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Intense fibroblast activation protein
inhibitor localization around the site of
embolized gastroduodenal artery in a
patient with metachronous pancreatic
adenocarcinoma: A potential pitfall in
positron imaging
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Abstract

8Gallium-Fibroblast activation protein inhibitor (*®Ga-FAPI) positron emission tomography/computed tomography (PET/
CT) is increasingly used for evaluating various epithelial neoplasms. Despite addressing some pitfalls, many remain un-
acknowledged. This report details a 77-year-old man with suspected pancreatic malignancy who underwent a ®*Ga-FAPI
PET/CT scan post-gastroduodenal coil embolization for upper gastrointestinal bleeding. The scan revealed intense *3Ga-
FAPI uptake in the pancreatic body and tail malignancy and around the embolized gastroduodenal artery, indicating a healing
process. This highlights the importance of understanding FAPI expression in recent surgical sites for accurate radiologic

interpretation.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most
common exocrine malignancy, accounting for more than
90% of pancreatic neoplasms.! According to the latest
GLOBOCAN estimates, PDAC remains a significant global
health burden. In 2020, there were approximately
495,773 new cases of pancreatic cancer globally, making it
the 12th most common cancer worldwide.” Currently, the
occurrence of PDAC is increasing, emphasizing the
growing necessity for personalized management.’
Currently, many developed and developing countries rely
on “®Gallium-Fibroblast activation protein inhibitor positron
emission tomography/computed tomography (®*Ga-FAPI
PET/CT) to stage and monitor patients with PDAC. This
novel diagnostic modality has shown unparalleled superiority

over traditional '*F-fluorodeoxyglucose (**F-FDG) PET/ CT
due to its high tumor-to-background ratios, theranostic po-
tential, and improved sensitivity and detectability at primary
and metastatic neoplastic sites.*® However, the specificity of
8Ga-FAPI is not perfect and can be affected by various non-
oncologic conditions related to infection, inflammation, tis-
sue repair, autoimmune disease, and fibrosis.” These factors
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highlight the importance of cautious interpretation when
relying solely on FAPI-based imaging in clinical decision-
making.

In this case report, we present a patient with a suspected
pancreatic malignancy who exhibited intense **Ga-FAPI
uptake at the sites of a recently embolized duodenal ulcer.
This case also provides insights into the molecular and
histopathological perspectives of this distinctive pattern of
*8Ga-FAPI expression.

Case report

Clinical history

A 77-year-old man with a complex medical history was
suspected of having a pancreatic malignancy. His past
medical history included longstanding hypertension, a re-
cent duodenal ulcer, and benign prostatic hyperplasia. He is
currently maintained on daily bisoprolol (2.5 mg), ome-
prazole (40 mg), and tamsulosin hydrochloride (0.4 mg) to
control these conditions. His past surgical history included
sigmoidectomy for a previous T3NOMO stage Ila sigmoidal
moderately differentiated adenocarcinoma. Following this,
his oncologic history remained unremarkable for 3 years
post-sigmoidectomy, which was performed to provide ef-
fective up-to-date care. The patient also reported a recent
onset of upper gastrointestinal bleeding, which required
interventional embolization of the gastroduodenal artery for
bleeding control.

Imaging findings

During his emergency visit, an abdominal CT scan revealed
an incidental pancreatic body and tail mass, necessitating
further evaluation. After adequate control of the bleeding,
the patient underwent comprehensive laboratory analysis
for hematologic, hepatic, renal, and tumor marker profiling.
These results were unremarkable except for markedly el-
evated cancer antigen 19-9 (CA 19-9) levels of 184 U/L.
Additionally, a ®*Ga-FAPI PET/CT scan was ordered as part
of the initial diagnostic workup (Figure 1). The scan re-
vealed a large, intense 8Ga-FAPI-avid pancreatic body and
tail mass (Figure 1(a)—(d) and (f); arrowheads). A maximum
standardized uptake value (SUVmax) of up to 18.9 was
recorded (Figure 1(a), (c), and (f); arrowheads). Interest-
ingly, nearby ®*Ga-FAPI localization within the second part
of the duodenum (SUVmax up to 8.7) was also noted
(Figure 1(a), (b), and (e)—(g); arrows). Notably, both
findings were visualized in attenuation and non-attenuation
corrected images (Figure 1(a) and (b); annotations). This
focal duodenal ®*Ga-FAPI activity was found surrounding a
metal coil artifact (Figure 1(a), (b), and (e)—(g); arrows),
potentially correlating with the patient’s recent history of an
embolized gastroduodenal artery bleeding from duodenal

ulcer. A direct call to the interventional radiologist in charge
of the recent gastroduodenal artery embolization confirmed
the site of the procedure and the methodology used. Ap-
parently, embolization was performed using three 5 mm
coils 10 days prior. Therefore, the duodenal **Ga-FAPI-avid
focus was labeled as an ancillary finding related to recent
gastroduodenal artery embolization. Given the intense
8Ga-FAPI expression within the pancreatic body and tail
mass, a provisional diagnosis of locally advanced PDAC
was made. A multidisciplinary clinical discussion was held
to determine the next course of therapeutic action. The
MDC team decided to perform distal pancreatectomy and
splenectomy. Subsequent histopathological evaluation of
the resected tumor confirmed the presence of moderately
differentiated T3NOMO stage Ila PDAC. The postsurgical
period was unremarkable. The patient’s case will be re-
discussed in a second MDC round to determine the best
next plan.

Discussion

Upon retrospective review of the maximum intensity pro-
jection image for the **Ga-FAPI PET/CT, one might ini-
tially attribute the °*Ga-FAPI-avid focus to multiple
etiologies. However, each of these potential etiologies can
be mitigated by referring to the axial fused PET/CT views,
clinical history, and oncologic history. The patient’s pre-
vious history of sigmoidal cancer might suggest a rare
incidence of metastatic disease to the duodenum, which is
seldom encountered in clinical practice.® Another possi-
bility is metastatic or nodal attribution of this focus to a
newly developed pancreatic malignancy, or a synchronous
periampullary neoplasm.”'® All these entities should have
associated morphologic evidence on the CT portion of the
8Ga-FAPI PET/CT study. When referring to the fused PET/
CT images, no morphologic evidence of irregular thickness,
altered density, mass lesion, or pressure effect was noted,
excluding these etiologies from the differential diagnosis.
Another potential and commonly encountered non-
oncologic etiology is the possibility of involvement of
this area by inflammatory bowel disease (mostly Crohn’s
disease). In fact, ®®Ga-FAPI PET/CT has shown promising
potential for tracking the course of Crohn’s disease by
detecting areas involved by fibrosis."' However, such a
disease would typically have a previous positive history and
usually present with multiple segmental lesions.
Fibroblast activation is known to be present in various
processes, including inflammation, tissue remodeling, tissue
injury, postsurgical wound healing, and scar formation, and
therefore these processes are known to cause **Ga-FAPI
PET/CT imaging pitfalls. In the present case, the patient
recently underwent surgical repair of an embolized bleeding
gastroduodenal artery due to an ulcer, with the intervention
occurring less than 10 days prior. Therefore, it is possible
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Figure 1. “®Gallium-Fibroblast activation protein inhibitor (*®Ga-FAPI) positron emission tomography/computed tomography (PET/
CT) was offered for a 77-year-old man to evaluate suspected pancreatic malignancy |10 days following recent gastroduodenal artery
embolization. (a) Attenuation correction maximum intensity projection (MIP); (b) non-attenuation correction MIP; (c) axial PET/CT; (d)
axial CT; and (e)—(g) coronal, axial, and sagittal PET/CT views exposed two foci of increased ®Ga-FAPI uptake (annotations). (a—d, f)
Images exposed an intensely *®Ga-FAPI-avid pancreatic body and tail mass measuring about 7 cm in maximum dimensions
(arrowheads). (a, b, e—g) Evidence of ®*Ga-FAPI expression surrounding metal coil artifact was observed correlating with the recent

gastroduodenal arterial embolization (arrows).

that the observed FAPI-avid focus at the site of the recently
treated ulcer can be attributed to ongoing wound healing,
the recent surgical intervention, or a combination of both
factors. Another potential cause of diagnostic misinter-
pretation in this area is related to technical artifacts. For
example, attenuation correction artifacts at metal coil in-
sertion sites can result in such an observation. This can be
excluded by examining non-attenuation correction images;
consistency in FAPI expression between these and atten-
uation correction images indicates true FAPI-related uptake
rather than a technical artifact, as highlighted in our case.
Furthermore, artifacts from breathing motion can also
render false positive findings in the upper abdomen. In such
context, evaluation of the fused image in sagittal views is
most helpful to ensure precise radiotracer localization at the
area of interest. In our case, we assessed the FAPI-avid
duodenal focus in axial, coronal, and sagittal views to
exclude such possibility.

Given the patient’s recent history of coil gastroduodenal
artery embolization to control upper gastrointestinal
bleeding, paired with concomitant evidence of a metal coil
artifact lying at the center of the second duodenal **Ga-
FAPI-avid focus, a more detailed procedure briefing for the
recent gastroduodenal artery embolization was needed.
After confirming the site and technique of gastroduodenal
artery embolization, which utilized metal coils at the site of
the gastroduodenal bleeding source, the physician could
confidently highlight this finding as ancillary evidence.

®8Ga-FAPI PET/CT represents a novel theranostic ap-
proach that offers comprehensive evaluation of epithelial
neoplasms of pancreaticobiliary origin.'>"'* Compared to
traditional '*F-FDG PET/CT, ®*Ga-FAPI PET/CT demon-
strates higher levels of sensitivity and specificity, making it
a valuable tool in the staging of PDAC and the detection of
early recurrence.'> However, this is not applicable in all
scenarios; for example, the reliability of ®*Ga-FAPI PET/CT
tends to be underwhelmed by various pitfalls that become
increasingly acknowledged over time. For instance, tumor-
induced pancreatitis can sometimes mask the underlying
pancreatic tumor, hampering accurate lesion depiction.'®
The same applies to stent-induced pancreatic *®Ga-FAPI
uptake, resulting in diffuse radiotracer expression
throughout the pancreas.'” In settings of inflammation and
autoimmune disease processes, a similar pattern of diffuse
8Ga-FAPI uptake has also been reported, overlapping with
the previously mentioned etiologies.'®!'? All these benign
causes can be effectively diagnosed upon clinical, bio-
chemical, and multidisciplinary team evaluation.

A recent systematic review highlighted that **Ga-FAPI
PET/CT pitfalls occur predominantly at vasculature,
highlighting the potential of **Ga-FAPI PET/CT to monitor
the vascular disease spectrum from ischemic to inflam-
matory and autoimmune etiologies.”” However, this recent
study did not mention embolized arterial **Ga-FAPI uptake
as part of an observed non-oncologic pitfall. Moreover, our
understanding of the time that will elapse until FAPI activity



Acta Radiologica Open 13(12)

fades from this embolized vessel is still unknown. Such a
new paradigm is worth further exploration in later reports
and studies to highlight the timing, duration, and uptake
kinetics associated with these interventions. Finally, it re-
mains most important to acknowledge the value of clinical
history correlation, interdisciplinary communication for
briefing, and differential diagnosis reasoning to optimize
reporting of such unrelated etiologies when present.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

Ethical statement
Ethical approval

The study was conducted in accordance with the Helsinki
declaration.

Informed consent

The patient signed an informed consent statement.

ORCID iDs

Ahmed Saad Abdlkadir
Akram Al-Ibraheem

https://orcid.org/0000-0002-2009-5110
https://orcid.org/0000-0002-0978-4716

References

1. Orth M, Metzger P, Gerum S, et al. Pancreatic ductal adeno-
carcinoma: biological hallmarks, current status, and future
perspectives of combined modality treatment approaches. Ra-
diat Oncol 2019; 14: 141. DOI: 10.1186/s13014-019-1345-6.

2. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin
2021; 71: 209-249. DOI: 10.3322/caac.21660.

3. Rawla P, Sunkara T, Gaduputi V. Epidemiology of pancreatic
cancer: global trends, etiology and risk factors. World J Oncol
2019; 10: 10-27.

4. Liu Q, Shi S, Liu S, et al. The added value of [*3Ga]Ga-
DOTA-FAPI-04 PET/CT in pancreatic cancer: a comparison
to ['*F]F-FDG. Eur Radiol 2023; 33: 5007-5016. DOI: 10.
1007/s00330-023-09445-y.

5. Rohrich M, Naumann P, Giesel FL, et al. Impact of %8Ga-FAPI
PET/CT imaging on the therapeutic management of primary
and recurrent pancreatic ductal adenocarcinomas. J Nucl Med
2021; 62: 779-786. DOI: 10.2967/jnumed.120.253062.

6. Assadi M, Rekabpour SJ, Jafari E, et al. Feasibility and
therapeutic potential of 177Lu—fibroblast activation protein

10.

12.

13.

14.

15.

16.

17.

18.

20.

inhibitor—46 for patients with relapsed or refractory cancers: a
preliminary study. Clin Nucl Med 2021; 46: ¢523—e530.
Al-Ibraheem A, Abdlkadir AS, Alalawi H, et al. 68Ga-FAPI
PET/CT imaging: unveiling the hidden pitfalls. Clin Nucl
Med 2023; 48: 965-966.

Brahmbhatt P, Ross J, Saleem A, et al. Recurrent adeno-
carcinoma of colon presenting as duodenal metastasis with
partial gastric outlet obstruction: a case report with review of
literature. World J Oncol 2013; 4: 102-106.

Paramythiotis D, Fotiadou G, Karlafti E, et al. Synchronous
pancreatic ductal adenocarcinoma in the head and tail, a
double trouble: a case report and literature review. Diag-
nostics 2022; 12: 2709. DOI: 10.3390/diagnostics121127009.
Tai W-C, Changchien C-S, Hu T-H, et al. Pancreatic head
cancer with distant duodenal metastasis: a case report with
rare endoscopic presentations. Am J Med Sci 2009; 338:
75-77. DOI: 10.1097/MAJ.0b013e31819d5eac.

. Chen L, Zhong X, Li L, et al. [**Ga]Ga-FAPI-04 PET/CT on

assessing Crohn’s disease intestinal lesions. Eur J Nucl Med
Mol Imag 2023; 50: 1360-1370. DOI: 10.1007/s00259-023-
06107-5.

Al-Ibraheem A, Al-Qasem S, El Khaldi M. Amarin R. 68 Ga-
FAPI PET/CT Provides a Clear Picture of a Klatskin Tumor
That 18 F-FDG PET/CT Missed. Clin Nucl Med 2023; 48:
e313—-e315. DOI: 10.1097/rlu.0000000000004652.
Rajaraman V, Meenakshi LA, Selvaraj AJ, et al. Role of %3Ga-
FAPI PET/CT in assessing hepatobiliary malignancies: a
prospective pilot study. Clin Nucl Med 2023; 48: e281—¢288.
Al-Ibraheem A, Zimmermann R, Abdlkadir AS, et al. Ra-
diotheranostics global market and future developments.
Semin Nucl Med 2024; 54: 1-11.

Kessler L, Hirmas N, Pabst KM, et al. °®Ga-Labeled fibroblast
activation protein inhibitor (**Ga-FAPI) PET for pancreatic
adenocarcinoma: data from the **Ga-FAPI PET observational
trial. J Nucl Med 2023; 64: 1910-1917.

Luo Y, Pan Q, Zhang W, et al. Intense FAPI uptake in in-
flammation may mask the tumor activity of pancreatic cancer
in ®*Ga-FAPI PET/CT. Clin Nucl Med 2020; 45: 310-311.
Al-Ibraheem A, Sweedat DA, Abdlkadir AS, et al. Stent-
Induced [68Ga] Ga-FAPI Diffuse Expression in a Patient with
Pancreatic Cancer: Navigating Non-oncologic Challenges.
Nucl Med Mol Imaging 2010; 2024: 1-2.

Shou Y, Xue Q, Yuan J, et al. ®®Ga-FAPI-04 PET/MR is
helpful in differential diagnosis of pancreatitis from pan-
creatic malignancy compared to '*F-FDG PET/CT: a case
report. Eur J Hybrid Imaging 2021; 5: 12. DOIL: 10.1186/
s41824-021-00106-1.

. Al-Ibraheem A, Badarneh M, Abdlkadir AS, et al. Investi-

gating the diffuse pancreatic expression of [68Ga] Ga-DO-
TAFAPI: location, timing,
approaches. Clin Transl Imaging 2024; 1-5.

Bentestuen M, Al-Obaydi N, Zacho HD. FAPI-avid non-
malignant PET/CT findings: an expedited systematic review.
Semin Nucl Med 2023; 53(5): 694-705.

and molecular imaging


https://orcid.org/0000-0002-2009-5110
https://orcid.org/0000-0002-2009-5110
https://orcid.org/0000-0002-0978-4716
https://orcid.org/0000-0002-0978-4716
https://doi.org/10.1186/s13014-019-1345-6
https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s00330-023-09445-y
https://doi.org/10.1007/s00330-023-09445-y
https://doi.org/10.2967/jnumed.120.253062
https://doi.org/10.3390/diagnostics12112709
https://doi.org/10.1097/MAJ.0b013e31819d5eac
https://doi.org/10.1007/s00259-023-06107-5
https://doi.org/10.1007/s00259-023-06107-5
https://doi.org/10.1097/rlu.0000000000004652
https://doi.org/10.1186/s41824-021-00106-1
https://doi.org/10.1186/s41824-021-00106-1

	Intense fibroblast activation protein inhibitor localization around the site of embolized gastroduodenal artery in a patien ...
	Introduction
	Case report
	Clinical history
	Imaging findings

	Discussion
	Declaration of conflicting interests
	Funding
	Ethical statement
	Ethical approval
	Informed consent

	ORCID iDs
	References


