
1Jiao Ma  MD, 
4Jiayu Zhang  MD, 

5Ting Zhao  MD, 
1Jia Deng  MD, 

1,2,3Chunyin Zhang  MD

1. Department of Nuclear Medicine, 
The A�liated Hospital of Southwest 
Medical University. Luzhou, Sichuan, 
PR China. 646000
2. Nuclear Medicine and Molecular 
Imaging Key Laboratory of Sichuan 
Province. Luzhou, Sichuan, PR China. 
646000
3. Academician (expert) Workstation 
of Sichuan Province. Luzhou, 
Sichuan, PR China.646000
4. Department of General Surgery 
(Breast Surgery), The A�liated 
Hospital of Southwest Medical 
University. Luzhou, Sichuan, PR 
China. 646000
5. Department of Respiratory and 
Critical Care Medicine, The A�liated 
Hospital of Southwest Medical 
University. Luzhou, Sichuan, PR 
China. 646000

18 68Keywords: F-FDG - Ga-FAPI 
- Head and neck cancers 
- Meta-analysis - PET/CT 

Corresponding author: 
Chunyin Zhang MD,
Department of Nuclear Medicine
The A�liated Hospital of 
Southwest Medical University
Sichuan Key Laboratory of Nuclear 
Medicine and Molecular Imaging
Academician (Expert) Workstation 
of Sichuan Province No.25, Taiping 
St, Luzhou, Sichuan 646000, PR 
China
Tel: +8613551668486
zhangchunyin345@sina.com

Received:
   10 November 2024 
 Accepted revised:
   12 January 2025

18 68Diagnostic value of F-FDG and Ga-FAPI in head and neck 

cancers: A systematic review and meta-analysis   

Abstract
68Objective: Gallium-68-labeled �broblast activating protein inhibitor ( Ga-FAPI) has been developed for po-

sitron emission tomography (PET) and proved to be a promising imaging agent. It has shown good diagnos-
tic performance in the diagnosis of various solid tumors, including head and neck cancers (HNC). This study 

18conducted a meta-analysis on the diagnostic performance of �uorine-18-�uorodeoxyglucose ( F-FDG) and 
68 68Ga-FAPI in HNC, summarized the clinical evidence of Ga-FAPI for HNC, and compared the diagnostic sensi-
tivity of the two imaging agents in the primary and metastatic lesions of HNC. Materials and Methods: Pub-
Med/ Medline, Embase and Cochrane Library databases were searched from built to 31 January 2023. Stu-

18 68dies on patients with HNC underwent paired F-FDG and Ga-FAPI were included. Literature screening, full 
text review and data extraction were performed by 2 investigators. The risk of bias was examined with the 
QUADAS-2 tool. Meta-analysis of diagnostic test sensitivity was performed by a random-e�ect model and 
displayed by a forest plot. Results: A total of 507 studies were comprehensively retrieved, and 11 studies, 297 
patients were selected for the systematic review and 9 studies for meta-analysis. Two hundred and nine pati-
ents selected for initial staging and 88 patients for recurrence. Pooled sensitivity at initial stage was conduc-

18 68ted. Based on primary lesions, the sensitivity were F-FDG 0.95 (0.81-0.99) vs Ga-FAPI 0.99 (0.90-1.00). For 
18 68lymph node metastases, based on patients, the sensitivity were F-FDG 0.99 (0.77-1.00) vs Ga-FAPI 0.92 

18 68(0.68-0.98); For distant metastases, based on patients, the sensitivity were F-FDG 0.82 (0.03-1.00) vs Ga-FA-
PI 0.92 (0.59-0.99). Conclusion: Gallium-68-FAPI has great potential in the diagnosis of HNC and has similar 

18diagnostic value with F-FDG. While there is much overlap in the performance (as measured by sensitivity) of 
68 18these two agents but a trend may favor Ga-FAPI over F-FDG for detection of primary tumor and distant 

68metastases. Therefore, in the diagnosis and evaluation of head and neck cancers, the combination of Ga-
18FAPI and F-FDG can be considered according to the individual situation.
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Introduction

Head and neck cancers (HNC) is a common cancer worldwide with 800,000 new 
cases and 500,000 deaths reported in 2020 [1], seriously threatening human he-
alth. Ninety percent are head and neck squamous cell carcinomas (HNSCC). The 

treatment depends on anatomical location, tumor stage and function [2, 3]. Most HNC 
are diagnosed at the advanced stage (III~IV) and overall survival rate is signi�cantly low-
er than that at the early stage [4]. Being in the stage of late diagnosis is an important fac-
tor leading to the low survival rate. Therefore, early diagnosis is the key to reduce inciden-

18ce rate and mortality. Fluorine-18-�uorodeoxyglucose ( F-FDG) positron emission to-
mography/computed tomography (PET/CT) is widely used for imaging of various tu-

18mors. However, there are still some limitations in HNC [5]. High F-FDG uptake can be ob-
served in some normal tissues, such as brain tissue, neck muscles, lymph nodes, tonsils, 
salivary glands, etc. Besides, false positive uptake may occur in some peritumoral in�am-
mation or in�ammatory reaction after surgery/radiotherapy, a�ecting the accuracy of 
diagnosis.

Tumor microenvironment (TME) plays an important role in the occurrence and deve-
lopment of head and neck squamous cell carcinomas (HNSCC), including cancer-associ-
ated �broblasts (CAF) [6, 7]. Cancer-associated �broblasts are �broblasts with prolifera-
tion and migration characteristics, which can promote tumor growth, invasion, metasta-
sis, angiogenesis and immunosuppression [8-10]. Fibroblast activation protein (FAP) is 
overexpressed on the cell membrane and matrix of CAF in various solid tumors, inclu-
ding HNC, and the expression is absent or low in healthy tissues [11, 12].

68Gallium-68-conjugated �broblast activation protein inhibitor ( Ga-FAPI) has been de-
veloped for PET/CT or PET/magnetic resonance imaging (MRI) in vivo, targeting FAP and 
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tumor interstitial visualization, showing good biological dis-
tribution characteristics and high tumor-to-background ra-
tio (TBR) [13]. Previous studies show that FAPI has better di-

18agnostic value than F-FDG in di�erent cancers [14, 15]. 
Some systematic reviews compared the diagnostic value 
18 68of F-FDG and Ga-FAPI in the diagnosis of digestive system 

tumors, bone metastases, peritoneal metastases [16-19]. 
However, there is no separate meta-analysis to compare the 
diagnostic value of the two imaging agents in head and 
neck tumors. In this systematic review and meta-analysis, we 
aim to summarize the latest clinical evidence of the diagnos-

18 68tic value of F-FDG and Ga-FAPI in HNC.   

Materials and Methods    

This study is in agreement with the preferred reporting items 
for a systematic review and meta-analysis (PRISMA) state-
ment [20].

Search strategy
A comprehensive search through the PubMed/Medline, Em-
base and Cochrane Library databases were carried out (from 
build to 31 January 2023). The following search terms were 
used: (A) 'PET' OR 'positron emission tomography' AND (B) 
'FDG' OR '�uorodeoxyglucose' AND (C) 'FAPI' OR 'FAP' OR 
'�broblast' AND (C) 'Head and neck' OR 'Nasopharyngeal' OR 
'Oral' OR 'Oropharyngeal' OR 'Hypopharyngeal' AND(E) 
'Cancer' OR 'Neoplasms' OR 'Tumors' OR 'Tumours' OR 'Carci-
noma'. Studies written in English were included. To identify 
additional studies left out in the initial search, reference list of 
all selected articles were manually screened by two investi-
gators (XX and XX).

Study selection
Two reviewers (XX and XX) screened the titles and abstracts 
independently. Articles met the inclusion criteria were syste-
matically reviewed. The inclusion criteria were original artic-

18 68les evaluating the diagnostic e�cacy of F-FDG and Ga-FA-
PI in HNC, including initial staging/restaging. Retrospective 
and prospective studies were included. Exclusion criteria we-
re: (a) conferences, reviews, brief communications, abstracts, 
letters to the editor; (b) case reports or the head and neck tu-
mor is only a subgroup of the original article and cannot be 
extracted for analysis;(c) patients in the studies didn't under-

18 68 18go paired F-FDG and Ga-FAPI; (d) studies evaluating F-
68FDG and Ga-FAPI not in head and neck cancers and studies 

68applying imaging agents other than Ga-FAPI. Studies with 
comprehensive data and provide enough raw data to com-
plete a 2×2 contingency table [true positives (TP), false posi-
tives (FP), false negatives (FN), true negatives (TN)] were in-
cluded in the meta-analysis. Disagreements were resolved in 
a consensus meeting.

Data extraction
Two reviewers independently performed the extraction. The 
following data were collected: authors, year of publication, 
country, tumor type, study design, age, sex ratio, diagnostic 

criteria, injection activity and the time interval between ima-
ge acquisition, scan interval, image type, methods of image 
analysis, detection of lesions, the maximum standardized 
uptake value (SUVmax) in primary tumors, lymph node me-
tastases and the distant metastases. Relevant authors were 
not contacted for unpublished data.

Quality assessment
The quality of the studies included was assessed according 
to the revised 'Quality Assessment of Diagnostic Accuracy 
Studies' tool (QUADAS-2) [21]. It was used to assess the risk of 
bias for the following criteria: patient selection, index test, re-
ference test and �ow/timing, whereas applicability concerns 
were assessed for patient selection, index test and reference 
test.

Statistical analysis
Stata 16.0 software was used for statistical analysis. Pooled 

18 68sensitivities of F-FDG and Ga-FAPI were conducted (at le-
ast �ve studies per subgroup, including primary focus, lymph 
node metastases and distant metastases). A random-e�ect 
model analysis was performed to assess the summary sensi-
tivity. Pooled data were given with 95% con�dence intervals 
(95% CI) and displayed using forest plots. The evaluation of 
heterogeneity between studies is based on I2 and Q test sta-
tistics. Due to the limited clinical research at present, the 
heterogeneity may be a�ected by many factors, so further 

2analysis of heterogeneity is not conducted. I ≤75% or P<0.01 
is acceptable [22]. Publication bias was determined using the 
Deeks' funnel plot test, P≥0.05 means no obvious publica-
tion bias.

Results

Literature search
A total of 507 studies were comprehensively retrieved (Fi-
gure 1), excluding 96 repetitive searches. A total of 393 artic-
les were excluded by reading the title and abstract. Through 
further reading the full text, two studies were not capable for 
meta-analysis, one article is about thyroid cancer [29], and 

18the other is about negative F-FDG [33]. Finally, eleven stu-
dies were included for systematic review, nine studies for me-
ta-analysis [23-28, 30-32]. These studies provide reliable data 

18 68to evaluate the accuracy of F-FDG and Ga-FAPI in the diag-
nosis of HNC.

Study and patient characteristics
Table 1 summarizes the main characteristics of the 11 studies 
included. All studies were published within the last 5 years. 
Seven studies (63.6%) were performed in China, three 
(27.3%) studies in Germany, one study (9.1%) in Thailand. Se-
ven studies (63.6%) were prospective, while four (36.4%) we-
re retrospective studies. Four (36.4%) studies had histopa-
thology as the �nal diagnostic criterion, seven (9.1%) studies 
had histopathology or imaging (including CE-MRI/CT) as the 
�nal diagnostic criterion. Six studies (54.5%) were on patients 
for initial staging, one (9.1%) study on patients for reccurence
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detection and four (36.4%) studies on both. In 10 studies, the 
thclinical stage criteria were according to the 8  edition of the 

thAmerican Joint Committee on Cancer (AJCC 8  edition) [34]. 
18 68Patients in all studies underwent paired F-FDG and Ga-FA-

PI PET/CT or PET/MRI.

Technical aspects
18 68The technical aspects of F-FDG and Ga-FAPI are summa-

rized in Table 2. Patients in only 1 study underwent PET/MRI, 
while the other 10 studies used PET/CT. The activity stan-
dards injected were not uniform. Some studies reported the 
injection activity based on body weight, while others repor-
ted the total injection activity. Seven studies reported the 
uptake times were the same, ranging from 40-60 minutes, 
two studies were di�erent while another two studies did not 
mention it. The scanning intervals were di�erent in all, within 
1 week in 7 studies, 2 weeks in 3 studies, the maximum is 59 
days in 1 study. For image analysis, the SUVmax in all studies 
were measured. Visual evaluations were in 5 studies. The TBR 
were also used in 5 studies. In addition, the gross tumor volu-
mes (GTV) based on the two imaging agents were also re-

ported in 4 studies.

Main �ndings of qualitative assessment
A total of 11 studies, 297 patients with head and neck tumors 
were analyzed. Four studies (135 patients) on nasopharynx, 
two studies (46 patients) on oral cavity, one study (35 pati-
ents) on thyroid, one study (8 patients) on tonsil and three 
comprehensive studies (73 patients) on HNC. A total of 209 

18 68patients underwent F-FDG and Ga-FAPI for initial staging, 
88 patients for recurrence detection. All studies evaluated 
the diagnostic value of two imaging agents in primary tu-
mors and/or lymph node metastases and/or distant metas-
tases.

Methodological quality of studies
Patient selection was the main source of bias among the 11 
studies selected for the meta-analysis (Figure 2). Some stu-
dies did not mention whether the selected patients were 
continuous or random. In addition, some studies did not use 
the same reference standard, which would also increase the 
heterogeneity. 

Figure 1. Flowchart of literature screening.
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Table 2. Technical aspects of imaging studies included in systematic review.

Author 
and year

Imaging 
modality

Injected 
activity
18( F-FDG)

Time interval 
18( F-FDG 

injection and 
image 

acquisition)

Injected 
activity

68( Ga-
FAPI)

Time interval 
68( Ga-FAPI 

injection and 
image 

acquisition)

Interval 
between

18 F-FDG and 
68Ga-FAPI 

scans (days)

Image analysis

Chunxia 
Qin
2021

PET/MRI
3.7-

5.4MBq/kg
60min

1.85-3.7 
MBq/kg

30-60min 1 (1-3)
SUVmax/visual 
evaluation/GTV

Liang 
Zhao
2021

PET/CT 3.7MBq/kg 40min
1.8-2.2 
MBq/kg

40min 2 (1-14)
SUVmax/GTV

Jieling 
Zheng
2022

PET/CT
2.96-

4.44MBq/kg
60min

106.9± 
29.6MBq 

43.9±19.5min <1week
SUVmax/ 

TBR/visual 
evaluation

Haoyuan 
Ding
2022

PET/CT 1.85MBq/kg 40-60min 3.7MBq/kg 40-60min <1week
SUVmax/visual 

evaluation

Shaomin
g Chen
2022

PET/CT
2.96-

3.70MBq/kg
60min 1.85-2.22 

MBq/kg
60min 3 (1-5) SUVmax/ TBR

Christian 
Linz
2021

PET/CT
204-

317MBq
NR 66-168MBq NR 4 (2-16)

SUVmax/ 
SUVpeak 

Hao Fu
2022

PET/CT 3.7MBq /kg 60min
1.8-2.2
MBq/kg 

60min 2 (1-6)
SUVmax/

Visual 
evaluation

S. Serfling
2020

PET/CT 292±32MBq 60min 145MBq 60min <1week
SUVmax /TBR/
SUV max ratio/

Chetsa-
daporn 
Promte-
angtrong
2021

PET/CT 2.59MBq/kg 60min 2.0MBq/kg 60min <2 week 

SUVmax/
SUVmean/TBR

/Visual 
evaluation/

FTV/TLF/MTV/
TLG

Simone 
Wegen
2022

PET/CT 263MBq NR 147MBq NR 4 (2-59 )
SUVmax/

SUVmean/GTV

Bingxin 
Gu
2021

PET/CT
260.64±

40.81MBq 
60min

143.71± 
16.19MBq

60min <1week
SUVmax /TBR/
SUVmax ratio/
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Figure 4. Risk bias evaluation of included studies.

Quantitative analysis (meta-analysis)
Nine studies were included and due to the incomplete true 
negative and false positive data associated with the inclu-
ded studies, it was not possible to analyze the speci�city. So 
based on existing data, we just conducted the pooled sensi-
tivity in patients at initial stage. 

Primary tumor 
Patient-based
A total of 217 people were evaluated the primary tumors, 
including 196 patients at initial stage and 21 patients with 

18possible recurrence. For initial stage, F-FDG detected 194 
68patients and Ga-FAPI detected 196 patients. For recur-

18 68rence, 20 patients were detected by F-FDG and 21 by Ga-
68FAPI. At both stages, Ga-FAPI detected more patients than 

18F-FDG.

Lesion-based
A total of 551 lesions were located at the primary sites, 534 
were primary and 17 were considered recurrence. Based on 
the forest plot (Figures 3a and 3b), in the initial primary tu-

18mor, the diagnostic sensitivity of F-FDG was 0.95 (95% CI: 
2 680.81-0.99; I =70.8%; P=0.00), Ga-FAPI was 0.99 (95% CI: 

2 680.91-1.00; I =27.6%; P=0.22). At initial stage, Ga-FAPI was 
18more sensitive than F-FDG in the detection of primary lesi-

18 68ons. Both F-FDG and Ga-FAPI detected 17 local recurrent 
lesions. 

Node metastasis
Patient-based

A total of 162 patients had lymph node metastases, 121 pa-
tients for initial stage. Based on the forest plot (Figure 4a and 

184b), the diagnostic sensitivity of F-FDG was 0.99 (95% CI: 
2 680.77-1.00; I =61.4%; P=0.02), Ga-FAPI was 0.92 (95% CI: 
20.68-0.98; I =00.0%; P=0.43). Testing 41 patients for resta-

18 68ging, F-FDG detected 36 patients, while Ga-FAPI detec-
18ted 40 patients. At both cases, F-FDG detected more pati-

68ents with lymph node metastases than Ga-FAPI.

Lesion-based
A total of 623 lymph node metastases, 548 were detected at 

2 18 68the initial stage. The I  of F-FDG and Ga-FAPI were 94.8% 
and 88.7%. Due to the excessive heterogeneity based on the 
lesion, no pooled analysis was conducted. Seventy �ve were 

18 68detected for restaging, F-FDG detected 48, Ga-FAPI de-
tected 62. It was only reported in 2 articles, pooled analysis 

18was not carried out. At initial stage, F-FDG show better sen-
68 68sitivity than Ga-FAPI, but for restaging, Ga-FAPI detected 

more lymph node metastases. 

Distant metastasis
Patient-based
A total of 20 patients had distant metastases, 12 patients at 
initial staging. Based on the forest plot (Figure 5a and 5b), 

18the diagnostic sensitivity of F-FDG was 0.82 (95% CI: 0.03-
2 681.00; I =69.8%; P=0.02), Ga-FAPI was 0.92 (95% CI: 0.59-

20.99; I =00.0%; P=0.54). For restaging, it was only reported in 
18 681 article, F-FDG detected 7 patients, Ga-FAPI detected 8 

68patients. At both cases, Ga-FAPI detected more patients 
18with distant metastases than F-FDG.



18Figure 3a. The forest plot of F-FDG and based on primary lesions.

68Figure 3b. The forest plot of Ga-FAPI based on primary lesions.

18Figure 4a. The forest plot of F-FDG based on patients (lymph node). 
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68Figure 4b. The forest plot of Ga-FAPI based on patients (lymph node).

18Figure 5a. The forest plot of F-FDG based on patients (distant metastasis). 

68Figure 5b. The forest plot of Ga-FAPI based on patients (distant metastasis).



Lesion-based
Hundred seventy four lesions were considered to be distant 

2metastases in total, 64 in patients for initial staging. The I  of 
18 68F-FDG and Ga-FAPI were 84.8% and 72.1%. Due to the ex-
cessive heterogeneity based on the lesion, no pooled ana-

18lysis was conducted. For restaging, 110 distant lesions, F-
68FDG detected 65 while Ga-FAPI detected 87. Gallium-68-

18FAPI detected more distant metastases than F-FDG at both 
cases.

Publication bias
The Deeks' funnel plot tests showed there was no obvious 
publication bias. For primary tumor, based on lesions, the P 

18 68of F-FDG and Ga-FAPI were 0.78 and 0.39; for node metas-
18 68tasis, based on patients, the P of F-FDG and Ga-FAPI were 

0.01 and 0.33; for distant metastasis, based on patients, the 
18 68P of F-FDG and Ga-FAPI were 0.52 and 0.06, respectively.

Discussion

Fluorine-18-FDG PET/CT has been recommended for the 
initial staging of advanced HNSCC - stage (III-IV), detecting 
distant metastases with a high accuracy [35]. As a new ima-

68ging agent, Ga-FAPI has shown considerable diagnostic 
value in many cancers in recent studies. In our study, we fo-
und FAPI may show unique diagnostic value for HNC. 

18In primary tumors, the sensitivity of F-FDG was lower 
68 68than Ga-FAPI. Six studies reported the SUVmax of Ga-FAPI 

18in primary lesions was higher than F-FDG (Table 3). The cur-
rent research results are inconsistent as to whether there is a 
correlation between the uptakes of the two. One study 
showed that higher invasiveness of tumors was accompa-
nied by higher glycolysis and higher CAF activity [26], but 
two studies showed there was no correlation between them 
[23, 30]. Various types of solid tumors have di�erent loads, 
like di�erent pathological types and sizes of tumors have 
di�erent biological activities may re�ect di�erent glucose 

68utilization and CAF activity. In half studies, Ga-FAPI showed 
18better TBR than F-FDG, which was consistent with previous 

study [14]. Due to its high physiological activity in normal 
18brain tissue, F-FDG cannot evaluate well the skull base and 

assess possible intracranial invasion in patients with advan-
ced stage. In four studies on nasopharyngeal carcinoma, 
68Ga-FAPI better detected the skull base and intracranial in-

18vasion than F-FDG, thus changing the T stage of patients.
In addition, 44%-75% patients [36, 37] with head and neck 

cancer of unknown primary (HNCUP) cannot be found by 
18 68F-FDG. In Gu et al. (2022) [33] Ga-FAPI detected 7/16 pati-

18 68ents with negative F-FDG, so Ga-FAPI may provide additi-
onal value in HNCUP patients. In the detection of local recur-
rence, the two imaging agents showed similar detection, 
but the number was small. In addition, it was observed [24] 
when detecting local recurrence, patients usually undergo 
surgery or radiotherapy before, which may lead to local in-

18�ammation and tissue �brosis, leading to false positive F-
68FDG and Ga-FAPI. Therefore, nuclear medicine physicians 

and radiologists should be more careful when diagnosing 

recurrence and pay attention to the selection of the time po-
int for e�cacy evaluation after treatment.

Immunohistochemistry (IHC) analysis of FAP was perfor-
med in 3 studies. Ser�ing et al. (2021) found FAP was positive 
in all primary tumors and all metastatic lymph nodes except 
one patient. The volume of metastatic lymph nodes was po-
sitively correlated with the immunohistochemical score of 

68FAP, and Ga-FAPI was negative in more metastatic lymph 
nodes with FAP 1+ instead of higher score (2+- 3+) [30]. It 

18 68was found [27] the SUVmax of F-FDG and Ga-FAPI were 
positively correlated with tumor size, this was consistent 
with the results of a recent prospective study [38]. They ana-
lyzed the correlation between the biological distribution of 
68Ga-FAPI-46 PET and the expression of FAP in cancer and its 
adjacent non-cancer tissues in 114 patients, involving 14 ty-
pes of cancer. The results showed the FAP IHC score was po-

68sitively correlated with the SUVmax and SUVmean of Ga-
FAPI-46, with signi�cant di�erence. In addition, the size of 
tumor tends to be positively correlated with SUVmax and 
SUVmean. FAP 1+~3+ scores expression was found in pri-
mary tumors and lymph node metastases in two studies [25, 
28]. However, in Zheng et al. (2022), FAP was mainly located 
in CAF near tumor cells, and FAP was not expressed in cancer 
cells and/or other stromal cells, the IHC score of FAP was not 

68related to SUVmax of Ga-FAPI and tumor size. Due to the 
small sample, the di�erence of tumor type and the deviation 
of sampling, the relationship among the expression of FAP, 

68the biological distribution of Ga-FAPI and the tumor size 
still needs to be further explored in the future. 

Radiotherapy is important for HNC, which signi�cantly 
improves the overall survival rate. Insu�cient resection mar-
gin, tumor radiation resistance and initial treatment dose, le-
ad about 50% of patients at high-risk stage to tumor recur-
rence within the target volume of radiotherapy or its edge 
within 3 years [39]. Therefore, it is important to establish an 
appropriate target volume for precise radiotherapy. Fluorine-
18-FDG PET/CT has been increasingly used to guide the deli-
neation of radiotherapy target areas for HNC [40]. We found 
68 18Ga-FAPI had a higher TBR than F-FDG, which could better 
distinguish the invasion range of local tumors from surroun-

68ding normal tissues. A study explored the use of Ga-FAPI 
PET/CT to create the gross tumor volume (GTV) of HNC for 
radiotherapy. They found, compared with conventionally 
created GTV (based on imaging information from MRI and 
CT), FAPI-based GTVs were signi�cantly larger. Especially, the 
68 68Ga-FAPI-based GTV were greater by Ga-FAPI×3 threshold 

18than all other GTV [41]. The clinical application of F-FDG and 
68Ga-FAPI PET for tumor volume delineation was performed 
in 4 studies. In three studies, based on the same threshold, 

18the FAPI-based GTV were all larger than the F-FDG-based 
18GTV. The possible reason is F-FDG re�ects the glucose utili-

68zation of solid tumors, and Ga-FAPI re�ects the activity of 
CAF around tumors, so it can better display the tumor load 
range. In Qin et al. (2021) [23] the delineation volume based 

68 18on Ga-FAPI 25% SUVmax and F-FDG 20% SUVmax had 
credibility and consistency level with MRI. Besides, Wegen et 
al. (2022) [32] had the same �ndings with Syed et al. (2020) 

68Some patients had Ga-FAPI uptake in the primary tumor re-
gions, which would not have been covered by the CT-GTV or 
CT-planning tumor volume (PTV). This means the radiothe-
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68rapy GTV for head and neck tumors based on Ga-FAPI has 
great potential. However, there are few relevant studies at 
present and the precise de�nition of GTV still needs to be 
further explored and clari�ed.

18In lymph node metastases, F-FDG showed higher sensi-
 68 68tivity than Ga-FAPI at initial stage. For recurrence, Ga-FAPI 

detected more lymph node metastases. In six studies, the 
68SUVmax of Ga-FAPI in metastatic lymph nodes were hig-

18her than that of F-FDG (Table 4). As to cervical metastatic 
lymph nodes, some studies reported the sensitivity and 

18speci�city of F-FDG PET/CT were 68.8% and 85.1% [42]; 
1889.5% and 95.2% of F-FDG PET/MRI [43]. Lymph node me-

tastases are common in HNC. Early detection and proper 
treatment of cervical lymph node metastases are crucial to 

18prognosis. In our study, F-FDG showed a higher detection 
rate in lymph node metastases. However, because no biopsy 
was taken for each lymph node and the criteria for determi-
ning lymph node metastasis were di�erent, besides, due to 
the high incidence of cervical lymphadenitis and reactive 
hyperplasia, there may be false positive lymph nodes with 
18 68F-FDG positive but Ga-FAPI negative. The speci�city can-

not be analyzed and summarized in our study, but four stu-
dies [27-30] carried out pathological biopsies of cervical 

18lymph nodes and found that F-FDG has higher false posi-
tive uptake and worse speci�city. Therefore, this conclusion 
should be carefully considered when extrapolating. Com-

18 68bined diagnosis of F-FDG and Ga-FAPI can better help to 
manage the N stage of patients.

68In distant metastases, based on patients, Ga-FAPI showed 
18higher sensitivity than F-FDG in initial stage. For restaging, 

68Ga-FAPI still detected more distant metastases. Of the 7 stu-
dies reported distant metastases, 5 showed the SUVmax of 
68 18Ga-FAPI was higher than F-FDG (Table 5). In all studies, bo-
ne metastases were the most frequently detected, the 

68 18SUVmax of Ga-FAPI is all higher than F-FDG in bone lesi-
ons. This is similar to the existing meta-analysis results [18] 

68which showed Ga-FAPI-04 had a higher sensitivity for bone 
18 18metastases than F-FDG, while F-FDG has a higher speci�-

city. In bone benign/malignant tumors, FAP is positive, which 
may be related to activated �broblasts and/or myo�broblasts 

68[44]. Therefore, Ga-FAPI may appear false positive uptake on 
benign bone lesions when judging bone metastases.
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18 68Table 4. Uptake of F-FDG and Ga-FAPI in lymph node metastasis.

Author 
and year

SUVmax 
18F-FDG

68SUVmax Ga-
FAPI

P
Positive 

lymph nodes
18( F-FDG)

Positive 
lymph 
nodes

68( Ga-FAPI)

P

Positive lymph 
nodes

(MRI vs
Histopathology)

Chunxia 
Qin 2021

11.94±6.15 8.81±3.79 <0.001 100 48 NR NR

Liang 
Zhao
2021

11.12 6.53 <0.001 91 115 <0.001 118 (MRI )

Jieling 
Zheng 
2022

8.1±4.8
7.1±3.6

0.003
 

393 255 <0.001 348 (MRI )

Haoyuan 
Ding 
2022

13.6±5.5 11.7±5.0 0.133 228 263 NR 262 (MRI )

Shaoming 
Chen 
2022

11.77 ±3.99 2.74±3.51 0.136 69 43 NR
46 

(Histopathology)

Christian 
Linz 2021

14.9±12.3 10.7±6.9 0.09 14 13 NR
16 

(Histopathology)

(Continued)



Hao Fu
2022

Neck:
(Central 

compartment):
 5.0 (1.5-24.0)

(Lateral 
compartment): 
9.0 (4.7-16.9)

Neck:
(Central 

compartment):
8.3 (3.1-19.9)

 
(Lateral 

compartment): 
3.5 (1.0-21.9)

P=0.22

P=0.001

47 61 NR
74 

(Histopathology)

Axillary:
4.3 (2.2-5.2)

Axillary:
8.5 (1.3-12.8)

P=0.01

Mediastinal:
5.0 (1.6-13.3)

Mediastinal:
9.1 (1.8-21.2)

P=0.001

Abdominal:
7.9 (2.8-16.2)

Abdominal:
9.0 (4.9-11.0)

P=0.47

S. Serfling
2020

NR NR NR 14 8 NR
17 

(Histopathology)

Chetsa-
daporn 
Promtean-
gtrong
2021

Total:
12.55±6.68 

Total:
15.04±10.25 

P=0.08 128 94

Neck:
13.67±7.38 

Neck:
16.91±9.35

Supraclavicular:
9.97±3.47 

Supraclavicula:7.
16±2.01

Axillary:18.64 Axillary:10.98

Mediastinal: 
9.21±4.22 

Mediastinal: 
8.64±4.54 

Abdominal: 
15.83±7.02

Abdominal: 
31.84±9.00

Simone 
Wegen
2022

6.17 
(1.73-20.9)

9.47 (1.83-24.9) 0.1 NR NR NR NR

Bingxin Gu
2021

9.05±5.29 9.08±4.69 0.975 65 65 NR NR
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18 68Table 5. Uptake of F-FDG and Ga-FAPI in distant metastasis.

Author and 
year

18SUVmax F-FDG 68SUVmax Ga-FAPI P
Positive 

metastases 
18lesions ( F-FDG)

Positive metastases
68lesions ( Ga-FAPI)

Chunxia Qin
2021

NR NR NR 0
4 small skull lesions 3;

Pons 1

Liang Zhao
2021

3.11 (0.66-13.33)
6.94 

(3.01-20.41)
<0.001

19 bone 7; lung 2; 
liver 8; peritoneum 2

41 bone 19; lung 4; 
liver 16; peritoneum 2

Jieling Zheng
2022

8.3±4.4 5.3±2.9  0.890 11 bone 10; liver 1 11 bone 11

Haoyuan Ding
2022

8.3±5.9
6.6±4.0 0.450

7
lung 3; bone 4

5
lung 1; bone 4

Shaoming 
Chen
2022

- - - - -

Christian Linz
2021

- - - - -

Hao Fu
2022

Pulmonary :
1.1 (0.5-7.5)

Pulmonary :
1.7 (0.6-12.8)

0.004

65 87
Bone :

5.3 (4.5-8.0)
Bone :

6.0 (3.8-20.3)
0.50

Other sites:
5.3 (4.5-6.2)

Other sites:
9.1 (2.6-9.9)

0.29

S. Serfling 
2020

- - - -

Chetsadaporn 
Promteang-
trong 2021

13.59±7.64 16.89±9.96 0.09 NR NR

Simone 
Wegen
2022

Visceral :
5.57 (2.62, 11.1)

Visceral:
7.05 (1.80, 25.0)

0.46

NR NR

Bone :
2.59 (1.41, 2.75)

Bone :
7.45 (4.00, 14.2)

0.25

Bingxin Gu
2021

Bone: 8.11±3.00 Bone: 6.96±5.87 0.478 Bone: 17 Bone: 17



Limitations
There are some limitations. Firstly, the original studies that 
can be included and analyzed are insu�cient, and the types 
of HNC included are not comprehensive. Limited by many 
factors, there are few data about true negative, it is impos-
sible to study and analyze the speci�city and accuracy, so 
the conclusions drawn may not be comprehensive. In the 
future, more high-quality multicenter prospective research 
is still needed. Nevertheless, this is the �rst systematic revi-

18ew to compare and evaluate the diagnostic value of F-FDG 
68and Ga-FAPI in HNC, which can provide some evidence-

based medical evidence for clinicians/radiologists in the di-
agnosis and treatment.

68In conclusion, Ga-FAPI has great potential in the applica-
tion of HNC. It shows similar diagnostic performance with 
18F-FDG, while there is much overlap in the performance (as 
measured by sensitivity) of these two agents but a trend 

68 18may favor Ga-FAPI over F-FDG for detection of primary 
68tumor and distant metastases. Therefore, Ga-FAPI can be 

18used as a supplementary detection method for F-FDG in 
head and neck tumors.
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