:' frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

Md. Mohaimenul Islam,
The Ohio State University, United States

Shun Huang,

Southern Medical University, China
Yashika Kamte,

University of California, Los Angeles,
United States

Jaiprakash Suresh Gurav,

Johns Hopkins University, United States

Yuchun Wei
yuchunwei0000@foxmail.com

28 July 2024
03 January 2025
03 February 2025

Qin J, Yu J and Wei Y (2025) Comparison
of Al**FI-NOTA-FAPI-04 PET/CT and
[*8F]-FDG PET/CT in a patient with lung
cancer and pulmonary tuberculosis: a case
report and literature review.

Front. Oncol. 15:1470132.

doi: 10.3389/fonc.2025.1470132

© 2025 Qin, Yu and Wei. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Oncology

Case Report
03 February 2025
10.3389/fonc.2025.1470132

Comparison of Al[*®F]-NOTA-
FAPI-04 PET/CT and [**F]-FDG
PET/CT in a patient with lung
cancer and pulmonary
tuberculosis: a case report
and literature review

Jingjie Qin, Jinming Yu and Yuchun Wei*

Department of Radiology, Shandong Cancer Hospital and Institute, Shandong First Medical University,
Shandong Academy of Medical Sciences, Jinan, Shandong, China

Background: The coexistence of lung cancer and pulmonary tuberculosis (TB)
makes differential diagnosis even more complicated. The purpose of the study is
to explore superiority of [*®F]-NOTA-FAPI-04 PET/CT in distinguishing TB from
malignant lesions and accurately detecting inflammatory lymph nodes than [*8F]-
FDG PET/CT.

Case summary: Herein, we described a case report of a patient with both lung
cancer and tuberculosis underwent [*®F]-FDG and Al[*®F]-NOTA-FAPI-04
positron emission tomography/computed tomography (PET/CT) to determine
staging. Additionally, a literature review was conducted to discuss the potential
clinical applications of FAPI PET/CT. We reported a 70-year-old man with newly
diagnosed lung squamous cell carcinoma underwent [*®F]-FDG and Al[*®F]-
NOTA-FAPI-04 PET/CT to determine staging. The avid uptake of [*®F]-FDG in
old pulmonary TB and the right hilar inflammatory lymph nodes (<1 cm) were not
found on Al [*®F]-NOTA-FAPI-04 PET/CT. After 2 months of follow-up, the small
lymph node was finally confirmed to be inflammatory.

Conclusion: Al[*F]-NOTA-FAPI-04 PET/CT may perform better in distinguishing
TB from malignancy and may offer greater specificity than [*8F]-FDG PET/CT for
the diagnosis inflammatory lymph nodes.
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1 Introduction

Lung cancer ranks among the highest in global cancer morbidity
and mortality, with non-small cell lung cancer (NSCLC) comprising
over 85% of all cases (1, 2). The accurate tumor stage at first diagnosis
is crucial to optimize the treatment and improve survival of NSCLC
(3). Tuberculosis (TB) is a chronic granulomatosis led by
mycobacterium tuberculosis, a public safety problem that endangers
global health. Common clinical symptoms of lung cancer and
tuberculosis include, but are not limited to, the following: fever,
cough, expectoration, hemoptysis, weight loss and anorexia (4-6).
When these two diseases coexist or interact, the overlapping imaging
and metabolic characteristics complicate diagnosis and treatment.

['8F] fluorodeoxyglucose (FDG) is a glucose-based radiotracer
whose accumulation correlates with metabolic activity. Positron
emission tomography/computed tomography using ['®F]
fluorodeoxyglucose (FDG) is a non-invasive imaging method that
has been widely used to distinguish between malignant and benign
lesions (Table 1). However, ['*F]-FDG also accumulates in
inflammatory cells such as neutrophils, activated macrophages,
and lymphocytes at sites of inflammation or infection (11).
Therefore, uptake of [ISF]-FDG has been observed in TB,
tuberculoma, and other tuberculosis-associated lesions (12, 13).
With PET/CT, both pulmonary and extrapulmonary tuberculosis
involvement can be assessed (14). However, it often yields false
positives in cases where non-malignant infectious lesions are
present (15, 16). SUV .., maximum standard uptake value, is a
semi-quantitative PET imaging parameter that measures the highest
metabolic activity within a lesion. In TB merges malignant lesions,
the SUV .., tend not to be significantly different (17, 18), which
makes the diagnosis specificity of ['*F]-FDG PET/CT imaging was
decreased. Therefore, there is an urgent need for a more specific
tracer to accurately stage lung cancer and more clearly distinguish
between TB and malignant lesions.

Fibroblast activation protein (FAP) is a type II membrane-
bound glycoprotein from the dipeptidyl peptidase 4 family, highly
expressed in cancer-associated fibroblasts (CAFs) and tumor cells of
many cancers (19). Recently, radiotracers targeting fibroblast
activation protein (FAP) have been developed on account of the
FAP-specific inhibitor (FAPI), demonstrating excellent diagnostic
performance and offering a novel form of pan-tumor tracing across
various cancers (20). Al['®F]-NOTA-FAPI PET/CT, using the
tracer NOTA (1,4,7-triazacyclononane-N,N’,N”-triacetic acid)
FAPI-04 (Nanchang Tanzhen Biotechnology) was radiolabeled
with aluminum fluoride (AI'®F), is effective for tumor detection
(15, 16) and may better facilitate the differentiation of TB from
malignancy as well as staging. This interesting case indicates that Al
['®F]-NOTA-FAPI-04 PET is promising for distinguishing TB from
malignancy and may offer more specificity than ['*F]-FDG for
diagnosing inflammatory lymph nodes.

2 Case presentation

Our images presented a 70-year-old man with a history of
pulmonary tuberculosis and smoking. The patient had no family
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history of tuberculosis. The patient was admitted to hospital in
February 2021 with no apparent cause for sudden syncope and
fall, no amaurosis, and unconscious loss. Chest enhanced CT
showed a suspicious right lobe mass in the hilum. The patient was
subsequently enrolled in a Al['*F]-NOTA-FAPI-04 PET/CT
clinical trial and underwent both AI['®F]-NOTA-FAPI-04 and
['®F]-FDG PET/CT to clarify the diagnosis. An endoscopic tissue
biopsy for diagnostic examination was performed as lung
squamous cell carcinoma in the end. Pulmonary TB was
diagnosed based on the presence of calcified lesions consistent
with prior infection, and no active TB was identified during
follow-up testing.

Maximum intensity projection images were obtained with both
imaging methods (Figure 1). Two proficient nuclear medicine
physicians reviewed all the images and concurred that the patient
had right upper lobe central lung cancer with ipsilateral hilar lymph
node metastases, and that the metastatic lymph nodes had fused
with the primary tumor (i-k). The old calcified focus and scar tissue
of the right lung (c-e, f-h) were considered as pulmonary TB. The
right hilar lymph node (I-n) was considered an inflammatory lymph
node. The avid uptake of ['®*F]-FDG in old pulmonary TB (e, h) and
hilar inflammatory lymph nodes (n) was not observed for Al ['®F]-
NOTA-FAPI-04 (d, gand m). A small inflammatory lymph node in
the right hilum (<1 cm) was difficult to distinguish from metastatic
lymph nodes, but was finally confirmed on 2-month follow-up.
Utilizing dual tracer imaging, the staging was defined to be
cT4N1MO, IITA. The patient subsequently received sequential
radiotherapy in April 2021 and chemotherapy in March 2022.
The patient’s symptoms improved, and a local tumor recurred in
situ 1 year later there was no significant adverse effects after
treatment. This case indicates that Al['*F]-NOTA-FAPI-04 PET/
CT is promising for distinguishing TB from malignancy and may
offer more specificity than ['*F]-FDG for diagnosing inflammatory
lymph nodes.

3 Discussion

3.1 FAPI PET/CT has significant advantages
over [*8F]-FDG PET/CT in the diagnosis and
accurate staging of lung cancer

The advent of positron emission tomography/computed
tomography (PET/CT) has revolutionized the diagnosis and staging
of lung cancer (21). ['®F]-FDG and ['®F]-FAPI are widely regarded as
prominent raidotracers, of which ['*F]-FDG has showed great
advantages in the staging of lung cancer (22, 23). However,
emerging evidence suggests that FAPI PET/CT outperforms in the
detection and precise staging of lung cancer (24-26).

Wang and Tang et al. reported that [**Ga]-FAPI PET/CT is
superior to ['*F]-FDG PET/CT in advanced lung cancer staging,
especially in the detection of suspected metastases to brain, lymph
nodes (LNs), bone and pleural (9). By targeting FAP, it reduces false
positives caused by inflammation and infection and can effectively
detect tumors with low metabolic activity (20). Additionally, FAPI
has lower uptake in normal tissue (27) and provides excellent
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TABLE 1 Comparison of FDG and FAPI PET/CT.

FDG PET/CT
Finding

FAPI PET/CT
Finding

Lesions

10.3389/fonc.2025.1470132

Endoscopy-guided mucosal

TB Moderate Positive
Intestinal TB Moderate Positive
Matastases,

mediastinal and hilar Moderate Positive

lymph nodes

[°®Ga]Ga-DOTA-FAPI-04 PET/CT showed higher tracer uptake in tuberculous lesions in the
lung, spines, and brain than did ["*F]EDG PET/CT (7).

biopsy of the colon is consistent with tuberculosis,

suggesting that *8Ga-FAPI may
be valuable in the evaluation of intestinal tuberculosis (8).

%8Ga-FAPI PET/CT outperforms "*F-FDG PET/CT in the detection of suspected metastases to
the brain, lymph nodes, bone, and pleura (9, 10).

FDG, fluorodeoxyglucose; FAPI, fibroblast-activation protein inhibitor; PET, positron emission tomography; TB, tuberculosis.

imaging contrast, improving the accuracy in identifying small
lesions and lymph node metastases in lung cancer.

However, the sensitivity of FDG is finite for some histological
types, such as adenocarcinoma in situ and several neuroendocrine
tumors. ['*F]-FDG PET/CT is highly sensitive to tumors with high
metabolic activity, and it has been deemed to be an effective method
for the detection, identification and staging of lung carcinoma (28).
However, its specificity has been rigorously challenged for the high
uptake of ['"*F]-FDG in both inflammatory and malignant tissues,
resulting in false positive diagnoses (29).

Fibroblast activation protein (FAP), a serine protease expressed
on cell surface, is highly upregulated in over 90% of epithelial
carcinomas (30). FAPI-04, a small molecular inhibitor targeting
FAP, has been widely used in PET imaging. Most FAPI-based
tracers have been labeled with ®®*Ga, applied in both benign and
malignant imaging studies (31). However, owing to its short half-
life (T1/2 = 68 min) and short storage time, %8Ga is unfit for remote
transportation. In comparison, '*F (T1/2 = 109 min) is an ideal

radionuclide for PET imaging with a high positron yield of 97%, a
low mean positron range of 0.5 mm, and no simultaneous y ray
emission (32). However, reports of Al'®F-labeled FAPI-04 are
limited currently. McBride et al. reported an aluminum-fluoride
(AI'®F) chelation strategy in which fluorine is firmly bound to AI*",
forming AI'®F, which is then complexed with NOTA (1,4,7-
triazacyclononane-N,N’,N”-triacetic acid). The complex is
subsequently conjugated to the biomolecule of interest (33). The
increased prevalence of accelerators in China and the high
utilization rate of fluorine standards support the broader adoption
of these tracers.

Studies have reported the results of ['*F]-FAPI PET imaging in
a small cohort of patients with lung cancer (34) and breast cancer
(35). Wei et al. verified the value of Al['®F]-NOTA-FAPI-04 PET/
CT for the accurate staging and diagnosis in lung cancer, and they
mentioned metastatic LNs with a diameter of 1cm or less are more
likely to be omitted than those with a larger diameter, which is even
more serious in [**F]-FDG PET/CT (10). One reason of false

FAPI PET

FIGURE 1

(A, B) full body scans with fluorine 18 [*®F]- labeled fibroblast activation protein inhibitor (FAPI) PET/CT and [‘®F]-labeled fluorodeoxyglucose (FDG);
(C—H) the old calcified focus and scar tissue of the right lung in CT and FDG PET/CT scans, which were considered as TB; (I-K) the metastatic
lymph nodes fused with the primary tumor; (L, M) the right hilar lymph node was considered an inflammatory lymph node; (D, G, M) no avid uptake

was observed in Al [*®F]-NOTA-FAPI-04 PET/CT scans.
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negative results in PET identification of mediastinal lymph node
metastases is the poor resolution in identifying microscopic lymph
node metastases, a condition referred to as minimal N2 disease due
to its relatively favorable prognosis (36). Another reason is that
FDG uptake in metastatic lymph nodes cannot be differentiated
from uptake in primary tumors or adjacent positive lymph nodes,
mainly due to the limited spatial resolution of ['®F]-FDG PET (37).

In this case report, Al[**F]-NOTA-FAPI-04 PET/CT showed
greater specificity in distinguishing lung cancer from pulmonary
tuberculosis lesions and may diagnose inflammatory lymph nodes
more specifically than ['®F]-FDG. The results of this case further
support this perspective and underscore the need for incorporating
Al['"®F]-NOTA-FAPI-04 PET/CT into clinical practice. This
imaging modality shows promise in distinguishing tuberculosis
from malignant tumors.

3.2 The diagnosis function and limitations
of [*®F]-FDG PET/CT in TB

FDG remains the “gold standard” for the detection of high
metabolic tumors, especially in rapidly proliferating malignant
lesions. Besides, the usefulness of ['®F]-FDG PET/CT in the
management of TB has been investigated (38). Previous studies
have shown that FDG has a significant advantage in detecting TB
lesions. Since changes in glycolytic activity within the inflammatory
foci (as measured by ['*F]-FDG uptake) correlate well with clinical
response markers, ['*F]-FDG PET/CT imaging may be helpful (39).
Firstly, ['®F]-FDG PET/CT is highly sensitive to metabolically
active inflammation and infection, which makes it an effective
tool for detecting active TB (40). Due to its high sensitivity, ['8F]-
FDG PET/CT can perform full body scans to detect extra-
pulmonary TB spots, allowing for a comprehensive assessment of
TB spread and involvement (41). Besides, the ability of ['®F]-FDG
PET/CT distinguishing between active TB and inactive (scar tissue)
lesions is crucial in treatment decisions (42). It is also worth
mentioning that ['*F]-FDG PET/CT is capable of monitoring the
effect of anti-TB treatment by observing changes in metabolic
activity to assess therapeutic response (43).

In active TB granuloma, ['®F]-FDG accumulates on PET/CT
due to the central necrotic nucleus being surrounded by
macrophages, epithelioid cells, multinucleated Langerhans giant
cells, and lymphocytes, which proliferate and infiltrate in the
surrounding normal alveolar space and express glucose carriers
(36). Tuberculomas may accumulate ['®F])-FDG due to increased
glucose metabolism caused by active granulomatous inflammation
(15). This creates an ['*F]-FDG signal on PET imaging forming the
basis of ['®F]-FDG-PET imaging in TB (44). However, SUV . is
often not significantly different between tuberculosis and malignant
lesions (17, 18).

The limitation of ['*F]-FDG PET/CT for assessing individual
lung nodules, especially in endemic areas, is the inability to
distinguish between tuberculosis and malignant lesions. ['8F]-
FDG is a non-specific radiotracer accumulated during the
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inflammation and malignancy; it is not easy to make a diagnosis
with ['**F]-FDG PET/CT only when TB co-exists with lung cancer.
Several studies have reported that TB causes false-positive results in
patients evaluated for malignant lesions (45, 46). Compared to non-
endemic areas, active TB often complicates the diagnosis of lung
cancer on ['®F]-FDG PET/CT, resulting in false positive findings in
areas with a high incidence of TB (47). Therefore, identifying a
promising alternative radioactive tracer to replace ['®F]-FDG is
crucial for accurate lung cancer staging and differentiation between
malignant and tuberculous lesions.

3.3 The potential of FAPI PET/CT for
accurate diagnosis of TB from the imaging
principle and metabolic characteristics

FAPI PET/CT, utilizing tracers such as [**Ga]-FAPI and ['*F]-
FAPI, has shown promising advancements in imaging and diagnosing
of TB due to its unique targeting mechanism and metabolic profiling
capabilities. One of the major strengths of FAPI PET/CT is the high
specificity, which makes it a potential tool in the context of complex
inflammation. Chen et al. reported that FAPI PET/CT may have a
complementary role in reducing false positive results and improving
diagnostic accuracy, especially when FDG imaging is unclear (48).
Unlike ['®F]-FDG, which highlights regions of high glucose
metabolism often seen in both cancerous and inflammatory
conditions, FAPI specifically binds to fibroblast activation protein
(FAP) expressed by activated fibroblasts within fibrotic and
remodeling tissues (49). Tuberculosis lesions, especially the chronic
and fibrotic stages, involve significant fibroblast activity, leading to
high uptake of FAPI (7, 8, 50-52). This enables FAPI PET/CT to offer
higher specificity, clearer imaging of TB lesions, and effectively
highlight TB-related changes. Therefore, FAPI PET/CT may result
in fewer false positives and better identify the nature of the TB lesions.

Besides, the reduced background uptake of FAPI PET/CT
makes high-contrast images (7). This high contrast is crucial for
accurately identifying and delineating TB lesions, providing clear
visualizations even in complex anatomical areas. The ability to
produce high-resolution images that clarify the boundaries between
infected and healthy tissue, improve diagnostic accuracy and
facilitate better treatment protocols.

The fast-imaging capability of FAPI PET/CT is another
significant advantage. In general, a high-quality image can be
obtained within an hour after the tracer is injected (53). This
efficiency enhances patient throughput in the clinical settings and
increases patient comfort by reducing the scan time.

FAPI reaches a stable physiological distribution in the human
body within 10 minutes of injection and maintains this stability for
several, providing an extended time window for clinical imaging
(19, 54). This makes FAPI PET/CT a potential tool for therapeutic
monitoring (55). By evaluating changes in FAP expression before
and after treatment, clinicians can monitor the efficacy of anti-TB
therapy in real time.
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Phlegm coating and molecular diagnosis are still the gold
standard of tuberculosis, but functional image technology (such
as FDG PET/CT and FAPI PET/CT) has a significant advantage in
detecting active lesions and treatment monitoring (56). High-
resolution CT (HRCT) provides detailed visualization of lung
lesions, including calcifications, fibrosis, cavity formations, and
tumor morphology, while MRI offers superior soft tissue
resolution, particularly for assessing chest wall and mediastinal
involvement (14, 57, 58). However, both techniques rely on
morphological features and lack molecular-level functional
information, making it challenging to differentiate inflammation
from malignancy in cases with overlapping imaging characteristics.
Building on the proven success of FDG PET in diagnosing lung
tuberculosis, FAPI PET shows promise as a diagnostic tool by
specifically targeting areas of fibrosis (42).

Although this study shows the advantages of FAPI PET/CT in
the staging of lung cancer and the differentiation of benign and
malignant lesions, its limitations should also be of concern. First of
all, there is high uptake of FAPI in some benign tumors (such as
necrotizing granulomas, renal angiomyolipoma, etc.) (50) and must
be interpreted carefully in terms of specificity. In addition, the use of
FAPI in certain inflammatory related lesions, such as bronchiolitis
obliterans organizing pneumonia, still needs further validation (59).

FDG and FAPI play complementary roles in the diagnosis of
lung cancer patients with tuberculosis foci. In this study, we believe
that FAPI has certain advantages in tumor staging, but it has not
been found that FAPI has significant advantages over FDG in the
diagnosis and treatment of tuberculosis. In summary, FAPI PET/
CT holds significant potential for improving the staging accuracy in
lung cancer and reliability in the diagnosis and treatment of TB,
ultimately contributing to better patient management and

clinical outcomes.

4 Conclusion

The coexistence of lung cancer and pulmonary tuberculosis
poses significant challenges for diagnosis and staging of lung cancer,
leading to a poor prognosis for patients affected by both diseases.
Therefore, accurate estimate and staging at the initial diagnosis are
crucial to improve the survival and prognosis of patients. Compared
with ['®F]-FDG, Al['*F]-NOTA-FAPI-04 PET/CT has great
potential for distinguishing TB from malignant lesions and may
offer more specificity than ['*F]-FDG for diagnosing inflammatory
lymph nodes.
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