients with ectopic ACTH syndrome[5,15,
16].

In the current case, the ACTH-secreting pNE tumor was also associated with many thrombotic
complications, including thrombus formation in many limb peripheral veins, pulmonary embolism, and
disseminated intravascular coagulation. Patients with hypercortisolemia are in a hypercoagulable state
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[17]. Hypercortisolism may cause hypercoagulability, although the precise mechanism is unclear.
Alterations in the blood levels of von Willebrand factor and factor VIII have been reported[17]. Some
polymorphisms appear to affect the promoter activity of the von Willebrand factor gene in response to
glucocorticoids, and a high concentration of cortisol may alter the multimeric structure of von
Willebrand factor[17]. Decreased physical activity during hospitalization or the perioperative period is
also a contributing factor to increased risk of venous thrombosis and pulmonary embolism in patients
with hypercortisolemia[18,19]. The risk of thrombosis was high in our patient because of reduced
physical activity and the presence of malignancy and infectious diseases[20,21]. Our patient had a
decreased number of platelets on admission. We delayed the treatment with anticoagulant therapy to
prevent fatal hemorrhage. However, earlier anticoagulation therapy would have improved the
thrombotic complications in the patient.

CONCLUSION

This report described the clinical course of a rapidly progressive case of ACTH-secreting pNE tumor
who developed infectious complications due to many types of pathogens in multiple organs,
widespread thromboses, pulmonary embolism, and disseminated intravascular coagulation. This case
study shows that neuroendocrine carcinoma of the pancreas secreting ACTH has a poor immune state
and that the progressive and aggressive nature of ACTH-secreting pNE tumors gives no truce for
treating the disease with more effective therapeutic modalities, including surgical resection.
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