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Background: The comparative diagnostic performance of [68Ga]Ga-fibroblast activation protein 
inhibitors-04 {[68Ga]Ga-FAPI-04} positron emission tomography (PET) and fluorodeoxyglucose F 18 {[18F]
FDG} PET in identifying cancer recurrence remains uncertain. The purpose of our study was to compare 
the diagnostic performance of [68Ga]Ga-FAPI-04 PET and [18F]FDG PET imaging in cancer recurrence.
Methods: Up until March 1, 2024, we searched PubMed, Embase, and Web of Science for pertinent 
papers. Studies examining the diagnostic utility of [68Ga]Ga-FAPI-04 PET and [18F]FDG PET for cancer 
recurrence were included. Using a bivariate fixed-effect model and random-effect model, the pooled 
sensitivity and specificity for [68Ga]Ga-FAPI-04 PET and [18F]FDG PET were reported as estimates with 
95% confidence intervals (CIs). The I2 statistic was used to evaluate the heterogeneity among the pooled 
studies. The included studies’ quality was assessed using the Quality Assessment of Diagnostic Accuracy 
Studies-2 (QUADAS-2) approach.
Results: In all, 508 papers were found during the first search; ultimately, 12 studies totaling 224 patients 
were included. The pooled sensitivity of [68Ga]Ga-FAPI-04 PET and [18F]FDG PET for cancer recurrence 
were 0.97 (95% CI: 0.90–1.00) and 0.69 (95% CI: 0.60–0.77). The pooled sensitivity of [68Ga]Ga-FAPI-04 
PET and [18F]FDG PET for gastrointestinal cancer recurrence were 1.00 (95% CI: 0.97–1.00) and 0.57 (95% 
CI: 0.42–0.74). The pooled specificity of [68Ga]Ga-FAPI-04 PET and [18F]FDG PET for gastrointestinal 
cancer recurrence were 0.66 (95% CI: 0.15–1.00) and 0.46 (95% CI, 0.00–1.00).
Conclusions: Based on the previous studies, [68Ga]Ga-FAPI-04 PET shows higher sensitivity compared 
to [18F]FDG PET in detecting tumor recurrence, especially in detecting gastrointestinal cancer recurrence. 
[68Ga]Ga-FAPI-04 PET shows similar specificity compared to [18F]FDG PET in detecting gastrointestinal 
cancer recurrence. The detection results, however, came from investigations using modest sample numbers. 
In this matter, more extensive prospective study is required.
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Introduction

Cancer continues to be a significant global health challenge, 
with increasing incidence and mortality rates over the years (1).  
The timely and accurate detection of cancer recurrence 
plays a crucial role in effective patient management, 
treatment planning, and prognosis.

In the past, computed tomography (CT) and magnetic 
resonance imaging (MRI) were commonly used for 
monitoring and evaluating cancer recurrence. However, 
these conventional imaging methods have certain 
limitations. While they are effective in evaluating the 
anatomy, CT and MRI scans often lack the necessary 
sensitivity to detect microscopic cancerous tumors or 
differentiate between benign and malignant tissue changes. 
This limitation poses a challenge in diagnosis, potentially 
leading to delayed therapy and negative patient outcomes (2).

Recent advancements in molecular imaging have 
introduced promising alternatives to conventional 
techniques for detecting cancer recurrence. One such 
technique is positron emission tomography (PET), which 
utilizes radiotracers like fibroblast activation protein (FAP) 
and fluorodeoxyglucose F 18 {[18F]FDG}. [18F]FDG, an 
analog of glucose, is the most commonly used radiotracer 
in oncology. It provides valuable functional information by 
detecting the increased glucose absorption and glycolysis 
of cancer cells. Compared to traditional techniques such 
as endoscopy and contrast-enhanced CT imaging, [18F]
FDG PET offers advantages like whole-body imaging and 
the ability to identify small lesions based on metabolism. 
As a result, it has become a frequently employed method 

for monitoring postoperative patients for recurrence (3,4). 
However, [18F]FDG tracers do have some limitations, 
including high uptake in normal tissues (such as the brain, 
salivary glands, vocal cords, myocardium, and urinary tract), 
which can make it challenging to detect tumor lesions. 
Additionally, [18F]FDG uptake may be low in certain 
types of tumors, and it lacks specificity for conditions like 
inflammatory disease (5-9).

FAP is a type II membrane-bound glycoprotein that 
exhibits both dipeptidyl peptidase and endopeptidase 
activity. It belongs to the dipeptidyl peptidase 4 family 
and plays a critical role in the tumor microenvironment. 
FAP, along with reduced levels of anti-angiogenic proteins, 
elevated levels of transforming growth factor, and modified 
matrix processing enzymes, significantly influences the 
tumor microenvironment (10). FAP is overexpressed in 
cancer-associated fibroblasts in various tumors (11,12). In 
previous studies, [68Ga]Ga-fibroblast activation protein 
inhibitors-04 {[68Ga]Ga-FAPI-04} PET has been found to 
be more sensitive than [18F]FDG PET in detecting primary 
and metastatic lesions in various types of cancer (11,13).

Before this study, there was no meta-analysis to compare 
the diagnostic performance of the two imaging agents in 
tumor recurrence. Therefore, the comparative diagnostic 
performance of [68Ga]Ga-FAPI-04 PET and [18F]FDG 
PET in identifying cancer recurrence remains uncertain. 
To address this, we conducted a meta-analysis of studies 
directly to compare the diagnostic performance of [68Ga]Ga-
FAPI-04 and [18F]FDG PET imaging in cancer recurrences. 
In order to better analyze the detection performance 
between the two imaging agents, cancer recurrence was 
defined as any tumor recurrence at the same tumor site 
as the primary tumor. All other tumor recurrences were 
defined as distant metastases. We present this article in 
accordance with the PRISMA reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-23-
2296/rc).

Methods

The protocol of the current meta-analysis has been 
registered with PROSPERO (CRD42023457442).

Search strategy

Two independent authors performed a comprehensive and 
systematic search of PubMed, Embase, and Web of Science 
databases for relevant published articles comparing [68Ga]
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Ga-FAPI-04 PET and [18F]FDG PET in cancer, and this 
search was updated as at March 1, 2024. A combination 
of these phrases was utilized in the search algorithm: (I) 
“FAPI” OR “fibroblast activation protein”; (II) “FDG” OR 
“18F-FDG” OR “fluorodeoxyglucose”; (III) “neoplasm” 
OR “cancer” OR “tumour”; and (IV) “Positron-Emission 
Tomography” OR “Positron Emission Tomography” OR 
“PET”. The search was not limited to the beginning date or 
the language. We also manually examined the reference lists 
of the indicated articles for research that could be pertinent.

Inclusion and exclusion criteria

The current meta-analysis extracted data from the included 
studies, according to the following inclusion criteria: (I) 
patients who experienced recurrence after undergoing 
surgical or radiation therapy; (II) head-to-head comparison of 
[68Ga]Ga-FAPI-04 PET and [18F]FDG PET; and (III) follow-
up imaging or histological pathology as gold standard. The 
exclusion criteria were as follows: (I) abstracts; (II) duplicated 
articles; (III) non-English full-text articles; (IV) titles and 
abstracts that were obviously irrelevant; and (V) data that 
could not be extracted for true positive (TP), false positive 
(FP), true negative (TN), or false negative (FN).

Two researchers independently reviewed the titles and 
abstracts of the retrieved articles using the aforementioned 
inclusion and exclusion criteria, then assessed the full-text 
versions of the remaining texts to establish their eligibility 
for inclusion in the following phase. Disagreements 
between the researchers were resolved by consensus.

Quality assessment and data extraction

Two researchers independently assessed the quality of the 
included studies using the Quality Assessment of Diagnostic 
Accuracy Studies-2 (QUADAS-2) method. They evaluated 
both the applicability and risk of bias for each study. Each 
study was assigned a rating of high, low, or uncertain for 
bias risk and applicability. The involvement of a third 
reviewer helped to settle any potential disputes. RevMan 
(version 5.4) was used for the analysis.

Data were gathered by two researchers for each of 
the included studies individually. The data that were 
extracted included: (I) year of publication, author; (II) 
study characteristics including analysis, country, reference 
standard, study design; (III) patient characteristics including 
number of patients, cancer type, PET interval time; and 
(IV) types of imaging tests, the scanner modality, the 

ligand dosage, image processing, and the TP, FP, FN, and 
TN. In case of not being explicitly mentioned, data were 
manually obtained from the literature, tables, and figures. 
The two researchers came to an agreement to resolve their 
differences.

Data synthesis and statistical analysis

The diagnostic performance of [68Ga]Ga-FAPI-04 PET 
and [18F]FDG PET in detecting cancer recurrence was 
evaluated in a patient-based analysis. Heterogeneity was 
assessed using the I2 statistic. If significant heterogeneity 
(I2>50%) was observed, forest plots were constructed 
in random-effects models, otherwise fixed models were 
applied. Pooled data were presented with 95% confidence 
interval (CI). A difference in performance between the two 
tests was considered significant if the 95% CIs of the two 
tests did not overlap. When high levels of heterogeneity 
were present (I2>50%), sensitivity analyses were performed 
to explore sources of heterogeneity.

We did not do subgroup analysis and meta-regression to 
identify the cause of heterogeneity due to the small number 
of included studies or low heterogeneity. Using Egger’s 
test, publication bias was evaluated. P values with statistical 
significance were two-tailed and had a threshold of 0.05. 
The R software environment for statistical computation and 
graphics version 4.3.1 was used to conduct the statistical 
analyses.

Results

Literature search and study selection

According to the initial search results, after 593 duplicated 
articles were eliminated, we got 508 articles. Based on the 
title or abstract, 487 studies were excluded. In the remaining 
outcomes, seven papers with data not being available, one 
being non-English, and one being too little extractable data, 
resulting in a total of 12 articles evaluating the diagnostic 
performance for cancer recurrence (2,14-24). The flow 
diagram of the study selection process is shown in Figure 1.

Study description and quality evaluation

Table 1 lists the research and patient information from the 
12 studies that included 224 patients. Technical aspects are 
displayed in Table 2. Furthermore, the QUADAS-2 tool 
was used to assess the quality of the studies included. The 
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Figure 1 The flow diagram depicts the overall design of this investigation.
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Table 1 Study and patient characteristics of the included studies

Author Year Country
Study 
design

Reference standard
No. of 

patients
Age (years), 
mean ± SD

Cancer type
Interval day for 

both PET, median 
or range

Li et al. (17) 2023 China Pro Pathology and/or follow-up imaging 60 NA Gastric cancer NA

Chen et al. (14) 2023 China Retro Pathology 7 NA Gastric cancer 1–7 days

Qin et al. (20) 2022 China Retro Pathology and/or follow-up imaging 26 NA Gastrointestinal cancer <2 months

Zheng et al. (24) 2023 China Retro Pathology 3 NA Ovarian cancer 1–3 days

Wang et al. (22) 2022 China Pro Pathology 4 NA Lung cancer NA

Gündoğan et al. 
(16)

2022 America Pro Pathology 6 57.2±11.2 Gastric cancer 1–7 days

Pang et al. (19) 2021 China Retro Pathology 16 NA Gastric cancer, colorectal 
cancer

1–6 days

Gu et al. (15) 2022 China Pro Pathology and/or follow-up imaging 45 46±28 Sarcoma <1 week

Liu et al. (18) 2023 China Retro Pathology and/or follow-up imaging 17 NA Gastric cancer, duodenal 
cancer, colorectal cancer

<1 week

Zhang et al. (23) 2022 China Pro Pathology and/or follow-up imaging 3 NA Fibroblastic tumors <1 week

Sayiner et al. (21) 2023 Turkey Retro Pathology 29 45.83±16.39 Papillary thyroid carcinoma NA

Li et al. (2) 2023 China Retro Pathology and/or follow-up imaging 8 NA NA 1 day

SD, standard deviation; PET, positron emission tomography; Pro, prospective; NA, not available; Retro, retrospective.
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quality evaluation graph highlighted high-risk bias problems, 
primarily in the field of patient selection (Figure 2), due to 
the fact that the majority of these studies did not involve 
consecutive individuals. Overall, the risk bias of the papers 
was deemed acceptable.

Diagnostic performance of [18F]FDG PET and [68Ga]Ga-
FAPI-04 PET for cancer recurrence

The results of pooled sensitivity of [68Ga]Ga-FAPI-04 PET 
and [18F]FDG PET for cancer recurrence were 0.97 (95% 
CI: 0.90–1.00) and 0.69 (95% CI: 0.60–0.77) (P<0.01) 
(Figure 3).

Diagnostic performance of [18F]FDG PET and [68Ga]Ga-
FAPI-04 PET for gastrointestinal cancer recurrence

The results of pooled sensitivity of [68Ga]Ga-FAPI-04 
PET and [18F]FDG PET for gastrointestinal cancer 

recurrence were 1.00 (95% CI: 0.97–1.00) and 0.58 (95% 
CI: 0.42–0.74) (P<0.01) (Figure 4). The results of pooled 
specificity of [68Ga]Ga-FAPI-04 PET and [18F]FDG PET 
for gastrointestinal cancer recurrence were 0.66 (95% CI: 
0.15–1.00) and 0.46 (95% CI: 0.00–1.00) (P<0.01) (Figure 5).

Publication bias

The funnel plot asymmetry test revealed no evidence of 
publication bias for [68Ga]Ga-FAPI-04 PET (Egger’s test: 
P=0.19) (Figure 6A) and [18F]FDG PET (Egger’s test: 
P=0.84) (Figure 6B).

Discussion

This systematic review and meta-analysis primarily focuses 
on comparing the diagnostic effectiveness of two imaging 
modalities, [68Ga]Ga-FAPI-04 PET and [18F]FDG PET, 
for detecting cancer recurrence. In comparable studies, the 
detection of primary and metastatic lesions of several cancer 
types was more sensitive with [68Ga]Ga-FAPI-04 PET than 
with [18F]FDG PET (11,13). It is currently unclear whether 
[68Ga]Ga-FAPI-04 PET has better sensitivity or specificity 
compared to [18F]FDG PET in detecting tumor recurrence.

The results of this systematic review and meta-analysis 
indicate that [68Ga]Ga-FAPI-04 PET has a higher sensitivity 
in detecting cancer recurrence compared to [18F]FDG PET. 
This increased sensitivity is particularly important as it has 
the potential to detect smaller lesions or early stages of 
recurrence, allowing for timely intervention and improved 
patient outcomes. The higher sensitivity of [68Ga]Ga-
FAPI-04 PET may be attributed to its unique mechanism 
of action, targeting the FAP which is overexpressed in the 
tumor microenvironment and is the focus of FAPI (11,12). 
Even when [18F]FDG PET may yield false-negative results 
due to inadequate glucose metabolism in certain cancer 
types or stages, [68Ga]Ga-FAPI-04 PET demonstrates high 
precision in detecting cancer-associated fibroblasts through 
its selective targeting. As the stroma volume of a tumor 
can exceed the tumor volume itself, PET imaging targeted 
at the stroma is more sensitive than glucose metabolic 
PET imaging in detecting small lesions, provided that 
FAP expression is adequate (25-27). This new mechanism 
highlights the potential clinical advantage of [68Ga]Ga-
FAPI-04 PET in identifying cancer recurrence and suggests 
it as a promising alternative to [18F]FDG PET (28).

We also made a  separate  subgroup analys is  of 
gastrointestinal tumor recurrence in order to compare the 

Figure 2 Using the QUADAS-2 technique, a summary of 
bias risk and applicability issues were found in the included 
research. The following criteria were used to evaluate each 
study: patient selection, index test, reference standard, flow, and 
timing. QUADAS-2, Quality Assessment of Diagnostic Accuracy 
Studies-2.
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0.2       0.4       0.6       0.8         1
Sensitivity

Figure 3 Forest plot showing combined sensitivity of [68Ga]Ga-FAPI-04 PET and [18F]FDG PET for cancer recurrence identification in 
patient-based study. CI, confidence interval; [68Ga]Ga-FAPI-04, [68Ga]Ga-fibroblast activation protein inhibitors-04; PET, positron emission 
tomography; [18F]FDG, fluorodeoxyglucose F 18.

0.2       0.4       0.6       0.8         1
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Figure 4 Forest plot showing combined sensitivity of [68Ga]Ga-FAPI-04 PET and [18F]FDG PET for gastrointestinal cancer recurrence 
identification in patient-based study. CI, confidence interval; [68Ga]Ga-FAPI-04, [68Ga]Ga-fibroblast activation protein inhibitors-04; PET, 
positron emission tomography; [18F]FDG, fluorodeoxyglucose F 18.
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Figure 5 Forest plot showing combined specificity of [68Ga]Ga-FAPI-04 PET and [18F]FDG PET for gastrointestinal cancer recurrence 
identification in patient-based study. CI, confidence interval; [68Ga]Ga-FAPI-04, [68Ga]Ga-fibroblast activation protein inhibitors-04; PET, 
positron emission tomography; [18F]FDG, fluorodeoxyglucose F 18.
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Figure 6 The publication bias of sensitivity in [68Ga]Ga-FAPI-04 PET (A) and [18F]FDG PET (B) for cancer recurrence detection was 
assessed using a funnel plot. P<0.05 was considered significant. [68Ga]Ga-FAPI-04, [68Ga]Ga-fibroblast activation protein inhibitors-04; 
PET, positron emission tomography; [18F]FDG, fluorodeoxyglucose F 18.

detection performance of the two imaging agents in this 
type of cancer. [68Ga]Ga-FAPI-04 PET compared with [18F]
FDG PET, it has higher sensitivity in the recurrence of 
gastrointestinal cancer. This may be due to histopathologic 
types of gastrointestinal cancer have low [18F]FDG uptake 
(9,29,30). In addition, the physiologic [18F]FDG uptake 
by the gastric wall also further limits the application of 
[18F]FDG PET in the detection of gastric cancer (19). 
On the other hand, [68Ga]Ga-FAPI-04 PET shows a 
similar specificity to [18F]FDG PET, which may be due to 
inflammatory factors. Previous studies have shown that 
non-specific fibrosis induced by inflammation can lead to 
positive uptake of FAPI and FDG, which will lead to FP 
PET scans, making the two imaging agents have similar 
specificity (31,32).

When comparing [68Ga]Ga-FAPI-04 PET and [18F]FDG 

PET, it is important to consider various factors, such as cost, 
availability, and ease of widespread adoption. Both imaging 
agents have their own advantages and disadvantages. The 
limited availability and difficulty in obtaining the gallium 
68 generator required for production increases the cost of 
[68Ga]Ga-FAPI-04 PET. On the other hand, FDG is more 
widely available and relatively cost-effective (33). However, 
when cost is not a concern, [68Ga]Ga-FAPI-04 PET has 
clear benefits, including a higher tumor-to-background 
ratio, independence from blood glucose levels, and fast 
image acquisition (34,35). Furthermore, the usefulness 
of [68Ga]Ga-FAPI-04 PET may vary depending on the 
specific cancer type and clinical scenario. For cancers with 
high glucose metabolism, [18F]FDG PET might still be 
the preferred choice. Therefore, clinical decision-making 
should take into account the unique characteristics of each 
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imaging agent and their alignment with the patient’s specific 
needs (36,37).

The current meta-analysis has several limitations. First, 
the study’s sources of heterogeneity may include diverse 
cancer types, methods, and quality, as well as criteria for 
defining PET positive and testing targets. Second, some 
researches were conducted retrospectively, which may have 
resulted in selection bias. Third, there are biases in the 
present meta-analysis’s validation since some studies did 
not involve pathological confirmation, and even when they 
did, not all positive PET results in these included studies 
were pathologically verified. Fourth, only three studies were 
included to evaluate the specificity, the number was too 
small and the heterogeneity was too high, which would lead 
to a certain risk of bias, further larger prospective studies 
focused on specificity are needed.

Conclusions

Based on previous results, compared with [18F]FDG PET, 
[68Ga]Ga-FAPI-04 PET showed higher sensitivity and 
similar specificity in detecting tumor recurrence, especially 
gastrointestinal tumor recurrence. However, the test results 
come from the study of small sample size. On this issue, 
further and larger forward-looking studies are needed. 
However, the detection outcomes are derived from studies 
with small sample sizes. Further and larger-scale prospective 
research is needed to verify results.
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