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Pheochromocytomas and paragangliomas (PPGLs) may secrete hormones or bioactive neuropeptides such as interleukin-6 (IL-6),
which can mask the clinical manifestations of catecholamine hypersecretion. We report the case of a patient with delayed diagnosis
of paraganglioma due to the development of IL-6-mediated systemic inflammatory response syndrome (SIRS). A 58-year-old woman
presented with dyspnea and flank pain accompanied by SIRS and acute cardiac, kidney, and liver injuries. A left paravertebral mass
was incidentally observed on abdominal computed tomography (CT). Biochemical tests revealed increased 24-hour urinary metaneph-
fine (2.12 mg/day), plasma norepinephrine (1,588 pg/mL), plasma normetanephrine (2.27 nmol/L), and IL-6 (16.5 pg/mL) levels. "°F-flu-
orodeoxyglucose (FDG) positron emission tomography/CT showed increased uptake of FDG in the left paravertebral mass without me-
tastases. The patient was finally diagnosed with functional paraganglioma crisis. The precipitating factor was unclear, but phendime-
trazine tartrate, a norepinephrine-dopamine release drug that the patient regularly took, might have stimulated the paraganglioma.
The patient's body temperature and blood pressure were well controlled after alpha-blocker administration, and the retroperitoneal
mass was surgically resected successfully. After surgery, the patient's inflammatory, cardiac, renal, and hepatic biomarkers and cate-
cholamine levels improved. In conclusion, our report emphasizes the importance of IL-6-producing PPGLs in the differential diagnosis

of SIRS.
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Introduction

Pheochromocytomas and paragangliomas (PPGLs) are rare neu-
roendocrine tumors arising from chromaffin cells of the adrenal
medulla and autonomic neural ganglia that may secrete catechol-
amines [ 1]. PPGL usually presents with various symptoms such as
paroxysmal hypertension, headache, palpitations, diaphoresis, and

tachycardia due to excessive catecholamine secretion. However,
some PPGLs may be associated with the secretion of other hor-
mones, such as adrenocorticotropic hormone, cortisol, or bioac-
tive neuropeptides, resulting in unusual symptoms that complicate
diagnosis [2]. One such peptide is interleukin-6 (IL-6), a multi-
functional cytokine with pivotal roles in immune and inflammato-

ry responses [3]. IL-6 stimulates the differentiation of B lympho-
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cytes, activation of T lymphocytes, and regulates the synthesis of
acute-phase proteins, such as C-reactive protein (CRP) and fibrin-
ogen [2]. In addition, overproduction of IL-6 induces systemic in-
flammatory response syndrome (SIRS) in patients with PPGL
[4]. In this report, we describe the case of a 58-year-old woman
with a paraganglioma, who presented with SIRS and elevated plas-
ma IL-6levels.

Case

Ethical statements: This study was exempted from review by
the Institutional Review Board (IRB) of Yeungnam University
Hospital (IRB No: 2022-09-052), which waived the require-
ment of informed consent from patients.

In 2021, a 58-year-old woman presented to the emergency depart-
ment with dyspnea and bilateral flank pain. She presented with pal-
lor and clamminess and had a blood pressure of 170/120 mmHg,
heart rate of 120 beats/min, body temperature of 38.2°C, respira-
tion rate of 30 breaths/min, oxygen saturation of 89% on room air,
and a body mass index of 25.1 kg/ m’ (height, 148 cm; weight, S5
kg). She had no medical history or significant family history but
had been taking phendimetrazine tartrate for weight loss for 5

years. On physical examination, crackles were heard in the right

Table 1. Laboratory results at diagnosis and after surgery

lung field upon auscultation and the abdomen was soft without
tenderness.

Laboratory findings revealed elevated levels of inflammatory
markers, including a CRP 0f29.5 mg/dL and an erythrocyte sedi-
mentation rate (ESR) of 120 mm/hr. Furthermore, leukocytosis
(14.82x 10°/uL) and normocytic anemia (hemoglobin, 9.9 g/dL;
mean corpuscular volume, 90.7 fL) were detected, and her platelet
count was normal. Suspicious acute kidney injury (blood urea ni-
trogen, 25 mg/dL; creatinine, 1.66 mg/dL) and liver injury (aspar-
tate aminotransferase, 179 IU/L; alanine aminotransferase, 106
IU/L) were observed (Table 1). Arterial blood gas analysis re-
vealed mixed metabolic-respiratory acidosis with markedly elevat-
ed lactate levels (20 mmol/L). Chest radiography revealed bilateral
diffuse infiltrations (Fig. 1A). Chest and abdominal computed to-
mography (CT) revealed a round mass lesion measuring 3.8 cm in
length with heterogeneous contrast enhancement in the left para-
vertebral area (Fig. 2A, 2B).

Considering the sepsis of unknown origin and acute respiratory
distress syndrome, the patient was sedated, intubated, and admit-
ted to the intensive care unit. Within a 24-hour period of starting
broad-spectrum antibiotics (vancomycin, meropenem, azithromy-
cin) and mechanical ventilation, chest radiography showed rapid
resolution of the lung infiltrations (Fig. 1B). However, the high fe-
ver and uncontrolled hypertension persisted in the patient. In addi-
tion, the patient’s troponin-I (0.841 ng/mL), creatinine kinase (5.3

Variable At diagnosis POD 4 Range
White blood cell (x10°/uL) 14.8 7.0 4-10
Hemoglobin (g/dL) 99 10.2 12-16
Mean corpuscular volume (fL) 90.7 85.6 80-98
Platelets (x10°/uL) 325 250 140-440
Hemoglobin A1c (%) 6.6 NA 44-63
C-reactive protein (mg/dL) 29.5 75 0-0.5
ESR (mm/hr) 120 NA 0-25
Interleukin-6 (pg/mL) 16.5 NA 0-7.0
Blood urea nitrogen (mg/dL) 37 13 5-20
Creatinine (mg/dL) 242 0.57 0.50-0.90
Aspartate aminotransferase (IU/L) 179 13 5-50
Alanine aminotransferase (IU/L) 106 8 5-50
Troponin-I (ng/mL) 0.841 0.006 0-0.041
Creatine kinase (ng/mL) 53 15 0.6-6.3
NT-proBNP (pg/mL) 35,000.0 161.8 <2470
Catecholamines and metanephrines
24-hr urinary metanephrine (mg/day) 2.12 0.25 0-0.71
Plasma norepinephrine (pg/mL) 1,588 462 70-150
Plasma epinephrine (pg/mL) 18 22 0-110
Plasma normetanephrine (nmol/L) 227 3.57 <0.90
Plasma metanephrine (nmol/L) 0.04 0.08 <050

POD, postoperative day; ESR, erythrocyte sedimentation rate; NA, not available; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.
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Fig. 1. (A) Chest X-ray performed at admission shows bilateral lung infiltrations. (B) Follow-up chest X-ray performed 24-hour
after admission shows prominent resolution of the lung infiltrations.

I 38

Fig. 2. (A) Abdominal CT scan demonstrates the presence of a 3.8 cm-long round mass originating from the left paravertebral
area. Non-enhanced attenuation of the mass reaches more than 20 Hounsfield units (arrow). (B) In the arterial phase, the tumor
is heterogeneously enhanced with partial cystic changes. (C) '*F-fluorodeoxyglucose PET-CT scan demonstrates increased uptake
(arrow) in the mass originating in the left paravertebral area and no metastases. CT, computed tomography; PET, positron emission
tomography.
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ng/ mL), and N-terminal prohormone of brain natriuretic peptide
(NT-proBNP; 35,000 pg/mL) levels were elevated (Table 1). A
bedside transthoracic echocardiogram showed hypokinetic mid
inferior and apical segments and a reduced left ventricular ejection
fraction of 38%; however, the echocardiogram could not explain
the patient’s fever and paroxysmal hypertension.

The patient was referred to an endocrinologist for an incidental-
ly discovered extra-adrenal mass and clinical signs and symptoms
suggesting the likelihood of PPGL (such as pallor, palpitations, and
tachycardia). In urinary and plasma catecholamine and metaneph-
rine analysis, the 24-hour urinary metanephrine (2.12 mg/day;
range, 0-0.71 mg/day), plasma norepinephrine (1,588 pg/mL;
range, 70~150 pg/mL), and normetanephrine (2.27 nmol/L;
range, < 0.90 nmol/L) were elevated, whereas plasma epinephrine
(18 pg/mL; range, 0-110 pg/mL), and metanephrine (0.04
nmol/L; range, < 0.50 nmol/L) were normal (Table 1). In addi-
tion, the plasma IL-6 concentration appeared to be elevated (16.5
pg/mL; range, 0-7.0 pg/mL). Since somatostatin receptor posi-
tron emission tomography (PET)/CT was not available in our
hospital, F- fluorodeoxyglucose PET/CT was the second choice,
which showed increased uptake in the left paravertebral mass,
without metastases (Fig. 2C).

A diagnosis of functional paraganglioma was established by inte-
grating the clinical, laboratory, and imaging data. The combination
of a newly diagnosed paraganglioma with persistent fever and ele-
vated levels of inflammatory markers raised suspicion of IL-6 pro-
duction. Although the family history was negative, a succinate de-
hydrogenase complex iron sulfur subunit B (SDHB) mutation

[c.541-3C >R, p(?) heterozygous], a variant of uncertain signifi-
cance, was found. After initiating preoperative alpha-blockers (dox-
azosin), the body temperature normalized to 36.5°C, and blood
pressure was well controlled. The patient underwent open excision
of the retroperitoneal mass after the administration of doxazosin
for 17 days. The excised tumor was 4.3 x 3.5x 3.7 cm’ and was
well encapsulated. Histological examination of the tumor revealed
a prominent cell-nesting pattern (zellballen). The cells had round
to ovoid nuclei and abundant basophilic granular cytoplasm. Im-
munohistochemistry for chromogranin A showed diffuse positive
staining of the tumor cells (Fig. 3). Postoperatively, doxazosin was
discontinued and no postoperative complications were observed.
Four days after surgery, the patient’s inflammatory, cardiac, renal,
and hepatic biomarkers improved, and 24-hour urinary metaneph-
rine levels decreased to within normal range (0.25 mg/day) (Table
1). Because the patient was diagnosed with diabetes and wished to
continue weight-loss medication, phendimetrazine tartrate was re-
placed with a glucagon-like peptide-1 receptor agonist. Follow-up
abdominal CT performed 13 months after tumor removal re-
vealed no evidence of recurrence or distant metastases. The patient

was asymptomatic during the follow-up visits.

Discussion

Here, we present a case of paraganglioma crisis that presented with
tever. The precipitating factor was unclear, but chronic intake of
phendimetrazine tartrate, a norepinephrine-dopamine-releasing
agent, might have stimulated the paraganglioma [1]. This case re-

Fig. 3. Histologic and Immunohistochemical findings. (A) The tumor cells have abundant basophilic cytoplasm. A prominent cell-
nesting pattern (zellballen) is noted (hematoxylin and eosin stain, x 100). (B) Tumor cells are diffusely positive for chromogranin A
(immunohistochemical stain, x 100).
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port presents important clinical considerations. Although pyrexia
is not a typical manifestation of paraganglioma, the patient’s clini-
cal course was observed in the form of SIRS, which delayed accu-
rate diagnosis. To date, 45 cases of IL-6-producing PPGLs have
been reported [ 5]. However, the actual incidence might be higher
given that PPGLs may often be overlooked owing to a lack of
awareness of the diagnosis or masked clinical manifestations
caused by catecholamine hypersecretion [6].

IL-6 is a pivotal cytokine produced in response to infections and
tissue injuries that contributes to host defense through the stimula-
tion of acute-phase responses, hematopoiesis, and immune re-
sponses [2]. IL-6 acts as an endogenous pyrogen, which may result
in a rare clinical manifestation of PPGL with a fever of unknown
origin. The exact origin of excessive IL-6 secretion in patients with
PPGLSs has not been elucidated. Cheng et al. [ 7] reported that pa-
tients with high body temperature and IL-6 levels had significantly
higher IL-6 protein expression (measured immunohistochemical-
ly in pheochromocytoma tissue) than patients with normal body
temperature and low IL-6 levels. Similarly, other studies have
shown increased IL-6 expression in resected tumors in PPGLs pa-
tients with increased plasma IL-6 and inflammatory marker levels
[8,9]. Another study has suggested that tumors secrete IL-6 be-
cause of high circulating norepinephrine levels [ 10]. However,
Cheng et al. [ 7] reported cases of patients with pheochromocyto-
mas and IL-6 overproduction even without norepinephrine ex-
cess. Therefore, IL-6 is estimated to be synthesized and secreted by
PPGL neoplastic cells [ 5]. Unfortunately, we did not perform IL-6
immunohistochemical testing of the patient’s tumor.

Laboratory abnormalities in this patient, including leukocytosis,
anemia, and upregulated levels of inflammatory markers such as
CRP and ESR, can be attributed to elevated IL-6 levels. IL-6 inhib-
its iron supply and the proliferation of erythroid progenitor cells,
resulting in anemia related to chronic inflammation [8]. In addi-
tion, IL-6 may be involved in the activation of polyclonal B cells,
differentiation of B cells into plasma cells, and stimulation of mega-
karyocyte development, resulting in other hematological abnor-
malities, such as leukocytosis [9]. Some studies have indicated that
laboratory values, including IL-6 levels, are normalized after tumor
resection [6]. This supports the hypothesis that the abnormal lab-
oratory findings for this patient resulted from IL-6 overproduction,
as the patient’s laboratory values and clinical symptoms improved
after tumor resection. The patient had no family history, and al-
though she had been using sympathomimetics for 5 years, she ex-
hibited no symptoms. The patient was diagnosed with SDHB mu-
tation-associated paraganglioma. Although mutation carriers are
often found in the absence of family history [ 11], genetic testing is
recommended for all patients diagnosed with PPGLs, because

they have the highest rate of heritability among all tumors. The
Korean Endocrine Society has proposed a basic panel of 10 genes
(FH, MAX, NF1, RET, SDHA, SDHB, SDHC, SDHD, TMEM127,
and HL) and an extended panel of 15 genes (basic panel genes plus
EGLN1/PHD2, EPAS1, KIF1B, MET, and SDHAF2) for targeted
next-generation sequencing (NGS)-based diagnostic testing for he-
reditary PPGLs [ 12]. In this patient, as the diagnosis was a non-
metastatic, extra-adrenal, and noradrenergic PPGL, pseudohypox-
ia-related cluster 1 gene panel examination (1A - Krebs cycle-relat-
ed: SDHx (SDHA, B, C, D, F2), FH,and MDH2; and 1B - VHL/
EPAS1-related: VHL, EPASI) may be considered [13]. Although
our study only confirmed the SDHB mutation by direct sequenc-
ing, NGS should be performed in future studies. SDHB mutations
are the most common gene mutations in PPGLs, and these muta-
tions are associated with more aggressive tumors, younger age of
onset, and higher metastasis rates [ 14,15]. SDHB mutations tend
to be related to abdominal or thoracic extra-adrenal paraganglio-
mas and usually exhibit noradrenergic or dopaminergic pheno-
types [11,16].

Catecholamine tests are affected by various factors (medications,
inappropriate sampling, measurement methods, physiological
stress, and diet); therefore, the possibility of false-positive results
should be considered when interpreting the results. In this study,
the patient’s plasma normetanephrine level (2.27 nmol/L, equiva-
lent to 654.895 ng/ L) largely increased to more than twice the
normal upper limit, indicating a high possibility of a PPGL and
lower probability of a false positive [ 17]. The 24-hour urine meta-
nephrine concentrations were also found to be elevated. Since the
patient was under stress and we continued to administer acetamin-
ophen for fever control, there is a possibility that these factors may
have resulted in the positive 24-hour urine samples.

Although surgical resection of the tumor is the only curative
treatment for IL-6-producing PPGLs, alpha-blockers and nonste-
roidal anti-inflammatory drugs have been suggested as pharmaco-
logical alternatives to improve the clinical manifestations of IL-6
overproduction [9,18,19]. An investigation of the anti-inflamma-
tory effects of the al-adrenergic receptor antagonist doxazosin re-
vealed that it inhibits the production of tumor necrosis factor a and
monocyte chemoattractant protein-1 in mice; thus, it is effective in
patients with IL-6-secreting PPGLs [20]. Some case reports have
shown resolution of pyrexia and decreased levels of IL-6 after ad-
ministration of an alpha-blocker, consistent with the developments
in our patient [4,10].

In conclusion, we report the case of a patient with increased IL-6
levels and inflammatory markers in the presence of a paraganglio-
ma. Overproduction of IL-6 appeared to be the primary mediator
in developing SIRS, in addition to inducing marked increases in
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the levels of inflammatory markers. Therefore, evaluation of IL-6
production is recommended in cases of paraganglioma presenting

with SIRS.
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