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68 18Comparison of Ga-FAPI-04 and F-FDG PET/CT for 

diagnosis of metastatic lesions in patients with recurrent 

papillary thyroid carcinoma       

Abstract
68Objective: We aimed to evaluate the gallium-68-labeled �broblast-activation protein inhibitor ( Ga-FAPI) 

positron emission tomography/computed tomography (PET/CT) in localizing papillary thyroid carcinoma 
(PTC) foci in patients with biochemical relapse. Papillary thyroid carcinoma has achieved biochemical reco-
very after appropriate treatment and had biochemical relapse in the last follow-up were included in this ret-

18rospective study. Gallium-68-FAPI and �uorine-18-�uorodeoxyglucose ( F-FDG) PET/CT were performed to 
detect recurrence foci. Subjects and Methods: Biochemically relapsed patients who underwent total thyro-
idectomy and were diagnosed with pathologically di�erentiated thyroid cancer were included in our study. 

18Gallium-68-FAPI and F-FDG PET/CT imaging methods were used to determine the focus of metastasis or re-
currence in all patients. Results: Among 29 patients enrolled to the study, pathological subgroups were papil-
lary (n=26) and poorly di�erentiated (n=3) PTC. Anti-thyroglobulin (TG) antibody positivity were noted in 5 of 
the patients, while all 29 of them were TG positive and had been consist of three groups as follows: 2-10ng/mL 
(n=4), 11-300ng/mL (n=14), 301ng/mL and above (n=11). Recurrence was detected in 72.4% (n=21) and 86% 

18 68(n=25) of the patients via F-FDG and Ga-FAPI, respectively. Accuracy of detection noted as 100% (5/5), 75% 
(3/4), and 92.9% (13/14) in groups with the anti-TG antibody positivity, TG levels of 2-10ng/mL and 11-300 

68ng/mL, respectively, when the two imaging modalities were utilized together. Furthermore, accuracy of Ga-
18FAPI was 100% (11/11) in the group with TG levels of 301ng/mL and above, whereas accuracy of F-FDG was 

81.8% (9/11). Lastly, median maximum standardized uptake value (SUVmax) of recurrent lesions detected by 
68 18the Ga-FAPI (median SUVmax: 6.0) were statistically higher than the ones detected by the F-FDG (median 

68SUVmax: 3.7) (P=0.002). Conclusion: In recurrent PTC especially in case of higher TG levels, Ga-FAPI can be 
18used in patients with inconclusive F-FDG �ndings.
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Introduction

Conventional treatments for di�erentiated thyroid carcinomas (DTC) include com-
plete thyroidectomy, radioactive iodine (RAI), and suppression of thyroid stimu-
lating hormone (TSH). With such highly e�ective treatments, the 10-year disease-

related survival rate for DTC is approximately 98%. In 5% of individuals, however, the tu-
mor may lose its di�erentiation, iodine uptake capabilities or become metastatic [1, 2]. 
These patients would be RAI-resistant and represent the vast majority of recurring cases. 
In poorly di�erentiated thyroid carcinoma, tyrosine kinase inhibitors and cytotoxic che-
motherapy are now recommended, but response rates are quite low [3].

Recently, a member of the dipeptidyl peptidase protease IV (DPP-IV) family, �broblast 
activation protein (FAP), has been the subject of studies, especially on its relatively spe-
ci�c expression in many cancers [4, 5]. Also, FAP expression was found to be increased in 
some benign conditions such as wound healing, chronic in�ammation atherosclerosis 
and liver �brosis. Recent studies have revealed the increased expression level of FAP, 
particularly in epithelial carcinomas. Signi�cant FAP expression in di�erent malignan-
cies makes it a potential diagnostic and therapeutic target [6-10]. Fibroblast activation 
protein has been shown to be expressed in the cell membranes of active �broblasts and 
to play various roles in many enzymatic and/or non-enzymatic extracellular matrix path-
ways; thus, it participates in many cancer pathways that cause tumor progression [4, 11]. 
Recently, positron emission tomography/computed tomography (PET/CT) imaging ba-

68sed on gallium-68 ( Ga)-labeled FAP inhibitors (FAPI) has shown encouraging diagnos-
tic e�ects. Gallium-68-FAPI PET/CT has demonstrated selective tumoral activity in twen-
ty-eight distinct malignancies, including thyroid carcinoma [12]. In this study, we evalu-

68 18ated the ability of Ga-FAPI PET/CT and �uorine-18-�uorodeoxyglucose ( F-FDG) PET/ 
CT imaging modalities to detect metastatic foci in recurrent papillary thyroid carcino-
mas for potential future applications.

93www.nuclmed.gr 41Hellenic Journal of Nuclear Medicine     January-April 2023•   

Original Article



Subjects and Methods

Patients
This retrospective study was approved by the Clinical Research 
Ethics Committee of Gaziantep University. This study was also 
conducted in accordance with the 1964 Helsinki Declaration 
for ethical standards. The ethics approval number is 2021 or 
261. Patients enrolled in this study from September 2020 to 

68 18February 2021, and Ga-FAPI PET/CT was performed after F-
FDG PET/CT. Patients' inclusion criteria were: (1) being older 
than 18, (2) having total thyroidectomy and papillary thyroid 
cancer, (3) having biochemical recurrence detected by eleva-
ted thyroglobulin (TG), and (4) patients who were able to pro-
vide informed consent. Patients' exclusion criteria were (1) pa-
tients with pregnancy, (2) inability or unwillingness to provide 
written informed consent, (3) having arthritis, chronic in�am-
matory condition, or cirrhosis. 

68Ga-FAPI-04
The DOTA-FAPI-04 precursor was supplied by MedChem Ex-
press LLC. The pharmaceutical-grade germanium-68 

68 68( Ge)/ Ga generator (50mCi) and disposable cassettes were 
obtained from Eckert & Ziegler Eurotope GmbH. CM car-
tridge (Sep-Pak AccellPlus CM Plus Light Cartridge, 130mg 
Sorbent per Cartridge, 37-55µm, WAT023531) was utilized in 
the cassette system. Other chemicals and materials were ma-
nufactured from Aldrich in ultra-pure and trace metal basis 
grade. The HPLC analyses were performed by Shimadzu 
LC20A and Eckert & Ziegler HPLC Scan devices using an ACE-
3 C18 150x3.0mm column.

Radiolabeling Procedure
The radiolabeling process was performed by a fully auto-

68mated ML-Eazy system. The GaCl  was eluted with 0.1M 3

HCl solution (8.0mL) followed by passing through the pre-
conditioned on a strong cation exchange (SCX) cartridge. 

68The Ga activity was purely picked up from the SCX car-
tridge by the 0.9mL eluent (5M NaCl/HCl (0.1M)). The reac-
tion vial is prepared with sodium acetate bu�er (pH is aro-
und 4.5), 0.2mL of ethanol and 50g of DOTA-FAPI-04. After-

68wards, Ga-activity was automatically transferred to the re-
action vial and the reaction was conducted at 95°C for 10 
min. After completion of the reaction, the reaction medium 

68was cooled to room temperature and Ga-DOTA-FAPI-04 
was diluted by adding 5.0mL of 0.9% NaCl and subsequently 
puri�ed using a CM cartridge. Finally, the product was pas-
sed through a sterile �lter (0.22m) with 98% radiochemical 
purity and 88% radiochemical yield. The radiochemical pu-

68rity was well analyzed by R-HPLC, and free Ga was recorded 
68at RT=2.15min, whereas Ga-DOTA-FAPI-04 was recorded 

at RT=3.96min. (ACE-3, C18, 150x3.0mm column, isocratic 
�ow 0.6mL/min; mobile phase: 0.1 TFA) H2O: AcCN (85:15).

18F-FDG
All patients were fasted, except for glucose-free oral hy-
dration, for at least 6h before the IV injection of 370-555MBq 

18(10-15mCi) of F-FDG. At the time of the tracer injection, 
blood glucose levels were checked and con�rmed to be less 

than 150mg/dL in all patients.

PET/CT protocol and image evaluation
All patients were examined using a PET/CT system (Disco-
veryTM IQ; GE Healthcare) combining a dedicated, �ve-ring 
PET scanner with Light Burst technology.

Positron emission tomography imaging was performed 
18 6860 minutes for F-FDG and 30 minutes for Ga-FAPI after in-

jection (5-6mCi), extending from the vertex to the pelvis, 
with �ve bed positions of 3 minutes each. Computed tomo-
graphy images were used for attenuation correction and fu-
sion; no IV con-trast medium was used.

The PET/CT images were carefully evaluated by three in-
dependent, experienced nuclear medicine physicians. Po-
sitron emission tomography, CT, and fused whole-body ima-
ges displayed in axial, coronal, and sagittal planes were ava-
ilable for review. A semi-quantitative analysis of tracer acti-
vity was measured as the maximal standardized value up-

18 68take (SUVmax) of F-FDG or Ga-FAPI using the provided 
software (AW Volume Share, GE Healthcare).

Nature of the metastatic lesion
After detecting uptake with imaging techniques, the type of 
tissue involved was determined by biopsy as the gold stan-
dard. Both imaging techniques were applied to the patients 
at the same time.

Statistical Analysis
Descriptive statistics of the data obtained from the study are 
given by mean and standard deviation for numerical vari-
ables and by frequency and percentage analysis for catego-

68rical variables. Fluorine-18-FDG PET SUVmax and Ga FAPI-
PET SUVmax variables were evaluated with the normal dis-
tribution test Shapiro Wilk test and it was determined that 
they were not normally distributed (P<0.05). Fluorine-18-
FDG and FAPI were not normally distributed then medi-
an/IQR used. A Mann-Whitney U test was used to compare 
these variables. Analyses were conducted with the help of 
the SPSS 22.0 program. A signi�cance level of P<0.05 was 
chosen.

Results

Twenty-two of the patients were female and the other 7 we-
re male. The disease stage of the patients was determined 
according to the TNM staging preoperatively. The number of 
cycles of RAI treatment administered in the follow up and 
the descriptive analyses of the study are shown in Table 1.

The comparison of TSH-stimulated maximum TG levels 
before RAI scanning and the highest SUVmax values among 

18 68metastatic lesions in F-FDG and Ga-FAPI PET/CT imaging 
are shown in Table 2. A statistical signi�cance was found bet-

18 68ween the SUVmax values of F-FDG PET/CT and Ga FAPI 
68PET/CT, in favor of Ga-FAPI.

18While F-FDG PET/CT revealed metastatic foci in 21 of 29 
68patients, Ga-FAPI PET/CT detected metastatic foci in 25 of 

29 patients (Table 3). When the two imaging modalities were
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combined, metastatic foci could be detected in 27 of 29 indi-
18viduals. Table 3 shows the characteristics of patients with F-

68FDG or Ga-FAPI-detected metastatic foci. In comparison to 
18F-FDG, which detected metastatic foci in 72.4% of patients, 
68Ga-FAPI PET/CT detected metastatic foci in 86.2% of pati-
ents. When both approaches were performed together, 

93.1% of metastatic foci were detected. Figure 1 shows ima-
ges of metastatic lesions addressed with both modalities. 
The suspected metastatic nature of the tumor was later veri-
�ed by biopsy. Table 4 shows the detection rates of metas-
tatic foci by imaging modalities according to disease featu-
res.
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Table 1. Characteristics of patients with recurrent papillary thyroid carcinoma.

Overall n=29

Age (years); Mean (SD) 45.83(±16.39)

Stimulated TG levels (IU/mL); (Mean (SD) 1552.92 (±5691.87)

Sex; n (%) Female 7 (24.1)

Male 22 (75.9)

stStage after 1  Surgery; n (%) I 5 (17.2)

II 11 (37.9)

III 8 (27.6)

IV 5 (17.2)

RAI treatment cures (#); n (%) 1 7 (24.1)

2 6 (20.7)

3 9 (31.0)

4 5 (17.2)

5 2 (6.9)

Antithyroglobulin antibody; n (%) Positive 24 (82.8)

Negative 5 (17.2)

131Whole body I imaging; n (%) Positive 12 (41.4)

Negative 17 (58.6)

Pathological Variant; n (%) Classical 16 (55.2)

Tall cell 6 (20.7)

Follicular 3 (10.3)

Poorly differentiated 4 (13.8)

Table 2. Characteristics of patients with recurrent papillary thyroid carcinoma.

Modality Mean SUVmax (SD) P value

18F-FDG PET/CT 3.70 (±3.41) 0.002

68Ga-FAPI PET/CT 7.50 (±6.61)



Table 3. Detection rates of both imaging.

Modality n (%)

18F-FDG PET/CT Positive 21 (72.4)

Negative 8 (27.5)

68Ga-FAPI PET/CT Positive 25 (86.2)

Negative 4 (13.8)

Table 4. Metastatic focus detection rates of imaging techniques according to disease characteristics.

18F-FDG 
(+) (n)

18F-FDG
 (-) (n)

Positivity rate 
(%)

68Ga-FAPI 
(+) (n)

68Ga-FAPI 
(-) (n)

Positivity rate 
(%)

TG Levels 
(IU/mL)

2-10 3 1 75.0 2 2 50.0

11-300 9 5 64.3 12 2 85.7

>300 9 2 81.8 11 0 100

Anti-TG 
Antibody

Positive 5 0 100 4 1 80.0

Negative 16 8 66.6 21 3 87.5

Whole body 
131I imaging

Positive 12 5 70.5 16 1 94.1

Negative 9 3 75.0 9 3 75.0

Pathological 
Variant

Classical 11 5 68.7 14 2 87.5

Tall cell 3 3 50.0 4 2 66.6

Follicular 3 0 100 3 0 100

Poorly 
Diff.

4 0 100 4 0 100

Discussion

With the improvement of imaging techniques, the reported 
prevalence of thyroid cancer is increasing signi�cantly. The 
detection of thyroid cancer is now considerably earlier and at 
a much lower size [13]. The thyroid carcinoma is predicted to 
be the second or third most prevalent malignancy in the 
2030s [14]. Increasing patient volume is accompanied by an 
increase in the percentage of patients who are di�cult to 
manage; therefore, traditional procedures are insu�cient for 
all patients. For appropriate patient follow-up, it is vital for 
physicians to continually evaluate the availability of novel 
imaging techniques. Patients with post-operatively high 
blood thyroglobulin levels and negative radioactive iodine 

18(RAI) whole body scans are given preference for F-FDG 
18PET/CT use in papillary thyroid cancer. The use of F-FDG 

PET/CT prior to surgery is still controversial [15, 16]. The pati-
ent population in our study, however, is a high-risk patient 
population with recurrence despite radioactive iodine the-
rapy following surgery. Therefore, it seems reasonable to uti-

18lize F-FDG PET/CT in patients for whom standard proce-
18dures are inadequate. However, despite the use of F-FDG 

PET/CT, there are still patients whose metastatic focus or foci 
cannot be detected and who therefore cannot be treated. In 
such situations, a new imaging technology that could aid cli-
nicians will emerge to guide treatment. Therefore, we focu-

68sed on the utilization of Ga-FAPI in patients with recurrent 
thyroid carcinoma. In a multicenter study conducted by 

 68Kratochwil, the utilization of Ga-FAPI-PET/CT was evaluated
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in 28 di�erent cancer types.
68Despite the discovery of low SUVmax values, Ga-FAPI 

PET/CT imaging was bene�cial in identifying thyroid cancer 
68foci. Increased Ga-FAPI PET/CT SUVmax results in our stu-

dy may be related to the advanced recurrent nature of our 
patient cohort. Possible pathophysiological explanation for 
this outcome is that cancer-associated �broblasts promote 
extracellular �brosis, leaving the original tumor cells in a mi-
nority [4].

According to the pathological categorization of papillary 
thyroid cancer, the classic variant and follicular variant found 
in our patient populations are well di�erentiated, but the tall 
cell variant is moderately di�erentiated [17]. With all of these 
recurrence and di�erentiation characteristics, our study de-

68 18monstrated that Ga-FAPI was not inferior to F-FDG for pa-
tients with recurrent papillary thyroid carcinoma who were 

68previously treated with radioiodine. Additionally, Ga-FAPI 
18PET can be utilized in conjunction with F-FDG to detect 

more metastatic foci.
As the tumor progresses and the tumor cells lose their abi-

lity to use iodide, the cancer becomes resistant to radioac-
tive iodine therapy and causes negative iodine uptake ima-
ging [18]. In addition, as thyroid cancers become more ag-
gressive, sodium iodide symporters decrease and over-ex-
pression of the GLUT1 transporters is seen; hence, they be-
come radioactive iodine-refractory [19]. More radioactive io-
dine utilization is expected in di�erentiated tumors, while 
radioactive iodine uptake decreases in poorly di�erentiated 
tumors. In our study, the detection rate of metastatic foci 

18with F-FDG PET/CT was 70.5% in patients with positive ra-
68dioactive iodine imaging, while the detection rate with Ga-

FAPI PET/CT was 94.1%. 
We noticed that as the TG value increased in both imaging 

modalities, the rate of metastatic identi�cation also incre-
68ased. When TG exceeded 300, Ga-FAPI PET/CT imaging was 

able to detect all metastatic foci (in all 11 patients). Low TG 

levels in patients with recurrent thyroid cancer have been 
linked to dedi�erentiation of the tumor [20]. At lower TG 

18levels (thyroglobulin antibody negative), F-FDG PET/CT 
68detected the foci in three out of four patients, whereas Ga-

FAPI PET/CT detected the foci in two out of four patients.
68There are studies showing that Ga-FAPI PET/CT imaging 

is more accurate in tumoral conditions with more desmo-
plastic reactions, such as pancreatic cancer, cholangiocarci-
noma, hepatocellular carcinoma, sarcoma, oesophageal 
cancer and gastric cancer [21-23]. According to the results of 
our study, using both imaging techniques together seems 
more useful in detecting one or multiple metastatic foci, in 
di�cult cases such as recurrent papillary thyroid cancer, 
which is not known as a desmoplastic tumor.

The limitations of our study are as follows: the small num-
ber of patients in the study because the study was conduc-
ted with a speci�c disease group and the inability to obtain 
histopathological con�rmation of all metastases indepen-
dent of their anatomical localization.

68In conclusion, the Ga-FAPI PET/CT imaging technique can 
be used as an alternative method to detect the metastatic 
foci in patients with recurrent papillary thyroid carcinoma. It 
can also increase the chance of metastatic foci detection 

18when used in conjunction with the F-FDG PET/CT.
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