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Background: Recurrence and metastasis are important causes of postoperative death in most HCC patients. Conventional imaging 
modalities such as 18F-FDG PET/CT and enhanced MRI are still unsatisfactory in evaluating these patients in the clinical setting. PET/ 
CT imaging with a radiolabeled fibroblast activation protein inhibitor (FAPI) has emerged as a new imaging technique for the 
diagnosis and radiotherapy of malignant tumors. While many studies have focused on the diagnostic accuracy of intrahepatic primary 
HCC, the evaluation of recurrent and metastatic HCC remains only poorly investigated.
Case Presentation: A 71-year-old man with a five-year history of HCC after radical resection underwent 18F-FDG PET/CT due to 
further surgery for tumor recurrence, which revealed two iso-metabolic lesions in the right peritoneum and a hypo-metabolic lesion in 
the right liver. 18F-FAPI PET/CT was performed to further complement 18F-FDG PET/CT in the detection of these suspected 
metastatic lesions. Importantly, multiple diffuse intense radioactivity was shown in the hepatic capsule, suggesting metastatic lesions, 
but a wedge-shaped elevated 18F-FAPI uptake disorder around the FDG-unavid necrotic lesion after radiofrequency ablation (RFA) 
demonstrated benign stromal fibrosis.
Conclusion: This case suggested that 18F-FAPI may have an advantage over 18F-FDG in detecting peritoneal metastasis even in tiny 
or early hepatic capsules of HCC, but its false positives due to postoperative stromal fibrosis should be noted. Wedge- or strip-shaped 
FAPI-avid lesions with sharp edges may be post-treatment stromal fibrosis.
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Introduction
Integrated 18F-FDG PET/CT has emerged as an important tool for diagnosis, staging, restaging and treatment monitoring for 
patients with various different types of tumors because it provides functional and morphological information in a single and 
noninvasive examination.1 However, it has some limitations in the diagnosis of HCC and detecting recurrent lesions during 
follow-up, with little change in treatment resulting.2,3 According to the literature reports,4,5 the sensitivity of 18F-FDG PET for 
detecting HCC is approximately 50–70% and has no obvious advantage compared with other imaging technologies, especially 
for well-differentiated HCC. Moreover, this type of disease generates a great difference between intra- and inter-operator 
during radiological evaluations.6 Fibroblast-activated protein is highly expressed in activated stromal fibroblasts in various 
cancers and at low levels throughout the body.7,8 FAPI-PET/CT is more sensitive than FDG PET/CT in detecting HCC lesions, 
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including small (≤2 cm in diameter) and well or moderately differentiated tumors.9,10 Here, we discussed different features of 
18F-FAPI, 18F-FDG PET/CT and MRI in the evaluation of extrahepatic metastases and local recurrent HCC in a typical patient.

Case Presentation
A 75-year-old man, with a history of hepatitis B virus-related cirrhosis, underwent radical resection of right liver cancer 5 
years ago. The pathological diagnosis was moderately differentiated hepatocellular carcinoma (HCC). Half a year ago, he 
presented to our hospital with abdominal pain. Abdominal enhanced CT suggested recurrent hepatocellular carcinoma and 
right peritoneal metastasis. He underwent comprehensive treatment, including radiofrequency ablation (RFA), radiotherapy 
and lenvatinib. Now, he came to our hospital for further surgery treatment. Follow-up laboratory examinations showed that 
the serum alpha-fetoprotein (AFP) level increased progressively to 71.5 ug/L (reference range: 0–3 ug/L). 18F-FDG PET/ 
CT and 18F-FAPI PET/CT were performed to further evaluate the nature of the lesion (Figure 1). 18F-FDG PET/CT revealed 
multiple iso-metabolic metastases in the right mesh membrane, hypo-metabolic tumor necrosis after RFA in the right liver, 
and low uptake in peritoneal metastases (Figure 1A). Astonishingly, 18F-FAPI PET/CT showed increased diffuse uptake of 
metastases in the hepatic capsule, which were negative in 18F-FDG PET/CT (Figure 1B). Furthermore, we accidentally 
observed wedge-shaped high 18F-FAPI uptake disorders around the tumor necrosis lesion after RFA in the right liver 
(Figure 1B, blue allow), consistent with the shape shown on MRI enhanced phase (Figure 2). Then, the patient was operated 
after exclusion of contraindications. Nodules in sub-hepatic capsule of segment 5 and right peritoneal nodules were 
resected, and HCC metastasis was confirmed by histopathology. RFA lesions with peripheral liver tissue were also resected, 
and histopathology confirmed complete necrosis of the tumor and surrounding benign hepatocyte degeneration and stromal 
fibrosis after RFA (Figure 3).

Discussion
The clinical diagnosis and treatment of hepatocellular carcinoma (HCC) has developed rapidly in recent years. Wide 
application of various imaging techniques, improvement of surgical techniques, the progress of nonsurgical local 

Figure 1 18F-FDG PET/CT revealed iso-metabolic metastases in the right peritoneum (A, yellow arrow), hypo-metabolic and low-density tumor necrosis after RFA in the 
right liver (A, red arrow) and low uptake in peritoneal metastases (A, white arrow). 18F-FAPI PET/CT showed increased diffuse uptake of metastases in the hepatic envelope 
(B, white arrow) and hepatic capsule (B, yellow arrows). 18F-FAPI PET/CT also showed a wedge-shaped high 18F-FAPI uptake disorder around the tumor necrosis lesion after 
RFA in the right liver (B, blue arrow). Increased diffuse 18F-FAPI uptake in the pancreas (B; white hollow arrows) indicated pancreatitis.
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treatment and development of liver transplantation have significantly improved the short-term efficacy of HCC surgery. 
However, recurrence and metastasis are still important causes of postoperative death in most HCC patients. The 5-year 
recurrence rate of HCC is 32.5%–61.5%, and disease-free survival is 16%–38.6%.10–12

Ultrasonography (US), computed tomography (CT) and magnetic resonance imaging (MRI) in combination with 
measurement of serum alpha-fetoprotein (AFP) levels are routinely used for evaluating recurrence and metastasis of HCC 
in the clinical setting. Common limitations of all the above-mentioned methods were simply based on morphological 
abnormalities and inability to reflect the whole-body models.

Positron emission tomography (PET) using 18F-fluorodeoxyglucose (18F-FDG) generates hybrid and simultaneous 
images of both anatomy and glucose metabolism, allowing for an integrated comprehensive body oncology imaging 
technique. It is widely used for staging and follow-up of a variety of malignancies; however, it has unsatisfactory 
sensitivity in the evaluation of HCC, especially in well-differentiated and small HCC.4,13

Therefore, there is a clinical need for better PET radiotracers for detecting recurrence and metastasis of HCC after 
treatment. Other radiotracers, such as 11 C-acetate and 11 C-choline, improved sensitivity in terms of detection and therapeutic 
response. However, the high overall radiation dose delivered to the patient as well as the short half-life (20.4 min) and 
relatively low image resolution of PET/CT with 11C-labeled radiopharmaceuticals are limited routine clinical use.5,14,15

Fibroblast activation protein (FAP) is a membrane-bound serine protease overexpressed in cancer-associated fibro-
blasts. PET/CT imaging with radiolabeled FAP inhibitor (FAPI) has emerged as a new imaging technique for the 
diagnosis and radiotherapy of malignant tumors because of its advantages of simple preparation (no need for rest and 
fasting) and high tumor to non-tumor blood flow ratio (T/NT).16,17 In recent years, the number of studies18–27 on the 
clinical application of FAPI PET/CT imaging has constantly increased, especially in HCC.23–26 While these studies have 
focused on the diagnostic accuracy of intrahepatic primary HCC, the evaluation of recurrent and metastatic HCC remains 
poorly investigated (5 cases in Table 1).

Firstly, our case highlighted that 18F-FAPI-PET/CT had high sensitivity in detecting peritoneal metastases, especially 
in the hepatic capsule. According to previous studies, the detection rate of 18F-FDG PET was low (13%) for extrahepatic 
metastases of HCC less than or equal to 1 cm, perhaps related to poor spatial resolution for small lesions.30 In our case, 
both 18F-FDG PET/CT and 18F-FAPI PET/CT revealed two peritoneal metastases larger than 1 cm in greatest diameter. 
However, the tumor-to-background contrast of these lesions in 18F-FAPI PET/CT (SUVmax = 5.0; SUVmax of nearby 

Figure 2 Enhanced liver MRI showed low signal intensity of hepatic capsular nodules on the arterial enhanced phase (A and B; yellow arrows) with high signal intensity on 
T2-phase (C, yellow arrow) and mild enhancement of the edge on the venous enhanced phase (D and E, yellow arrows). These lesions were resected, and metastases were 
confirmed by pathology (Figure 3). MRI on axial slices also showed a wedge-shaped high signal intensity around the tumor necrosis lesion after RFA in the right liver in the 
arterial and venous enhanced phases (B and D, blue allows).
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tissue = 1.21) was higher than that in 18F-FDG PET/CT (SUVmax = 3.51; SUVmax of nearby tissue = 1.98). Moreover, 
although local morphological abnormalities of the hepatic capsule were found in enhanced liver MRI, oncological 
evaluation was still inconclusive due to FDG-negative findings in these lesions (SUVmax = 2.25; liver SUVmax = 3.47). 

Table 1 Summary Table of the Clinical Application of Recurrence and Metastasis of HCC in FAPI PET/CT and Other Imaging Methods

Number Author Previous 
Treatment

Liver MRI 
Findings

18F-FDG PET/CT 
Findings

18F-FAPI PET/CT 
Findings

Pathological 
Results

2 cases Haojun 

Chen20

Surgical resection Negative Negative Positive but inconclusive 

location

Metastases

1 case Hao 

Wang28

Surgical resection NA NA Positive in postoperative 

area

Post-surgery 

inflammation

2 cases Haojun 

Chen29

Surgical resection NA Inconclusive Positive in postoperative 

area

Post-surgery 

inflammation

Note: NA: Relevant imaging examination was not performed.

Figure 3 Elastic fiber staining (A, black arrow, magnification, ×50), PAS staining (B, black arrow, magnification, ×50) and Masson staining (C, black arrow, magnification, ×50) 
showed a large of fibrous tissue with strong FAP expression in stromal cells in FAP staining (D, red arrow, magnification, ×50) around the tumor necrosis lesion. 
Hematoxylin-eosin staining (E, magnification, ×50) showed peritoneal metastatic hepatocellular carcinoma with strong FAP expression in stromal cells in FAP staining (F, red 
arrows, magnification, ×100).
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Interestingly, these paired lesions demonstrated increased 18F-FAPI uptake with favorable tumor-to-background contrast 
(SUVmax = 7.77, liver SUVmax = 0.62) in further 18F-FAPI PET/CT. The liver capsule is composed of two tightly bound 
layers of tissue: the inner layer is Glisson’s capsule, and the outer serosa is derived from the peritoneum.31 Liver hepatic 
capsule implant metastasis can be the result of exfoliation of tumor cells from primary lesions or medical manipulations 
such as surgery, RFA or transcatheter arterial chemoembolization (TACE) and is often missed on conventional imaging, 
even 18F-FDG PET/CT. From this case, 18F-FAPI-PET/CT had superior detection of peritoneal metastases than MRI and 
FDG PET/CT, especially for tiny or early signs of hepatic capsular metastases.

Secondly, our case also highlighted false-positive findings due to stromal fibrosis after RFA in 18F-FAPI-PET/CT 
imaging. Some previous studies have discovered that inflammatory diseases (angiocholitis, pancreatitis and IgG4-related 
disease, infectious, granulomatous disease) and diseases in which a fibrotic reaction was activated (myelofibrosis, fibrotic 
nodules and liver cirrhosis) can cause false-positive uptake of FAPI.20,29,32 In our case, a wedge-shaped high 18F-FAPI 
uptake disorder around the tumor necrosis lesion after RFA in 18F-FAPI-PET/CT was confirmed as benign fibrosis by 
pathology and FAP staining, thus indicating a false positive. Therefore, we consider that interventional therapy, such as 
RFA and even TACE, can also induce inflammation and fibrosis in surrounding areas. Previous articles29 indicated that 
FAPI-04 PET/CT has difficulty differentiating between residual/recurrent disease and inflammatory reactions after radia-
tion, operative and interventional therapy. In our opinion, wedge or strip shaped FAPI-avid lesions with sharp edges may be 
a post-operative change, while runner, oval or round-shaped FAPI-avid lesions with wave edges may be residual or 
recurrent of HCC. A further well-designed study with a large number of patients is needed to confirm this point.

This case suggested that 18F-FAPI PET/CT had more significant advantages in detecting and evaluating tumor activity 
of peritoneal metastasis even tiny or early hepatic capsular metastases than conventional modalities (such as 18F-FDG 
PET/CT and enhanced MRI) and contributed to the clinical management of HCC patients after operation or interventional 
therapy. However, false-positive 18F-FAPI PET findings due to benign fibrosis should be interpreted with more caution, 
and wedge- or strip-shaped FAPI-avid lesions with sharp edges may be post-treatment stromal fibrosis. Therapeutic 
decisions should be made on the basis of clinical and even histologic confirmation.

Abbreviations
HCC, Hepatocellular Carcinoma; FAPI, Fibroblast activation protein inhibitor; US, Ultrasonography; CT, Computed 
tomography; MRI, Magnetic resonance imaging; AFP, Alpha-fetoprotein; RFA, Radiofrequency ablation; 18F-FDG, 
18F-2-deoxy-2-fluoro-D-glucose; PET/CT, positron emission tomography/computed tomography; SUVmax, The maximum 
standardized uptake value; T/NT, Tumor to non-tumor blood flow ratio; TACE, Transcatheter arterial chemoembolization.
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