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Paragangliomas (PGLs) are pheochromocytomas outside the adrenal glands,
most commonly found in the retroperitoneal space, head and neck, bladder, and
mediastinum. However, PGL occurring in the liver are extremely rare. We present
a case of a 70-year-old woman who presented to our hospital with right upper
abdominal pain, persisting for 2 years. Abdominal contrast-enhanced computed
tomography (CT) revealed a 3.8 x 2.7 cm hypervascular nodule in the caudate
lobe of the liver, demonstrating arterial phase hyperenhancement and portal/
delayed phase washout. Magnetic resonance imaging (MRI) further
demonstrated diffusion restriction and low signal intensity in the hepatobiliary
phase (HBP) of the nodule. Based on these imaging features, hepatocellular
carcinoma (HCC) was initially diagnosed radiologically. Surgical resection was
performed, and immunohistochemical staining revealed positivity for
chromogranin A (CgA), synaptophysin (Syn), and S - 100 protein, confirming
the diagnosis of primary hepatic PGL (HPGL). This case highlights that
hypervascular lesions with washout and HBP hypointensity may mimic HCC.
Pathological verification is crucial, especially in patients without typical HCC risk
factors. Although exceedingly rare, HPGL should be considered in the differential
diagnosis of hypervascular hepatic nodules demonstrating typical arterial phase
hyperenhancement and portal/delayed washout on CT/MRI, particularly in
female patients presenting with nonspecific symptoms and lacking typical HCC
risk factors such as hepatitis, alcohol abuse, or elevated tumor markers.
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Introduction

Paraganglioma (PGL) is a relatively rare neuroendocrine tumor (1). In the World
Health Organization 2017 classification, pheochromocytomas (PCCs) are categorized as
adrenal tumors, while PGLs are classified as extra-adrenal tumors (2). PGLs are divided
into two categories: nonfunctional tumors, which produce little catecholamines, and
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FIGURE 1

CT images of the tumor. (A) Non-enhanced CT image showed a hypodense, poor-marginated round nodule measured 3.8x2.7 cm in the caudate
lobe of the liver (white arrow). (B) Axial arterial phase image showed marked heterogeneous enhancement of the nodule (white arrow). (C) Axial
Portal phase image showed washout of this nodule. (white arrow). (D) Axial delayed phase image showed compression of IVC by the tumor (white
arrow). (E, F) 3D reconstruction of CT images. The tumor was labeled with yellow, liver was labeled with brown, abdominal aorta, and hepatic artery
were labeled with red, portal vein and its branches were labeled with cyan, and hepatic vein and inferior vena cava were labeled with blue.

functional tumors, which secrete excessive catecholamines, leading
to symptoms such as paroxysmal hypertension, headache,
palpitations, and sweating (3). PGLs are most commonly found
in the retroperitoneal space (55.2%), head and neck (25.6%),
bladder (5.6%), and mediastinum (3.2%) (4). However, PGLs
occurring in the liver are exceedingly rare. Only eight cases of
primary hepatic PGLs (HPGLs) have been reported in the English
literature (4-11). However, none of these reports described the
imaging features of this rare tumor in detail. This report describes
another rare case of primary HPGL and its computed tomography
(CT) and gadopentetate dimeglumine-enhanced magnetic
resonance imaging (MRI) features, accompanied by a

literature review.

Case report

A 70-year-old woman presented to our hospital with right
upper abdominal pain, persisting for 2 years. The patient had no
history of viral hepatitis, blood transfusions, or alcohol abuse. She
had a history of hypertension associated with occasional dizziness
and headaches but had not received standardized antihypertensive
therapy. On physical examination, vital signs were unremarkable,
except for severe hypertension (162/111 mmHg). Laboratory tests,
including complete blood count, liver and renal function tests, and
tumor markers (including alpha-fetoprotein [AFP]), were all within
normal ranges. Serological tests for hepatitis, including hepatitis B
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surface antigen (HBsAg) and anti-hepatitis C virus antibody (anti-
HCV), were all negative.

Contrast-enhanced abdomen CT revealed a hypodense, poorly
marginated round nodule measuring 3.8 x 2.7 cm in the caudate
lobe of the liver, exerting a mass effect on the inferior vena cava
(IVC). The nodule showed marked heterogeneous enhancement in
the arterial phase following contrast injection, with washout
observed in the portal and delayed phases (Figure 1). MRI of the
abdomen revealed that the tumor was hypointense on T1-weighted
imaging and mildly hyperintense on T2-weighted imaging. The
nodule exhibited low signal intensity on the apparent diffusion
coefficient (ADC) map, with diffusion restriction observed on
diffusion-weighted imaging (DWI) (Figures 2A-D). After
injection of gadopentetate dimeglumine, the nodule showed
heterogeneous enhancement in the arterial phase and
heterogeneous washout in the portal venous and delayed phases
(Figures 2E-G). The tumor displayed low signal intensity in the
hepatobiliary phase (HBP) (Figure 2H). Both CT and MRI
suggested the possibility of hepatocellular carcinoma (HCC).

Subsequently, anatomical resection of the caudate lobe was
performed. Although the patient lacked a history of chronic liver
disease, contrast-enhanced CT and MRI showed features consistent
with HCC, including arterial phase hyperenhancement, portal/
delayed washout, diffusion restriction, and hypointensity in the
HBP. Additionally, the patient presented with a 2-year history of
recurrent right upper abdominal pain, indicating symptomatic mass
effect, which established the surgical indications. During surgery, a
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FIGURE 2
Magnetic resonance imaging of the tumor. (A) Axial T1-weighted image showed the tumor was hypointense (white arrow). (B) Axial T2-weighted
image showed the tumor was mild hyperintense (white arrow). (C) ADC map showed low signal intensity of the tumor (white arrow). (D) Diffusion-
weighted image showed the tumor had diffusion restriction (white arrow). (E) Arterial phase image showed heterogeneous enhancement of the
nodule (white arrow). (F) Portal phase image showed heterogeneous washout of the nodule (white arrow). (G) Delayed phase showed compression
of IVC by the tumor (white arrow). (H) Hepatobiliary phase image showed hypointensity of the tumor (white arrow). (I) Coronal T2-weighted image
showed the tumor was located in the caudate lobe of the liver (white arrow). (J) Coronal portal phase image showed hypointensity of the tumor
(white arrow)
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FIGURE 3

Postoperative pathological results of the tumor. (A) Hematoxylin-eosin staining of tumor tissue. Original magnification: 100. (B) Immunohistochemical
staining for indicated markers. The tumor cells were positive for CgA. Original magnification: 100. (C) The tumor cells were positive for Syn. Original
magpnification: 100. (D) The tumor cells were positive for CD10. Original magnification: 100. (E) The tumor cells were positive for S100. Original
magpnification: 100. (F) The tumor cells were positive for CD34. Original magnification: 100.

solitary mass measuring 3.8 x 3 cm was found, with no fluctuations
in blood pressure. Postoperatively, the patient’s blood pressure
stabilized at 140/93 mmHg. Hematoxylin-eosin (H&E) staining of
the tumor tissue revealed irregular tumor cells with pink cytoplasm
and sustentacular cells surrounded by a vascular net (Figure 3A).
Immunohistochemical staining showed that the tumor tissue was
positive for CgA, Syn, S - 100, CD10, and CD34, but negative for
AFP, cytokeratin 19 (CK19), CK7, GS, GPC3, HSP70, with a Ki-67
labeling index of 2% (Figures 3B-F). Finally, the pathological
diagnosis of PGL was confirmed (Figure 4).

Discussion

PCC originates in the adrenal medulla, whereas PGL arises from
the sympathetic or parasympathetic nervous system outside the
adrenal glands. Together, these tumors are known as PPGL (PCC
and PGL) (1). PGLs are rare neuroendocrine tumors, also referred
to as extra-adrenal PCCs. While they are more commonly found in
the retroperitoneal space and the head and neck, extra-adrenal
PGLs in the liver are extremely rare. Prior to this report, a
comprehensive literature search of PubMed-indexed English
publications identified only 8 cases of pathologically confirmed
HPGLs. In the nine reported cases of HPGLs, including our own,
seven were females, and only two were males, suggesting a female
predominance. Additionally, as summarized in Table 1, most
patients were aged 40 to 50 years. However, our patient was 70
years old, making her case older than those reported in
previous studies.
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PPGLs can secrete catecholamines, leading to a variety of
clinical syndromes. Studies have shown that the most common
symptoms of PPGLs include hypertension, followed by headache,
palpitations, and sweating (12). The classic triad of headache,
palpitations, and sweating is present in only 17% of patients,
although its presence holds the greatest diagnostic value among
all PPGLs manifestations (13). Approximately 10 - 15% of patients
are asymptomatic (14). As shown in Table I, the clinical
manifestations of most HPGL patients were atypical. Two cases
presented with abdominal pain, and four cases were asymptomatic,
with three of these being detected during routine physical
examinations. Only one case presented with the characteristic
triad of headache, palpitations, and sweating, while another case
presented with sweating, and one with dizziness. These symptoms
may be associated with catecholamine hypersecretion. According to
the literature, 70 - 90% of patients diagnosed with PPGL experience
hypertension (15). In the nine reported HPGLs cases, six patients
had hypertension, including three with severe hypertension and one
with mild hypertension. Furthermore, none of the patients had a
history of hepatitis or alcohol abuse, and their tumor markers were
within normal limits. In our case, the patient presented with right
upper abdominal pain and severe hypertension. Her clinical
manifestations lacked specificity, making it difficult to
suspect HPGL.

HPGLs can occur in any part of the liver but are more
commonly found in the caudate lobe. Including our case, three
tumors were located in the caudate lobe (Table 2). Tumor diameters
ranged from 3.2 to 6.6 cm. Among them, six tumors measured <5
cm in diameter, while only two were > 5 cm. In our case, the tumor
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2021-07—2023-07 2023-07-10 2023-07-17 2023-07—Present (2
Presentation with right Admission to Caudate lobectomy years)
upper abdominal pain Hepatobiliary Surgery with pathological Postoperative follow-
without treatment Department confirmation of up without recurrence
hepatic paraganglioma or metastasis
2023-07-07 2023-07-12 2023-7-20
A nodule in the Hepatocellular Satisfactory
caudate lobe detected carcinoma suggested postoperative recovery
by contrast-enhanced by Gd-BOPTA MRI
abdominal CT
FIGURE 4

Timeline of the patient’s clinical course. This timeline illustrates the key clinical events of the patient, from the onset of symptoms to postoperative

follow - up.

was located in the caudate lobe and measured less than 5 cm, which
is consistent with previous studies. Furthermore, as three tumors
were located in the caudate lobe, they were more likely to exert a
compressive effect on blood vessels, primarily the IVC and hepatic
veins. Previous reports have indicated that HPGL typically
presented with low attenuation and a density greater than 10 HU
(16). As PGLs are hypervascular tumors, they demonstrate marked
heterogeneous enhancement in the arterial phase following contrast
injection, with delayed washout in the portal venous and delayed
phases (17). Abdominal MRI of PPGLs typically shows T1
hypointensity or isointensity and marked T2 hyperintensity (18).
Similar to CT, the tumors exhibit avid arterial enhancement. DWI
and ADC values are not particularly useful in differentiating
between benign and malignant PPGLs (19). In our case, in
addition to the arterial phase hyperenhancement and washout,
the tumor showed diffusion restriction in DWI and hypointensity
in the HBP. The CT and MRI features of the tumor resembled those
of typical HCC. As the patient’s clinical manifestations were not
specific, and AFP levels were normal, it was challenging to rule out
the diagnosis of HCC.

Pathological examination remains the gold standard for
diagnosing PPGL. H&E staining of tumor tissue reveals that
tumor cells are arranged in nests or Zellballen-like patterns. These
cells are polygonal or oval-shaped, with abundant eosinophilic or
granular cytoplasm. A capillary network is often observed
surrounding the cell nests. A second cell population, sustentacular
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cells, can be identified at the periphery of the nests using
immunohistochemical staining for S - 100 protein (20).
Immunohistochemical staining plays a crucial role in diagnosing
PGL, as it typically demonstrates that tumor cells are positive for
CgA, Syn, NSE, and CD56 while negative for epithelial markers
such as CK, EMA, and GPC3. Supporting cells surrounding tumor
cells are generally positive for S - 100. The Ki-67 labeling index is
typically below 3%. Studies have shown that the Ki-67 index is an
independent risk factor for recurrence and metastasis in PPGL. The
higher the Ki-67 labeling index, the stronger the metastatic
potential, leading to a worse prognosis for patients with PPGL
(21). Immunohistochemical staining of the tumor in the present
case showed that the tumor tissue was negative for AFP, Glypican-3,
and CK19, thus ruling out the diagnosis of HCC. In contrast, the
tumor tissue was positive for CgA, Syn, and S - 100, confirming the
diagnosis of HPGL. Furthermore, the patient’s Ki-67 labeling index
was 2%, indicating a relatively favorable prognosis. No recurrence
or metastasis has been observed during the 18-month follow-
up period.

Surgical resection is the preferred treatment for HPGL. As
functional PGLs can secrete catecholamines, preoperative
pharmacological preparation (typically with alpha- and beta-
adrenergic blockade) is crucial to prevent significant hemodynamic
fluctuations during anesthesia induction, surgery, and the
postoperative period, thereby minimizing life-threatening risks. In
this case, the patient’s blood pressure was mildly elevated prior to
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TABLE 1 Clinical characteristics of patients with hepatic paraganglioma.

: Primar . .
Reference Symptoms Hypertension diagnos)i/s Immunohistochemistry =~ Outcome
. . CgA(+)Syn(+) No recurrence
Li 2022 (4 47/F D N H
12022 (4) 7! 17mess ° ce CD56(+)Vimentin(+) (1 year)
Controlled N .
Miller 2022 (5) 54/F Abdominal pain hypertension N/A CgA(+)Syn(+) © r(e;\cl;lzr)en €
(125/87mmHg)
Lin 2019 (6) 41/F None No HCC CD56(+)S-100(+) No recurrence
(6 months)
CgA(+)Syn(+)
N
Liao 2018 (7) 49/F None No HCC CD56(+)NSE(+) o recurrence
(2 years)
S-100(+)
Mild hypertension CgA(+)NSE(+) Recurrence
You 2015 (8 47/F N H
ou 2015 (8) 7! one (150/100mmHg) e $-100(+) (3 years)
Palpitations, sweatin Severe No recurrence
Reif 1996 (9) 42/F pitations, sweating hypertension Paraganglioma Serotonin(+) €
and headaches (14 months)
(190/94mmHg)
Rimmelin 1996 (10) 24/M Sweatin, Persistent Paraganglioma CgA(+)Syn(+) No recurrence
g hypertension 5 & 4 (3 months)
Severe
N
Jaeck 1995 (11) 24/M None hypertension Paraganglioma CgA(+)Syn(+) O recurrence
NSE(+) (37 months)
(210/120mmHg)
Severe CgA(+)Syn(+) N
Present case 70/F Abdominal pain hypertension HCC & S IOO(Y:) ((l)gr:u::c;e
(162/111mmHg) onths

F, Female; M, Male; N/A, Not Available; CgA, Chromogranin A; Syn, Synaptophysin; CD56, Neural Cell Adhesion Molecule; NSE, Neuron - Specific Enolase.

TABLE 2 Imaging features of patients with hepatic paraganglioma.

. Size Vascular Imaging Non-con- Artertial Venous Delayed
Reference Location . :
(cm) compression modality trast scan phase phase phase
Hypointensi TIWL H -
Li 2022 (4) Spiegelian lobe | 3.8x3.2 N/A MRI ypointensity on Vper Washout N/A
Hyperintensity on T2WI enhanced
. . . Hyper-
Miller 2022 (5) Caudate lobe 6.6 Yes MRI Hyperintensity on T2WI N/A Washout
enhanced
: Hyper-
Lin 2019 (6) Segment VII N/A N/A CT N/A Washout Washout
enhanced
Segment VII Hypointensity on TIWT;
S t VIII H intensi T2WI H -
Liao 2018 (7) egmen 5.7x4.9 No MRI/CT yperintensity on / yper N/A De -enhanced
Caudate Hypodensity enhanced
Process on CT
H i H -
You 2015 (8) Segment I1T 3.6x3.4 N/A cr ypodensity yper N/A N/A
on CT enhanced
Reif 1996 Segment IV 4.5x3 N/A MRI Hyperintensity on T2WI N/A N/A N/A
Isointensity on TIWT; H
er-
Rimmelin 1996 (10) Segment VIII 5 Yes MRI/CT Hyperintensity on T2W1/ en}f: nced N/A N/A
Hypodensity on CT
Hyper-
Jaeck 1995 (11) Segment VIII 5 No MRI/CT N/A N/A N/A
enhanced
Hypointensity on TIWI;
H intensi T2WI H -
Present case Caudate lobe 4.5x3.9 Yes MRI/CT yperintensity o-n / yper Washout Washout
Hypodensity enhanced
on CT

CT, Computed Tomography; MRI, Magnetic Resonance Imaging; PET-CT, Positron Emission Tomography - Computed Tomography.
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surgery but remained stable throughout the procedure. Postoperative
blood pressure was recorded at 140/93 mmHg with stable vital signs.
Thus, no additional drug preparation was required.

Most abdominal PGLs are benign and can be cured by surgical
excision. However, reports suggest that 10%-20% of cases may be
malignant (4). The distinction between benign and malignant PGLs
has long been debated, as pathological examination alone is often
insufficient for differentiation. Postoperative follow-up is considered
the most reliable method for identifying malignant HPGLs. The
tumor should be classified as malignant if recurrence or metastasis
occurs during the follow-up period (7). However, definitively
determining malignancy may take more than 5 years of follow-up
(22). The 5-year survival rate for malignant PGLs is generally low,
often less than 50%. Among reported cases of HPGLSs, seven patients
did not experience recurrence or metastasis during a short follow-up
period of less than 5 years, while one patient developed metastasis to
segment 6 of the liver and the spleen 3 years after surgery. This
highlights the need for prolonged follow-up.

HPGL must be differentiated primarily from HCC. Most patients
with HCC have a history of viral hepatitis infection, such as hepatitis B
virus or hepatitis C virus (23). They commonly present with symptoms
such as right upper abdominal pain, abdominal distension, weight loss,
weakness, or cirrhosis-related signs (24). Additionally, serum AFP and
protein induced by vitamin K absence or antagonist-II are often elevated
in HCC. However, AFP has limited sensitivity and specificity,
particularly in early-stage HCC, and false elevations can occur in
conditions such as active hepatic inflammation (e.g., viral hepatitis) or
other liver masses like cholangiocarcinoma (25). Approximately 30% of
patients with HCC exhibit normal AFP levels (26). According to the
2018 version of LI-RADS (LR), imaging features meeting LR - 5 criteria
indicate definitive HCC. This requires nonrim arterial phase
hyperenhancement (APHE) as a prerequisite, plus 21 of the following
ancillary features: 1) For lesions 10 — 19 mm: nonperipheral “washout”
in portal venous/delayed phases without other major malignant features;
2) For lesions 10 — 19 mm: >50% size increase within 6 months without
other major malignant features; 3) For lesions 220 mm: presence of >1
additional major malignant feature (27). In our case, contrast-enhanced
abdominal CT demonstrated a 3.8 x 2.7 cm lesion (>20 mm) with
marked heterogeneous APHE, accompanied by washout during portal
venous and delayed phases. Furthermore, the lesion exhibited diffusion
restriction on DWI and hypointensity in the hepatobiliary phase. These
collective imaging features satisfied LR - 5 criteria, leading to an initial
diagnosis of HCC. However, Lin et al. reported that HPGL
demonstrated diffuse homogeneous arterial phase enhancement,
whereas HCC often exhibits heterogeneous APHE. This difference
may be attributed to HPGL’s more uniform vascular network
(Zellballen structure). Additionally, Miller et al. observed delayed
washout in HPGL, potentially distinguishing it from the rapid
washout typically seen in HCC, which may serve as a key
discriminative feature. In summary, distinguishing between these two
tumors based solely on imaging is challenging. Furthermore, the
absence of typical catecholamine expression symptoms complicated
the diagnosis. Nevertheless, HPGL should be considered in the
differential diagnosis of hypervascular liver tumors, particularly in
patients without a history of hepatitis infection, alcohol abuse, or
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abnormal tumor markers. Beyond HCC, a few other hypervascular
lesions warrant brief consideration in the differential diagnosis,
including 1) Hepatic hemangiomas, most hepatic hemangiomas are
asymptomatic and more common in females. On non-contrast CT, they
typically appear as well-defined hypodense nodules. Post-contrast, they
demonstrate characteristic peripheral nodular enhancement with
progressive centripetal filling and lack washout. A highly reliable
diagnostic feature is their marked hyperintensity (“light bulb” sign)
on T2-weighted imaging (28). In contrast, our case exhibits only mild
hyperintensity on T2-weighted imaging and shows contrast washout. 2)
Hepatocellular adenomas, rare benign liver tumors that occur
predominantly in younger women and are strongly associated with
hormonal factors such as oral contraceptive use. On contrast-enhanced
CT, they typically show marked arterial hyperenhancement, followed by
iso-enhancement in the portal venous and delayed phases (29). In
contrast, our case demonstrates significant washout in the portal venous
and delayed phases. 3) Hypervascular metastases (e.g., from
neuroendocrine tumors), whose typical features include arterial
hyperenhancement (often heterogeneous or rim-like), possible
washout on portal venous/delayed phases, and frequent multiplicity
(30). Diagnosis critically relies on identifying a known primary
malignancy. In contrast, our case shows a solitary lesion without a
known primary tumor.

Currently, '*I-MIBG imaging is useful for confirming the
diagnosis, locating sites of PPGL, and evaluating metastases. Studies
indicate that '*’I-MIBG imaging has a specificity of 82%-84% for
diagnosing primary or metastatic PCC or PGL (31). However, in this
case, both the clinical symptoms and imaging features were
nonspecific, and HPGL was not suspected preoperatively, which led
to the decision not to employ *’I-MIBG imaging.

In conclusion, HPGL is an extremely rare tumor, typically
found in female patients aged 40 - 50 years. Most patients lack
specific clinical manifestations, and its imaging features are similar
to those of HCC. While surgery remains the treatment of choice for
HPGL, long-term follow-up is essential for assessing the efficacy of
treatment and for the early detection of recurrence or metastasis.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study of
human participants in accordance with the local legislation and
institutional requirements. Written informed consent from the
patients or patients legal guardian was not required to participate
in this study in accordance with the national legislation and the
institutional requirements. Written informed consent was obtained
from the participant/patient(s) for the publication of this
case report.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1570896
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

Author contributions

AL: Writing - original draft. SR: Writing - original draft. XY:
Writing - original draft. CY: Writing — original draft. TL: Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Lenders JWM, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, Grebe SKG,
Murad MH, et al. Pheochromocytoma and paraganglioma: an endocrine society
clinical practice guideline. J Clin Endocrinol Metab. (2014) 99:1915-42. doi: 10.1210/
jc.2014-1498

2. Neumann HPH, Young WF, Eng C. Pheochromocytoma and paraganglioma.
New Engl ] Med. (2019) 381:552-65. doi: 10.1056/NEJMral806651

3. Martins R, Bugalho M]J. Paragangliomas/pheochromocytomas: clinically
oriented genetic testing. Int J Endocrinol. (2014) 2014:1-14. doi: 10.1155/2014/
794187

4. Li L, Fei PP, Guo ZY, Wang J, Pan ZY, Xu CG, et al. Primary hepatic
paraganglioma mimicking hepatocellular carcinoma: a case report. Transl Cancer Res
TCR. (2022) 11:3434-9. doi: 10.21037/tcr-22-314

5. Miller ME, Vietor NO, Park EJ, Sweeney SP, Katz M, Vietor RC. Paraganglioma
masquerading as a primary liver lesion: A rare entity discovered during surgery. Clin
Case Rep. (2022) 10:¢05310. doi: 10.1002/ccr3.5310

6. Lin CS, Hsu YH. A primary paraganglioma of the liver mimicking hepatocellular
carcinoma. Tzu-Chi Med J. (2019) 31:286. doi: 10.4103/tcmj.tcmj_230_18

7. Liao W, Ding ZY, Zhang B, Chen L, Li GX, Wu JJ, et al. Primary functioning hepatic
paraganglioma mimicking hepatocellular carcinoma: A case report and literature review.
Med (Baltimore). (2018) 97:€0293. doi: 10.1097/MD.0000000000010293

8. You Z, Deng Y, Shrestha A, Li F, Cheng N. Primary Malignant hepatic
paraganglioma mimicking liver tumor: A case report. Oncol Lett. (2015) 10:1176-8.
doi: 10.3892/01.2015.3318

9. Reif MC, Hanto DW, Moulton JS, Alspaugh JP, Bejarano P. Primary hepatic
pheochromocytoma? Am ] Hypertens. (1996) 9(10):1040-3. doi: 10.1016/0895-7061
(96)00174-4

10. Rimmelin A, Hartheiser M, Gangi A, Welsch M, Jeung MY, Jaeck D, et al.
Primary hepatic pheochromocytoma. Eur Radiol. (1996) 6:82-5. doi: 10.1007/
BF00619965

11. Jaeck D, Paris F, Welsch M, Stephan D, Chenard-Neu MP, Steib A, et al. Primary
hepatic pheochromocytoma: A second case. Surgery. (1995) 117:586-90. doi: 10.1016/
S0039-6060(05)80260-0

12. Soltani A, Pourian M, Davani BM. Does this patient have Pheochromocytoma? a
systematic review of clinical signs and symptoms. ] Diabetes Metab Disord. (2016) 15:6.
doi: 10.1186/s40200-016-0226-x

13. Kiriakopoulos A, Giannakis P, Menenakos E. Pheochromocytoma: a changing
perspective and current concepts. Ther Adv Endocrinol. (2023) 14:20420188231207544.
doi: 10.1177/20420188231207544

14. van Berkel A, Lenders JWM, Timmers HJLM. Diagnosis of endocrine disease:
Biochemical diagnosis of phacochromocytoma and paraganglioma. Eur ] Endocrinol.
(2014) 170:R109-119. doi: 10.1530/EJE-13-0882

Frontiers in Oncology

10.3389/fonc.2025.1570896

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

15. Pappachan JM, Tun NN, Arunagirinathan G, Sodi R, Hanna FWF.
Pheochromocytomas and hypertension. Curr Hypertens Rep. (2018) 20:3.
doi: 10.1007/s11906-018-0804-z

16. Buitenwerf E, Korteweg T, Visser A, Haag CMSC, Feelders RA, Timmers
HJLM, et al. Unenhanced CT imaging is highly sensitive to exclude
pheochromocytoma: a multicenter study. Eur ] Endocrinol. (2018) 178:431-7.
doi: 10.1530/EJE-18-0006

17. Baez JC, Jagannathan JP, Krajewski K, O’Regan K, Zukotynski K, Kulke M, et al.
Pheochromocytoma and paraganglioma: imaging characteristics. Cancer Imaging.
(2012) 12:153-62. doi: 10.1102/1470-5206.2012.0016

18. Lee KY, Oh YW, Noh H]J, Lee Y], Yong HS, Kang EY, et al. Extraadrenal
paragangliomas of the body: imaging features. Am ] Roentgenol. (2006) 187:492-504.
doi: 10.2214/AJR.05.0370

19. Tan SB, Garagiola ML, Liu X, Kim TK, Brien CM. Paraganglioma and
phaeochromocytoma in adult Fontan patients. ] Med Imag Rad Onc. (2024) 69
(1):21-7. doi: 10.1111/1754-9485.13809

20. Tischler AS, deKrijger RR. 15 YEARS OF PARAGANGLIOMA: Pathology of
pheochromocytoma and paraganglioma. Endocrine-Rel Cancer. (2015) 22:T123-33.
doi: 10.1530/ERC-15-0261

21. Kimura N, Takayanagi R, Takizawa N, Itagaki E, Katabami T, Kakoi N, et al.
Pathological grading for predicting metastasis in phaeochromocytoma and
paraganglioma. Endocrine-Rel Cancer. (2014) 21:405-14. doi: 10.1530/ERC-13-
0494

22. Eisenhofer G, Bornstein SR, Brouwers FM, Cheung NKV, Dahia PL, De Krijger

RR, et al. Malignant pheochromocytoma: current status and initiatives for future
progress. Endocr Relat Cancer. (2004) 11:423-36. doi: 10.1677/erc.1.00829

23. Fan R, Papatheodoridis G, Sun J, Innes H, Toyoda H, Xie Q, et al. aMAP risk
score predicts hepatocellular carcinoma development in patients with chronic hepatitis.
J Hepatol. (2020) 73:1368-78. doi: 10.1016/j.jhep.2020.07.025

24. Pathomjaruwat T, Matchim Y, Armer JM. Symptoms and symptom clusters in

patients with hepatocellular carcinoma and commonly used instruments: An integrated
review. Int J Nurs Sci. (2024) 11:66-75. doi: 10.1016/j.ijnss.2023.09.009

25. Ahn JC, Lee YT, Agopian VG, Zhu Y, You S, Tseng HR, et al. Hepatocellular
carcinoma surveillance: current practice and future directions. Hepatoma Res. (2022).
8:10. doi: 10.20517/2394-5079.2021.131

26. Samban SS, Hari A, Nair B, Kumar A, Meyer BS, Valsan A, et al. An insight into
the role of alpha-fetoprotein (AFP) in the development and progression of
hepatocellular carcinoma. Mol Biotechnol. (2024) 66:2697-709. doi: 10.1007/s12033-
023-00890-0

27. Chernyak V, Fowler KJ, Kamaya A, Kielar AZ, Elsayes KM, Bashir MR, et al.
Liver imaging reporting and data system (LI-RADS) version 2018: imaging of

frontiersin.org


https://doi.org/10.1210/jc.2014-1498
https://doi.org/10.1210/jc.2014-1498
https://doi.org/10.1056/NEJMra1806651
https://doi.org/10.1155/2014/794187
https://doi.org/10.1155/2014/794187
https://doi.org/10.21037/tcr-22-314
https://doi.org/10.1002/ccr3.5310
https://doi.org/10.4103/tcmj.tcmj_230_18
https://doi.org/10.1097/MD.0000000000010293
https://doi.org/10.3892/ol.2015.3318
https://doi.org/10.1016/0895-7061(96)00174-4
https://doi.org/10.1016/0895-7061(96)00174-4
https://doi.org/10.1007/BF00619965
https://doi.org/10.1007/BF00619965
https://doi.org/10.1016/S0039-6060(05)80260-0
https://doi.org/10.1016/S0039-6060(05)80260-0
https://doi.org/10.1186/s40200-016-0226-x
https://doi.org/10.1177/20420188231207544
https://doi.org/10.1530/EJE-13-0882
https://doi.org/10.1007/s11906-018-0804-z
https://doi.org/10.1530/EJE-18-0006
https://doi.org/10.1102/1470-5206.2012.0016
https://doi.org/10.2214/AJR.05.0370
https://doi.org/10.1111/1754-9485.13809
https://doi.org/10.1530/ERC-15-0261
https://doi.org/10.1530/ERC-13-0494
https://doi.org/10.1530/ERC-13-0494
https://doi.org/10.1677/erc.1.00829
https://doi.org/10.1016/j.jhep.2020.07.025
https://doi.org/10.1016/j.ijnss.2023.09.009
https://doi.org/10.20517/2394-5079.2021.131
https://doi.org/10.1007/s12033-023-00890-0
https://doi.org/10.1007/s12033-023-00890-0
https://doi.org/10.3389/fonc.2025.1570896
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

hepatocellular carcinoma in at-risk patients. Radiology. (2018) 289:816-30.
doi: 10.1148/radiol.2018181494

28. Aziz H, Brown ZJ, Baghdadi A, Kamel IR, Pawlik TM. A comprehensive review
of hepatic hemangioma management. | Gastrointest Surg. (2022) 26(9):1998-2007.
doi: 10.1007/s11605-022-05382-1

29. Frenette C, Mendiratta-Lala M, Salgia R, Wong RJ, Sauer BG, Pillai A. ACG
clinical guideline: focal liver lesions. Am ] Gastroenterol. (2024) 119(7):1235-71.
doi: 10.14309/ajg.0000000000002857

Frontiers in Oncology

09

10.3389/fonc.2025.1570896

30. Ozaki K, Higuchi S, Kimura H, Gabata T. Liver metastases: correlation between
imaging features and pathomolecular environments. Radiographics. (2022) 42(7):1994-
2013. doi: 10.1148/rg.220056

31. Wiseman GA, Pacak K, O’Dorisio MS, Neumann DR, Waxman AD, Mankoff
DA, et al. Usefulness of'>* I-MIBG scintigraphy in the evaluation of patients with
known or suspected primary or metastatic pheochromocytoma or paraganglioma:
results from a prospective multicenter trial. ] Nucl Med. (2009) 50:1448-54.
doi: 10.2967/jnumed.108.058701

frontiersin.org


https://doi.org/10.1148/radiol.2018181494
https://doi.org/10.1007/s11605-022-05382-1
https://doi.org/10.14309/ajg.0000000000002857
https://doi.org/10.1148/rg.220056
https://doi.org/10.2967/jnumed.108.058701
https://doi.org/10.3389/fonc.2025.1570896
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case Report: A rare case of primary hepatic paraganglioma: a mimicker of hepatocellular carcinoma
	Introduction
	Case report
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


