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Purpose: This study aimed to investigate the characteristics of various pulmonary

lesions as revealed by 68Ga-FAPI PET/CT and to determine the utility of 68Ga-

FAPI PET/CT in distinguishing the nature of these pulmonary lesions.

Methods: A retrospective analysis was conducted on 99 patients with pulmonary

lesions, who were categorized into three distinct groups: primary lung tumors

(G1), metastatic lung tumors (G2), and benign lesions (G3). Each participant

underwent a 68Ga-FAPI PET/CT scan. Among these groups, variables such as

the Tumor/Background Ratio (TBR), Maximum Standardized Uptake Value

(SUVmax), and the true positive rate of the lesions were compared.

Furthermore, the FAPI uptake in nodular-like pulmonary lesions (d<3cm) and

those with irregular borders was evaluated across the groups. A correlation

analysis sought to understand the relationship between FAPI uptake in primary

and pulmonary metastatic lesions.

Results: The study’s participants were composed of 52 males and 47 females,

with an average age of 56.8 ± 13.2 years. A higher uptake and detection rate for

pulmonary lesions were exhibited by Group G1 compared to the other groups

(SUVmax [G1 vs. G2 vs. G3: 9.1 ± 4.1 vs. 6.1 ± 4.1 vs. 5.3 ± 5.8], P<0.05; TBR [G1 vs.

G2 vs. G3: 6.2 ± 2.4 vs. 4.1 ± 2.2 vs. 3.2 ± 2.7], P<0.01; true positive rate 95.1% vs.

88% vs. 75.6%]. In nodular-like lung lesions smaller than 3 cm, G1 showed a

significantly higher FAPI uptake compared to G2 and G3 (SUVmax [G1 vs. G2 vs.

G3: 8.8 ± 4.3 vs. 5.2 ± 3.2 vs. 4.9 ± 6.1], P<0.01; TBR [G1 vs. G2 vs. G3: 5.7 ± 2.7 vs.

3.7 ± 2.1 vs. 3.3 ± 4.4], P<0.05). Both G1 and G2 demonstrated significantly

elevated FAPI agent activity in irregular-bordered pulmonary lesions when

compared to G3 (SUVmax [G1 vs. G2 vs. G3: 10.9 ± 3.3 vs. 8.5 ± 2.7 vs. 4.6 ±

2.7], P<0.01; TBR [G1 vs. G2 vs. G3: 7.2 ± 2.1 vs. 6.4 ± 1.3 vs. 3.2 ± 2.4], P<0.01). A

positive correlation was identified between the level of 68Ga-FAPI uptake in

primary lesions and the uptake in pulmonary metastatic lesions within G2

(r=0.856, P<0.05).
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Conclusion: 68Ga-FAPI PET/CT imaging proves to be of significant value in the

evaluation of pulmonary lesions, offering distinctive insights into their nature.
KEYWORDS

pulmonary lesions, 68 Ga-fibroblast activating protein inhibitor (FAPI) -04, positron
emission tomography, Gallium radioisotopes, molecular imaging
1 Introduction

Lung cancer remains the leading cause of cancer-related

mortality globally (1). Beyond primary lung cancer, malignant

tumor lung metastases significantly contribute to lung malignancy

incidences. Malignant tumors originating from organs like the

gastrointestinal tract, breast, and liver frequently metastasize to

the lungs. For patients with known primary tumors in other organs

accompanied by lung lesions, accurately characterizing these lung

lesions is crucial for determining the staging of the primary tumor

and guiding subsequent clinical treatment decisions (2).

Historically, traditional imaging techniques have struggled to

distinguish the nature of lung lesions based solely on their

morphological characteristics. The widespread adoption of chest

CT for lung cancer screening, accelerated by the novel corona-virus

pneumonia pandemic, has highlighted this challenge.

Morphological features observed in benign pulmonary conditions

such as inflammation, organizing pneumonia, and tuberculous

granulomas on chest CT can often mimic those of malignant lung

tumors (3, 4), thereby limiting the utility of chest CT, which

predominantly relies on morphological criteria for diagnosing

pulmonary lesions (5). Although invasive procedures like

puncture biopsy, surgical resection, and pathological examination

are definitive methods for diagnosing pulmonary lesions, they pose

risks of complications, including pneumothorax, hemoptysis, and

intracranial air embolism (6). Consequently, the exploration of

non-invasive imaging techniques for analyzing the nature of

pulmonary lesions holds significant importance in minimizing the

need for unnecessary invasive treatments.

FAPI, which binds specifically to Fibroblast Activation Protein

(FAP) on the cell membrane, can be labeled with radionuclides for use

in PET/CT imaging (7–9). Given the high expression of FAP in more

than 90% of epithelial histogenic tumors, radionuclide-labeled FAPI

has demonstrated significant potential in the diagnosis of such tumors

(10). Gallium 68 (68Ga)-labeled FAPI has shown high affinity and

favorable target-to-nontarget (T/NT) ratios in PET/CT imaging

across a variety of tumors (11, 12). With the increasing clinical

adoption of 68Ga-FAPI PET/CT, reports have highlighted its

elevated uptake in various benign conditions, including

benign nodular diseases of the lungs such as organizing pneumonia,

pulmonary tuberculosis, and Klebsiella pneumonia invasive syndrome

(13–15). Research into the diagnostic efficacy of 68Ga-FAPI PET/CT
02
imaging for lung lesions has predominantly concentrated on

distinguishing specific types of primary pulmonary tumors or

metastases from other solid organs to the lungs, like lung cancer

and breast cancer metastases to the lungs. Since both 68Ga-FAPI and

18F-FDG act as broad-spectrum tracers, assessing their capacity to

differentiate between benign and malignant lung lesions could offer

valuable insights for tracer selection in PET/CT imaging, thus aiding

in the determination of the nature of lung lesions in clinical patients.

Therefore, the objective of this study was to preliminary evaluate the

efficacy of 68Ga-FAPI PET/CT imaging in distinguishing the nature of

pulmonary lesions through a retrospective analysis and to investigate

its potential in differentiating primary malignant lesions, metastases,

and benign pulmonary lesions.
2 Methods

2.1 Patients

This study included 99 patients who presented with pulmonary

lesions and underwent 68Ga-FAPI PET/CT scans between January

2021 and August 2023. These patients were classified into three

groups: the primary tumor group (G1, consisting of 41 patients), the

metastasis group (G2, comprising 25 patients), and the benign

lesion group (G3, with 33 patients). All participants met the

specified inclusion and exclusion criteria. The inclusion criteria

were as follows (1): Positive pulmonary lesions detected

through 68Ga-FAPI PET/CT imaging (2). The lesion’s nature is

confirmed via pathological methods (e.g. tissue sectioning,

immunohistochemical staining), potentially supplemented by

clinical interventional imaging follow-up and laboratory

examination results supporting the diagnosis (3). The acquisition

of patient informed consent. The exclusion criteria included (1):

Absence of positive pulmonary lesions in 68Ga-FAPI PET/CT

imaging or the presence of positive lesions whose SUVmax could

not be measured (2). Inadequate clinical, pathological, imaging, and

laboratory data to accurately determine the nature of the pulmonary

lesion (3). Patient refusal to participate in the study. All participants

who met the inclusion criteria signed an informed consent form for

the 68Ga-FAPI PET/CT procedure. This retrospective study

received approval from the Ethics Committee of the Affiliated

Hospital of Southwest Medical University.
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2.2 Drug preparation

The radioactive isotope 68Ga, used for labeling, was obtained by

elution from the Germanium-Gallium generator (ITG, Germany).

The FAPI-04 precursor, acquired from MCE (MedChem Express,

USA), exhibits a purity exceeding 98%. These components are

combined and heated at 95°C for 15 minutes to produce the

target compound, 68Ga-FAPI-04. This entire procedure is

conducted under aseptic conditions, with quality control assured

through high-performance liquid chromatography (HPLC, Lab

Alliance), achieving a radiochemical purity greater than 99%.
2.3 68Ga-FAPI PET/CT imaging

An intravenous injection of 68Ga-FAPI tracer at a dose of 1.85

MBq/kg was administered to patients, and imaging was conducted

45-60 minutes after injection using the United Imaging UMI780

PET/CT scanner. The CT scan spanned from the skull base to mid-

thigh, employing parameters of 120 kV tube voltage, 120 mA tube

current, and a slice thickness of 3.00 mm. The subsequent PET scan

was executed in the identical bed position as the CT, utilizing a

three-dimensional acquisition mode across 5-6 bed positions with a

duration of 3 minutes per position. All PET images underwent

iterative reconstruction (Ordered-subset Expectation Maximization

(OSEM)) and were analyzed using United Imaging’s proprietary

post-processing fusion software.
2.4 Image analysis

The 68Ga-FAPI-04 images were analyzed by two experienced

nuclear medicine physicians who reached a consensus on the

findings. A positive uptake of 68Ga-FAPI-04 was identified as a

focal uptake exceeding background levels or visually apparent in

adjacent areas, in line with the known distribution patterns of

imaging tracers in vivo. For Standardized Uptake Value (SUV)

calculations, the SUVmax was documented in the transaxial

position utilizing the United Imaging after processing workstation

(uWS-MI, Version R002, United Imaging, Shanghai, China). A

technician, boasting 8 years of experience, delineated the 3D Region

of Interest (ROI) for the lesions on PET/CT images automatically,

based on 40% of the maximum threshold value. Additionally, a

sphere with a 1 cm diameter surrounding the lesions, identified as

non-lesional areas, served as the background for manual

delineation. The SUVmax for all lesions was divided by the

corresponding background SUVmean to determine the TBR. For

CT image analysis, both the size and shape of lung lesions were

assessed in accordance with the American College of Chest

Physicians (ACCP) and the Fleischner Society guidelines, which

denote lesion size and shape as independent risk factors. In cases

presenting multiple lung lesions, two criteria were applied: (1) a

higher SUVmax value; and (2) lesion nature confirmed by

pathological biopsy or follow-up. When criterion 2 was satisfied,

the lesion meeting criterion 1 was selected for analysis.
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2.5 Statistical analysis

All statistical analyses were executed utilizing SPSS 26.0

software (IBM, NY, USA). Categorical variables are presented as

frequencies and percentages, while continuous variables are

expressed as means ± Standard Deviation (SD). The normality of

continuous variables was evaluated using the Shapiro-Wilk test.

Differences in TBR values and SUVmax among the three groups

were analyzed using the One-Way ANOVA test. For binary data,

such as differences in lesion size and shape among groups, the c2
test and One-Way ANOVA were applied. The Fisher exact

probability method was utilized to assess the differences in the

true positive rate of tracer uptake in lung lesions across groups.

Pearson correlation analysis was conducted to examine the

relationship between radiotracer uptake levels in primary lesions

and pulmonary metastatic lesions. P<0.05 (two-tailed) was deemed

to indicate statistical significance.
3 Results

3.1 Patients characteristics

The study enrolled 99 patients, with an average age of 56.8 ±

13.2 years (range 16-83 years), comprising 42 males and 37 females

(Table 1). Participants were categorized into three groups based on

the nature of their pulmonary lesions: the primary lung tumor

group (G1, n=41, average age: 58.4 ± 12.8 years), the metastatic lung

tumor group (G2, n=25, average age: 53.0 ± 13.0 years), and the

benign lesion group (G3, n=33, average age: 57.8 ± 13.7 years). Age

and gender distribution among the groups showed no significant

differences (F=1.48; P>0.05). All participants underwent 68Ga-FAPI

PET/CT scans. The disease types within each group are detailed in

Table 2. Group G1 comprised non-small cell lung cancer (n=35,

85.4%), small cell lung cancer (n=4, 9.7%), and solitary fibrous

tumor (n=2, 4.9%). Group G2 included primary tumor sources

from the thyroid (n=9, 36.0%), gastrointestinal tract (n=6, 24.0%),

pancreas (n=3, 12.0%), lymphoma lung infiltration (n=2, 8.0%),

breast (n=1, 4.0%), pleura (n=1, 4.0%), cervix (n=1, 4.0%), liver

(n=1, 4.0%), and nasopharynx (n=1, 4.0%). Group G3 consisted of

bacterial pneumonia (n=16, 48.5%), tuberculosis (n=4, 12.3%),

granuloma (n=3, 9.0%), fungal pneumonia (n=3, 9.0%),

pneumoconiosis (n=3, 9.0%), fibrous tissue proliferation (n=2,

6.1%), and organizing pneumonia (n=2, 6.1%).
3.2 Comparison of 68Ga-FAPI tracer uptake
in pulmonary lesions

The maximum SUVmax values for pulmonary lesions across

the three groups were observed in non-small cell lung cancer (G1,

SUVmax 16.3), malignant pleural mesothelioma with pulmonary

metastasis (G2, SUVmax 11.6), and bacterial pneumonia (G3,

SUVmax 15.5), indicating differences in 68Ga-FAPI uptake among

the groups (P<0.05, Table 3). In pairwise comparisons, the primary
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lung tumor group (G1) exhibited significantly higher average

SUVmax and TBR compared to the metastatic lung tumor group

(G2) (Average SUVmax [G1 vs. G2: 9.1 ± 4.1 vs. 6.1 ± 4.1, P<0.05];

average TBR [G1 vs. G2: 6.2 ± 2.4 vs. 4.1 ± 2.2, P<0.01]).

Additionally, G1 showed a higher true positive rate in detecting

pulmonary lesions than G2 (95.1% vs. 88%). When comparing G1

with the benign group (G3), G1 demonstrated significantly

increased radiotracer activity and true positive rates for detecting

pulmonary lesions (average SUVmax [G1 vs. G3: 9.1 ± 4.1 vs. 5.3 ±

5.8, P<0.05]; average TBR [G1 vs. G3: 6.2 ± 2.4 vs. 3.2 ± 2.7, P<0.01];

true positive rates [G1 vs. G3: 95.1% vs. 75.6%]). However, no

significant differences were observed in the uptake capacity of 68Ga-

FAPI and the true positive rates for pulmonary lesions between G2

and G3 (P>0.05, Figure 1).
3.3 Comparison of the uptake activity of
mass-like lesion and nodular-like
pulmonary lesions between groups

The basic morphological characteristics of the size in

pulmonary lesions present that the mass lesions are found in 19

cases, accounting for 19.2% (19/99), with the majority originating

from primary lung lesions of non-small cell lung cancer (9/41,

21.9%).However, for Mass-like pulmonary lesions (d>3cm), there

was no significant difference in the comparative study of the uptake

ability of 68Ga-FAPI PET/CT among the three groups. And there

were 80 cases of nodular-like pulmonary lesions (d<3cm). The

distributions of the three groups are as follows: G1 (32/41, 78.1%),

G2 (20/25, 80.0%), and G3 (28/33, 84.8%). There are differences in

the 68Ga-FAPI absorption capacity in the nodular-like pulmonary

lesions among three groups (Table 4). In pairwise comparisons

among the three groups, G1 manifests greater uptake capacities in
Frontiers in Oncology 04
TABLE 2 Summarize the types of diseases in each group.

Types of diseases Group No. %

Primary pulmonary tumor G1 41

Non-small cell lung cancer G1 35 85.4

Small cell lung cancer G1 4 9.7

Solitary fibrous tumor G1 2 4.9

Metastatic pulmonary tumor (Primary
tumor source)

G2 25

Thyroid gland G2 9 36.0

Gastrointestinal tract G2 6 24.0

Pancreas G2 3 12.0

Lymphoma lung infiltration G2 2 8.0

Breast G2 1 4.0

Pleura G2 1 4.0

Cervix G2 1 4.0

Liver G2 1 4.0

Nasopharynx G2 1 4.0

Benign pulmonary disease G3 33

Bacterial pneumonia G3 16 48.5

Tuberculosis G3 4 12.3

Granuloma G3 3 9.0

Fungal pneumonia G3 3 9.0

Pneumoconiosis G3 3 9.0

Fibrous tissue proliferation G3 2 6.1

Organizing pneumonia G3 2 6.1
fron
TABLE 1 Summary of patient characteristics.

Characteristics
Value

Total G1 G2 G3

No. of participants 99 41 25 33

Gender

Male 42 21 10 21

Female 37 20 15 12

Age (y)

Mean ± standard deviation 56.8±13.2 58.4±12.8 53.0±13.0 57.8±13.7

Interquartile range 16-83 24-78 16-76 25-83

Size

Mass-like lesion(d>3cm) 19/99(19.2%) 9/41(21.9%) 5/25(20.0%) 5/33 (15.2%)

Nodular pulmonary lesions (d<3cm) 80/99(80.8%) 32/41(78.1%) 20/25(80.0%) 28/33 (84.8% )

Morphology

Irregular-bordered (No.) 54/99 (54.5%) 31/41 (75.6%) 5/25(20.0%) 18/33(54.5%)

Lesion with smooth margins (No.) 45/99 (45.5%) 10/41 (24.4%) 20/25 (80.0%) 15/33 (45.5%)
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the nodular-like pulmonary lesions compared to other groups

(SUVmax [G1vs G2vs G3: 8.8 ± 4.3vs 5.2 ± 3.2vs 4.9 ± 6.1],

p<0.01; TBR [G1vs G2vs G3: 5.7 ± 2.7vs 3.7 ± 2.1vs 3.3 ± 4.4],

p<0.05). Nevertheless, there are no remarkable differences in the
68Ga-FAPI uptake capacity of nodular-like pulmonary lesions

between the G2 and G3 (P>0.05).
3.4 Comparison of 68Ga-FAPI tracer uptake
and morphological features

The results of lesion margin characteristics indicated that in

GroupG1, lesions with smoothmargins constituted 24.4% (10/41). In

comparison, the corresponding figures for the other two groups were

80.0% (20/25) for G2 and 45.5% (15/33) for G3. Utilizing the

smoothness of lesion margins as a morphological criterion,

differences in tracer activity among the three groups were further
Frontiers in Oncology 05
analyzed. The findings revealed no significant differences in tracer

uptake for pulmonary lesions with smooth margins across the three

groups (P>0.05, Table 5). Conversely, a significant variance in 68Ga-

FAPI activity was observed for pulmonary lesions with non-smooth

margins among the groups (P<0.01). Pairwise comparisons

highlighted that both G1 and G2 exhibited higher Mean SUVmax

and Mean TBR for tracer absorption in irregular-bordered

pulmonary lesions (SUVmax [G1 vs. G3: 10.9±3.3 vs. 4.6±2.7; G2

vs. G3: 8.5±2.7 vs. 4.6±2.7, P<0.01]; TBR [G1 vs. G3: 7.2±2.1 vs. 3.2

±2.4; G2 vs. G3: 6.4±1.3 vs. 3.2±2.4, P<0.01]). However, between G1

and G2, no significant difference was found in the uptake of the tracer

in irregular-bordered pulmonary lesions (P>0.05).
3.5 Correlation analysis of tracer uptake
between primary lesions and pulmonary
metastases in G2

A correlation analysis was performed on the SUVmax values of

primary tumor lesions and pulmonary metastatic lesions in G2. The

analysis revealed a positive correlation between the SUVmax of

primary lesions and that of pulmonary metastatic lesions in G2

(Figure 2, P<0.01). Specifically, an increase in SUVmax of the 68Ga-

FAPI tracer in primary tumor lesions was associated with a

corresponding rise in 68Ga-FAPI activity in pulmonary metastatic

lesions (r=0.856, P<0.05).
4 Discussion

In previous clinical practice, 18F-FDG PET has shown promise

in diagnosing and staging lung cancer (16, 17). However, its non-

specificity can lead to false positives, often due to infectious lung

diseases’ uptake, with a specificity reaching up to 61% compared to

75% for lung cancer (18). Furthermore, the brain, a common site for

lung cancer metastasis, exhibits high 18F-FDG uptake, limiting the
FIGURE 1

Comparison of the uptake activity of lung lesions and thoracic lymph nodes among the three groups. The legend shows the comparison of uptake
activity TBR and SUVmax for lung lesions among the three groups, as well as the comparison of FAPI uptake activity SUVmax and TBR for thoracic
lymph nodes among the three groups. *denotes a P-value less than 0.05, **denotes a P-value less than 0.01, and ns represents a non-significant
comparison between the two groups.
TABLE 3 Comparison of the uptake activity of lung lesions
between groups.

Groups

Pulmonary Lesions

Mean
SUVmax

Mean
TBR

True Posi-
tive Rate

Primary lung tumor
group (G1)

9.1±4.1 6.2±2.4 95.1%(39/41)

Metastatic lung tumor
group (G2)

6.1±4.1 4.1±2.2 88.0%(22/25)

The benign group (G3) 5.3±5.8 3.2±2.7 75.6%(25/33)

Pa <0.05 <0.01 0.275

Pb 0.204 0.206 0.202

Pc <0.05 <0.01 <0.05

P <0.05 <0.05 >0.05
aP: Comparison between groups G1 and G2; bP: Comparison between groups G1 and G3; cP:
Comparison between groups G2 and G3
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effectiveness of contrast agents (19, 20). The 68Ga-FAPI PET/CT

has garnered considerable interest for its superior tumor-to-

background ratio across various cancers relative to 18F-FDG PET/

CT (21). Studies comparing these two imaging modalities have
Frontiers in Oncology 06
demonstrated that 68Ga-FAPI-04 PET/CT identifies more lesions in

NSCLC and achieves greater diagnostic accuracy than 18F-FDG

PET/CT (22). FAP’s extensive expression in lung cancer, notably in

SCC (100%) and adenocarcinoma (85.7%), has been confirmed. In

cases of early adenocarcinoma, 18F-FDG PET/CT only detected

three positive lesions, whereas FAP chemical staining positively

identified 10 lesions (23), highlighting 68Ga-FAPI PET/CT’s

potential superiority. Loktev et al. conducted an initial

comparison of 68Ga-FAPI imaging to 18F-FDG in patients with

advanced lung adenocarcinoma, revealing significantly higher 68Ga-

FAPI uptake in metastatic lesions than 18F-FDG. Initial assessments

often interpreted high 68Ga-FAPI uptake in lesions as indicative of

malignancy. Yet, with ongoing research, 68Ga-FAPI activity has also

been detected in a range of conditions, including benign tumors,

granulomatous lesions, scars, fibrosis, degenerative changes,

inflammatory lesions, and rheumatic diseases (7, 8, 24). Previous

studies have shown that 68Ga-FAPI PET/CT can distinguish

between tumor and inflammatory lesions in organs like the liver

(25). For patients with extrapulmonary primary tumors, identifying

the nature of new pulmonary lesions is crucial for staging and

treatment decisions. Likewise, for those with only pulmonary

lesions, determining their nature is essential for guiding clinical

management. Therefore, investigating 68Ga-FAPI PET/CT’s utility

in discerning the nature of pulmonary lesions is of significant
FIGURE 2

A study on the correlation of SUVmax between primary lesions and
pulmonary metastases in Group 2. In Group 2, a correlation analysis
of SUVmax between primary and pulmonary metastatic lesions was
conducted, and the results indicate a positive correlation between
the two. Specifically, the SUVmax of pulmonary metastases
increases with the increased FAPI uptake activity of the primary
lesion (r=0.856, P<0.05).
TABLE 4 Comparison of the uptake activity of mass-like lesion and nodular-like pulmonary lesions between groups.

Groups
Mass-like lesion(d>3cm) Nodular pulmonary lesions (d<3cm)

The Mean SUVmax The Mean TBR The Mean SUVmax The Mean TBR

Primary lung tumor group (G1) 10.6±2.0 7.5±1.7 8.8±4.3 5.7±2.7

Metastatic lung tumor group (G2) 10.1±1.5 6.0±1.1 5.2±3.2 3.7±2.1

The benign group (G3) 7.8±3.5 6.2±3.1 4.9±6.1 3.3±4.4

Pa 0.702 0.211 0.012 0.032

Pb 0.053 0.281 0.003 <0.01

Pc 0.154 0.869 0.814 0.688

P 0.138 0.359 <0.01 0.012
aP: Comparison between groups G1 and G2; bP: Comparison between groups G1 and G3; cP: Comparison between groups G2 and G3.
TABLE 5 Comparison of the uptake activity of smooth and non-smooth border lung lesions between groups.

Groups
Smooth-bordered pulmonary lesion Irregular-bordered

The Mean SUVmax The Mean TBR The Mean SUVmax The Mean TBR

Primary lung tumor group (G1) 4.5±2.9 3.2±1.9 10.9±3.3 7.2±2.1

Metastatic lung tumor group (G2) 5.7±3.4 3.6±1.9 8.5±2.7 6.4±1.3

The benign group (G3) 3.4±1.8 2.4±1.2 4.6±2.7 3.2±2.4

Pa 0.287 0.512 0.112 0.463

Pb 0.125 0.140 <0.01 <0.01

Pc 0.364 0.257 <0.01 <0.01

P 0.078 0.117 <0.01 <0.01
aP: Comparison between groups G1 and G2; bP: Comparison between groups G1 and G3; cP: Comparison between groups G2 and G3.
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clinical importance as a non-invasive diagnostic approach. This

retrospective study aimed to analyze 68Ga-FAPI tracer absorption

in pulmonary lesions of varying natures and morphologies,

comparing characteristics across three groups (G1: primary lung

tumors, G2: metastatic lung tumors, and G3: benign non-tumor

lesions) to assess 68Ga-FAPI PET/CT’s value in differentiating the

nature of pulmonary occupying lesions.

The results of 68Ga-FAPI tracer activity across the three groups of

pulmonary lesions revealed that Group G1 had the highest mean

SUVmax and TBR values (SUVmax: 9.1 ± 4.1, TBR: 6.2 ± 2.4), while

Group G3 exhibited the lowest (SUVmax: 5.3 ± 5.8, TBR: 3.2 ± 2.7).

Elevated tracer uptake was also observed in lesions from organizing

pneumonia (OP) (Figure 3) and fibrous proliferative conditions,

potentially linked to mesenchymal granulation tissue infiltration and

the high expression of fibroblast activation protein within these lesions

(26, 27). This increase in 68Ga-FAPI activity in pulmonary lesions due

to fibroblast proliferation in the pulmonary interstitium was similarly

noted in pulmonary fibrosis processes (28). The benign non-tumor

pulmonary lesions’ lower mean SUVmax could be attributed to the

relatively reduced expression of FAP in pulmonary interstitial

fibroblasts compared to tumor-associated fibroblasts. When

comparing tracer uptake in pulmonary lesions among the three

groups, G1 showed higher imaging agent activity, likely due to the

dense presence of tumor-associated fibroblasts and high FAP

expression in the Tumor Microenvironment (TME) of primary lung

tumors (29). The diminished tracer absorption in G2’s pulmonary

lesions might be explained by the primary metastatic lesions originating

from thyroid and gastrointestinal (mainly colorectal) cancers, which

have moderate 68Ga-FAPI uptake capacities (mean SUVmax 6-12) as

per Kratochwil et al. (30). Notably, the two primary tumors in G2 with

the highest SUVmax were breast cancer and malignant pleural

mesothelioma, aligning with the increased tracer uptake reported for

these cancers (30). Given the heterogeneity of metastatic and primary

tumors, a parallel trend in tracer uptake between pulmonary metastases

and primary lesions is plausible. While all three groups demonstrated a

relatively high true positive rate for detecting pulmonary lesions, the

differences among them were not significant, suggesting the need for

further investigation into the utility of the positive detection rate as a
Frontiers in Oncology 07
diagnostic criterion. In summary, considering the patient’s known

malignancy history and the differential 68Ga-FAPI tracer uptake in

primary tumor lesions, inferences about the origin and nature of

pulmonary lesions can be drawn.

For the morphological assessment of pulmonary lesions, past

scholarship has generally advised against relying solely on individual

parameters such as lesion size to determine lesion nature. This caution

stems from the observation that some benign, non-neoplastic lung

lesions exhibit morphological changes resembling those of malignant

tumors, potentially confounding the diagnosis. Consequently, the

evaluation of tracer uptake in lesions is essential for clarifying their

nature (3, 4, 15, 31). In our research, a comparative analysis was

performed on three groups, focusing on variations in lesion size and

edge morphology. Lesions were categorized by diameter into nodular

lesions (d<3cm) and mass lesions (d>3cm). Among mass-like lesions,

no difference in FAPI uptake was observed across the groups.

However, for nodular-like pulmonary lesions, Group G1

demonstrated higher FAPI activity compared to the other two

groups. These results underscore the utility of 68Ga-FAPI PET/CT

in differentiating between benign and malignant nodule-like

pulmonary lesions, emphasizing its significance in the early

detection of primary non-mass-like lung cancer lesions. Prior

studies have indicated that pulmonary metastases often feature

smooth edges, whereas primary malignant lung tumors typically

exhibit irregular edges (32), aligning with the findings regarding

smooth-bordered lesions in our study. Moreover, our research

revealed no variance in 68Ga-FAPI tracer uptake among smooth-

bordered lesions across the groups, yet significant differences in FAPI

activity for irregular-bordered pulmonary lesions were noted

(Figure 4). The malignant tumor groups (G1 and G2) exhibited

more pronounced imaging agent activity for irregular-bordered

lesions than the benign lesion group (G3) (P<0.05). For individuals

without other primary malignant tumors, FAPI radiotracer activity in

irregular-bordered pulmonary lesions holds greater clinical relevance

for discerning their benign or malignant nature (Figure 5).

Consequently, irregular-bordered pulmonary lesions with increased

FAPI radiopharmaceutical activity should be more strongly suspected

of malignancy, while elevated FAPI uptake in lesions with regular
FIGURE 3

Benign Lesion Group (G3): A 67-year-old male patient with a soft tissue density mass (white arrow) in the left lung, with irregular margins and visible
lobulation. Within it, there is a patchy area of decreased density, with significantly increased uptake of 68Ga-FAPI tracer, with a SUVmax of
approximately 11.6. Histopathological biopsy diagnosis: Organizing pneumonia.
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FIGURE 5

Primary Lung Tumor Group (G1): A 44-year-old female patient with a soft tissue density mass (white arrow) in the right lung. The lesion has irregular
margins and visible lobulation, with a patchy area of decreased density within. Additionally, there is significantly increased uptake of 68Ga-FAPI
tracer, with a SUVmax of approximately 11.7. Histopathological biopsy diagnosis: Non-small cell lung cancer.
FIGURE 6

Metastatic Lung Tumor Group (G2): A 53-year-old female patient with a history of cervical cancer. Multiple soft tissue density nodules are observed
in the lungs, with the larger ones demonstrated in the axial images (white arrows), with an SUVmax of approximately 10.5. In conjunction with the
medical history and subsequent follow-up, the diagnosis is: pulmonary metastasis from cervical cancer.
FIGURE 4

Metastatic Lung Tumor Group (G2): A 51-year-old female patient with a history of breast cancer. A mass-like soft tissue density shadow (white
arrow) is observed in the left lung, with relatively regular margins. The lesion shows significantly increased uptake of 68Ga-FAPI tracer, with a
SUVmax of approximately 11.3. Additionally, there is increased tracer uptake in multiple mediastinal lymph nodes, with a SUVmax of approximately
14.7. Diagnosis based on medical history and subsequent follow-up: Lung metastasis from breast cancer.
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borders does not correlate with their nature. Additionally, our

retrospective study discovered a positive correlation between FAPI

uptake in metastatic lung tumors and imaging agent activity in their

primary lesions (r=0.856, P<0.05) (Figure 6). Thus, in patients with

extrapulmonary primary malignancies manifesting pulmonary

lesions, similar FAPI activity levels between the lung lesion and the

primary lesion suggest pulmonary metastasis. Conversely, divergent

FAPI uptake levels might indicate the presence of a dual-

source tumor.

This study is a retrospective analysis and has several limitations,

such as the uneven distribution of primary tumor types in the

selection of patients with metastatic pulmonary tumors. This may

cause bias in lesion uptake. Subsequently, we will further design

prospective studies and improve the ratio of tumor types or discuss

tumors with different tracer uptake capabilities in groups. Owing to

the relatively small sample size and notable selection bias, definitive

cutoff values for SUVmaxSUVmax of diverse pulmonary lesions

and mediastinal lymph nodes have not been established for the

three groups. Future research should aim to resolve this issue.

Additionally, the scope of this retrospective analysis was confined to

the differentiation of lung lesions via 68Ga-FAPI PET/CT.
5 Conclusion

In summary, 68Ga-FAPI PET/CT imaging has unique value in

distinguishing the nature of pulmonary lesions, especially in

differentiating primary lung tumors from pulmonary benign

lesions. Furthermore, from the combined perspective of

morphology and FAPI uptake, 68Ga-FAPI PET/CT has particular

significance in distinguishing the benign and malignant nature of

such irregular-bordered pulmonary lesions. Additionally, the

correlation of FAPI uptake levels in pulmonary metastases with

those of the primary lesions provides evaluative value. In the future,

further comparisons of 68Ga-FAPI PET/CT with PET/CT using

other tracers can provide a more comprehensive assessment of its

value in determining the nature of pulmonary lesions.
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22. Can C, Kepenek F, Kömek H, Gündoğan C, Kaplan I,̇ Tas ̧demir B, et al.
Comparison of 18F-FDG PET/CT and 68Ga-FAPI-04 PET/CT in patients with non-
small cell lung cancer. Nucl Med Commun. (2022) 43:1084–91. doi: 10.1097/
MNM.0000000000001607

23. Chen X, Liu X, Wang L, Zhou W, Zhang Y, Tian Y, et al. Expression of fibroblast
activation protein in lung cancer and its correlation with tumor glucose metabolism
and histopathology. Eur J Nucl Med Mol Imaging. (2022) 49:2938–48. doi: 10.1007/
s00259-022-05754-4

24. Cheung SK, Chen S, Wong YH, Wu KK, Ho CL. Diagnosis of seronegative
rheumatoid arthritis by (68) ga-FAPI PET/CT. Nucl Med Mol Imaging. (2023) 57:44–5.
doi: 10.1007/s13139-022-00779-x

25. Zhang J, He Q, Jiang S, Li M, Xue H, Zhang D, et al. [(18)F]FAPI PET/CT in the
evaluation of focal liver lesions with [(18)F]FDG non-avidity. Eur J Nucl Med Mol
Imaging. (2023) 50:937–50. doi: 10.1007/s00259-022-06022-1

26. Yang AT, Kim YO, Yan XZ, Abe H, Aslam M, Park KS, et al. Fibroblast
activation protein activates macrophages and promotes parenchymal liver
inflammation and fibrosis. Cell Mol Gastroenterol Hepatol. (2023) 15:841–67.
doi: 10.1016/j.jcmgh.2022.12.005

27. Krupar R, Kumpers C, Haenel A, Perner S, Stellmacher F. [Cryptogenic
organizing pneumonia versus secondary organizing pneumonia]. Pathologe. (2021)
42:55–63. doi: 10.1007/s00292-020-00903-8

28. Rohrich M, Leitz D, Glatting FM, Wefers AK, Weinheimer O, Flechsig P, et al.
Fibroblast activation protein-specific PET/CT imaging in fibrotic interstitial lung
diseases and lung cancer: A translational exploratory study. J Nucl Med. (2022)
63:127–33. doi: 10.2967/jnumed.121.261925

29. Papait A, Romoli J, Stefani FR, Chiodelli P, Montresor MC, Agoni L, et al. Fight
the cancer, hit the CAF! Cancers (Basel). (2022) 14:3570. doi: 10.3390/cancers14153570

30. Hathi DK, Jones EF. (68)Ga FAPI PET/CT: tracer uptake in 28 different kinds of
cancer. Radiol Imaging Cancer. (2019) 1:e194003. doi: 10.1148/rycan.2019194003

31. Ziatabar S, Sherman E, Ye QQ, Han L, Epelbaum O. Lung metastases from
sinonasal leiomyosarcoma masked by organizing pneumonia. Thorac Cancer. (2021)
12:2822–4. doi: 10.1111/1759-7714.14053

32. Yang Q, Wang Y, Ban X, Wu J, Rong D, Zhao Q, et al. Prediction of pulmonary
metastasis in pulmonary nodules (</=10 mm) detected in patients with primary
extrapulmonary Malignancy at thin-section staging CT. Radiol Med. (2017) 122:837–
49. doi: 10.1007/s11547-017-0790-2
frontiersin.org

https://doi.org/10.1007/s11547-020-01291-y
https://doi.org/10.1007/s11547-020-01291-y
https://doi.org/10.1148/radiol.220749
https://doi.org/10.1259/bjr.20220463
https://doi.org/10.3390/diagnostics13122018
https://doi.org/10.1002/prca.201300095
https://doi.org/10.1002/prca.201300095
https://doi.org/10.1007/s00330-023-09952-y
https://doi.org/10.1259/bjr.20220994
https://doi.org/10.1259/bjr.20220994
https://doi.org/10.1097/RLU.0000000000004498
https://doi.org/10.1097/RLU.0000000000003855
https://doi.org/10.1097/RLU.0000000000004925
https://doi.org/10.1097/RLU.0000000000004925
https://doi.org/10.1053/j.semnuclmed.2015.03.004
https://doi.org/10.1016/j.diii.2016.06.020
https://doi.org/10.1001/jama.2014.11488
https://doi.org/10.2174/1874471013666191223151402
https://doi.org/10.1148/radiol.211424
https://doi.org/10.3390/cancers14225566
https://doi.org/10.1097/MNM.0000000000001607
https://doi.org/10.1097/MNM.0000000000001607
https://doi.org/10.1007/s00259-022-05754-4
https://doi.org/10.1007/s00259-022-05754-4
https://doi.org/10.1007/s13139-022-00779-x
https://doi.org/10.1007/s00259-022-06022-1
https://doi.org/10.1016/j.jcmgh.2022.12.005
https://doi.org/10.1007/s00292-020-00903-8
https://doi.org/10.2967/jnumed.121.261925
https://doi.org/10.3390/cancers14153570
https://doi.org/10.1148/rycan.2019194003
https://doi.org/10.1111/1759-7714.14053
https://doi.org/10.1007/s11547-017-0790-2
https://doi.org/10.3389/fonc.2024.1373286
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A retrospective study of 68Ga-FAPI PET/CT in differentiating the nature of pulmonary lesions
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Drug preparation
	2.3 68Ga-FAPI PET/CT imaging
	2.4 Image analysis
	2.5 Statistical analysis

	3 Results
	3.1 Patients characteristics
	3.2 Comparison of 68Ga-FAPI tracer uptake in pulmonary lesions
	3.3 Comparison of the uptake activity of mass-like lesion and nodular-like pulmonary lesions between groups
	3.4 Comparison of 68Ga-FAPI tracer uptake and morphological features
	3.5 Correlation analysis of tracer uptake between primary lesions and pulmonary metastases in G2

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


