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Patient:

Final Diagnosis:
Symptoms:
Clinical Procedure:
Specialty:

Objective:
Background:

Case Report:

Male, 73-year-old
Neuroendocrine neoplasms
Asymptomatic

Gastroenterology and Hepatology ¢ Radiology ¢ Surgery

Rare disease

Primary hepatic neuroendocrine neoplasms (PHNENS), including primary hepatic neuroendocrine carcinoma
(PHNEC), are extremely rare. PHNENS typically exhibit slow growth, although mixed neuroendocrine-non-neu-
roendocrine neoplasms have poor prognoses. PHNENSs are also challenging to diagnose.

A 73-year-old man underwent plain computed tomography (CT), which incidentally detected a 42-mm soli-
tary hepatic tumor. Serum levels of protein induced by vitamin K absence or antagonist-1l (PIVKA-II) were el-
evated at 138 mAU/mL. Thirteen days later, magnetic resonance imaging (MRI) revealed an enlarged hepatic
tumor with tumor thromboses extending into the hepatic and portal veins. No early-phase enhancement was
observed. At 18 days, Doppler ultrasound and dynamic CT evaluated the tumor as hypovascular, and a new-
ly swollen solitary lymph node appeared. At 39 days, positron emission tomography (PET)/CT revealed strong
uptake in the primary liver tumor and metastatic lymph nodes, with additional distant lymph node metasta-
ses emerging. At 49 days, a metastatic cervical lymph node was surgically resected. At 61 days, PHNEC was
definitively diagnosed based on histopathological and immunohistochemical assessments. The Ki-67 labeling
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index was 90%. At 67 days, he was hospitalized to begin chemotherapy, but CT revealed end-stage disease.
Palliative treatment was required, and the patient died of cancer 82 days after the initial diagnosis.

Conclusions:

We have presented a thought-provoking case of PHNEC with rapid oncological progression. To clarify clinical

implications (eg, atypical imaging features and diagnostic pitfalls), detailed imaging findings are provided. We
anticipate that this case will be informative for clinicians in this field.

Keywords:

Full-text PDF:
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Introduction

Neuroendocrine neoplasms (NENs) are tumors that origi-
nate from neuroendocrine system cells in various organs [1].
Approximately 50% of NENs occur in the gastrointestinal tract,
while approximately 30% are found in the bronchopulmona-
ry tree [2]. Currently, NENs are definitively diagnosed based
on the World Health Organization (WHO) classification estab-
lished in 2019 [1]. This classification relies on histopathological
assessment, including morphological findings, cellular differ-
entiation, the Ki-67 labeling index, and the number of mitotic
cells identified in high-power fields of view [1]. A summary of
the 2019 WHO classification is provided in Table 1.

Since the first report of an NEN in the liver — referred to as
primary hepatic NEN (PHNEN) —was documented in 1958 [3],
PHNENs have remained extremely rare, accounting for only
0.3% of all NENs in the human body [4]. This rarity persists
despite the liver being the most common site for NEN metas-
tases from other organs [5]. Primary hepatic neuroendocrine
carcinoma (PHNEC) is an even rarer entity, with an incidence
of only 0.46% among primary hepatic malignancies [6].

We herein present a thought-provoking case of PHNEC with
rapid oncological progression, despite PHNENs generally being

Table 1. WHO classification in 2019.

Carcinoma e Carcinoma, Neuroendocrine e Liver ¢ Liver Neoplasms ¢ Neuroendocrine Tumors
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considered slow-growing tumors [7]. Additionally, we provide
detailed imaging findings, which is notable because PHNENs
often lack characteristic radiological features [8,9]. We discuss
and clarify possible hypotheses for rapid progression, reliable
prognostic factors, difficulty of definitive diagnosis, and ther-
apeutic strategy, and review the current literature. To the best
of our knowledge, this pure PHNEC was unique in several clin-
ical points-rapid progression and serum marker-compared to
previously documented patients. We hope this report will be
informative for physicians in the hepatobiliary field.

Case Report

A 73-year-old man with a history of diabetes mellitus, chronic
hepatitis B, hypertension, and chronic renal dysfunction was
undergoing routine medical checkups when he was incidental-
ly found to have severe iron deficiency anemia with rapid pro-
gression. His medical history included cardiac infarction, which
had been treated with coronary artery bypass grafting, and he
was on single antiplatelet therapy (aspirin alone). Given his
condition, his primary physician referred him to our hospital
for further evaluation and appropriate treatment.
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MiINEN — mixed neuroendocrine-non-neuroendocrine neoplasm; NEN — neuroendocrine neoplasm; NET — neuroendocrine tumor;

WHO - World Health Organization.
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Figure 1. Endoscopic findings of the esophagus and stomach. Esophageal varices developed as a result of portal hypertension due to
liver cirrhosis (A). A gastric polypoid lesion showed a tendency to bleed easily (B).

Figure 2. Abdominal plain CT findings at the initial diagnosis. A hepatic mass was incidentally detected in the cirrhotic liver
(A, yellow arrows). Additional findings included a cirrhotic liver, developed collateral vessels, a congested stomach, and
splenomegaly (A, B). CT — computed tomography.

To identify the source of bleeding, the patient underwent
upper endoscopy and recto-colonoscopy. Esophagogastro-
duodenoscopy revealed engorged esophageal varices
(Figure 1A) and a gastric polypoid lesion that readily bled
(Figure 1B). His esophageal varices were classified as Lm, F2,
Cb, RC(+), with red wale markings and cherry-red spots, ac-
cording to the Japanese classification system [10]. The gastric
polypoid lesion exhibited significant hemorrhage, even after
gentle saline irrigation.

The patient was admitted to our hospital, where he received
conservative management, including hemostatic agents. To
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achieve complete hemostasis, he subsequently underwent
endoscopic mucosal dissection of the gastric polypoid lesion.
Histopathological assessment of the resected gastric lesion re-
vealed a hyperplastic polyp rather than gastric cancer. Following
this intervention, his iron deficiency anemia resolved.

Upon admission, an abdominal plain computed tomography
(CT) scan was performed as part of a routine assessment. The
scan revealed a cirrhotic liver, developed collateral vessels, a
congested stomach, and splenomegaly (Figure 2A, 2B), indi-
cating portal hypertension due to decompensated liver cirrho-
sis. Additionally, a hepatic mass was incidentally detected in
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Figure 3. MRI findings 13 days after the initial diagnosis. The hepatic tumor had enlarged to 55 mm (yellow arrows), with tumor
thromboses clearly observed in the right HV (A-C, blue arrows) and the anterior branch of the PV (A-C, purple arrows). The
tumor appeared hypointense on T1-weighted imaging (A) and hyperintense on T2-weighted imaging (B). Contrast-enhanced
T1-weighted imaging did not show any enhancement in the early phase (C). Gadoxetic acid-enhanced MRI at 0.5 (D), 1.5 (E),
3.0 (F), and 4.0 (G) minutes after injection did not reveal early wash-in or wash-out in the hepatic tumor. HV — hepatic vein;

MRI — magnetic resonance imaging; PV — portal vein.

the cirrhotic liver (Figure 2A). The tumor measured 42 mm in
size and was located in segments 8 and 4. The patient had no
history of alcohol consumption. Peripheral blood tests showed
that hepatitis B surface antigen and DNA were below the de-
tection limit. Autoimmune antibodies and soluble interleukin-2
receptor were also negative.

Regarding tumor markers, carcinoembryonic antigen, carbohy-
drate antigen 19-9, and alpha-fetoprotein were all within the
reference ranges, whereas the serum level of protein induced
by vitamin K absence or antagonist-1l (PIVKA-Il) was elevat-
ed at 138 mAU/mL The indocyanine green elimination test
showed an R15 value of 17.1% and a k value of 0.130. The se-
rum albumin concentration was 4.0 g/dL, and the Child-Pugh
score was classified as A.

Thirteen days after the initial diagnosis, magnetic resonance
imaging (MRI) was performed. The hepatic tumor had enlarged
to 55 mm, and tumor thromboses were clearly observed, ex-
tending not only into the right hepatic vein (HV) but also into
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the anterior branch of the portal vein (PV) (Figure 3A-3C). The
hepatic tumor exhibited low intensity on T1-weighted imag-
ing (Figure 3A) and high intensity on T2-weighted imaging
(Figure 3B). Additionally, contrast-enhanced T1-weighted imag-
ing showed no enhancement during the early phase (Figure 3C).
Gadoxetic acid-enhanced MRI did not reveal early wash-in or
wash-out in the hepatic tumor (Figure 3D-3G).

Eighteen days after the initial diagnosis, Doppler ultrasound
(US) and dynamic CT were performed. The hepatic tumor had
further enlarged to 75x67 mm and appeared as an irregular-
ly-shaped hypoechoic mass on plain US (Figure 4A). Although
Doppler US detected a few feeding arteries within the tumor
(Figure 4B), it was evaluated as hypovascular. The enlarged he-
patic tumor (Figure 5A-5C) was accompanied by tumor throm-
boses extending into the right HV and the anterior branch of
the PV (Figure 5C). Consistent with the MRI findings (Figure 3),
dynamic CT did not show early wash-in or wash-out of con-
trast in the hepatic tumor. Additionally, a solitary but swollen
lymph node, newly detected dorsal to the PV trunk (Figure 5D),
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Figure 4. US findings 18 days after the initial diagnosis. The hepatic tumor (yellow arrows) had enlarged to 75x67 mm and appeared
as an irregularly-shaped hypoechoic mass on plain US (A). Doppler US detected only a few feeding arteries within the tumor
(B). US — ultrasound.

had appeared, while the lymph nodes at the hepatic hilum and
hepatoduodenal ligament remained unaffected.

At 39 days after the initial diagnosis, distant metastases were
assessed using positron emission tomography/CT (PET/CT)
(Figure 6). The hepatic tumor had enlarged to 95 mm. The
primary tumor in the liver exhibited a high uptake value.
Additionally, the previously identified swollen lymph node
dorsal to the PV trunk also showed strong uptake. Moreover,
new, massively swollen lymph nodes with high uptake were
detected around the pancreas head, inferior vena cava, and
abdominal aorta. Simultaneously, a 20-mm, solitary but swol-
len cervical lymph node had also emerged with strong uptake.

Given the rapid oncological progression, the specificity of
PIVKA-II for hepatocellular carcinoma (HCC), and the pres-
ence of distant lymphoid metastases despite intact region-
al lymph nodes, we suspected HCC combined with cholan-
giocellular carcinoma, although imaging did not reveal early
wash-in r wash-out. A definitive diagnosis was necessary to
determine the appropriate therapeutic strategy. The solitary
but metastatic cervical lymph node appeared to be the best
target for histopathological assessment. Consequently, surgi-
cal resection of the metastatic cervical lymph node was per-
formed under general anesthesia 49 days after the initial di-
agnosis. Surprisingly, intraoperative findings revealed that the
metastatic cervical lymph node had enlarged to 50 mm. The
resected specimen was soft to the touch rather than elastically
firm. We avoided core-needle biopsy, because it has some risk

This work is licensed under Creative Common Attribution-
NonCoemmercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€948500-5

of intraperitoneal bleeding and/or dissemination, and sample
volume was insufficient for microsatellite instability scoring
and gene panel testing.

Histopathological assessment revealed a NEN with >20 mitoses
per 2 mm? and poorly-differentiated carcinoma (Figure 7A-7C).
Notably, neither HCC nor cholangiocellular carcinoma was ob-
served. Immunohistochemical staining showed positivity for
chromogranin A (Figure 7D) and synaptophysin (Figure 7E),
confirming neuroendocrine features. The Ki-67 labeling in-
dex was >90% (Figure 7F). Based on the differentiation pro-
file, neuroendocrine markers, and proliferation assay, the de-
finitive diagnosis of PHNEC was established. His PHNEC was
classified as small-cell type NEC according to the WHO clas-
sification [1] and staged as T4AN1M1 Stage IVB based on the
Japanese classification [11]. The definitive diagnosis was made
61 days after the initial diagnosis, and microsatellite instabili-
ty scoring and gene panel testing were subsequently ordered
to guide therapeutic decisions.

At 67 days after the initial diagnosis, the patient was hospi-
talized to initiate chemotherapy with a first-line regimen (cis-
platin [carboplatin] plus etoposide) and/or a second-line regi-
men (cisplatin [carboplatin] plus irinotecan) [12,13]. However,
cervical, thoracic, and abdominal contrast-enhanced CT on
admission revealed devastating findings indicative of far-ad-
vanced carcinoma and end-stage disease. New pulmonary ar-
terial thromboses were detected (Figure 8A, 8B). His primary
tumor (Figure 8C-8E) and metastatic lymph nodes (Figure 8F)
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Figure 5. Dynamic CT findings 18 days after the initial diagnosis. Dynamic CT images are shown in the plain phase (A), arterial phase
(B), portal phase (C), and equilibrium/transitional phase (D). The hepatic tumor (yellow arrows) had enlarged to 75 mm (A-C),
with tumor thromboses clearly observed in the right HV (C, blue arrow) and the anterior branch of the PV (C, purple arrow).
Dynamic CT did not show early wash-in or wash-out in the hepatic tumor (yellow arrows). Additionally, a new solitary and
swollen lymph node was detected dorsal to the PV trunk (D, pink arrow). CT — computed tomography; HV — hepatic vein; PV

- portal vein.

had further enlarged. Tumor thromboses had extended into
the right and middle HVs (Figure 8C, 8D), while PV thrombosis
had progressed into the left PV and PV trunk (Figure 8E, 8F).
Additionally, massive ascites and intraperitoneal dissemination
had newly emerged (Figure 8C-8F). At this stage, his liver cir-
rhosis was classified as Child-Pugh C. Given his condition, pal-
liative treatment was initiated to manage carcinomatous pain.

The patient died of cancer 82 days after the initial diagnosis.
The clinical course, serum levels of PIVKA-II, and oncological
progression are illustrated in Figure 9. A summary of the im-
aging and surgical findings is provided in Table 2.
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Discussion

Neuroendocrine tumors (NETs), as classified under the pre-
vious WHO classification in 2010 [14], are now considered a
subset of NENs in the updated WHO classification of 2019 [1].
The current classification collectively refers to gastroentero-
pancreatic NETs (commonly known as “GEP-NETs”) as NENs,
encompassing both well-differentiated NETs and poorly differ-
entiated NECs [1]. NETs are graded into 3 categories based on
the number of mitoses per 2 mm? of tumor area and the Ki-67
labeling index: G1 (<3%), G2 (3-20%), and G3 (>20%). NECs,
which are characterized by a Ki-67 labeling index of >20%, in-
clude small-cell and large-cell subtypes. Mixed neuroendocrine-
non-NENs (MiNENs) are tumors containing 2 or more histo-
pathologically distinct components, with at least 1 component
showing neuroendocrine differentiation [1]. By contrast, mixed
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Figure 6. PET/CT findings 39 days after the initial diagnosis. The enlarged primary tumor in the liver (yellow arrows) exhibited a
strong uptake value. Additionally, the swollen lymph node located dorsal to the PV trunk (pink arrows) also showed strong
uptake. New, massively swollen lymph nodes with high uptake were detected around the pancreas head, inferior vena cava,
and abdominal aorta (orange arrows). Simultaneously, a solitary but swollen cervical lymph node, measuring 20 mm (brown
arrows), also emerged with strong uptake. HV - hepatic vein; PET/CT — positron emission-based tomography/computed
tomography; PV — portal vein.

adenoneuroendocrine carcinoma (previously termed “MANEC”
under the 2010 WHO classification) was defined as an epithe-
lial neoplasm with a neuroendocrine component comprising
>30% of the total tumor volume [14]. Under the latest classifi-
cation, each component must constitute >30% of the total tu-
mor volume to qualify as MiNEN [1]. Therefore, the term NEN
collectively refers to NETs, NECs, and MiNENs.

This work is licensed under Creative Common Attribution-
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G1 tumors are the least aggressive and G3 tumors are the
most aggressive, with the Ki-67 index and mitotic count in-
creasing across the grades [15]. Notably, low-grade NENs are
particularly challenging to treat clinically because of their un-
usually slow growth [16], which renders them unresponsive to
many traditional therapies [16]. Most NETs are low-grade G1
and G2 lesions but can still metastasize [16]. Because the liv-
er is a common site for metastatic disease from extrahepatic
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Figure 7. Histopathological and immunohistochemical assessments of the resected specimen. Histopathological findings with
hematoxylin and eosin staining are shown at 40x (A), 100x (B), and 400x (C) magnifications. Notably, neither HCC nor
cholangiocellular carcinoma was observed. Immunohistochemical staining demonstrated positivity for chromogranin A (D),
synaptophysin (E), and Ki-67 (F), each shown at 400x magnification. HCC — hepatocellular carcinoma.

NENSs [5], ruling out other primary tumor sites is essential be-
fore diagnosing the liver as the tumor origin. In our case, the
liver tumor was the only lesion detected at the initial diag-
nosis, and no other primary sites were identified despite fur-
ther investigations, including radiographic studies and endo-
scopic examinations.

The non-neuroendocrine component of MiNEN consists of ad-
enocarcinoma in more than 90% of cases but can include oth-
er neoplasms such as squamous cell carcinoma or HCC [17].
MINEN typically exhibits poor responsiveness to traditional che-
motherapy [18], with the neuroendocrine component general-
ly dictating the prognosis [19,20]. Overall, MiNENs are-asso-
ciated with very poor outcomes [21]. Although MIiNEN in the
liver is a rare tumor with an especially poor prognosis [22],
our patient’s tumor did not contain any non-neuroendocrine
component (Figure 7). Case reports always have limitations,
and our case lacked long-term follow-up due to rapid progres-
sion. However, our case was a rare case of pure PHNEC with
rapid progression.

As described above, PHNENs are extremely rare, accounting
for only 0.3% of all NENs [4]. To date, no specific classifica-
tion system has been established for PHNEN [2]. However,
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applying the WHO classification provides a useful framework
for assessing prognosis and malignant potential [23]. The clin-
ical manifestations of PHNEN differ from those of other NENs.
While NENs can arise sporadically or as part of inherited tumor
syndromes such as multiple endocrine neoplasia type 1 [24],
PHNENS typically grow slowly and do not secrete hormones.
As a result, they are often discovered incidentally and tend to
manifest clinically only at an advanced stage [25].

PHNENSs are challenging to diagnose because of their lack of
distinctive imaging features [8,9]. They can resemble other
liver lesions, such as HCC, cholangiocarcinoma, or metastat-
ic carcinoma [26). PHNENs may present as solitary or multifo-
cal tumors, have a predilection for the right lobe [9,27], and
often exhibit marginal capsules and/or necrotic areas [9]. On
US, PHNENs may appear as multiple cystic lesions or a solid
mass [28], while plain CT typically shows low attenuation [9].
Contrast-enhanced CT often reveals cystic lesions with an en-
hanced rim in the arterial phase and wash-out in the portal
phase due to hypervascularity, similar to HCC [9,28]. On MR,
PHNENS generally appear hypointense on T1-weighted imag-
es, appear hyperintense on T2-weighted images, and dem-
onstrate restricted diffusion [9,29]. Because histopathology
alone is insufficient to distinguish primary from extrahepatic
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Figure 8. Enhanced CT findings 67 days after the initial diagnosis. New pulmonary arterial thromboses were observed (A, B, red
arrows). The primary hepatic tumor had further enlarged (C-E, yellow arrows), along with metastatic lymph nodes (F, pink
and orange arrows). Tumor thromboses had extended into the right and middle HVs (C, D, blue arrows), while PV thrombosis
progressed into the left PV and PV trunk (E, F, blue arrows). Additionally, massive ascites (C-F) and new intraperitoneal
dissemination (D, green arrow) were detected. CT — computed tomography; HV — hepatic vein; PV — portal vein.

NENSs, radiographic studies, including PET/CT, play a crucial
role in identifying the primary tumor [28]. Although nearly
all PHNENS lack fat, calcification, and vascular and biliary tu-
mor thrombus formation [9], our patient exhibited aggressive
vascular invasion extending into both the PV and HVs. Early
wash-in and wash-out are important imaging characteristics
of HCC [30]. Additionally, PIVKA-II is highly specific for HCC,
although certain medications and portal hypertension can in-
fluence its serum levels [31,32]. In our case, the radiographic
findings did not align with typical HCC features, despite ele-
vated serum PIVKA-II levels. From a retrospective perspective,
the elevated PIVKA-II levels may have reflected the severity of
portal hypertension as tumor thrombosis progressed into the
PV, although they might also have corresponded to oncologi-
cal progression (Figure 9).

Lymph node metastasis via the lymphatic route is common in
cholangiocellular carcinoma, with the primary metastatic tar-
gets being the lymph nodes located at the hepatic hilum and
within the hepatoduodenal ligament. By contrast, metastatic
HCC can present in unexpected locations, including the oral
cavity, skin, heart, spleen, and small bowel and as solitary but
distant lymphatic metastases [33-38]. Lymph node metasta-
ses via the lymphatic route typically exhibit a widespread tu-
mor distribution due to immune system interactions [39,40],
whereas metastases with a solitary island pattern and central
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Figure 9. Clinical course, serum level of PIVKA-II, and
oncological progression. CT — computed tomography;
MRI — magnetic resonance imaging; PET/CT — positron
emission-based tomography/computed tomography;
PIVKA-II - protein induced by vitamin K absence or
antagonist-Il; US — ultrasound.
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Table 2. Graphic and surgical findings of hepatic tumor.

Modality Time (days)* Graphic and surgical findings
Cirrhotic liver, developed collaterals, congestive stomach, and splenomegaly were
Plain CT 0
observed
(Figure 2) Hepatic tumor (yellow arrows) was incidentally detected
MRI 13 Hepatic tumor (yellow arrows) was enlarged
Tumor thromboses were observed in the right HV (blue arrows) and the anterior branch
(Figure 3)
of the PV (purple arrows)
Hepatic tumor (yellow arrows) showed low intensity in T1-weight imaging and high
intensity in T2-weighted imaging
Contrast-enhanced T1-weighted imaging did not show any enhancement at early phase
(yellow arrows)
Gadoxetic acid-enhanced MRI did not reveal early wash-in or wash-out in the hepatic
tumor (yellow arrows)
us 18 Hepatic tumor (yellow arrows) was enlarged
""""""""""""""""""""""""""""""""""""""" Hhh
(Figure 4) epatl.c tumor (yellow arrows) was observed as an irregularly-shaped hypoechoic mass
by plain US
Doppler US detected few feeding arteries into the hepatic tumor (yellow arrows)
Hepatic tumor (yellow arrows) was evaluated as hypovascular
Dynamic CT 18 Hepatic tumor (yellow arrows) was enlarged
Tumor thromboses were observed in the right HV (blue arrow) and the anterior branch of
(Figure 5)
the PV (purple arrow)
Early wash-in and wash-out were not observed in the hepatic tumor (yellow arrows)
A solitary and swollen lymph node located dorsal to the PV trunk (pink arrow) appeared
PET/CT 39 Hepatic tumor (yellow arrows) was enlarged
(Figure 6) The primary tumor in the liver (yellow arrows) had strong uptake value
Swelled lymph node located dorsal to the PV trunk (pink arrows) showed strong uptake
value
Swollen, massive lymph nodes with strong uptake value appeared around the pancreas
head, inferior vena cava, and abdominal aorta (orange arrows)
Solitary but swollen cervical lymph node (brown arrows) appeared with strong uptake
Operative findings 48 Metastatic cervical lymph node was enlarged
During surgery, metastatic cervical lymph node was palpated as soft, not elastic and hard
Enhanced CT 67 Hepatic tumor (yellow arrows) and metastatic lymph nodes (pink and orange arrows)
were enlarged
(Figure 8) Tumor thromboses extended into the right and middle HVs (blue arrows)

Massive ascites and intraperitoneal dissemination (green arrow) appeared

CT — computed tomography; HV - hepatic vein; MRI — magnetic resonance imaging; PET/CT — positron emission-based tomography/
computed tomography; PV — portal vein; US — ultrasound. * Time after the initial diagnosis (days).
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predominance may suggest hematogenous spread [40]. In our
case, hematogenous dissemination may explain the presence
of metastasis in a distant lymph node (Figure 7A). Regarding
impacts of hematogenous and/or lymphatic dissemination on
the prognostic implications, hematogenous metastasis into the
lymph nodes predicts poor prognosis [41,42]. Overall, until a
definitive diagnosis was established through histopathological
assessment, several atypical findings complicated the differen-
tiation from HCC, including unusual imaging features, elevated
serum PIVKA-II levels, extensive venous thrombosis involving
the PV and HVs, and the presence of distant lymphatic me-
tastases without involvement of regional lymph nodes. These
factors initially led us to suspect combined HCC in this case.

PHNEC is a rare tumor with an incidence of 0.46% among pri-
mary hepatic malignancies [6]. Although its exact origin re-
mains unclear, 2 hypotheses have been proposed [43,44]: (1)
neuroendocrine cells within the intrahepatic bile duct epitheli-
um undergo malignant transformation, leading to PHNEC, and
(2) PHNEC arises from stem cells that have dedifferentiated
from other malignant hepatic cells and subsequently convert-
ed into neuroendocrine cells. The latter hypothesis can explain
the coexistence of different carcinoma types within the same
lesion, whereas the former accounts only for the pathogenesis
of single PHNEC tumors. Although MIiNEN and combined HCC
often exhibit rapid oncological progression and poor progno-
ses [45-47], the tumor in this case was purely of NEC without
any other components. To the best of our knowledge, this was
an unusual case of PHNEC, particularly given the rapid onco-
logical progression. We have presented a thought-provoking
case of pure PHNEC, distinct from MINEN or combined HCC,
characterized by aggressive disease progression and uncom-
mon radiographic findings. Two possible hypotheses were doc-
umented as described above, but the origins of PHNEC were
still unclear. However, tumor origin may be informative for rap-
id progression, and there have been 2 other published reports
that PHNEC may originate from multifunctional stem cells in
the liver or from the ectopic adrenal and pancreatic tissues in
the liver [48,49]. These hypotheses of the tumor origins from
stem cells or ectopic tissues may explain rapid progression in
our case, because tumors originated from stem cells and/or
ectopic tissue can cause rapid oncological progression [50].

An adequate therapeutic strategy for PHNEC should be made
based on definitive diagnosis [51]. PHNECs are a diagnosis of
exclusion since they are far less common than hepatic me-
tastasis of NECs, so an extrahepatic primary NEC must be ex-
cluded first through studies including endoscopy and colo-
noscopy (to rule out tumor origins of gastrointestinal and
colorectal tracts), dynamic CT of cervical, thoracic, abdomi-
nal, and pelvic areas, hepatobiliary pancreatic MRI, and PET/
CT. As described above, because PHNEC lacks distinctive im-
aging features, definitive diagnosis of PHNEC may difficult
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for hepatology physicians [8,9,26-28,52]. Hence, we provid-
ed detailed and uncommon imaging findings of PHNEC with
rapid progression. Although partial hepatectomy at the initial
detection of atypical tumors is a good option for making de-
finitive diagnosis followed by adequate therapy, there were
clinical risks of mortality and morbidity in our case due to ad-
vanced liver cirrhosis and tumor thromboses [53]. Earlier his-
topathological assessments (eg, core-needle biopsy in atyp-
ical hepatic tumors) may have been clinically important in
our case, but procedures involved in these assessments car-
ry some risk of intraperitoneal bleeding and/or dissemination
[54,55]. Although surgical biopsy of metastatic lymph nodes
may be insufficient for reliable diagnosis, we considered cer-
vical lymph node resection for histopathological assessment
to be safe and minimally invasive.

PHNEC is exceptionally rare and there are no biomarkers for pre-
dicting clinical prognosis [51], although the Ki-67 labeling index
is the most reliable marker for predicting prognosis and for de-
termining therapeutic strategies [48,49,56]. Although there was
a case report that alpha-fetoprotein-producing PHNEC harbor-
ing FGFR2 and TP53 mutations showed rapid progression [57],
possible mechanisms and/or specific genetic mutations for rap-
id progression of PHNEC are still unknown. To the best of our
knowledge, our patient is the first case of PIVKA-ll-producing
PHNEC with rapid progression, although our case lacked genetic
profiling due to rapid patient decline. To date, neither biomark-
ers nor genetic factors linked to oncological aggressiveness have
been detected, except for Ki-67 labeling index [48,49,51,56].
Recently, a diagnostic role of PIVKA-Il has been widely discussed.
Vitamin K is essential for the synthesis of coagulation factors Il
VII, IX, and X in the liver. In the absence of vitamin K or in the
presence of antagonists, the activity of vitamin K-dependent
carboxylase is inhibited, resulting in disturbances in carboxyl-
ation of N-terminal glutamic acid residues of coagulation fac-
tors. This abnormal coagulation factor is unable to perform the
clotting function, and is known as PIVKA-Il. Abnormal enzymes
related to vitamin K metabolism generated during the malig-
nant transformation of hepatocytes, even in non-HCC tumors,
can lead to an increase of PIVKA-II levels [31,32,58].

Systemic combination therapy is the preferred treatment
for PHNEC if surgical resection is impossible [59]. Due to the
lack of availability of substantial high-quality data, there is
no standard chemotherapy for PHNEC [48]. Two possible hy-
potheses were documented as described above, but the ori-
gins of PHNEC are still unclear. However, tumor origin may be
informative in selecting a chemotherapy regimen, and the Ki-
67 labeling index is the most reliable marker for selecting the
optimal chemotherapy regimen [48,49,56]. Platinum-based
treatment was strongly recommended as chemotherapy for
PHNEC [48,49,60-62], especially in patients with a Ki-67 label-
ing index greater than 5% [48,56]. The first-line regimen for
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these patients is cisplatin (carboplatin) plus etoposide, and the
second-line regimen is cisplatin (carboplatin) plus irinotecan
[48,49,60-63]. Moreover, we prefer microsatellite instability
scoring and gene panel testing for selection of a chemotherapy
regimen in each, although results of these advanced examina-
tions in this case failed to arrive in time due to rapid disease
progression. For clinical assessment of therapeutic effective-
ness, image studies (eg, dynamic CT) should be performed.

Conclusions

We have documented a detailed case of pure PHNEC charac-
terized by aggressive disease progression and unusual radio-
graphic findings. Definitive diagnosis followed by adequate
therapy is required, and our case suggests that clinical phy-
sicians should not hesitate to perform earlier histopatholog-
ical assessment. PHNEC should be considered in rapidly pro-
gressing liver tumors without typical HCC features, even with
elevated PIVKA-II. We believe this thought-provoking case will
provide valuable insights for hepatobiliary clinicians.

References:

-y

. Klimstra D, Kloppel G, La Rosa S, Rindi G. Digestive system tumours. In: WHO
Classification of Tumours Editorial Board, editor. WHO Classification of tu-
mours. 5™ ed. Lyon: International Agency for Research on Cancer (IARC);
2019

. Song JE, Kim BS, Lee CH. Primary hepatic neuroendocrine tumor: A case re-
port and literature review. World J Clin Cases. 2016;4:243-47

. Edmondson H. Tumors of the liver and intrahepatic bile ducts. In: Armed
Forces Institute of Pathology, editor. Atlas of tumor pathology. Washington,
D.C.: Armed Forces Institute of Pathology; 1958;105-31

Ghattas S, Al Bitar J, Chahine G, et al. Primary hepatic neuroendo-
crine tumor: A case report and literature review. Case Reports Hepatol.
2024;2024:9181560

. Jeph S, Gupta S, Yedururi S, et al. Liver imaging in gastroenteropancreatic
neuroendocrine neoplasms. ) Comput Assist Tomogr. 2024;48:577-87

Nomura Y, Nakashima O, Akiba J, et al. Clinicopathological features of neo-
plasms with neuroendocrine differentiation occurring in the liver. J Clin
Pathol. 2017;70:563-70

7. Li YF, Zhang QQ, Wang WL. Clinicopathological characteristics and survival
outcomes of primary hepatic neuroendocrine tumor: A surveillance, epi-
demiology, and end results (SEER) population-based study. Med Sci Monit.
2020;26:€923375

8. Tuan Linh L, Minh Duc N, Tu Minh H, et al. Primary hepatic neuroendocrine
tumor. Endocrinol Diabetes Metab Case Rep. 2021;2021:20-0220

9. Yang XR, Li YL, Li ZY, Chai XM. Primary hepatic neuroendocrine neo-
plasms: Imaging characteristics and misdiagnosis analysis. Front Oncol.
2024;14:1391663

10. The Japan Society for Portal Hypertension. The general rules for study of
portal hypertension. 4™ ed. Tokyo: Kaneharashuppan; 2022

11. Liver Cancer Study of Japan, editor. The general rules for the clinical and
pathological study of primary liver cancer. 6" ed. Tokyo: Kaneharashuppan;
2015

12. lkeda M, Okuyama H, Takahashi H, et al. Chemotherapy for advanced poor-
ly differentiated pancreatic neuroendocrine carcinoma. ) Hepatobiliary
Pancreat Sci. 2015;22:623-27

13. Fazio N, Spada F, Giovannini M. Chemotherapy in gastroenteropancreatic

(GEP) neuroendocrine carcinomas (NEC): A critical view. Cancer Treat Rev.
2013;39:270-74

N

w

>

v

o

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0}

€948500-12

Kobayashi R. et al:
PHNEC with rapid progression
© Am ] Case Rep, 2025; 26: 6948500

Acknowledgment

We are grateful to Department of Pathology, Mie University
Hospital (Tsu, Japan) for technical support in this histopath-
ological and immunohistological assessment. R. Kobayashi
and T. Hori contributed equally to this work. Edanz provided
English-language editing.

Ethics Approval

Data in this case report were retrospectively evaluated. This
report was approved by the Institutional Review Board of
Yokkaichi Hazu Medical Center, Yokkaichi, Japan.

Consent for Publication

The patient provided written informed consent authorizing
the use and disclosure of his protected health information.

14. Bosman F, Carneiro F, Hurban RH, Theise ND. Pathology and genetics tu-
mor of the digestive system. In: WHO Classification of Tumours Editorial
Board, editor. WHO Classification of Tumours. 4" ed. Lyon: International
Agency for Research on Cancer (IARC); 2010

15. Rindi G, Klimstra DS, Abedi-Ardekani B, et al. A common classification frame-
work for neuroendocrine neoplasms: An International Agency for Research
on Cancer (IARC) and World Health Organization (WHO) expert consensus
proposal. Mod Pathol. 2018;31:1770-86

16. Ear PH, Marinoni |, Dayton T, et al. NET models meeting 2024 white paper:
The current state of neuroendocrine tumour research models and our fu-
ture aspirations. Endocr Oncol. 2024;4:240055

17. Frizziero M, Chakrabarty B, Nagy B, et al. Mixed neuroendocrine non-neu-
roendocrine neoplasms: A systematic review of a controversial and under-
estimated diagnosis. J Clin Med. 2020;9:273

18. Lin Z, Kwok HF. RUNDC3A/SNAP25/Akt signaling mediates tumor progres-
sion and chemoresistance in gastric neuroendocrine carcinoma. Cell Death
Dis. 2022;13:840

10. Brathwaite S, Rock J, Yearsley MM, et al. Mixed adeno-neuroendocrine car-
cinoma: An aggressive clinical entity. Ann Surg Oncol. 2016;23:2281-86

20. Smith JD, Reidy DL, Goodman KA, et al. A retrospective review of 126 high-
grade neuroendocrine carcinomas of the colon and rectum. Ann Surg Oncol.
2014;21:2956-62

21. Diaz-Lopez S, Jimenez-Castro J, Robles-Barraza CE, et al. Mixed neuroen-

docrine non-neuroendocrine neoplasms in gastroenteropancreatic tract.
World ) Gastrointest Oncol. 2024;16:1166-79

22. Ozdemir Y, Onder F, Yarangumeli A, et al. Anticardiolipin antibodies and
retinal vascular complications in Behcet’s disease. Ophthalmic Surg Lasers.
1997;28:653-56

23. Shi C, Zhao Q, Dai B, et al. Primary hepatic neuroendocrine neoplasm: Long-
time surgical outcome and prognosis. Medicine. 2018;97:e11764

24. Frost M, Lines KE, Thakker RV. Current and emerging therapies for PNETs
in patients with or without MEN1. Nat Rev Endocrinol. 2018;14:216-27

25. Jia C, Zhang Y, Xu J, Sun K. Experience in primary hepatic neuroendocrine
tumor. Turk J Gastroenterol. 2012;23:546-51

26. Jain RD, Sakpal M, Asthana S, et al. Primary hepatic neuroendocrine tumor:
A rare entity. Radiol Case Rep. 2020;15:2362-66

27. Lin CW, Lai CH, Hsu CC, et al. Primary hepatic carcinoid tumor: A case re-
port and review of the literature. Cases J. 2009;2:90

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Kobayashi R. et al:
PHNEC with rapid progression
© Am ) Case Rep, 2025; 26: €948500

28.

29,

30.

31

32

33.

34,

35.

36.

32.

38.

39.

40.

41.

42.

43.

45.

46.

Quartey B. Primary hepatic neuroendocrine tumor: What do we know now?
World J Oncol. 2011;2:209-16

Akabane M, Kobayashi Y, Kinowaki K, et al. Primary hepatic neuroendo-
crine neoplasm diagnosed by somatostatin receptor scintigraphy: A case
report. World J Clin Cases. 2022;10:2222-28

Collettini F, Elkilany A, Seta MD, et al. MR imaging of hepatocellular car-
cinoma: Prospective intraindividual head-to-head comparison of the con-
trast agents gadoxetic acid and gadoteric acid. Sci Rep. 2022;12:18583

Kobeissy A, Merza N, Al-Hillan A, et al. Protein induced by vitamin K ab-
sence or antagonist-Il versus alpha-fetoprotein in the diagnosis of hepa-
tocellular carcinoma: A systematic review with meta-analysis. J Clin Med
Res. 2023;15:343-59

Tian S, Chen Y, Zhang Y, Xu X. Clinical value of serum AFP and PIVKA-II for
diagnosis, treatment and prognosis of hepatocellular carcinoma. J Clin Lab
Anal. 2023;37:e24823

Aisu Y, Furuyama H, Hori T, et al. Solitary metastasis to a distant lymph
node in the descending mesocolon after primary resection for hepatocel-
lular carcinoma: Is surgical resection valid? Am J Case Rep. 2016;17:909-15

Gottfries CG, Perris C, Roos BE. Visual averaged evoked responses (aer) and
monoamine metabolites in cerebrospinal fluid (csf). Acta Psychiatr Scan
Suppl. 1974;255:135-42

Kawakami M, Koda M, Mandai M, et al. Isolated metastases of hepatocel-
lular carcinoma in the right atrium: Case report and review of the litera-
ture. Oncol Lett. 2013;5:1505-8

Subasinghe D, Keppetiyagama CT, Sudasinghe H, et al. Solitary scalp me-
tastasis — a rare presentation of hepatocellular carcinoma. Ann Surg Innov
Res. 2015;9:4

Yan ML, Wang YD, Lai ZD, et al. Pedunculated hepatocellular carcinoma and
splenic metastasis. World J Gastroenterol. 2009;15:5239-41

Igawa A, Oka S, Tanaka S, et al. Small bowel metastasis of hepatocellu-
lar carcinoma detected by capsule endoscopy. Case Rep Gastroenterol.
2013;7:492-97

Lei P), Fraser C, Jones D, et al. Lymphatic system regulation of anti-cancer
immunity and metastasis. Front Immunol. 2024;15:1449291

Reid R, Roberts F, MacDuff E, editors. Pathology illustrated. 7* ed. Edinburgh:
Elsevier; 2011

Sakurai S, Fukayama M, Kaizaki Y, et al. Telomerase activity in gastrointes-
tinal stromal tumors. Cancer. 1998;83:2060-66

Kalfusova A, Hilska I, Krskova L, et al. Gastrointestinal stromal tumors —
quantitative detection of the Ki-67, TPX2, TOP2A, and hTERT telomerase
subunit mRNA levels to determine proliferation activity and a potential for
aggressive biological behavior. Neoplasma. 2016;63:484-92

Pilichowska M, Kimura N, Ouchi A, et al. Primary hepatic carcinoid and
neuroendocrine carcinoma: Clinicopathological and immunohistochemical
study of five cases. Pathology International. 1999;49:318-24

. Gould VE, Banner BF, Baerwaldt M. Neuroendocrine neoplasms in unusual

primary sites. Diagnostic Histopathology 1981;4:263-77
Ben Kridis W, Jribi A, Kallel R, et al. Mixed hepatocellular-neuroendocrine car-
cinoma: A case report and literature review. Arch Iran Med. 2023;26:709-11

Nakano A, Hirabayashi K, Yamamuro H, et al. Combined primary hepatic
neuroendocrine carcinoma and hepatocellular carcinoma: Case report and
literature review. World J Surg Oncol. 2021;19:78

This work is licensed under Creative Common Attribution-
NenCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

47.

48.

49,

50.

52.

53.

54.

55.

56.

$2.

58.

59.

60.

61.

62.

63.

€948500-13

Cabuk F, Bassullu N, Turkmen |, et al. The prognostic relationship between
histopathological and immunohistochemical features of hepatocellular
carcinoma, intrahepatic cholangiocarcinoma and mixed type. Pol J Pathol.
2020;71:79-86

Fernandez-Ferreira R, Romero-Lopez U, Robles-Avifia JA, et al. Primary he-
patic neuroendocrine carcinoma with metastasis to the mesentery: A case
report. Case Rep Oncol. 2023;16:681-97

Wang Q, Zhang J, Xu L, et al. Primary hepatic neuroendocrine carcinoma
with colon adenoma: A case report with literature review. Int J Surg Case
Rep. 2022;95:107176

Bahmani F, Shayanmanesh M, Safari M, et al. Bone marrow microenviron-

ment in myelodysplastic neoplasms: Insights into pathogenesis, biomark-
ers, and therapeutic targets. Cancer Cell Int. 2025;25(1):175

. Sambataro D, Bellavia S, Di Mattia P, et al. Combined neuroendocrine car-

cinoma and hepatocellular carcinoma of the liver: Systematic literature re-
view suggests implementing biological characterization to optimize ther-
apeutic strategy. Cancers. 2025;17:1074

Salles-Silva E, de Castro PL, Ambrozino LC, et al. Rare malignant liver tu-
mors: Current insights and imaging challenges. Semin Ultrasound CT MR.
2025;46(3):161-76

Kojima H, Abe Y, Udagawa D, et al. New criteria for preoperative liver func-
tion assessment with safety margins to avoid postoperative mortality during
liver resection for hilar cholangiocarcinoma. HPB (Oxford). 2025;27:159-66

Yadav S, Das P, Yadav R, et al. Experience of a tertiary care institute on the
spectrum of fine-needle aspiration of hepatic nodular lesions from North
India. ) Cancer Res Ther. 2025;21:111-17

Aslan HS, Alver KH. US-Guided percutaneous core needle biopsy via the
complete transhepatic approach: A reliable option for deep abdominal le-
sions. Abdom Radiol (NY). 2025 [Online ahead of print]

Pavel M, O'Toole D, Costa F, et al. ENETS consensus guidelines update for
the management of distant metastatic disease of intestinal, pancreatic,
bronchial neuroendocrine neoplasms (NEN) and NEN of unknown primary
site. Neuroendocrinology. 2016;103:172-85

Watanabe H, Enda K, Fujishima F, et al. Primary hepatic alpha-fetoprotein-
producing neuroendocrine neoplasm harboring FGFR2 and TP53 mutations:
A case report and literature review. Med Mol Morphol. 2025;58:83-86

Shahini E, Pasculli G, Solimando AG, et al. Updating the Clinical application
of blood biomarkers and their algorithms in the diagnosis and surveillance
of hepatocellular carcinoma: A critical review. Int J Mol Sci. 2023;24:4286

FangV, Jin X, Cui H, et al. Interventional combined microwave ablation for
primary neuroendocrine carcinoma of the liver failing systemic chemother-
apy: A case report. ) Hepatocell Carcinoma. 2024;11:2351-57

Sorbye H, Hjortland GO, Vestermark LW, et al. Characteristics and treatment
outcome in a prospective cohort of 639 advanced high-grade digestive neu-
roendocrine neoplasms (NET G3 and NEC). The NORDIC NEC 2 study. BrJ
Cancer. 2025 [Online ahead of print]

Zhang XB, Fan YB, Jing R, et al. Gastroenteropancreatic neuroendocrine
neoplasms: Current development, challenges, and clinical perspectives. Mil
Med Res. 2024;11:35

Caplin ME, Pavel M, Cwikta JB, et al. Lanreotide in metastatic enteropan-
creatic neuroendocrine tumors. N Engl ] Med. 2014;371:224-33

Houbiers A, Weerts J, Houbiers G, et al. Downstaging and RO resection of
initially unresectable metastatic well-differentiated grade-3 pancreatic neu-
roendocrine tumor: A case report. Acta Chir Belg. 2025 [Online ahead of
print]

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



