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Primary clear cell carcinoma of liver (PCCCL) is a special and relatively rare
subtype of hepatocellular carcinoma (HCC), which is more common in people
over 50 years of age, with a preference for men and a history of hepatitis B or C
and/or cirrhosis. Herein, we present a case of a 60-year-old woman who came
to our hospital for medical help with right upper abdominal pain. The imaging
examination showed a low-density mass in the right lobe of his liver. In contrast
enhanced computed tomography (CT) or Tl-weighted imaging, significant
enhancement can appear around the tumor during the arterial phase, and over
time, the degree of enhancement of the tumor gradually decreases. The lession
showed obviously increased fluorine-18 fluorodeoxyglucose (*F-FDG) uptake
on positron emission tomography/CT. These imaging findings contribute to the
diagnosis of PCCCL and differentiate it from other types of liver tumors.
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Introduction

Primary clear cell carcinoma of liver (PCCCL) is a relatively rare subtype of hepatocellular
carcinoma (HCC) in histology, with clear cells accounting for 50% or more of the tumor and
an incidence rate of approximately 0.9 to 8.8% of liver cancer (1, 2). The pathogenesis of
PCCCL is not well understood. One study believed that its pathogenesis may be caused by the
decrease of blood supply to the portal static vein, relative ischemia of the tumor, and the
subsequent lipid and glycogen turbulence, and the organelles in the cytoplasm are replaced by
glycogen and lipids, making the tumor cells appear clear or vacuolar (3). It is more common
in more than 50years of age, preferring men, most of them have a history of hepatitis B or C
and/or cirrhosis, the patient has no characteristic clinical symptoms, mostly due to right upper
abdominal pain or physical examination found liver occupation (4). PCCCL is a low-grade
malignant tumor, mostly well differentiated, and often has a pseudocapsule, making it easier
to undergo complete surgical resection. Its prognosis and survival rate are superior to other
types of liver carcinoma, so obtaining a correct diagnosis before surgery is crucial (5). Herein,
we present the diagnosis and treatment of a patient with primary PCCCL, focusing on its
multimodal imaging features including computed tomorgraphy (CT), magnetic resonance
imaging (MRI), and positron emission tomography (PET)/CT, with a view to increasing
awareness of this rare disease.
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Case presentation

A 60-year-old woman had dull pain in the right upper abdomen
without obvious reasons a month ago, no radiating pain in the
shoulder and back, each pain lasting from 30 min to 1h, 1-2 times a
day, and the frequency increased in the past week, during which no
treatment was performed. Ultrasound from an external hospital
indicates a liver occupying lesion, and the patient came to our hospital
for further diagnosis and treatment on February 3, 2024. Physical
examination revealed tenderness in the right upper abdomen without
significant rebound pain or other positive signs. The patient denied
any history of hepatitis or other liver problems, and she and her family
denied any history of cancer or genetic problems. The results of
laboratory examination indicated that the liver function was impaired
(the parameters of abnormal liver function are shown in Table 1)
while the renal function index was within the normal reference value
range. The results of serum tumor markers revealed an increase in
carbohydrate antigen-199 (Ca-199) and alpha fetoprotein (AFP), with
values of 541 U/mL (normal: 0-30U/mL) and 66.9¢g/L (normal:
0-20ug/L), respectively. The values of other gastrointestinal tumor
markers were within the normal range.

The upper abdominal CT scan (CT examination was performed
using 16-detector-row scanners [Siemens, Germany] from the top of
the liver to the lower pole of the kidney; The contrast-enhanced scan
was performed with iohexol [300mg I/mL]1.5mL/kg, and a single
phase injection at a rate of 3.0mL/s was performed with a high
pressure syringe) showed a circular low-density lession near the
gallbladder fossa in the right lobe of the liver, with uneven mild
enhancement on contrast-enhanced scanning (as shown in Figure 1);
Moreover, CT showed that the left and right lobes of the liver were
disproportioned, the left lobe was enlarged, and the liver fissure was
widened, suggesting possible cirrhosis. The MRI (GE 3.0T Signa
HDxt superconducting magnetic resonance instrument, with
abdominal coil; Conventional T1WT and T2WTI sequence plain scan
and contrast-enhanced scan were performed; and the contrast-
enhanced scan was intravenously injected with 0.lmmoL/kg
meglumine gadopenate, and the injection flow rate was 3.0mL/s) of
the upper abdomen showed that the lesion presented equal signal on
TIWTI and slightly uneven high signal on T2WI (Figure 2). Based on
these imaging findings, the patient was initially suspected to have
intrahepatic cholangiocarcinoma. In order to further evaluate the
nature of the tumor and determine the optimal treatment plan for the
patient, she underwent fluorine-18 fluorodeoxyglucose (*F-FDG)
PET/CT examination (Biograph mCT, Siemens, Germany; The

TABLE 1 Abnormal indixes of the patient’s liver function.
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injection dose of F-FDG was 9.0 mCi [0.15mCi/kg]), and the results
revealed increased "F-FDG uptake in the lesion, while no other
increased radioactive uptake lessions were observed in the rest of body
(Figure 3). After a thorough evaluation of the patient’s condition by
the clinician, she underwent “total hepatectomy and allogeneic
orthotopic liver transplantation” under general anesthesia on February
13, 2024. Postoperatively, the excised liver tissue will be sent for
pathological examination. Under the microscope, the surface of the
liver was miliary nodules, and a mass was found in the right lobe of
the liver near the gallbladder, about 55% 30 x 20 mm. The section was
grayish-yellow solid, medium in quality, and the boundary between
the surrounding tissues was clear. Hematoxylin-eosin staining showed
that most of the lesions were clear cells with rich and clear cytoplasm,
and the nucleus was located in the center, deeply stained and irregular
(Figure 4). The immunohistochemical results showed that the tumor
cells expressed hepatocyte paraffin 1 (Hep parl), CK, Glypican
(GPC3), HSP70 (partially), and Ki67 (about 40%) positively, while
AFP, CD10, and CD68 were negatively expressed. Based on these
findings, the patient was ultimately diagnosed with PCCCL. After liver
transplantation, the patient underwent contrast-enhanced CT scan of
the upper abdomen, which showed rich liver blood supply, indicating
successful surgery. The patient did not complain of any discomfort
during follow-up up to now. A detailed summary of the patient’s
journey is shown in Table 2.

Discussion

As is well known, the common pathological type of liver cancer is
not otherwise specified hepatocellular carcinoma (NOS-HCC), while
clear cell carcinoma is a relatively rare subtype of HCC. Like
NOS-HCC, PCCCL also tend to prefer middle-aged and elderly
people, and most patients have a history of hepatitis B or hepatitis C,
cirrhosis, and can be accompanied by increased AFP (2). Our patient
was a 60-year-old woman with elevated serum AFP, consistent with
the clinical profile of PCCCL. However, she had not been checked for
chronic liver disease before, and the imaging examination of this time
indicated cirrhosis, revealing that the patient may have long-term
chronic liver disease such as hepatitis B or C, but she did not know it.

Imaging examinations play a significant role in the diagnosis and
differential diagnosis of liver tumor lesions. In clinical practice, due to
the low incidence rate of PCCCL, there are relatively few research
reports on its imaging characteristics. On CT, PCCCL mostly presents
low-density shadows, and the higher the proportion of transparent

Indexes Results Unit Annotation Reference
Alanine aminotransferase 95.0 U/L up 7-40
Aspartate aminotransferase 41.0 U/L up 13-35
Glutamyltransferase 186.0 U/L up 7-45
Total bilirubin 21.1 pmol/L up 5-21
Direct bilirubin 9.0 pmol/L up 0-3.4
Albumin 27.8 g/L down 40-55
Globulin 47.0 g/L down 20-40
Albumin/Globulin 0.6 down 1.2-2.4
Frontiers in Medicine 02 frontiersin.org
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FIGURE 1

gradually declines (arrows).

(A) Abdominal computed tomography (CT) scan showed a circular low-density shadow near the gallbladder fossa in the right lobe of the liver (arrow);
moreover, the volume of the left lobe of the liver increases, the ratio of the left and right lobes is unbalanced, and the widening of the liver cleft can
also be seen, suggesting cirrhosis; (B) In the arterial phase of contrast-enhanced CT scan, the lesion showed uneven enhancement, mainly with
peripheral enhancement of the lesion (arrow); During the portal vein phase (C) and delayed phase (D), the degree of enhancement of the lesion

cells, the lower the density of the tumor (6). On contrast-enhanced
scanning, the lesion showed uneven enhancement and mainly
peripheral enhancement during the arterial phase, and decreased
enhancement in the portal vein stage and delayed stage (7). However,
there are also a few cases of rapid reinforcement in the arterial phase,
rapid decline in the portal phase of the “fast in and fast out” sign (8).
The diversity of enhancement modes may be related to the content of
clear cells: the higher the content of clear cells, the more inconsistent
the enhancement mode is with NOS-HCC; on the contrary, the lower
the content of clear cells, the more inclined the enhancement mode is
to the “fast in and fast out” enhancement formula of typical
hepatocellular carcinoma (9). On MRI, PCCCL mostly showed equal
or slightly lower signals on T1WI sequences, and mixed high or
slightly higher signals on T2WI sequences. Compared with CT, MRI
is more sensitive to reveal the fat components in tumors, and on T2WI
sequences, patchy or nodular signal reduction can be seen in lesions,
which is one of its characteristic findings, but the probability of
occurrence is low (6, 9). Our case showed a slightly low-density
shadow on CT, and the contrast-enhanced scan showed rapid
enhancement at the edge of the lesion in the arterial phase. With the
passage of time, the enhancement degree of the lesion gradually
decreased, which was different from the enhancement pattern of most
PCCCL reported in the above literature. As for MRI findings, our case
was consistent with literature reports, that is, the lesion showed equal
signal on T1WI sequence and uneven slightly higher signal on T2WI
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sequence. To our knowledge, there have been few studies reported on
the PET/CT findings of primary PCCCL. The pathologic properties
of PCCCL are the same as those of clear cell carcinoma of kidney,
ovary and adrenal gland, so it is presumed that its PET/CT findings
are consistent with theirs, and it may also be presented by high uptake
of ®E-FDG, which is reflected in our case, but this needs to be verified
in a large number of cases in the future.

PCCCIL, as a special subtype of HCC, needs to be differntiated from
other subtypes of HCC such as NOS-HCC, macrotrabecular massive
subtype HCC (MMS-HCC), steatohepatitic subtype HCC (SHS-HCC),
and fibrolamellar subtype HCC (FS-HCC). As the most common
subtype of HCC, NOS-HCC showed non-rim arterial phase
hyperenhancement and rapid regression in the portal venous phase,
presenting a “fast in and fast out” enhancement pattern (10). MMS-HCC
is more prone to macrovascular invasion and significant elevation of
serum AFP, and the volume of the tumor is usually larger, with a length
diameter usually greater than 5.0cm (11, 12). Steatosis occurs in about
80% of SHS-HCC and is typically characterized by low signal on the
inverse-phase TIWI of MRI, and the proportion of steatosis is far more
than that of PCCCL (11, 13). For FS-HCC, there are no specific imaging
features, but it is more common in younger patients and tends to favor
women (14). Moreover, PCCCL also needs to be differentiated from
other non HCC diseases including intrahepatic cholangiocarcinoma
(IHC), hepatic perivascular epithelioid cell tumors, hepatic
hemangioma, etc. IHC on contrast-enhanced CT or TIWI presents
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FIGURE 2

On magnetic resonance imaging (MRI), the lesion showed equal signal on both in-phase (A) and out-phase (B) of T1-weighted imaging (T1WI, arrows),
and uneven slightly higher signal on T2WI ((C), arrow). On contrast-enhanced T1WI, the lesion showed mild to moderate enhancement in arterial
phase ((D), arrow), portal phase ((E), arrow) and delayed phase ((F), arrow), mainly peripheral enhancement.

FIGURE 3

(A) The maximum intensity projection of the positron emission
tomography (PET)/computed tomography (CT) showed a lesion in
the liver region with increased uptake of fluorine-18
fluorodeoxyglucose (**F-FDG), with a maximum standardized uptake
value (SUVmax) of 8.5. Axial CT (B) showed the lesion in the right
lobe of the liver (arrow). Axial PET (C) and PET/CT fusion image

(D) showed obviously increased ®F-FDG uptake of the mass (arrows).

mainly peripheral or compartmented enhancement, similar to the
enhancement pattern in our patient, but IHC is usually accompanied by
adjacent hepatic capsule atrophy and intrahepatic bile duct dilatation,
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which is different from PCCCL (15). Most of the perivascular epithelioid
cell tumors in the liver are angiomyolipomas. Hepatic angiomyolipoma
(HAL) showed uneven density on CT, including solid components of
the tumor with equal density to the liver parenchyma and low density
fat components. On PET, the solid components of the tumor can also
present increased "F-FDG uptake, but the maximum standard uptake
value (SUVmax) is lower than that of PCCCL. Moreover, HAL usually
shows a “fast in and fast out” enhancement pattern on contrast-
enhanced CT or TIWI (16). Hepatic hemangiomas usually show
uniform isodense or slightly low density on CT. On contrast-enhanced
CT or T1WI, peripheral nodular enhancement is common in arterial
phase, and progressive centripetal filling is common in venous phase
and extended phase (17), which can be differentiated from PCCCL.

As with most tumors, the diagnosis of PCCCL is determined by
histopathological examination. Under the microscope, most of the
tumor tissues were clear cells with abundant and bright cytoplasm,
and the nucleus was located in the center, which was deeply stained
and irregular. Some of the liver cells around the tumor were lipoid
degeneration, showing chronic interstitial hepatitis changes (18).
Immunohistochemical examination showed that almost all PCCCL
were positive for Hep parl, and most of them were positive for CK,
but few were positive for AFP (19, 20). The case we reported showed
diffuse distribution of clear cells within the tumor tissue under the
microscope, and the tumor cells expressed positive Hep parl and CK,
which met the pathological diagnostic criteria of PCCCL.

Surgical radical resection of tumors is the main treatment method
for PCCCL, and surgical intervention can improve the prognosis of
patients (21). For PCCCL with a diameter less than 5.0cm, some
researchers believe that radiofrequency ablation treatment can
be performed; however, radiotherapy is not effective in improving the
prognosis of patients (22, 23). PCCCL has a better prognosis than

frontiersin.org


https://doi.org/10.3389/fmed.2024.1408967
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Huetal.

TABLE 2 The outline of the patient journey.

10.3389/fmed.2024.1408967

Time flow Affair Results
02/01/2024 The patient had dull right upper abdominal pain without obvious cause No processing is performed
01/02/2024 Abdominal ultrasound was performed in an outside hospital A space-occupying lesion was found in the liver
03/02/2024 He was admitted to the Department of Gastroenterology of our hospital, = Abnormal liver function, elevated tumor marker alpha-fetoprotein.
and underwent laboratory examination of liver and renal function,
serum tumor markers and so on
04/02/2024 CT examination of the upper abdomen Space occupying lesion at the junction of the left and right lobes of
the liver, suspected malignant tumor
05/02/2024 MRI examination of the upper abdomen It is suspected that the liver occupying lesion may
be cholangiocarcinoma
07/02/2024 Whole body PET/CT examination Liver malignancy, no obvious signs of metastasis were found in the
rest of the body scan.
13/02/2024 The patient underwent “total hepatectomy and allogeneic orthotopic liver = Successful surgery
transplantation”
13/02/2024-19/02/2024 Pathological immunohistochemical examination Clear cell carcinoma of the liver was diagnosed
21/02/2024 CT examination of the upper abdomen Liver blood flow is abundant, indicating the success of liver
transplantation.
22/02/2024 Patient discharge Patient discharge
26/03/2024 Telephone follow-up The patient did not report any discomfort
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FIGURE 4

40%, (F)). Allimages are 200 x magnification.

(A) Hematoxylin—eosin staining showed diffuse distribution of clear cells with abundant cytoplasm, centrally located nuclei and deep staining.
Immunohistochemistry showed positive expression of tumor cells CK (B), Hep parl (C), and Glypican (GPC3, (D)), HSP70 (partially, (E)), and Ki67 (about

other types of liver cancer, but the 5-year survival rate is still low, only
28.1% (24). Therefore, understanding the imaging features of PCCCL
is helpful to obtain accurate diagnosis and intervention treatment at
an early stage, so as to improve its prognosis. Studies revealed that the
size of the mass greater than 5.0 cm in diameter and the absence of
surgical resection were independent prognostic factors for PCCCL

Frontiers in Medicine

(22-24). Due to the large mass size of the patient we reported, the
maximum diameter of which exceeded 5.0 cm, and the combination
of cirrhosis, after full consideration by clinicians and communication
with the patient, she chose to undergo total hepatectomy and artificial
liver transplantation. After the operation, the patient has been
followed up so far, and she is still alive with free of disease.
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Conclusion

In summary, our case study provides a reference for imaging
findings of PCCCL, a relatively rare subtype of HCC. On PET/CT,
tumors are usually unevenly low-density, along with increased uptake
of F-FDG. On contrast-enhanced CT or TIWI, significant
enhancement can appear around the tumor during the arterial phase,
and over time, the degree of enhancement of the tumor gradually
decreases. Moreover, because tumor cells contain more glycogen and
lipid components, resluting in the tumor shows equal or slightly
higher signal on TIWI, with certain specificity. These imaging features
may provide insight into PCCCL, a relatively rare subtype of HCC,
and thus improve its preoperative diagnostic accuracy.
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