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immunohistochemical markers
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Abstract

Objective To compare the performance of ['®FIFDG and ['®F]FAPI-04 in PET/CT evaluation for liver cancer lesions,
with a further exploration of the associations between PET semiquantitative data and immunohistochemical markers
to liver cancer.

Methods Patients with suspected malignant liver lesions (MLL) underwent ['8FIFDG and ['®FIFAPI-04 PET/CT
scanning. Liver lesions were visually classified as positive or negative based on their uptake level exceeding that
of adjacent normal liver tissue. SUVmax and tumor-to-background ratio (TBR) were recorded for semi-quantitative
analysis. Sensitivity, specificity and accuracy of each tracer were determined using pathological findings as the
gold standard. Furthermore, immunohistochemical analysis provided the molecular characteristics of all MLLs.
Comprehensive analysis explored correlations between these molecular markers and PET semiquantitative
parameters (SUVmax andTBR) to identify potential associations.

Results The study enrolled 44 patients, with 39 confirmed cases of MLL, comprising 28 hepatocellular carcinomas
(HCQO) and 11 intrahepatic cholangiocarcinomas (ICC). For MLL detection, ['8F]FAPI-04 and ['®F]FDG exhibited
sensitivities of 84.6% (33/39) and 76.9% (30/39), specificitiesy of 60% (3/5) and 100%(5/5), and accuracy of 81.8%
(36/44) and 79.5%(35/44). Across all liver lesions, ['F]FAPI-04 significantly surpassed ["8FIFDG in SUVmMax(10.54+6.72
VS. 7.68+6.79) and TBR(4.35+3.78 V5. 3.17 £ 3.05). Notably, ['8FIFAPI-04 displayed markebly elevated SUVmax in
benign liver lesions (BLLs) (P=0.032), HCCs (P=0.005), and ICCs (P=0.011). Lesions with hepatocyte negativity
(P=0.023), CD34 negativity(P=0.044), and high Ki67 expression (>30%) (P=0.001) had higher SUVmax on ["8F]FAPI-04.
Additionally, ARG-1-negative lesions demonstrated higher TBR on ['8FIFAPI-04 than ARG-1-positive lesions(P=0.018).
No significant SUVmax/TBR differences were observed with ['8FIFDG based on these markers. A linear relationship
was identified between Ki67 scores and SUVmax of ['®F]FAPI-04 (R=0.603, P<0.001).

Conclusion ['®F]FAPI-04 exhibits superior performance over ['F]FDG in PET/CT evaluation of liver cancer,
characterized by increased sensitivity and SUVmax/TBR. Significant correlations with molecular markers, including
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Ki67, suggest ['8FIFAPI-04's potential for characterizing liver cancer subtypes and assessing tumor proliferation.
However, further research is required to validate these findings and their clinical significance.

Trial registration NCT05485792, Registered 01 August 2022.
Keywords ['®FIFDG, FAPI, PET/CT, Hepatocellular carcinoma, Intrahepatic cholangiocarcinoma, SUV

Introduction

Liver cancer, characterized by its high aggressiveness,
rapid progression, and intricate treatment requirements,
poses a substantial public health threat [1]. Early diagno-
sis and precise assessment of biological behavior are very
important for the formulation of personalized treatment
strategies and improvement of prognosis in liver tumors.
The conventional assessment of tumor biological behav-
ior relies on invasive methods, such as biopsy combined
with immunohistochemistry, to understand the molecu-
lar expression information of tumors [2]. However, these
methods may not only bring additional risks to patients
but also affect the comprehensiveness and accuracy of
the assessment due to sample limitations.

With the rapid development of molecular imaging
technology, Positron Emission Tomography (PET) /Com-
puted Tomography (CT) combined with specific tracers
has opened up a new way for non-invasive assessment
of tumor biological behavior. [**F]Fluorodeoxyglucose
(FDG), as a classical PET tracer, has been widely used
in tumor evaluation, and has been documented in many
literatures to correlate with tumor molecular expres-
sion, enabling non-invasive assessment of tumor differ-
entiation [3, 4], proliferation activity [5], and prediction
of therapeutic response [6]. However, in the evalua-
tion of liver tumors, the application of [**F]FDG is lim-
ited by multiple factors, including the interference from
non-neoplastic uptake resulting from inflammation and
benign lesions, as well as the high background metabo-
lism of the liver itself. Additionally, the low uptake of
['8F]EDG by well-differentiated tumors further impacts
the accuracy of its evaluation. In response, previous stud-
ies have attempted to enhance the detection of hepatic
lesions by combining with other tracers, such as choline
[7]. Consequently, there is a pressing need to develop
superior tracers to facilitate the monitoring of liver
tumors.

In recent years, the series of fibroblast activation pro-
tein inhibitors (FAPI) tracers have attracted considerable
attention due to their high affinity for fibroblast activa-
tion protein in the tumor microenvironment [8]. Existing
researches have demonstrated that FAPI tracers exhibit
higher uptake and better image contrast than [*F]JFDG
in various malignant tumors [9, 10]. In particular, the low
hepatic background of FAPI makes it particularly prom-
ising for liver tumor assessment [11]. These findings sug-
gest that FAPI tracers may have higher diagnostic value

and clinical application prospects in liver tumor evalua-
tion. However, current researches on FAPI tracers have
largely focused on their tumor detection capabilities in
PET images, while the underlying relationship between
their metabolic parameters and molecular characteristics
of liver tumors remains under-explored.

To address this gap, the present study aims to com-
prehensively compare the performance of [|F]FDG
and ['®F]FAPI-04 in PET/CT evaluation of liver tumor
lesions, thereby revealing the strengths and weaknesses
of these two tracers in liver tumor diagnosis. Further-
more, this study will incorporate immunohistochemical
analysis to delve into the potential associations between
PET semi-quantitative data and molecular features of
liver tumors, aiming to provide a more precise method
for non-invasive molecular expression assessment of liver
tumors and thereby facilitate the development of preci-
sion medicine for liver tumors.

Materials and methods

Patients

This prospective study received ethical approval from the
institutional review boards of our hospital and has been
officially registered on ClinicalTrials.gov with the identi-
fier NCT05485792. Throughout the implementation of
all methodologies, strict adherence to the approved pro-
tocols was ensured. All participating patients willingly
provided their written informed consent, authorizing the
review of their clinical data for the purpose of this study.

Inclusion criteria

Patients were eligible for inclusion in the study if they
met the following criteria: (a) they had suspected malig-
nant liver lesions, as indicated by conventional diagnostic
imaging modalities (including CT, MRI, or ultrasound) in
conjunction with clinical manifestations; (b) they under-
went PET/CT for tumor assessment between September
2022 and February 2024; (c) they subsequently received
['®F]FAPI-04 and [“*F]JFDG PET/CT scans one week
apart; and (d) they had available pathology results per-
taining to their liver lesions.

Exclusion criteria

Patients were excluded from participation in this study if
they (a) were pregnant, (b) were under the age of 18, (c)
had undergone anti-tumor therapy prior to the scheduled
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scans, (d) had failed to provide a signed informed consent
form.

PET/CT acquisition

['8F]EDG and ['®F]FAPI-04 were synthesized and pro-
vided by Guangzhou Atom High Tech Radiophar-
maceutical Co., Ltd. (Guangzhou, China), ensuring a
radiochemical purity exceeding 95% for both final prod-
ucts. Imaging utilizing these two tracers was performed
using a q PET/CT scanner (Discovery 710, GE Health-
care, Milwaukee, W1, USA) within a week.

Prior to ["®F]JFDG PET/CT scanning, patients were
instructed to fast for a minimum of six hours, ensur-
ing venous blood glucose levels remained below 11.1
mmol/L to optimize tracer uptake. In contrast, no such
preparatory measures were deemed necessary for['SF]
FAPI-04 PET/CT scans. The intravenous injection dose
of both ['8F]FDG and ['F]FAPI-04 was meticulously cal-
culated based on individual patient weights (3.7 MBq [0.1
mCi]/kg).

The CT acquisition parameters were optimized as fol-
lows: tube voltage was set at 120 kV, with the current
adjusted to 100 mA. Slice thickness was maintained at
3.75 mm, and the matrix resolution was 512x512. The
scanning span encompassed 7—8 bed positions. Immedi-
ately subsequent to the CT scan, a PET scan was initiated
in a three-dimensional acquisition mode, spanning 6—8
bed positions, with a duration of 2.0-2.5 min per posi-
tion and a matrix resolution of 192x192.

The accumulated data were seamlessly transferred to
an Advantage workstation (AW 4.7, GE Healthcare, Mil-
waukee, W1, USA) for advanced processing. The Bayesian
Penalized Likelihood (BPL) algorithm, with a penaliza-
tion factor (beta) of 750, was employed to reconstruct
the data, ensuring optimal image quality for subsequent
analysis and interpretation.

PET/CT image analysis

The assessment of both ['*F]FDG and [**F]FAPI-04 PET/
CT images was conducted in a randomized sequence by
two experienced nuclear medicine specialists and one
radiologist with over a decade of expertise. Any discrep-
ancies in their evaluations were subsequently resolved
by consensus. The diagnostic software (Taxus Medivoly
Viewer) was utilized for the analysis of PET, CT, and
fused PET/CT images.

Initially, the reviewers performed a visual analysis to
assess the degree of tracer uptake in liver lesions. The
lesions were visually classified as positive or negative,
based on whether tracer accumulation within the lesion
exceeded that observed in the adjacent normal liver tis-
sue on either ['®F]FAPI or ['®F]FDG imaging. Further-
more, semi-quantitative data pertaining to liver lesions
were acquired. An area of interest (ROI) was designated
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on the axial PET image, encompassing the entire lesion,
following which the maximum standardized uptake value
(SUVmax) was computed.

Concurrently, a circular ROI with a 10 mm diam-
eter was positioned within the normal hepatic paren-
chyma, distant from the lesion, meticulously avoiding the
course of hepatic vessels and bile ducts. The mean SUV
derived from this ROI was documented as the hepatic
background uptake. Ultimately, the target-to-back-
ground ratio (TBR) was determined using the formula:
TBR=SUVmax of liver lesion / SUVmean of hepatic
background. Furthermore, the presence or absence of
radiological signs indicating fibrosis or fat accumulation
in the liver parenchyma of HCC were further assessed .

Pathology and immunohistochemistry

Pathological examination of hepatic lesions was per-
formed on all patients, with 26 cases sourced from sur-
gical resections and 18 cases obtained via biopsy. The
pathological findings served as the definitive standard
for determining the presence of malignant liver lesions
(MLL). All HCC lesions were documented with their
Edmondson-Steiner grade (I-II and III-IV). Lesions
that exhibited no sign of malignancy upon pathological
assessment were conclusively diagnosed as benign liver
lesions(BLL), after integrating the available follow-up
data. All malignant lesions underwent further immu-
nohistochemical analysis to elucidate their molecular
characteristics. The most frequently examined markers,
including Glypican-3, Arginase-1(ARG-1), Hepatocyte,
Cytokeratin 7 (CK7), Cytokeratin 19 (CK17), and Ki-67,
were selected, and their immunohistochemical outcomes
were meticulously recorded.

Statistics

The results of visual analysis were summarized using cat-
egorical data, which were expressed as counts or percent-
ages (%). Based on these visual analyses, the sensitivity,
specificity, and accuracy of both ['®F]FDG and ['®F]FAPI
were calculated.

For semiquantitative data, including SUV (Standard-
ized Uptake Value) and TBR (Tumor-to-Background
Ratio), continuous statistics were employed. These data
were presented as means with standard deviations. To
compare the differences in SUV and TBR between [*F]
FDG and ['®F]FAPI-04, the paired sample t-test was
utilized.

The expression status of immunohistochemical mark-
ers was also analyzed using categorical data. An indepen-
dent samples t-test was performed to discern significant
differences in the semi-quantitative parameters, SUV and
TBR, between distinct expression groups. Given the con-
tinuous nature of both Ki67 and SUV, a subsequent linear
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Fig. 1 There are four cases of pathologically confirmed hepatocellular carcinomas (HCC) with varying PET tracer findings. A-E depicts a 65-year-old male
patient with HCC in the S6 segment of the liver(D, Enhanced CT), exhibiting positive tracer uptake on both ['*FIFDG (A, MIP; C, PET/CT) and ['®FIFAPI-04
(B, MIP; E, PET/CT). E-J represents a 45-year-old male patient with HCC in the S8 segment of the liver (I, CT), showing negative uptake on ['®FIFDG(F, MIP;
H, PET/CT) but positive uptake on ['8FIFAPI-04(G, MIP; J, PET/CT). K-Q illustrates a 74-year-old male patient with HCC in the S7 segment of the liver(N,
Enhanced CT), displaying positive uptake on ['®FIFDG(K, MIP; M, PET/CT) but negative uptake on ['®FIFAPI-O(L, MIP; O, PET/CT)4. Lastly, P-T refers to a
54-year-old male patient with HCC in the S7 segment of the liver(S,CT), demonstrating negative tracer uptake on both ['®FIFDG(P, MIP; R, PET/CT) and

["®FIFAPI-04 (Q, MIP; T, PET/CT)

Table 1 Characteristics of patients

Results

Characteristics Value Percentage(range) Patient characteristics

Age(years) 5932+1200 26~82 A total of 44 patients (40 males and 4 females; mean age:
<55 16 36:4% 59.32%12.00 years, range: 26—83 years) were consecu-
>55 28 63.6% tively enrolled in this study, undergoing both [*F]FDG

Sex PET/CT and [*®F]FAPI-04 PET/CT scans within a week

Male 40 90.9% of each other. The patient flowchart is depicted in Fig. 1.
Female 4 9.1% Among these patients, 39 were histopathologically diag-
Presenting symptom nosed with MLL through surgical resection (n=26) and
Yes 32 72.7% liver biopsy (n=13), comprising 28 cases of hepatocellu-
No 12 27.3% lar carcinoma (HCC) and 11 cases of intrahepatic chol-

Serum tumor markers angiocarcinoma (ICC). Notably, metastatic lesions were
AFP>7ng/ml Positive 26 59.1% identified in 9 patients (5 ICC and 4 HCC). The remain-
CEA>65 U/ml Positive 9 20.5% ing 5 patients were ultimately diagnosed with BLL,
CAT99>30 U/ml Positive 23 >23% including 2 inflammatory pseudotumors, 2 inflammatory
CA724>6.9 U/ml Positive 8 18.2% lesions, and 1 dysplastic nodule,

B‘O:Lizasgsammses positive 22 50.0% Furthermore, 32 patients presented with obvious symp-
AT~ 40 Sositive 29 65:9% toms of discomfort, with 7 exhibiting jaundice manifesta-
T 60 Positive 36 81 8% tions. Elevated levels of HBV-DNA were observed in 21

HBV-DNA > 100 copies/m 5 4779% patients, while 40 patients had increased tumor markers,

Final diagnosis and 38 patients had elevated blood transaminases. The
BLL < 11.4% clinical characteristics of these patients were summa-
ML HeC 28 63.6% rized in Table 1.

ICC 11 25.0%

regression analysis was conducted, complemented by a
scatter plot visualization.

All statistical analyses were carried out using SPSS 22.0
software for Windows (SPSS Inc., Chicago, IL, USA),
with statistical significance set at a p-value threshold of
<0.05.

Visual analysis for liver lesions

Among the 39 lesions of MLL, 30 demonstrated posi-
tive findings on ["*F]JFDG PET, achieving a sensitivity of
76.9% (30/39). In contrast, 33 lesions exhibited positiv-
ity on ['®F]JFAPI-04 PET, yielding a higher sensitivity of
84.6% (33/39). Specifically, 27 lesions were positive on
both, 3 lesions were positive only on ["*F]FDG, 6 lesions
were positive only on [*F]FAPI-04, and 3 lesions were
negative on both (Fig. 1).
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[18F]FDG PET/CT
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[18F]FAPI-04 PET/CT

Fig. 2 A case of flammatory pseudotumor. A 50-year-old male patient presented with abdominal pain, abdominal distension, and fever for one week.
['8F] FDG PET/CT revealed a low-density mass in the left lobe of the liver (segment 4) without abnormal tracer uptake. However, ['8FIFAPI-04 PET/CT de-
tected abnormal high tracer uptake in the mass, extending to the liver capsule. The final pathological diagnosis was flammatory pseudotumor

Table 2 Visual analysis of liver lesions

n ['®FIFDG ['3F] FAPI-04
positive negative positive negative
BLL 5 0 5 2 3
MLL 39 30 9 33 6
ICC 11 9 2 11 0
HCC 28 21 7 22 6
Fibrosis or FA
Presence 15 1 4 10 5
Absence 13 10 3 12 1
Edmonson-Steiner grade
-l 16 10 6 12
-1V 12 11 1 10 2

FA fat accumulation

Regarding five lesions of BLL, all failed to demon-
strated increased uptake on ["*F]FDG PET, resulting in
a specificity of 100.0% (5/5). However, one inflammatory
pseudotumor (Fig. 2) and one dysplastic nodule showed
elevated uptake of ['®F] FAPI-04, thereby reducing the
specificity of 60.0% (3/5).

Overall, the accuracy of [**F] FAPI-04 and ['*F] FDG in
differentiating between BLL and MLL was 81.8% (36/44)
and 79.5% (35/44), respectively. The result of visual analy-
sis was shown in Table 2.

Finally, with the integration of ['®*F] FAPI-04 PET/CT
imaging, TN staging adjustments were observed in 9
patients. Specifically, 8 patients had T stage upgrades:
4 due to CT-suspicious lesions confirmed by only [**F]

FAPI-04, and 4 due to extensive lesion involvement
(capsular or vascular invasion) shown by [**F]FAPI-04.
Additionally, one patient had N staging upgrade due
to multiple metastatic lymph nodes detected by ['°F]
FAPI-04.Consequently, their treatment decisions were
modified accordingly. Notably, M staging remained
unchanged, but radiotherapy protocols were modified for
4 patients due to additional distant metastases identified
by [*8F]FAPI-04.

Semiquantitative analysis of SUVmax for liver lesion

The comparison of SUV between [*F]JFDG and ['SF]
FAPI-04 in all 44 liver lesions was shown in Table 3. A
paired sample t-test revealed that the SUV of all lesions
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Table 3 Semiquantitative analysis of SUVmax for liver lesion

Lesions N ['®FIFDG ['®FIFAPI-04  Paired sample
t-test
ALL 44 768+679  1054+672  t=2621P=0012
BLL 5 348+1.15  766+340 t=3.226,
P=0032
MLL 39 8224703  1091+697  t=1019,
P=0314
ICC 11 1267+1072 15774735  t=2723,
P=0011
HCC 28 647+398  9.00+591 t=3.057,
P=0.005
Edmon-
son-Steiner
Grades 16 556+3.65  747+543 t=2.046,
- P=0.059
Grades 12 769+423 11.04+6.14 t=2247,
-1V P=0046

was significantly higher with ["®F]JFAPI-04 than with
[F]EDG (P=0.012). Specifically, ['*F]JFAPI-04 dem-
onstrated significantly elevated SUV in BLL (P=0.032),
HCC (P=0.005), ICC (P=0.011) (Fig. 3), and Grades
III-IV (P=0.046), and moderately elevated SUV in MLL
(P=0.314) and Grades I-II (P=0.059), compared to ['®F]
FDG.

Furthermore, an independent sample t-test confirmed
that the SUV of BLL was slightly lower than those of
MLL for both [YF]FDG (P=0.032) and ['®F]FAPI-04
(P=0.314). However, the SUV of HCC was slightly lower
than that of ICC for ['*F]JFDG (P=0.088), but signifi-
cantly lower than that of ICC for [**F]FAPI-04 (P=0.005).
Based on the Edmonson—Steiner grades of HCC, Grades
[-1I exhibited slightly lower SUV compared to Grades
II-IV for both ['®F]FDG (P=0.164) and ['®F]FAPI-04
(P=0.115).

Semiquantitative analysis of TBR for liver lesion

The comparison of TBR between [®F]FDG and ['®F]
FAPI-04 across all 44 liver lesions was presenter in
Table 4. A paired sample t-test demonstrated a statisti-
cally significant elevation in the TBR of all lesions when
utilizing [*®F]FAPI-04 compared to ['*F]JFDG (P=0.033).
Specifically, ['®F]FAPI-04 demonstrated slightly higher
TBR in BLL (P=0.156), MLL (P=0.527), HCC (P=0.447)
and ICC (P=0.617), compared to ['*F]FDG.

Additionally, an independent sample t-test confirmed
a slightly lower TBR in BLL compared to MLL for both
tracers, [\*F]FDG (P=0.156) and [\®F]FAPI-04 (P=0.527).
When contrasting HCC with ICC, the TBR was margin-
ally lower in HCC for both [**F]FDG (P=0.099) and [**F]
FAPI-04 (P=0.113).

In HCC, when compared to ['®F]JFDG, ['®F]FAPI-04
demonstrated a modestly increased TBR (P=0.246) in
patients with liver fibrosis or fat accumulation. However,
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in those without liver fibrosis or fat accumulation,
['8F]FAPI-04 exhibited a significantly elevated TBR
(P=0.024). Additionally, HCC cases accompanied by liver
fibrosis or fat accumulation showed a marginally lower
TBR compared to those without these conditions, for
both [**F]FDG (P=0.638) and [*®F]FAPI-04 (P=0.226).

Semiquantitative PET data and immunohistochemical
markers in MLL
All pathological specimens of liver malignant lesions
(MLL) underwent immunohistochemical analysis. From
the plethora of markers assessed, the most frequently
evaluated ones were selected for analysis, encompass-
ing Glypican-3, ARG-1, Hepatocyte, CD34, CK7, CK17,
and Ki67. The analytical outcomes of these markers were
recorded and their associations with semiquantitative
PET data (SUV and TBR) were presented in Table 5.
Independent sample t-tests indicated that lesions
with  Hepatocyte  negativity (P=0.023), CD34
negativity(P=0.044), and high KI67 expression (>30%)
(P=0.001) exhibited significantly higher SUVmax on
[8F]FAPI-04 compared to their respective positive coun-
terparts. Additionally, ARG-1-negative lesions demon-
strated a obviously higher TBR on ['®*F]FAPI-04 than
ARG-1-positive lesions(P=0.018). Conversely, no signif-
icant differences were observed in the SUVmax or TBR
of ['"8F]EDG between the positive and negative results of
these markers.

Linear regression analysis between Ki67 and SUVmax of
[18F]FAPI-04 in MLL

Given the continuous nature of both Ki67 and SUVmax,
a deeper exploration into their linear relationship was
warranted. As depicted in Fig. 4, a scatter plot illustrates
the distribution of Ki67 scores against the correspond-
ing SUVmax of ['8F]FAPI-04. A linear regression analysis
conducted on these data points confirms a significantly
linear relationship between Ki67 scores and SUVmax of
[*®F]FAPI-04 (R=0.603, P=0.000) .

Discussion

As a novel PET tracer, FAPI labeled with either ['®F]
or [®Ga] has been widely reported for its application
across various malignant tumors, most of them mainly
focus on the head-to-head comparison between FDG
and FAPI, evaluating their diagnostic sensitivity, speci-
ficity, and overall value in malignancy detection [12,
13]. However, the relationship between FAPI and tumor
molecular markers remains understudied and unre-
ported. This study not only conventionally compares
the diagnostic results of ['*F]JFDG and ['®F]FAPI-04 for
suspected malignant liver lesions, but also systematically
analyzes the relationship between PET semi-quantitative
parameters and immunohistochemical markers. It aims
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Fig. 3 There are two cases of pathologically confirmed intrahepatic cholangiocarcinomas (ICC) in 68-year-old male patients. In both cases (A-H, case 1;
I-P, case 2), CT scans(B, F, case 1;J, N, case 2) revealed intrahepatic bile duct dilation and suspected nodular lesions. While ['®FIFDG PET/CT(A, C, D, case
1;1, K, L, case 2) failed to demonstrate abnormal tracer uptake (SUVmax 3.5, TBR 1.3 in Case 1; SUVmax 2.6, TBR 1.2 in Case 2), [' SFIFAPI-04 PET/CT (E, G, H,
case 1; M, O, P, case 2 ) showed positive uptake in the nodular lesions (SUVmax 9.7, TBR 3.5 in Case 1; SUVmax 9.6, TBR 3.3 in Case 2)

to comprehensively assess liver tumor characteristics
through non-invasive approach, thereby advancing per-
sonalized medicine.

The advantages demonstrated by FAPI PET in the
assessment of liver tumors have garnered increas-
ing attention. In PET/CT evaluation of hepatocellular
carcinoma (HCC), ®®Ga-FAPI-04 exhibits a markedly
enhanced diagnostic sensitivity, achieving a sensitivity
of 85.7%, significantly surpassing the 57.1% of *F-FDG
[14]. For liver lesion detection, [*®Ga]-FAPI-04 PET/CT
yielded a higher detection rate (87.4%) than ['*F]-FDG
PET/CT (65.0%) [15]. In non-['*F]JFDG-avid focal liver
lesions, ['®F]JFAPI PET demonstrated 96.0% sensitivity,
58.3% specificity, and 83.8% accuracy, emphasizing its

effectiveness in malignancy detection [16]. Consistent
with these findings, the present study reveals that ['5F]
FAPI-04 exhibits a higher sensitivity (84.6% vs. 76.9%)
than ["®F]FDG in identifying malignant liver lesions
(MLL), further confirming the superiority of ['*F]FAPI-
04 over ['®F]FDG in hepatic malignancy evaluation. This
advantage arises from FAPI’s independence from glucose
metabolism, effectively decreasing physiological uptake
interference, enhancing tumor-to-background ratios and
image contrast, facilitating precise detection. Further-
more, FAPI imaging also streamlines workflow by elimi-
nating the need for patient fasting, improving patient
comfort.
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Table 4 Semiquantitative analysis of TBR for liver lesion

Lesions N  ['FIFDG  ['®FIFAPI-04 Paired
sample t-test
ALL 44 317+305 435+378 t=2.197,
P=0.033
BLL 5  133+052 340+3.16 t=1.446,
p=0.156
MLL 39 333+400 448+378 t=0638,
p=0.527
ICC 11 5384495 631+461 t=0516,
P=0617
HCC 28  263+167 375+321 t=0.791,
P=0.447
Fibrosis
or FA
Presence 15 248+1.28 3.06+2.10 t=1212,
P=0.246
Absence 13 2794207 455+409 t=2.591,
P=0.024

FA fat accumulation

However, the clinical application of FAPI inevitably
encounters certain limitations, particularly the occur-
rence of false positives. Some previous reports have indi-
cated a higher incidence of false positives in liver lesions
with FAPI compared to FDG, leading to reduced speci-
ficity. Singh P [17] observed a significantly lower speci-
ficity for FAPI PET/CT (56.1%) than 18F-FDG PET/CT
(96.4%) in detecting primary liver tumors. Zhang J [16]
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also reported a sensitivity of only 58.3% for [**F]FAPI
in non-["®F]FDG-avid liver malignancies. In this study,
among 5 benign liver lesions, 2 exhibited false-positive
FAPI findings, whereas FDG showed no false-positive
uptake. These false positives were predominantly noted
in non-neoplastic inflammatory lesions, albeit in a small
number, posing a potential risk of misdiagnosis. In addi-
tion, despite enhanced sensitivity for hepatic malignan-
cies, FAPI fails to achieve 100%, yielding inevitable false
negatives and the risk of missed diagnoses. The precise
mechanisms underlying FAPI false-negativity remain
unclear, potentially linked to intratumoral heterogene-
ity in FAPI expression levels and the intricate nature of
the tumor microenvironment. In this study, among 39
hepatic malignant lesions, 6 were false negatives on FAPI,
all of which were HCC foci. Thus, meticulous interpre-
tation of FAPI PET, integrated with multimodal imaging,
pathology, and clinical data, is vital for enhancing diag-
nostic accuracy in clinical practice.

In the evaluation of PET/CT imaging, beyond conven-
tional visual analysis, semiquantitative analysis utilizing
metabolic parameters such as SUV and TBR is crucial
for tracer comparison studies. Siripongsatian D [18] and
Pabst KM [19] both emphasized the benefits of ®3Ga-
FAPI-46 in detecting intrahepatic lesions and identifying
primary cholangiocarcinoma, highlighting its superior
SUVmax and TBR compared to ['|F]FDG. The results

Table 5 Semiquantitative PET data and immunohistochemical markers in MLL

Markers N ['®FIFAPI-04 ["®FIFDG
SUVmax TBR SUVmax TBR
Glypican-3 Positive 15 10.33+8.39 474447 6.91£5.67 280£2.27
Negative 18 10494571 448+371 9.92+8.73 4.13+4.06
Statistics t=0.063 t=0.184 t=1.147 t=1.129
P=0.950 P=0.855 P=0.260 P=0.267
ARG-1 Positive 15 8.66+6.29 3.04+2.14 5.81+3.86 2.32+1.60
Negative 13 13.61+7.15 6.53+4.39 11.85+9.96 5.06+4.60
Statistics £=1.948 t=2613* t=2.057* t=2.045%
P=0.062 P=0.018* P=0.057* P=0.059*
Hepatocyte Positive 17 9.94+6.01 397+3.27 6.81+4.57 2.76+1.89
Negative 13 15.54+6.74 6.60+4.39 12.28+9.86 524+453
Statistics t=2398 t=1.883 t=2.026 t=2.038
P=0.023 P=0.070 P=0.052 P=0.051
CK7 Positive 14 12414801 525+437 10.21+9.15 416+422
Negative 9 7.57+549 3.96+3.01 4.86+227 207+1.32
Statistics t=1585 t=0.772 t=1.710 t=1430
P=0.128 P=0449 P=0.102 P=0.167
CK19 Positive 12 13.63+823 6.79+4.63 13.62+9.63 594+433
Negative 10 10.32+6.25 483+3.78 7.52+5.05 301+£2.04
Statistics t=1.045 t=1.067 t=1.801 t=1.960
P=0.308 P=0.299 P=0.087 P=0.064
Ki67 >30% 13 15.82+4.03 6.14+3.56 8.92+4.05 3.73+1.65
<30% 26 846+6.88 3.65+3.67 7.87+8.18 3.24+3.72
Statistics t=3.551 t=2016 t=0432 t=0457
P=0.001 P=0.051 P=0.669 P=0651
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Fig. 4 The scatter plot of Ki67 scores and SUVmax of ["8FIFAPI-04

of this study reinforce these reports, showing ['*F]FAPI-
04’s superior SUV and TBR over ["®F]FDG in whole liver
lesions. Furthermore, the relationships between PET
metabolic parameters and pathological differentiation,
prognosis, and molecular characteristics are continually
being explored and uncovered. The SUVmax of [**F]FDG
were utilized to differentitate intrahepatic cholangio-
carcinoma (IHCC) from HCC [20], pelvis renalis cancer
(PRC) from renal cell cancer (RCC) [21], and lung adeno-
carcinomas (AC) from lung squamous carcinomas (SCC)
[22]. Metabolic parameters, including SUV, metabolic
tumor volume (MTYV), and total lesion glycolysis (TLG),
were observed to have significant potential in assessing
treatment efficacy for primary bone lymphoma [23] and
metastatic breast cancer (MBC) [24]. Additionally, some
reports reveal a close relationship between the SUV of
BE_FDG and glucose transporter 1 (GLUT1) [25], estro-
gen receptor (ER), progesterone receptor (PR) [26], and
programmed death-ligand 1 (PD-L1) [27], highlighting
the multifaceted significance of these metabolic markers
in clinical oncology.

However, the majority of above researches has focused
on F-FDG-based parameters, while the clinical signifi-
cance of FAPI-based parameters has only been explored
by a few reports, primarily concentrating on fibroblast
activation protein (FAP) molecular expression. Shi X [28]
demonstrated that the ®Ga-FAPI-04 uptake was associ-
ated with FAP expression in hepatic malignancie. This

40.00

I I I
60.00 80.00 100.00

Ki67 scores

study specifically delves into the relationship between
FAPI metabolic parameters and various immunohisto-
chemical indicators of hepatic malignancies, with the
aim of further exploring the clinical significance of FAPIL.
Based on its results, it is revealed, for the first time, that
significant associations between elevated SUVmax and
TBR of '8F-FAPI-04 with hepatocyte-negative expres-
sion and ARG-1-negative lesions, respectively. Notably,
Hepatocyte and ARG-1, the key immunohistochemical
markers distinguishing HCC from ICC, is predominantly
expressed in HCC. Thus, the high SUV in hepatocyte-
negative lesions and high TBR in ARG-1-negative lesions
imply ICC’s high affinity for ['*F]FAPI-04. Furthermore,
this study observed a close positive correlation between
[8F]FAPI-04 SUV and Ki67 expression, which is a note-
worthy finding. Previous studies have confirmed a sig-
nificant positive correlation between ['*F]FDG SUV and
Ki-67 expression in primary esophageal squamous cell
carcinoma (ESCC) [29] and adrenocortical carcinomas
[30]. Although this study did not establish a direct role
for ["8F]EDG SUV in differentiating high Ki67 expres-
sion in hepatic malignant lesions, it confirmed a strong
positive correlation between ['®F]FAPI-04 SUV and Ki67.
This finding suggests that '*F-FAPI-04 has greater poten-
tial than 8F-FDG for non-invasive proliferation assess-
ment of hepatic lesions, offering a new perspective for
evaluating tumor biological behavior. However, it is cru-
cial to validate these findings through large-scale studies.
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The present study is primarily limited by the relatively
small sample size derived from a single institution, par-
ticularly within the non-malignant lesion cohort, which
may compromise the precision of specificity estimates.
Moreover, the correlations established between PET
parameters and molecular markers necessitate validation
in larger, multi-center cohorts to ensure their robustness,
reproducibility, and generalizability. Additionally, future
research should encompass a wider array of molecular
biomarkers to investigate their associations with FAPI
metabolic parameters,, thereby facilitating a deeper
understanding of the role of FAPI in characterizing sub-
types of hepatic malignancies, predicting therapeutic effi-
cacy, and monitoring disease progression.

In liver cancer detection, novel molecular targets such
as PSMA [31] (prostate specific membrane antigen) and
glypican-3 [32] are continually identified. Compared to
FAPI], these targets can offer higher specificity in liver
cancer detection, but often limited to specific tumor
types or subtypes. In contrast, FAP], as a broad-spectrum
tumor tracer, demonstrates robust clinical feasibility and
applicability. FAPI PET boasts high sensitivity, simplified
imaging, and a close correlation with tumor biological
behavior, aiding in the assessment of tumor status and
prognosis. Despite the emergence of novel platforms for
precise detection, FAPI PET remains a crucial imaging
modality in liver cancer management, providing valuable
insights for clinical decision-making.

Conclusions

In conclusion, ['®F]FAPI-04 exhibits superior perfor-
mance over ["®F]FDG in PET/CT evaluation of liver can-
cer lesions, characterized by increased sensitivity and
SUVmax/TBR. Significant correlations with molecular
markers, such as Ki67, suggest ['*F]JFAPI-04’s poten-
tial for characterizing liver cancer subtypes and assess-
ing tumor proliferation. However, further research is
required to validate these findings and their clinical
significance.
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