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A growing family of 68Ga-fibroblast activation protein inhibitor (FAPI)
PET probes has shown promise in imaging a variety of medical condi-
tions. 68Ga-FAPI-46, in particular, has emerged as unique for both its
diagnostic and its theranostic applications; however, the optimal tim-
ing of PET remains unclear. Therefore, we evaluated uptake at 3 time
points after 68Ga-FAPI-46 administration in a spectrum of tumor types.
Methods: The cohort consisted of 43 patients with diverse cancer
diagnoses undergoing 68Ga-FAPI-46 PET/CT at 3 time points (10min,
1 h, and 3 h). We determined the tracer uptake based on SUVmean

and SUVmax and on tumor-to-background-ratios (TBRs) (SUVmax/
SUVmean). Results: There were 171 lesions in the 43 patients. Com-
paring all lesions at different time points, the mean SUVmax was maxi-
mal at 10min (8.2) and declined slightly at 1h (8.15) and 3h (7.6) after
tracer administration. Similarly, the mean SUVmax log still had a
similar pattern in primary lesions at 10min, 1 h, and 3h (n530; 0.98,
1.01, and 0.98, respectively), lymph node metastases (n537; 0.82,
0.84, and 0.81, respectively), and distant metastases (n5 104; 0.81,
0.79, and 0.74, respectively). TBR also showed nonsignificant differ-
ences at the 3 times. Conclusion: 68Ga-FAPI-46 PET/CT imaging
revealed remarkably stable tumor and background uptake as deter-
mined by SUVmetrics andmaintained high TBRs within 3h of injection.
Thus, it may be possible to scan with 68Ga-FAPI-46 within 10–20min of
injection, improvingworkflow and decreasing patient wait times. Confir-
mation of these findings in a larger cohort is under way.
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Reliable staging tools are vital for oncologic management.
Molecular imaging probes have been advancing rapidly and are capa-
ble of detecting cancer with high sensitivity. Fibroblast activation
protein (FAP) is expressed by cancer-associated fibroblasts in many
cancer types and is implicated in tumor cell migration, invasion, cell

TABLE 1
Various Tumor Entities in 43 Patients

Tumor type Patients (n)

Sarcoma 2

Anal cancer 4

Colorectal cancer 6

Lung cancer 11

Pancreatic cancer 5

Esophageal cancer 2

Head and neck cancer 3

Adrenocortical carcinoma 3

Breast cancer 2

Ovarian cancer 1

Bladder cancer 1

Lymphoma 1

Prostate cancer 1

Neuroblastoma 1

FIGURE 1. Biodistribution SUVmax of
68Ga-FAPI-46 PET at 3 time points

in normal organs vs. all tumor lesions.
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signaling, and tumor angiogenesis (1–3). FAP therefore represents an
interesting target for new molecular imaging and therapeutic agents.
The development of a quinoline-based FAP inhibitor (FAPI) with
high affinity for FAP represents an opportunity to exploit this target
for PET imaging (4). Such radiolabeled quinoline-based ligands have
shown promising results in previous studies (5–7).
By convention, most molecular imaging agents are scanned 1 h

after injection. Likewise, for FAP imaging, most of the previously
published studies involved acquiring static PET images 1 h after
injection (7). However, there are conflicting reports in the litera-
ture about optimal incubation times for FAPI agents, and no con-
clusive data have been published (8–12). In this investigation, we
compared different incubation times of the agent 68Ga-FAPI-46 in
different cancers at 3 time points: 10min, 1 h, and 3 h.

MATERIALS AND METHODS

Patient Cohort
This was a retrospective study of 43 patients with various malignan-

cies who underwent 68Ga-FAPI-46 PET/CT. The tumor types are sum-
marized in Table 1. All imaging was performed at a single center, and all
patients were referred by their attending oncologist or radiation oncolo-
gist for 1 of 3 reasons: to improve delineation of the target volume for

radiotherapy planning, to restage because of ambiguous findings on con-
ventional imaging, or to follow up. All patients gave written informed
consent to undergo 68Ga-FAPI PET/CT on an individual-patient basis
following national regulations and the declaration of Helsinki. The
radiopharmaceutical was synthesized and labeled according to the Ger-
man Pharmaceutical Act, §13(2b). The data were analyzed retrospec-
tively with the approval of the local ethics committee (S016/2018).

Radiopharmaceuticals and 68Ga-FAP-46 PET/CT Imaging
68Ga-FAPI-46 was synthesized and labeled as previously described

(13). A non–contrast-enhanced low-dose CT scan (130 keV, 30 mAs,
CareDose; reconstructed with a soft-tissue kernel to a slice thickness of
5 mm) and a Biograph mCT Flow scanner (Siemens) were used for
imaging. All PET scans were acquired in 3-dimensional mode (matrix,
200 3 200). Each patient underwent PET/CT imaging at 3 time points
after radiotracer injection: 10min, 1 h, and 3 h. Patients were evaluated
for adverse effects at several times during the examination, and vital
signs were monitored until 30min after the end of the examination.

Image Evaluation
Tracer uptake and biodistribution were quantified by SUVmax and

SUVmean at 10min, 1 h, and 3 h after injection of 68Ga-FAPI-46 (Fig. 1).
For SUV calculation, e.soft software (Siemens) was used to manually
draw circular volumes of interest around tumor lesions on transaxial
slices at 1 h and were automatically transferred to the images obtained at
10min and 3 h, using a 3-dimensional volume of interest at a 60% iso-
contour. Normal organs were evaluated with a 1-cm-diameter (for small
organs: thyroid, parotid gland, myocardium, oral mucosa, spinal cord,
and ovary) or 2-cm-diameter (brain, muscle, liver, pancreas, spleen, kid-
ney, fat, aortic lumen content, lung, mammary gland, and endometrium)
spheric region of interest (ROI) placed completely inside the organ
parenchyma. For quantification of image contrast, tumor-to-background
ratios (TBRs) were calculated. The formula was calculated using the geo-
metric mean of the quotients of lesion tissue (SUVmax) to background tis-
sue (SUVmean). Liver tissue, oral mucosa, fat, and gluteal muscle were
chosen as background tissue. The 68Ga-FAPI PET/CT scans were ana-
lyzed in consensus by a board-certified radiologist, a board-certified radi-
ation oncologist, and 2 board-certified nuclear medicine physicians.

Statistics
Descriptive analyses of patients and their tumors were performed.

We determined SUVs using the median, arithmetic mean, SD and loga-
rithm of SUVs to minimize potential mistakes during arithmetic mean
calculations. The SUVs and SUV logs were distributed normally; there-
fore, a 2-sided t test with paired samples was used to compare 68Ga-
FAPI-46 SUVs in primary cancer, lymph node metastases, and distant
metastases at the 3 time points. A P value of less than 0.05 was defined

FIGURE 2. Tumor uptake (SUVmax log) through time points (10 min, 1 h,
and 3 h) in all lesions (n5 171), primary lesions (n5 30), lymph node
metastases (n537), and distant metastases (n5 104).
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FIGURE 3. Box plot of 68Ga-FAPI-46 PET distribution through time points (10 min, 1 h, and 3 h), with uptake (SUVmax log) by primary lesions (A), lymph
node metastases (B), and distant metastases (C).
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as statistically significant. All statistical analyses were performed using
Excel (version 16.16; Microsoft) for Mac (Apple).

RESULTS

Study Population
Our data consisted of 43 patients with various malignancies, who

are summarized in Table 1. Lesions consisted of primary cancers or
tumor relapse (n5 30), lymphatic metastases (n5 37), and distant
metastases (n5 104). The following tumor entities were included:
lung cancer (n5 11); colorectal cancer (n5 6); pancreatic cancer
(n5 5); anal cancer (n5 4); adrenocortical carcinoma (n5 3); head
and neck cancer (n5 3); sarcoma, breast cancer, and ovarian cancer
(n5 2); and bladder cancer, neuroblastoma, lymphoma, and pros-
tate cancer (n5 1) (Table 1).

Biodistribution in Normal Organs
The biodistribution of 68Ga-FAPI-46 in normal organs is shown in

Figure 1, with stable low background activity; a mean SUVmax of 1.6,
1.3, and 1.2, at 10 min, 1 h, and 3 h, respectively; and a mean SUVmean

of 1.2, 1.0, 0.9, at 10 min, 1 h, and 3 h, respectively.
Biodistribution in normal organs decreased slightly from the

10-min to 3-h time points; however, no significant difference in
SUVmax was observed among all normal organs (10min vs. 3 h;
P5 5.5, n5 806). The highest uptake in normal organs was always
obtained on the first (10 min) scan, except for fat tissue. The overall

highest uptake was in the oral mucosa and
thyroid tissue. Thus, within the oral mucosa,
the mean SUVmax at 10 min, 1 h, and 3 h
was 2.7, 2.2, and 1.6, respectively, whereas
for thyroid tissue it was 2.6, 1.9, and 1.6,
respectively. The lowest tracer uptake was
in the brain, where mean SUVmax was 0.1,
0.1, and 0.1, respectively (Fig. 1).

Tumor Uptake
There were 171 lesions detected. All

lesions were detected at all time points. At
10 min, 1 h, and 3 h, the mean SUVmax log
was 0.98, 1.0, and 0.98, respectively, for
primary lesions and local relapse (n5 30);
0.82, 0.84, and 0.80, respectively, for lymph
node metastases (n5 37); and 0.81, 0.78,
and 0.74, respectively, for distant metasta-

ses (n5 104). No significant difference was seen. The analysis of
primary lesions or local relapse showed no significant difference in
SUVmax at the 3 time points in 2-way comparisons (10min vs. 1 h,
P5 0.2; 10min vs. 3 h, P5 0.98; and 1 h vs. 3 h, P5 0.2). The analy-
sis of lymph node metastases (n5 37) showed increased tumor uptake
at 1 h compared with the other 2 time points, with a significant differ-
ence for the comparison between 1 and 3h (P5 0.02). There were no
significant differences in SUVmax at other time points (10min vs. 1 h,
P5 0.26; 10min vs. 3 h, P5 0.66). The analysis of distant metastases
showed a significant decrease in tumor uptake through the time points.
The highest tumor uptake was observed at 10min (10min vs. 1 h,
P5 0.02; 10min vs. 3 h, P5 3.05E25; 1 h vs. 3 h, P5 1.27E25)
(Figs. 2 and 3). Two examples of patients with tumors with similar
uptake on 68Ga-FAPI-46 scans at the 3 time points are shown in Fig-
ures 4 and 5.

TBRs
Most background tissues showed a decrease in SUVmax and

SUVmean at longer incubation times, with the exception of fat tissue,
which, at 10 min, 1 h, and 3 h, had a low SUVmax of 0.32, 0.44, and
0.44, respectively, and brain parenchyma, with an SUVmax of 0.09,
0.13, and 0.1, respectively. As expected, the primary and local
relapse lesions demonstrated excellent contrast with normal tissue,
and this contrast increased through the time points except for TBR
versus fat tissue. Increased TBR could also be measured in lymph

nodes and distant metastases except for
tumor-to-fat ratios, which slightly
decreased (Fig. 6). High TBRs were seen in
primary and local relapse lesions versus fat
tissue even after 3 h.

Quantifying 68Ga-FAPI-46 Uptake in
Different Types of Tumors
The highest average SUVmax (.20) in

68Ga-FAPI-46 scans was in primary lesions.
The highest SUVmax was in esophageal can-
cer (27.5; 3 h) and primary bladder cancer
(29.2; 3 h). The highest SUVmax among all
lymph node metastases was in esophageal
lymph node metastases (19.5; 3 h). Among
the distant metastases, breast cancer metas-
tases demonstrated the highest SUVmax

(15.7; 10 min) (Fig. 7).

10 min p.i. 1 h p.i. 3 h p.i.

10 min
SUVmax 17.8

SUVmean 12.8

1 h
SUVmax 23.4

SUVmean 16.6

3 h
SUVmax 27.5

SUVmean 19.6

0

9

SU
V

FIGURE 4. Case example of 63-y-old patient with esophageal cancer. 68Ga-FAPI-46 PET/CT was
performed for irradiation planning before definitive radiochemotherapy. 68Ga-FAPI-46 PET was per-
formed (10 min, 1 h, and 3 h) after injection (p.i.).

10 min p.i. 1 h p.i. 3 h p.i.

10 min
SUVmax 21.7

SUVmean 16.6

1 h
SUVmax 17.2

SUVmean 12.4

3 h
SUVmax 14.0

SUVmean 10.0
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FIGURE 5. Case example of 60-y-old patient with pancreatic cancer. 68Ga-FAPI-46 PET/CT was
performed because of suspected recurrent mass in pancreatic head on ultrasound. 68Ga-FAPI-46
PET was performed (10 min, 1 h, and 3 h) after injection (p.i.).

620 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 64 � No. 4 � April 2023



DISCUSSION

The aim of this study was to evaluate the optimal uptake time for
68Ga-FAPI-46 based on time points between 10min and 3 h after
injection. The SUVmax for

68Ga-FAPI-46 was remarkably stable at
all 3 time points, although the 10-min time point generally had a
slightly higher SUVmax. The detection rate of tumors was equal at all
time points, implying that a diagnostic study can be achieved by
10min after injection, which will have implications for patient
throughput and decreased patient waiting times in the nuclear medi-
cine department. Our study had findings similar to a previous analysis
of 68Ga-FAPI PET acquisitions at 5 time points earlier than 60min
regarding the best time for diagnostic imaging (14). However, because
of the similar detection rate between 10min and 1h after injection and
a slightly higher tumor uptake at the 10min time point, we recom-
mend 10–20min after injection as the best time point for diagnostic
imaging acquisition instead of 30–40min after injection (14).
The steady uptake of 68Ga-FAPI-46 also has implications for its

use as a targeted theranostic agent for which high dose delivery
will be achieved early and will be maintained over at least several
hours (15). Meanwhile, background uptake, largely responsible for
toxicity in targeted treatments, appears to clear rapidly over 3 h,
resulting in high TBRs consistent with prior reports (4,13).

68Ga-FAPI-46 is one of many FAPI derivatives but appears to
have several desirable features, including high affinity for the target

and biologic stability (13,16). 68Ga-FAPI-46 showed no significant
washout between 10min and 3 h, in comparison to other FAPI
derivatives such as FAPI-02 and FAPI-04, which in a previous
study showed 75% and 25% washout at 3 h after injection, respec-
tively (17), making 68Ga-FAPI-46 more valuable. Although that
study (17) had a limited patient cohort, all 3 FAPI derivatives
showed similar biodistributions und high TBRs between 10min
and 3 h.

68Ga-FAPI-46 uptake was compared in primary lesions, lymph
node metastases, and distant metastases in a spectrum of cancer types.
The SUVmax log decreased over time in all stages of disease, and the
TBR commensurately increased over the same period because of
background washout. The findings were consistent regardless of the
stage of the cancer lesion. These findings confirm prior studies show-
ing similar results in a variety of cancers (8,11,18–20). It is expected
that there will be minor differences in various single-institution stud-
ies because of differences in the composition of the patient cohort
and types of tumor. Hu et al. found similar results using 2 related
derivatives of FAPI: 18F-FAPI-42 and 68Ga-FAPI-04 (9).
The TBRs obtained in this study were based on various background

tissues including muscle, oral mucosa, and liver. In each case, the
TBR increased as expected through time. This finding is in line with
similar previous studies (11,18). The highest TBR is seen with com-
parisons of the tumor to fat tissue, resulting in very high values even
up to 3h after injection. The highly favorable TBR obtained with

FIGURE 6. TBR through time points (10 min, 1 h, and 3 h) for tumor (primary/release; n 5 30) (A), lymph node metastases (n 5 37) (B), and distant
metastases (n5 104) (C). LN5 lymph node; M5 distant metastases.
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FIGURE 7. 68Ga-FAPI-46 mean SUVmax in various tumor entities: primary/relapse tumors (n5 30) (A), lymph node metastases (n5 37) (B), and distant
metastases (n 5 104) (C). ACC 5 adrenocortical carcinoma; BC 5 bronchial carcinoma; CA 5 cancer; CRC 5 colorectal cancer; mama 5 mammary
gland.
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FAPI agents in general and 68Ga-FAPI-46 specifically stands in con-
trast to the highly variable TBR obtained with 18F-FDG PET scans.
This study had several limitations. Because of the limited num-

ber of patients, no reliable comparisons among tumor types was
possible. False-positive findings in nontumorous lesions or inflam-
mation, such as in the pancreas, could have influenced the results
since histologic validation was not possible for all lesions. How-
ever, all patients were known to have extensive cancer based on
conventional imaging, and it is highly likely that most lesions
measured in this study were cancers.

CONCLUSION

We found that 68Ga-FAPI-46 is a robust FAPI-targeting mole-
cule that is highly reliable for diagnostic imaging as early as
10min after injection. This result might have important implica-
tions for improving workflow and decreasing wait times in nuclear
medicine departments, compared with more traditional PET agents
such as 18F-FDG PET. The results also suggest that 68Ga-FAPI-46
might be an excellent theranostic agent, as it binds to its target
soon after injection and maintains a high level of uptake over sev-
eral hours while steadily decreasing background activity.
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KEY POINTS

QUESTION: What is the tumor residence of 68Ga-FAPI-46 from
10min to 3h after injection in various cancers?

PERTINENT FINDINGS: 68Ga-FAPI-46 is characterized by rapid
and persistent tumor residence from 10min to up to 3 h, enabling
robust TBRs.

IMPLICATIONS FOR PATIENT CARE: 68Ga-FAPI-46 has rapid
uptake in different tumor entities and is retained in the tumor for
3h after injection, findings that impact imaging procedures and
also possible future theranostic applications of FAP ligands.
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