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Background: Prostate-specific membrane antigen (PSMA) is highly and specifically upregulated in active-inflamed mucosa of patients 
with inflammatory bowel disease (IBD). We hypothesized that this upregulation would be detectable using a PSMA-targeted positron 
emission tomography/computed tomography (PET/CT) imaging agent, [18F]DCFPyL, enabling non-invasive visualization of inflammation. 
A noninvasive means of detecting active inflammation would have high clinical value in localization and management of IBD.
Study: We performed [18F]DCFPyL imaging in three IBD patients with active disease. Abnormally increased gastrointestinal [18F] 
DCFPyL uptake was observed in areas with endoscopic, histologic, and immunohistochemical inflammation, demonstrating partial 
overlap of segments of bowel with abnormal [18F]DCFPyL uptake and active inflammation.
Conclusion: This study demonstrates that PSMA-targeted [18F]DCFPyL PET can effectively detect regions of inflamed mucosa in 
patients with IBD, suggesting its utility as a non-invasive imaging agent to assess location, extent, and disease activity in IBD.
Keywords: IBD, disease activity, PSMA, GCPII, [18F]DCFPyL

Background
Inflammatory bowel disease (IBD) is a chronic inflammatory condition of the gastrointestinal tract that is characterized 
by remission and relapse.1,2 Diagnosis of remission can be made based upon clinical findings, biochemical markers, 
endoscopic, and/or histologic criteria. Achievement of endoscopic remission has emerged as a goal for therapeutic 
management, as visibly normal mucosa has been associated with improvement in the natural course of IBD and 
prevention of long-term disease sequelae.2–4 Although endoscopic remission is a goal of treat-to-target disease manage-
ment, it is recognized that submucosal inflammation can persist in the absence of mucosal injury, and there is no single 
test that can accurately detect asymptomatic inflammation in patients with known IBD.5 Histologic remission is an 
emerging concept. However, its reliability is challenging, as existing histologic scoring systems are subjective and 
difficult to reproduce.6 The ability to accurately and noninvasively detect and monitor gastrointestinal inflammation in 
IBD patients would have broad clinical impact by contributing to therapeutic management decisions, avoiding unneces-
sary treatments, and enhancing monitoring during periods of both treatment and remission.

Prostate-specific membrane antigen (PSMA), also referred to as glutamate carboxypeptidase II (GCPII), has emerged 
as a promising biomarker and therapeutic target in IBD.7–10 PSMA is a metallopeptidase responsible for hydrolysis of 
glutamate peptides including the neurotransmitter N-acetyl-aspartyl-glutamate and the essential dietary nutrient folate 
polyglutamate.11 Recent studies have also shown that PSMA is expressed in the endothelium of tumor-associated blood 
vessels and in activated macrophages, indicating its role in inflammation.12 PSMA is minimally expressed in the normal 
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gastrointestinal tract,13–17 but is highly and specifically upregulated in inflamed endoscopic biopsies of both Crohn’s 
disease (CD) and ulcerative colitis (UC) patients.8,9,18

PSMA is also highly upregulated in prostate cancer.17,19 Recently, the PSMA-targeted positron emission tomography 
(PET) imaging agent [18F]DCFPyL (piflufolastat F 18, tradename PylarifyTM) has received US FDA approval for 
diagnostic imaging in prostate cancer.20,21 This has led to widespread availability of the agent, facilitating investigations 
into off-label use. We hypothesized that the PSMA upregulation occurring in active IBD would be detectable using [18F] 
DCFPyL imaging, and further hypothesized that a positive signal would indicate tissue inflammation. The use of PSMA- 
targeted [18F]DCFPyL PET imaging in inflammatory bowel disease has only been reported in a single-case report.22 This 
was performed for a patient with rising PSA serology levels in the absence of any genitourinary symptoms. [68 Ga]Ga- 
PSMA-11 PET/CT was performed, showing uptake in the distal ileum.22 The patient retrospectively reported a previous 
diagnosis of Crohn’s disease, with recent increase in diarrheal episodes, bringing the authors to the conclusion that these 
findings were likely secondary to the patients known history of inflammatory bowel disease.22 We performed [18F] 
DCFPyL PET in patients hospitalized due to active IBD to present data that PSMA imaging can be used to noninvasively 
identify active sites of inflammation in IBD patients during a flare.

Methods
Patients with inflammatory bowel disease (IBD), either labeled as UC, CD, or IBD-Unclassified, presenting with 
symptoms of a flare who required admission to the hospital, were identified for the study. As per the usual work-up of 
IBD flares, they underwent routine laboratory testing, as well as endoscopic evaluation. Additionally, [18F]DCFPyL 
PET/CT imaging was performed under a United States Food and Drug Administration (FDA) Investigational New Drug 
application (IND 121064). Institutional approval for this study was granted by the Johns Hopkins Medicine Institutional 
Review Board. Written informed consent was obtained from each patient before the study. All consent forms included 
participant approval to publish results. The authors declare that the procedures were followed according to the regulations 
established by the Clinical Research and Ethics Committee and the Helsinki Declaration of the World Medical 
Association. [18F]DCFPyL PET/CT images were acquired on a Siemens Biograph mCT 128-slice scanner (Siemens 
Healthineers, Erlangen, Germany), approximately 60 minutes after intravenous administration of approximately 333 
MBq (9 mCi) [18F]DCFPyL. The results of [18F]DCFPyL PET/CT images of each patient were used to corroborate 
endoscopic findings.

Results
Crohn’s Disease
To demonstrate the use of PSMA-targeted [18F]DCFPyL PET/CT in patients with CD, two patients with varying 
phenotypes were chosen.

The first phenotype was long-standing ileocolonic CD in a 42-year-old male presenting with symptoms of flare, 
including abdominal pain and diarrhea of more than 20 bowel movements per day. Inflammatory markers were elevated 
with an erythrocyte sedimentation rate (ESR) of 36 mm/h (normal <15 mm/h), C-reactive protein (CRP) of 7 mg/dL 
(normal <0.5 mg/dL), and fecal calprotectin of 241 ug/g (normal <50 ug/g). He had been maintained on ustekinumab 
every 6 weeks and subcutaneous methotrexate 25 mg weekly. Previous medications included infliximab, adalimumab, 
vedolizumab, and 6-mercaptopurine. All of these medications failed to control the disease, and he had ongoing 
inflammation with resulting ileal strictures.

The PET/CT scan demonstrated a long segment of abnormally increased [18F]DCFPyL uptake in the terminal ileum 
(Figure 1). Ileocolonoscopy was performed and demonstrated inflammation and pseudopolyps from the anal verge up to 
20 cm from the point of entry, with otherwise normal colonic mucosa (Figure 2). Of note, terminal ileal inflammation was 
noted with erythema, edema, and ulceration. A non-traversable short stricture was noted in the terminal ileum, 5 cm from 
the ileocecal valve, which was dilated with a through-the-scope (TTS) balloon up to 12 mm. A further non-traversable 
stricture was noted 3 cm proximal to the first stricture.
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Biopsies from the terminal ileum and rectum demonstrated chronic inflammatory disease. To assess PSMA expression 
in the region of distal colon located 20 cm from the anal verge, where inflammation was visualized on endoscopic exam 
but was not detected by [18F]DCFPyL PET/CT, PSMA immunohistochemistry (IHC) was performed on full-thickness 
distal colon sections, acquired during his abdominoperineal resection using the validated antibody 1A11 (Figure 3) 
according to previously described methods.7,23 Interestingly, heterogeneously increased PSMA expression was detected 
in colon epithelial cells adjacent to sites of severe inflammation, where it displayed an intracellular, cytoplasmic 
expression pattern (Figure 3C), and thus may have been inaccessible to the radiotracer, explaining the apparent 
discrepancy between endoscopic and histologic disease, and [18F]DCFPyL imaging at this site. In agreement with this 
hypothesis, IHC performed on terminal ileum biopsies from this patient exhibited a strikingly different pattern of PSMA 
expression, with concentrated signal at the apical brush border membrane in addition to increased intracellular expression 
(Figure 3D). Notably, in the ileal specimen, PSMA was observed to be upregulated in 100% of epithelia examined, while 
in the colonic sections, PSMA upregulation was patchy and detected in ~20% of epithelia in inflamed regions. It is 
therefore likely that decreased magnitude of PSMA upregulation in the colon of this patient, relative to ileum, may also 
have contributed to the observed differences in [18F]DCFPyL uptake.

The second CD phenotype involved colonic involvement and perianal fistula in a 36-year-old male with two setons in 
place who was admitted to the hospital with worsening rectal pain and bloody diarrhea. He had recently been switched to 

Figure 1 Long segment of abnormally increased [18F]DCFPyL uptake in the terminal ileum (identified by the black and white arrows in the subfigures). (A) [18F]DCFPyL 
PET/CT uptake in terminal ileum on a coronal plane. (B) Axial CT Image. (C) Axial PET Imaging. (D) Axial [18F]DCFPyL PET/CT fusion imaging.
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ustekinumab after secondary loss of response to adalimumab. Inflammatory markers were elevated with ESR of 33 mm/h, 
CRP of 7.6 mg/dL and fecal calprotectin of >8,000 ug/g. MRI demonstrated wall thickening and inflammation of the 
sigmoid colon and rectum with no new fistula. His colonoscopy showed marked erythema, friability, and deep ulcerations in 
the rectum and sigmoid colon (Figure 4). Biopsies demonstrated chronic active inflammation and PSMA IHC showed 
increased numbers of PSMA positive cells in inflamed sections (Supplementary Figure 1). He received intravenous steroids 
and infliximab with no response. He underwent abdominoperineal resection. [18F]DCFPyL PET/CT imaging was 

Figure 2 Ileocolonoscopy with inflammation and pseudopolyposis from the anal verge up to 20cm and terminal ileum stricture (A) requiring balloon dilatation (B) with 
successful dilatation (C).
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Figure 3 PSMA immunohistochemistry (IHC) on full-thickness distal colon sections. Arrows and arrowheads identifying area of PSMA staining on various cross-sections of 
the colon and ileum (A–D).

Figure 4 Erythema, friability, and deep ulcerations in the rectum and sigmoid colon on colonoscopy (A and B).
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performed prior to his surgery. A written, informed consent was obtained prior to the scan. PET/CT scan demonstrated 
abnormally increased [18F]DCFPyL uptake in the sigmoid colon and rectum (Figure 5), in areas of mucosal inflammation.

Ulcerative Colitis
[18F]DCFPyL PET/CT imaging utility was investigated in ulcerative colitis with a 66-year-old man with left-sided 
disease presenting to the emergency department with symptoms of flare including bloody diarrhea of more than 30 bowel 
movements per day, urgency, and abdominal pain. He had recently been switched to vedolizumab after secondary loss of 
response to infliximab. His last colonoscopy, performed while on infliximab every 4 weeks, demonstrated marked 
erythema, friability, spontaneous bleeding, and ulcerations in the descending colon, sigmoid colon, and rectum (Mayo 
endoscopic subscore 2–3), with no active disease beyond the splenic flexure. He was admitted to the hospital. 
Inflammatory markers were elevated with ESR of 47 mm/h, CRP of 6.6 mg/dL and fecal calprotectin of 867 ug/g. 
Stool studies, including Clostridioides difficile test, were negative. He underwent a flexible sigmoidoscopy to 20 cm from 
the anal verge which demonstrated spontaneous bleeding and ulcerations throughout the examined mucosa (Mayo 
endoscopic subscore 3) (Figure 6). Biopsies confirmed severe active chronic inflammatory disease, with negative 
immunostain for cytomegalovirus. IHC of inflamed biopsies, identified occasionally increased PSMA expression in the 

Figure 5 Abnormally increased [18F]DCFPyL uptake in the sigmoid colon and rectum on PET/CT. (A) [18F]DCFPyL PET/CT uptake in the sigmoid colon (identified by the 
arrows and arrowheads) on a coronal plane. (B) Axial CT Image with arrows identifying active inflammation in the sigmoid colon and rectum. (C) Axial PET Imaging arrows 
identifying active inflammation in the sigmoid colon and rectum. (D) Axial [18F]DCFPyL PET/CT fusion imaging with arrows identifying active inflammation in the sigmoid 
colon and rectum.
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apical epithelial membrane, and also numerous PSMA positive cells throughout the mucosa (Supplementary Figure 2). 
[18F]DCFPyL PET/CT imaging was performed. A written, informed consent was obtained preceding the scan. PET/CT 
demonstrated abnormally increased [18F]DCFPyL uptake in the descending colon, sigmoid colon, and rectum (Figure 7), 
in a distribution corresponding to the findings on endoscopy.

Figure 6 Flexible sigmoidoscopy demonstrating Mayo endoscopic subscore 3 (A–C).
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Discussion
The accurate and non-invasive diagnosis of active mucosal inflammation in a patient with known IBD can be a clinical 
challenge. There is no single non-invasive gold standard test, biomarker, or imaging agent to reliably diagnose inflamed 
mucosa during a flare or to monitor disease activity after treatment is initiated.5 Existing laboratory tests, including CRP, 
ESR, and fecal calprotectin, each present their own limitations. CRP, a widely utilized indicator of the acute phase 
inflammatory response, is highly specific for inflammation but lacks sensitivity and can be normal during an acute 
flare.24,25 Therefore, while CRP is a valuable adjunct to clinical and endoscopic evaluation, it cannot be reliably used to 
rule out flares.25

ESR, an indirect measure of systemic inflammation, is another commonly used biomarker of inflammation in IBD. 
However, ESR correlates even less with endoscopic disease activity than CRP.5 Calprotectin is a neutrophil marker that 
correlates with neutrophil migration to the gastrointestinal tract and, by extension, should correlate well with 
inflammation.26 Fecal calprotectin is also a useful adjunct in determining if a flare is occurring, although false positives 
have been reported.5 Lastly, calprotectin tends to be more useful in colonic inflammation in UC and CD but is less 
accurate in small bowel inflammation in CD.27 In addition, none of these non-invasive tests can localize inflammation.

Given the imperfect nature of the blood- and stool-based markers of inflammation, ileocolonoscopy is the gold 
standard for the diagnosis of active mucosal inflammation and flares in patients with IBD.28 However, endoscopy is an 
invasive procedure requiring adequate bowel preparation. In addition, there is a significant rate of complications, 
including perforation, in patients undergoing endoscopy while having bowel inflammation.29 Therefore, there is 
a strong clinical need for alternative, non-invasive diagnostic tools to aid in the accurate diagnosis and monitoring of 
mucosal inflammation in patients with IBD.

Figure 7 [18F]DCFPyL PET/CT demonstrating abnormally increased uptake in the descending colon (identified by red arrows), sigmoid colon, and rectum corresponding to 
findings on endoscopy. (A) [18F]DCFPyL PET/CT uptake in the descending colon on a coronal plane. (B) Axial CT Image with arrows identifying active inflammation in the 
descending colon. (C) Axial PET Imaging arrows identifying active inflammation in the descending colon. (D) Axial [18F]DCFPyL PET/CT fusion imaging identifying active 
inflammation in the descending colon.
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Numerous imaging modalities have been studied in patients with inflammatory bowel disease, each with its 
advantages and disadvantages. CT imaging, although widely available, has been shown to have low sensitivity for 
assessing the extent of inflammation in Crohn’s disease,30 and it produces concerns about radiation as recurrent imaging 
is often required.31 MRI has a similar diagnostic accuracy for imaging IBD; however, it is more time-consuming and 
expensive. Intestinal ultrasound is a promising imaging modality as it is easily accessible, non-invasive, radiation-free, 
and cost-efficient.32 However, although this imaging has become widely available in Europe, it remains limited in North 
America.32

The use of molecular imaging may be a promising non-invasive approach to assess the location and disease activity in 
patients with IBD. As PSMA is specifically increased in active, inflamed CD and UC patient biopsies relative to 
uninvolved areas,8 we investigated whether PSMA-targeted imaging could be used to detect active inflammation. We 
evaluated the PET imaging agent [18F]DCFPyL (PylarifyTM) for this purpose. [18F]DCFPyL is FDA-approved as 
a diagnostic agent in prostate cancer and has been found to be sensitive and specific in identifying PSMA-positive 
prostate cancer.21 [18F]DCFPyL has a favorable safety profile.20 While there is uptake of [18F]DCFPyL in the normal GI 
tract, the biodistribution is predominantly within the proximal small bowel, such that positive sites in the more distal 
small bowel and colon are readily identifiable. The recent development of PET/computed tomography (CT) combines the 
physiological sensitivity of PET with the anatomical accuracy of CT, increasing the specificity of PET.32

Utility in Crohn’s disease (CD) was established in our patient with active ileocolonic CD, where [18F]DCFPyL 
uptake was abnormally increased in the terminal ileum, corresponding to the inflammation observed in the terminal ileum 
on ileocolonoscopy and supported by histology on mucosal biopsies. Immunohistochemistry (IHC) demonstrated 
markedly upregulated prostate-specific membrane antigen (PSMA) expression at this site, with increases in both 
membrane-associated and cytoplasmic epithelial PSMA expression. The observed endoscopic active disease of the distal 
20 cm from the anal verge was not detected on the PET scan, although PSMA protein upregulation was detectable by 
IHC in surgically resected tissue. Relative to the terminal ileum, however, there were differences in both the magnitude 
and localization of this PSMA expression, both of which likely contributed to the nondetectable PET signal in the colon. 
In inflamed colon, PSMA was only detected in the cytoplasm of epithelial cells, where it was heterogeneously 
upregulated in a portion of epithelia (~20%). At this time, it is unclear if the reduced magnitude of expression in the 
colon vs ileum may have been below the limit of detection for [18F]DCFPyL or if the target may not have been 
accessible to the radiotracer, possibly due to alterations in blood flow in this region due to chronic inflammation- 
associated changes in tissue architecture such as scarring and/or fibrosis. Regardless, this will need to be further 
investigated in larger patient cohorts to determine factors that affect PSMA-targeted PET uptake in IBD. Notably, 
these findings suggest that PSMA-PET scanning can identify inflammation patterns that are currently not distinguishable 
with clinical grade endoscopic and histologic analyses. This observation introduces the intriguing possibility of novel 
patient stratification and/or inclusion in personalized treatment algorithms.

For our other two patients with colonic involvement of their IBD, [18F]DCFPyL uptake was increased in the 
descending colon, sigmoid colon, and rectum (ulcerative colitis), and increased in the sigmoid colon and rectum (colonic 
CD), indicative of regions of endoscopic active disease. In agreement with the observed radiotracer uptake, IHC 
identified numerous PSMA-positive cells in inflamed colon biopsies collected from these sites. Further studies to 
characterize PSMA localization as a function of IBD subtype and disease site are of high interest and remain ongoing 
in our laboratory.

In summary, abnormal gastrointestinal [18F]DCFPyL uptake was detected in all three IBD patients, and in all disease 
phenotypes, the sites of increased [18F]DCFPyL uptake were consistent with endoscopically and histologically inflamed 
regions. These findings support the continued evaluation of [18F]DCFPyL PET/CT imaging as an adjunct diagnostic tool 
for IBD flares in both Crohn’s disease and ulcerative colitis. Future studies are warranted to evaluate [18F]DCFPyL 
uptake in patients as a function of disease severity, to longitudinally examine [18F]DCFPyL uptake in patients during 
periods of treatment, remission, and flares, and to potentially identify patients with high PSMA expression for inclusion 
in clinical trials using therapeutic PSMA inhibitors, which are in active development and have shown promising efficacy 
in preclinical models.8–10,33
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Limitations
Our study has limitations, including a small sample size. We also recognize that PET/CT imaging is generally more 
expensive than CT imaging alone, and PSMA targeted [18F]DCFPyL PET/CT is likely to be available in large academic 
centres and not as widely available as other radiological modalities. Another drawback of PET/CT is the ionizing 
radiation, which is higher than that of CT imaging alone.

Conclusion
This paper demonstrates the important utility of PSMA targeted [18F]DCFPyL PET/CT as a promising non-invasive 
imaging agent to assess location, extent, and disease activity in IBD. If these findings are demonstrated consistently in 
larger studies, this will potentially address the unmet need to noninvasively detect gastrointestinal inflammation and 
assess the location, extent, and activity of IBD using a noninvasive modality. In addition, this novel modality of detecting 
inflammation may allow sub-classification of IBD based on molecular features, bringing us closer to individualized 
therapies and the goal of furthering precision medicine.
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