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to complications such as strictures, fistulae and abscesses, 
there is an inevitable need to establish the diagnosis rapidly. 
Starting effective treatment early is essential, as early diag-
nosis and medical intervention can significantly improve the 
prognosis of CD [2]. Due to remitting and relapsing course, 
CD often needs lifelong treatment and surveillance [3].

Diagnostics and monitoring of colonic CD is generally 
straightforward, as the affected area can be easily assessed 
with conventional endoscopy. In contrast, examining the 
small bowel is more complex. Samuel et al. found that more 
than half of patients with known CD and negative ileo-
colonoscopy had active inflammation in the small bowel 
[4]. Cross-sectional imaging such as magnetic resonance 
enterography (MRE) and computed tomography (CT) lack 
sufficient sensitivity for detecting luminal disease [5–7]. 
Small bowel capsule endoscopy (SBCE) is sensitive in 
detecting mucosal erosions but lacks specificity, with up 

Introduction

Crohn’s disease (CD) is a debilitating chronic inflammatory 
disease of the gastrointestinal tract, with its global incidence 
continuously rising [1]. Both the diagnostics and follow-up 
of small bowel CD can be challenging. Since CD often leads 

	
 Juho Mattila
juho.mattila@varha.fi

1	 Department of Gastroenterology, Turku University Hospital, 
P.O. Box 52, Turku 20521, Finland

2	 Department of Radiology, Turku University Hospital, Turku, 
Finland

3	 Department of Biostatistics, University of Turku, Turku, 
Finland

4	 Turku PET Center, University of Turku, Turku, Finland

Abstract
Crohn’s disease (CD) is a chronic and relapsing inflammatory disease of the gastrointestinal tract. Diagnostics and fol-
low-up are difficult in small bowel, that can be only partially evaluated by conventional endoscopy. Combined positron 
emission tomography magnetic resonance enterography (PET-MRE) has shown potential in diagnosing small bowel CD, 
but its role in monitoring treatment response has not been previously established. This study aimed to evaluate whether 
PET-MRE can be used to assess the efficacy of medical therapy. We hypothesized that standardized uptake values (SUV) 
in inflamed small bowel segments would decrease following initiation of standard therapy. A total of 35 volunteer patients 
with clinically suspected small bowel CD were recruited. All patients underwent ileocolonoscopy and laboratory testing, 
followed by [18F]-FDG PET-MRE. CD diagnosis was confirmed by small bowel capsule endoscopy. Clinicians initiated 
treatment based on standard diagnostics, blinded to the PET results. Eighteen patients completed follow-up [18F]-FDG 
PET-MRE at three months. Maximum SUV (SUVMax) was measured in the small intestine and compared with MRE 
findings. The median SUVMax decreased significantly from baseline to follow-up (3.2 vs. 2.1, p = 0.0025). The Simplified 
Magnetic Resonance Index of Activity (sMARIA) was also significantly lower at follow-up (p = 0.001). Representatively, 
median fecal calprotectin declined (451  µg/g vs. 163  µg/g, p = 0.004). This preliminary prospective study suggests that 
[18F]-FDG PET-MRE may be a useful tool for assessing biochemical response to treatment in newly diagnosed small 
bowel CD.
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to 10% of healthy individuals showing mucosal breaks in 
the small intestine [8]. Additionally, SBCE carries a risk of 
capsule retention, with a retention rate of up to 2.1%, as 
reported in a systematic review by Liao et al. [9].

CD often presents with a distinct phenotype as 20–30% 
of the patients have a mild clinical course while up to a third 
have a more severe and complicated disease course [10]. In 
addition to establishing a rapid diagnosis, it is important to 
quantify the degree of inflammation to help clinicians initi-
ate appropriate treatment for each patient. Assessing treat-
ment response in small bowel CD is often challenging, as 
clinical symptoms do not correlate well with inflammatory 
activity [11]. Due to the limited data on long-term outcomes, 
cross-sectional imaging has been suggested as an adjunct 
for assessing transmural healing rather than as a solid treat-
ment target, according to the STRIDE II- consensus paper 
[12]. Research on prognostic factors has primarily focused 
on genetics and biomarkers [13]. Signs of bowel damage 
have been linked to poor outcomes in early CT and MRE 
studies in patients with CD [14], but no such data exists for 
positron emission tomography (PET) imaging. 

Fusion-PET-MRE using [18F]-FDG (18-fluorodeoxyglu-
cose) tracer can detect increased glucose metabolism in the 
small bowel caused by inflammation, infection or tumors 
[15, 16]. [18F]-FDG PET and PET-CT were found to have 
a pooled sensitivity of 87% in detecting active inflamma-
tory bowel disease (IBD) according to a systematic review 
by Treglia et al. [17]. MRE provides superior soft tissue 
contrast compared to other imaging modalities, including 
luminal disease [18]. Thus, combining the detailed anatom-
ical findings from MRE PET’s ability to quantify inflam-
matory activity offers a unique technique and a potential 
tool for clinical decision-making in CD, such as grading 
the inflammatory activity of a stricture. [18F]-FDG PET-
MRE has been shown to correlate with endoscopic activ-
ity in patients suspected of IBD [19] and can distinguish 
purely fibrotic structures from mixed or inflammatory 
strictures [20]. Additionally, PET-MRE has been found to 
be superior to PET-CT in detecting extraluminal inflam-
mation and assessing inflammatory activity in strictures 
in CD patients scheduled for surgery [21]. The European 
Association of Nuclear Medicine (EANM) lists the indica-
tions for [18F]-FDG PET imaging in IBD as follows: (1) 
evaluation of disease extent, (2) early assessment of ther-
apy and (3) differential diagnostics between fibrotic and 
inflammatory stricture [22]. However, limited availability, 
lack of standardized methods, and poorly defined diagnos-
tic thresholds have limited the use of [18F]-FDG PET-MRE 
in both the diagnostics and follow-up of small bowel CD. 
Furthermore, the current European Crohn’s and Colitis 

Organisation (ECCO) guidelines do not place a statement 
for or against PET imaging [23].

The aim of this study was to prospectively determine 
whether [18F]-FDG PET-MRE could be used in monitoring 
of small bowel CD, to compare its performance with MRE 
alone, and to assess whether it could evaluate the response 
to medical therapy.

Materials and methods

Volunteer patients aged 18–70 years with suspected small 
bowel CD were recruited from the outpatient clinic at Turku 
University Hospital. These patients were referred to the gas-
troenterology unit due to obscure diarrhea, abdominal pain, 
and elevated fecal calprotectin (FC) levels (> 100 µg/g), or 
because they had a thickened bowel wall or stricture iden-
tified on abdominal CT. Prior to recruitment, the patients 
underwent colonoscopy with ileal biopsies. Endoscopic 
findings were collected and graded according to the SES-
CD-score (Simple Endoscopic Score for Crohn’s disease) 
[24]. Histologic findings were collected. Inclusion criteria 
were: clinical suspicion of CD in terminal ileum (ileal sub-
score of SES-CD 2 or more), suspicion of CD in small intes-
tine in CT or gastrointestinal symptoms and unexplainedly 
elevated FC. Exclusion criteria were nonsteroidal anti-
inflammatory drug (NSAID) use, diabetes, previously diag-
nosed CD, metformin-therapy and pregnancy or any other 
known contraindication for MRE or SBCE. Laboratory 
samples including serum hemoglobin (Hb), serum albumin 
(Alb), C-reactive protein (CRP) and FC were collected. The 
Phadia® EliA™ (Thermo Fischer Scientific, MA, USA) 
FEIA (fluorimetric enzyme-linked immunoassay) was used 
for FC analysis. Written informed consent was obtained.

A static PET-MRE was obtained with [18F]-FDG tracer 
and gadolinium contrast agent (Dotarem ®). CD diagno-
sis was confirmed with SBCE, provided no stenosis was 
observed in the MRE sequences. SBCE findings were 
graded according to the CECDAI score [25]. Patients were 
referred to gastroenterologists who were blinded to the PET 
results. The clinicians had access to endoscopy, histology, 
laboratory, MRE and SBCE data, and based on this infor-
mation made the diagnosis of CD according to the ECCO-
ESGAR guidelines [23] and initiated standard treatment. 
After 3 months, patients diagnosed with CD underwent 
follow-up [18F]-FDG PET-MRE. Medication data were col-
lected, along with laboratory results during the follow-up 
period. At the time of both PET-MRE exams, the patients 
filled in a validated symptom questionnaire (IBD symptom 
index) [26] which ranges from 0 to 22 points [26]. (Fig. 1).
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PET imaging

Prior to PET imaging, patients fasted for 6 h. Fasting glu-
cose levels were determined from a venous blood sample. 
To prepare the bowel, 1200  ml of diluted 3% mannitol 
was ingested over 45 min. Patients were positioned prone 
to enhance small bowel visualization. 4 MBq/kg (max. 
300MBq) of [18F]-FDG was injected into the antecubital 
vein. A 9  min static PET sequence was obtained at least 
30 min after injection to allow sufficient [18F]-FDG accu-
mulation in small bowel wall (median 39  min). The scan 
range was visually selected by the investigators from scout 
images covering the entire small intestine, using the gall-
bladder as the cranial landmark.

MRI protocol

A 3T-PET-MR scanner (SIGNA™ PET/MR, General Elec-
tric, Boston, MA, USA) was used for all imaging. Patients 
received intravenous 10  mg hyoscine butylbromide (Bus-
copan®, Boehringer Ingelheim International GmbH, Ger-
many) during image aquisition to reduce motion artefact 
form intestinal motility. Gadoterate meglumine (Dotarem®, 
Guerbet, France) (0,1 mmol/kg) was used as contrast agent. 
MRE sequences covered the same area as PET sequences. 

The following MRI sequences were used: first 2D breath 
hold (BH) fast imaging employing steady-state acquisition 
(FIESTA) in coronal plane, second: 2D T2-weighed single 
shot fast spin echo (SSFSE) in coronal and axial plane, third: 
2D diffusion weighted imaging (DWI) with fat saturation in 
axial plane, fourth: pre- and post-contrast BH fat-saturated 
3D T1 gradient echo in coronal plane with 40 s post-contrast 
delay, fifth: post-contrast BH fat saturated 3D T1 gradient 
echo in axial plane.

Image analysis

Endoscopists, PET-MRE readers, and clinicians were 
blinded to each other’s results. MRE and PET sequences 
were co-registered using the lower edge of liver and kidneys 
as a reference. SUVs were calculated in multiple regions 
of the small intestine with corresponding anatomical local-
ization determined from the MRE sequences. SUV is a 
semiquantitative variable that describes radiopharmaceuti-
cal accumulation in PET studies, reflecting tissue glucose 
uptake and, consequently glucose metabolism [27]. SUV 
measurements were obtained from the intestinal wall using 
axial and coronal MR slices to confirm anatomical location. 
Increased uptake was visually distinguished from back-
ground activity and compared with adjacent bowel loops. 

Fig. 1  Study design outline. Hemoglobin (Hb), C-reactive protein 
(CRP), serum albumin (Alb), fecal calprotectin (FC), Simple Endo-
scopic Score for Crohn’s Disease (SES-CD), inflammatory bowel 

disease (IBD), Simplified Magnetic Resonance Index of Activity 
(sMARIA), maximum standardized uptake value (SUVMax), small 
bowel capsule endoscopy (SBCE)
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Results

A total of 35 patients were screened for the study and 
underwent initial diagnostic [18F]-FDG PET-MRE. Patient 
demographics are presented in Table 1. Of these, 26 patients 
(75%) were diagnosed with small bowel CD while 9 
patients (25%) did not have small bowel CD. The median 
SUVMax was significantly higher in patients diagnosed with 
CD (3.3 [IQR 2.8–5.1]) compared to those without CD 
(1.9 [IQR 1.3–2.8]) p = 0.0068. Follow-up [18F]-FDG PET-
MRE was performed in 18 (69%) of the patients with CD 
approximately 3 months after the initial scan (median 109 
days, IQR [91–128]. Sample images are shown in Fig. 2. 
The median SUVMax was significantly reduced at the fol-
low-up compared to the initial imaging (3.2 [IQR 2.5–45] 
vs. 2.1 [IQR 1.6–3.5]), p = 0.0025. Similarly, the sMARIA 
score was also significantly lower at the follow-up imaging 
(p = 0.001). Median FC also decreased (451 µg/g [IQR 227–
889] at baseline vs. 163 [IQR 81–332] µg/g at follow-up; 

All lesions with signal intensity higher than that of the liver 
and the adjacent bowel loops were assessed. The “Send cur-
sor to max value” -function in AW VolumeShare 5, 11.3 
(GE Healthcare 2005–2010) software was used to identify 
and measure the highest SUV (SUVMax) in each region of 
interest. For statistical analysis, only the lesion with highest 
SUV-value was included. The Simplified Magnetic Reso-
nance Index of Activity (sMARIA) score [28] was used to 
assess the degree of inflammation in the small intestine on 
MRE, as evaluated by an experienced abdominal radiolo-
gist. The sMARIA score was assessed from the same seg-
ment that demonstrated the highest SUV. When comparing 
changes in sMARIA and SUVMax between the diagnostic 
and follow-up imaging, the same lesion was used to allow 
for true paired analysis.

Statistical methods

Categorical variables were summarized with counts and 
percentages, continuous variables with median and lower 
(Q1) and upper quartile (Q3). The mean changes over time 
for continuous variables (SUVMax, FC, CRP, Hb, Alb) 
were analyzed using Linear mixed model for repeated 
measures. Normality assumption for studentized residuals 
were examined and natural logarithm transformation was 
used to SUVMax, FC and CRP. Logarithm transformation 
(natural logarithm) was used to SUVMax and FC to ful-
fill the assumption of normality of studentized residuals. 
Model based means were then back- transformed to the 
original scale (using formula emean) to make the clinical 
interpretation easier. The association between SUVMax 
change and sMARIA change categories was analyzed with 
one way ANOVA. When FC at follow-up was compared 
with group where SUVMax was decreased or increased 
nonparametric Wilcoxon rank sum test was used. When 
the association between two categorical variables were 
examined, Fisher’s exact test was performed. To study 
the association between two continuous variables (like 
log- transformed SUVMax, Hb, CRP etc.) Pearson correla-
tion was used. When comparing changes in SUVMax and 
FC, the patients were divided into two subgroups; SUV-
Max decreased and no decrease in SUVMax, or FC between 
the diagnostic and follow-up imaging and were analyzed 
using Wilcoxon rank sum test.

With logistic regression model area under ROC-curve 
was estimated. In addition, Youden- index was used to find 
an optimal diagnostic cutoff for SUVMax.

P-values (two-tailed) less than 0.05 were considered sta-
tistically significant. The data analysis for this paper was 
generated using SAS software, Version 9.4 of the SAS Sys-
tem for Windows (SAS Institute Inc., Cary, NC, USA).

Table 1  Demographics of the patients who completed the study
Demographics
Age (median) [IQR] 31 [22–42]
Sex (M, F) [%] 21 [60], 14 

[40]
SES-CD (median) [IQR] 3 [1–8]
Disease location (Montreal classification) (N) [%] L1 (15) [83], 

L3 (3) [17]
Disease behavior (Montreal classification) (N) [%] B1 (13) [72], 

B2 (3) [17], 
B3 (2) [11]

CECDAI (median) [IQR] 4 [3–8]
Glucocorticoids before diagnostic imaging (N) [%] 5 [28%]
Days between colonoscopy and diagnostic PET-
MRE (median) [IQR]

20 [14–32]

Days between diagnostic PET-MRE and SBCE 
(median) [IQR]

43 [31–65]

Days between diagnostic PET-MRE and control 
MRE (median) [IQR]

109 [91–128]

Days between diagnostic PET-MRE and start of 
glucocorticoids (median) [IQR]

8 [5–14]

Days between diagnostic PET-MRE and start of 
immunosuppressants (median) [IQR]

50 [27–75]

Days between diagnostic PET-MRE and start of 
advanced therapies (median) [IQR]

114 [25–206]

IQR Interquartile range, SES-CD Simplified Endoscopic Score for 
Crohn’s disease,  CECDAI  Capsule Endoscopy Crohn’s Disease 
Activity Index, SBCE small bowel capsule endoscopy. The Montreal 
classification of CD by age, disease location and behavior in terms of 
penetrance: L1 disease limited to small bowel, L2 disease limited to 
colon, L3 ileocolonic disease. B1 stands for luminal, non-penetrating 
disease, B2 is stricturing disease whereas B3 stands for fistulizing 
disease [29]
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diagnostic and follow-up imaging. The estimated difference 
in SUVMax between patients with a two-point decrease in 
sMARIA and those with no change was significant:−5.61 
(95%CI −10.5, −0.75; p = 0.027). At the time of follow-
up imaging, 8 out of 12 patients (66.7%) had normal 
CRP (< 10  mg/l), and 11 out of 18 patients (61.1%) had 
FC < 250 µg/g. Using FC < 250 as the cutoff for biochemical 

p = 0.004) (Fig. 3). No significant differences were observed 
in CRP (p = 0.90), Hb (p = 0.17), or Alb (p = 0.59) between 
the diagnostic and follow-up imaging (p = 0.90). Addition-
ally, the IBD symptom index did not show a significant 
change (p = 0.52) Table 2.

SUVMax decreased in 13 (72%) patients, while 11 (61%) 
patients showed a change in sMARIA score between the 

Fig. 2  A 27-year-old female with small bowel CD related inflamma-
tion in terminal ileum (black arrows pointing at a distal skip lesion 
and white arrows pointing at a proximal skip lesion). In first diagnostic 
T2-weighted MRE inflammation is barely seen, sMARIA score (sim-
plified Magnetic Resonance Index of Activity) 1 (A). In fused [18F]-
FDG PET-MRE (B) inflammation is clearly seen in both segments, 

SUVMax 6.6. Follow-up [18F]-FDG-PET-MRE was done 98 days 
after the diagnostic. No visible inflammation in T2-weighted MRE, 
sMARIA score 0 (C) and a clear decrease in inflammation is seen as 
[18F]-FDG-activity has subsided in fused [18F]-FDG PET-MRE, SUV-
Max 1.3 (D)
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12-month time point, using FC < 250 µg/g and normal CRP 
as criteria for remission, AUC for SUVMax measured from 
the follow-up PET-MRE was 0.63. The highest sensitiv-
ity and specificity were observed at SUVMax cutoff of 3.3 
(58.3% and 100%, respectively). However, only one patient 
had both elevated FC and CRP at that time.

SUVMax correlated positively with FC at both the diag-
nostic and the follow-up imaging time points (r = 0.56, 
p = 0.017; and r = 0.46, p = 0.06, respectively), (Supplemen-
tary Fig. 1). Of the 13 patients (72%) who showed a decrease 
in SUVMax, 10 (77%) also exhibited a decrease in FC. One 
patient had FC < 20 µg/g at both diagnostic and follow-up 
imaging, while two patients (15%) had higher FC at follow-
up despite a decreased SUVMax. Five patients (28%) had a 
higher SUVMax at follow-up compared to diagnostic imag-
ing; among them, four (80%) had a decrease in FC despite 
the increased SUVMax. A positive correlation between CRP 
and SUVMax was observed at both diagnostic and follow-up 
imaging (r = 0.61, p = 0.008; and r = 0.53, p = 0.07, respec-
tively). A negative correlation was found between SUV-
Max and both Alb and Hb at the time of diagnostic imaging 
(r=−0.66, p = 0.005; and − 0.64, p = 0.004). At the follow-up, 
these correlations were weaker for (Alb: r = 0.22, p = 0.52; 
Hb: r=−0.30, p = 0.23).

Patients who showed a decrease in SUVMax between the 
diagnostic and follow-up imaging also had significantly 
lower FC at the time of follow-up (p = 0.024), whereas no 
significant difference in FC was observed in patients with an 
increased SUVMax at follow-up (p = 0.63). At the 12-month 
time point, FC levels were significantly decreased in patients 
with a reduction in SUVMax (p = 0.039); however, this differ-
ence did not reach statistical significance in those without an 
initial decrease in SUVMax (p = 0.063).

remission, the area under ROC-curve (AUC) for the natural 
logarithm of SUVMax was 0.64. The highest sensitivity and 
specificity were observed at an SUVMax of 3.1 (60% and 
86%, respectively). There was no significant difference in 
SUVMax or sMARIA between patients with FC < 250 µg/g 
and those with > 250 µg/g at the follow-up imaging (p = 0.36 
and p = 0.62, respectively). When directly compared for pre-
dicting FC < 250 µg/g at follow-up, the AUC was 0.66 for 
SUVMax and 0.69 for sMARIA.

Laboratory tests performed later to assess longer time 
remission (median 407 d, [IQR 316–454]) showed normal-
ized CRP in 11 out of 13 patients (84.6%) and FC < 250 µg/g 
in 12 out of 13 patients (92.3%). 10 out of 12 patients 
(83.3%) had both normal CRP and FC < 250  µg/g. At the 

Table 2  Results for the patients diagnosed with small bowel CD from 
the first diagnostic [18F]-FDG PET-MRE and follow-up imaging in 
approximately 3 months (median 109 d, IQR 91-128d)
Results First diagnostic 

imaging
Follow-up 
imaging

p

SUVMax (median) [IQR] 3.2 [2.5–4.5] 2.1 [1.6–3.5] 0.0025
sMARIA (median) [IQR] 1.5 [1-3.3] 1 [0–2] 0.001
FC (µg/g) (median) [IQR] 451 [227–899] 163 [81–332] 0.004
CRP (mg/l) (median) [IQR] 1.5 [1-12.8] 2 [1-10.8] 0.9
Hb (g/l) (median) [IQR] 142 [130–156] 140 [133–150] 0.17
Alb (g/l) (median) [IQR] 38.4 [37.1–40.7] 39.8 [36.7–42.3] 0.59
Plasma fasting glucose 
(mmol/l) (median) [IQR]

5.1 [4.9–5.5] 5.2 [5.0-5.8] 0.21

IBD symptom index 
(median) [IQR]

4.5 [2.3–7.8] 3 [2.0–5.0] 0.52

IQR Interquartile range, SUVMax maximum standardized uptake 
value, sMARIA Simplified Magnetic Resonance Index of Activ-
ity, FC fecal calprotectin, CRP C-reactive protein, Hb hemoglobin, 
Alb serum albumin, IBD inflammatory bowel disease

Fig. 3  (A) Maximum standardized uptake value (SUVMax) measured 
in the initial diagnostic [18 F]-FDG PET-MRE of the small intestine 
in patients diagnosed with small bowel Crohn’s disease (CD), com-
pared to the 3-month follow-up imaging. A statistically significant 
decrease (p = 0.0025, Linear mixed model) was observed following the 
initiation of medical therapy. (B) The Simplified Magnetic Resonance 
Index of Activity (sMARIA) score, indicating CD activity in MRE, 
is shown for patients at diagnosis and at the 3-month follow-up. The 

median sMARIA score was significantly lower in the follow-up imag-
ing (p = 0.001, Wilcoxon matched-pairs signed-rank test). (C) Fecal 
calprotectin (FC) levels at the time of the initial diagnostic [18F]-FDG 
PET-MRE and at the 3-month follow-up are shown. Median FC lev-
els were significantly reduced at follow-up (p = 0.004, Linear mixed 
model), reflecting a biochemical response and decreased inflammation 
** p ≤ 0.005

 

1 3



European Journal of Nuclear Medicine and Molecular Imaging

sMARIA score decreased by ≥ 2 points, while the difference 
was less clear in those with a ≥ 1-point decrease. Notably, a 
reduction in SUVMax was observed in slightly more patients 
than a reduction in sMARIA (72% vs. 61%), which may 
suggest that resolution of inflammation is detectable earlier 
on PET imaging due to reduced glucose metabolism.

To highlight the challenges of assessing inflammation 
based solely on clinical and laboratory markers, we found 
no significant changes or correlations with CRP, Hb, Alb 
or the IBD symptom index. FC was selected as the pri-
mary parameter to define remission, using a cutoff value 
of 250 µg/g in accordance with the STRIDE-II consensus 
[12]. However, the optimal threshold for FC remains some-
what controversial, with proposed cutoffs ranging from 
100 to 250  µg/g. This is particularly relevant in luminal 
small bowel CD, where FC values tend to be lower. Indeed, 
patients with ileal CD have significantly lower FC levels 
than those with colonic or ileocolonic disease [30]. Despite 
ongoing debate regarding the ideal FC threshold, several 
studies have demonstrated a correlation between FC and 
the SES-CD [31]. FC is also strongly associated with find-
ings in SBCE, more with Lewis-score than CECDAI-score 
[32]. FC has been shown to correlate with clinical indices, 
such as the Crohn’s disease Activity Index (CDAI) [33], 
although this was not observed in our study population. We 
found no correlation between SUVMax -values or FC and 
the IBD symptom index, likely due to the predominance of 
mild luminal disease among our study population. The IBD 
symptom index is based solely on patient-reported outcomes 
and general well-being, whereas the CDAI includes physi-
cian’s assessment and laboratory parameters. It is also well 
documented that up to 25% of IBD patients experience irri-
table bowel symptoms while in remission [34], which may 
explain the lack of significant change in the IBD symptom 
index observed in our study. To date, FC remains the most 
reliable single laboratory marker for predicting remission, 
relapse, and response to therapy [31]. The absence of sig-
nificant associations between Hb, CRP, or albumin and PET 
findings in our study likely reflects the mild, luminal dis-
ease profile of the cohort—findings that are consistent with 
those reported by Ahmadi et al. using [18F]-FDG PET-CT 
[35]. Regarding long-term prognostic evaluation of PET-
MRE, our data are limited due to the small sample size. At 
the 12-month follow-up, only one patient had both elevated 
CRP and FC; the rest were in biochemical remission, based 
on FC and CRP levels.

There are a few studies investigating the use of the [18F]-
FDG tracer in PET-CT to detect active CD inflammation; 
however, no diagnostic threshold values have been previ-
ously established [36]. Previous studies have been conducted 
either in patients with known CD or in mixed populations 
that include both ulcerative colitis and CD patients. SUVs 

Five patients (27.8%) were on glucocorticoids before the 
first diagnostic imaging. There was no significant difference 
in SUVMax between CD-patients who were on glucocorti-
coids prior to the diagnostic imaging and those who were not 
(median 3.8 [IQR 2.2–3.9] vs. 3.1 [IQR 2.5–5.2], p = 0.44). 
All the 18 patients who had a follow-up imaging, received 
a glucocorticoid induction between the two PET-MREs. 
Six of the patients (33.3%) were started on advanced thera-
pies (infliximab or adalimumab) during the study. Seven 
patients (38.9%) were treated with a glucocorticoid induc-
tion followed by an immunomodulator (mercaptopurine 
or methotrexate). Five patients (27.8%) received only glu-
cocorticoids. There was no significant difference in SUVs 
at the time of the follow-up imaging between the patients 
treated with glucocorticoids only and the patients treated 
with immunosuppressants (median 1.8 [IQR 1.7-2.0] vs. 2.2 
[IQR 1.8–2.7], p = 0.53), nor with glucocorticoids only and 
with advanced therapies (median 1.8 [IQR 1.7-2.0] vs. 3.2 
[IQR 1.6–4.8], p = 0.54), nor with glucocorticoids only to 
either advanced therapies or immunosuppressants (median 
1.8 [IQR 1.7-2.0] vs. 2.2 [IQR 1.6–3.8], p = 0.44). Patients 
treated with advanced therapies had a significant decrease 
in SUVMax at the follow-up imaging (median 5.5 [IQR 4.0-
8.4] vs. 3.2 [IQR 1.6–4.8], p = 0.027), but we found no sig-
nificant change in SUVMax between the two PET-MREs in 
patients treated with immunosuppressants (median 3.1[IQR 
3.0-3.4] vs. 2.2 [IQR 1.8–2.7], p = 0.20) or glucocorticoids 
(median 2.8 [IQR 2.5–3.6] vs. 1.8 [IQR 1.7-2.0], p = 0.24).

Discussion

SUVMax decreased significantly at follow-up imaging, sug-
gesting a response to medical treatment in patients with a 
newly diagnosed small bowel CD. A decrease in SUVMax 
at three months was modestly associated with biochemical 
remission, defined as a decrease of FC to < 250 µg/g. In this 
setup, SUVMax cutoff at 3.1 was associated with biochemi-
cal response to medical therapy. We also showed that SUV-
Max was higher in patients with small bowel CD compared to 
those without small bowel CD. These findings further sup-
port the potential of [18F]-FDG PET-MRE as a tool for eval-
uating intestinal inflammation in CD. To our knowledge, 
this is the first study to demostrate that [18F]-FDG PET-
MRE may be used in the follow-up of small bowel CD to 
monitor response to medical treatment. A strong association 
between SUVMax and FC was observed, with a statistically 
significant correlation, highlighting the potential of SUV-
Max to quantify the degree of intestinal inflammation. The 
diagnostic accuracy of fusion PET-MRE was comparable to 
that of MRE alone when assessed using the sMARIA score. 
SUVMax also decreased significantly in patients whose 
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was shown to correlate with the inflammatory activity of 
strictures in CD, supporting its potential use in clinical 
decision-making—particularly when determining whether 
to escalate medical therapy or consider surgical interven-
tion [21]. The role of [18F]-FDG PET imaging in monitoring 
treatment response has remained uncertain, mainly due to 
the limited number of studies, small sample sizes, and the 
predominant use of PET or PET-CT rather than PET-MRI 
[38, 39]. To date, the study by Pellino et al. is the only one to 
demonstrate the clinical utility of PET-MRI, and it focused 
on patients with known, complicated CD [21].

We found no significant differences in SUVMax among 
patients receiving different medical therapies at the time 
of follow-up imaging. While this may suggest that the 
treatments were similarly effective, the study lacked suffi-
cient statistical power to draw definitive conclusions. Fur-
thermore, there was considerable variability in the timing 
between the diagnostic imaging and initiation of therapy, 
particularly with advanced treatments, which may have 
influenced the results. It is also possible that, in some 
cases, inflammation resolved spontaneously—a phenom-
enon occasionally observed in Crohn’s disease. To more 
conclusively establish the prognostic value of PET-MRE, a 
larger-scale study with patients randomized to treatment and 
placebo arms would be necessary.

Glucocorticoids most likely played a major role in induc-
ing remission and contributed to the observed decreases 
in both SUVMax and sMARIA scores. However, they also 
represent a potential confounding factor affecting glucose 
uptake measurements, as nearly one-third of patients were 
already receiving glucocorticoids prior to the diagnostic 
PET-MRE [40]. Glucocorticoids are known to decrease the 
diagnostic yield of PET-imaging [40–42] and are commonly 
used to treat CD inflammation [43]. Despite this, no signifi-
cant difference in SUVMax was found between CD patients 
who were and were not on glucocorticoids prior to the diag-
nostic imaging. Additionally, all patients in the study had 
fasting glucose levels below 6.3 mmol/l, in accordance with 
EANM guidelines [44]. Conditions that elevate blood glu-
cose such as unbalanced diabetes can lead to reduced SUVs, 
while metformin is known to increase glucose uptake in the 
small bowel, potentially elevating SUVs [45, 46]. In our 
cohort, glucocorticoids were initiated in highly symptomatic 
patients at the time of diagnostic endoscopy. Immunosup-
pressive therapies, which typically require longer durations 
to induce remission, likely had limited impact on the short-
term imaging outcomes observed in this study. Conversely, 
advanced therapies such as anti-TNF agents often elicit a 
more rapid response; however, in our population, these were 
typically initiated after the follow-up PET-MRE, with the 
median initiation time exceeding the interval between diag-
nostic and follow-up scans. This delay is consistent with 

measured in this study were lower than those reported in 
[18F]-FDG PET-CT studies. For example, Ahmadi et al. 
reported a mean SUVMax 4.77 in inflamed areas [35]. This 
discrepancy could be attributed to several factors, including 
inferior attenuation correction in PET-MRI scanners com-
pared to PET-CT scanners as well as differences in the time 
interval between [18F]-FDG injection and imaging (90 min 
in their study vs. a median of 39 min in ours). In our pro-
tocol, a minimum uptake period of 30 min was selected for 
the static PET scan to reduce total scan time and to improve 
patient comfort. Time-activity curves of the small bowel 
indicate that equilibrium is typically reached after 30 min 
post-injection. While a longer uptake time could potentially 
result in higher SUVMax values—and thereby enhance the 
detection of changes between baseline and follow-up imag-
ing—further research is needed to evaluate the utility of 
dynamic imaging in small bowel inflammation. This dif-
ference in uptake periods before scans makes comparing 
our SUVMax levels difficult to those of previous studies 
with scans starting later. Establishing universal SUV cut-
off values remains controversial due to variability in imag-
ing protocols and scanner characteristics, including image 
acquisition time, scanner sensitivity, attenuation correction 
algorithms, signal-to-noise ratios, partial volume effect 
reduction, and dead time correction. We also hypothesize 
that disease severity influences SUVs, although our sample 
size was insufficient to draw statistically significant conclu-
sions on this aspect. We found a statistically higher SUV-
Max in patients with small bowel CD compared to those not 
diagnosed with CD, but the non-CD patients were not truly 
healthy controls, as they also had clinical suspicion on small 
bowel CD. This is a confounding factor, as those patients 
may have suffered from some other transient inflammation 
of the small bowel. A study with asymptomatic healthy vol-
unteers compared to CD-patients would prove more benefi-
cial data on this.

In a study by Catalano et al., the sensitivity of [18F]-
FDG PET-MRI in detecting active Crohn’s disease (CD) 
inflammation was higher than that of MRI alone (88% vs. 
80%), and its specificity was also superior (91% vs. 83%) in 
patients with established CD scheduled for surgery [37]. In 
contrast, our study population comprised milder cases, with 
only one patient undergoing surgery during the follow-up 
period. This difference likely accounts for the lower sensi-
tivity observed in our results. Based on these findings, we 
hypothesize that transmural inflammation leads to higher 
glucose metabolism—and thus higher [18F]-FDG uptake—
than luminal inflammation. Similarly, a study by Pellino et 
al. reported a mean SUV of 2.0 in actively inflamed areas 
and 3.8 in inflamed strictures. They proposed SUVMax cut-
off of 2.95 to identify active inflammation, which closely 
aligns with our findings. Quantitative [18F]-FDG PET-MRE 
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used especially in the induction of remission in CD, which 
can cause challenges in interpreting PET results. A common 
challenge in PET imaging is also the occurrence of inciden-
tal findings; increased glucose uptake is often observed in 
the small bowel of asymptomatic patients undergoing scans 
for non-IBD-related conditions. The present study does not 
address this issue. However, several new radiotracers are 
under research. For example, [68Ga]Ga-FAPI [49–51]  has 
shown promise in detecting fibrosis in Crohn’s disease. In 
addition, various tracers have been explored in preclinical 
models, including radiolabeled fragments from monoclonal 
antibodies in immuno-PET [52],  89Zr-labeled infliximab 
[53] or [68Ga]Ga-DOTA-Siglec-9 for detecting vascular 
adhesion protein-1 (VAP-1) [54]. These developments may 
offer improved specificity and expand the clinical utility of 
PET imaging in inflammatory bowel disease.

The accuracy of [18F]-FDG PET-MRE may be limited 
in cases of mild, luminal small bowel Crohn’s disease. 
Compared to PET-CT, PET-MRE is more prone to motion 
artifacts due to longer image acquisition times. To miti-
gate these issues, breathing-gated imaging was employed, 
and both butylbromide and mannitol were used to achieve 
adequate bowel distension. Background noise in PET 
sequences is another confounding factor that must be con-
sidered during image interpretation; regions of increased 
glucose uptake should always be carefully correlated with 
anatomical data from the MRE sequences and compared 
to glucose uptake of liver. To enhance accuracy, imaging 
in this study was performed in a single session combin-
ing PET and MRE, rather than separate sessions. Only the 
lesion with the highest SUV was included in the analyses, 
which limits the ability to assess disease extent. The extent 
of disease is clinically relevant, as it influences both patient 
symptoms and treatment decisions. Notably, commonly 
used imaging scoring systems for CD such as sMARIA and 
the PET-MR Index [55], also evaluate only a single lesion. 
Palatka et al. [38] proposed a global PET score that assesses 
total disease burden by summing the highest SUVs in each 
bowel segment; however, in their methodology, the entire 
small bowel was treated as a single segment. In contrast, 
endoscopic indices like SES-CD and CECDAI do evaluate 
disease extent across multiple segments. While measuring 
mean SUVs from larger volumes of interest (VOIs) could 
provide more information on disease extent, this approach 
introduces potential errors. Large VOIs inevitably include 
bowel contents and background activity, which may not 
accurately reflect inflammation in the bowel wall itself.

PET-MRE carries no risk of capsule retention as seen with 
in SBCE, nor the risk of perforation associated with colo-
noscopy, while still allowing full visualization of the small 
intestine. Importantly, PET-MRE can be safely used even in 
severe acute setting of CD [17, 21, 56]. One clear advantage 

clinical practice, where advanced therapies are generally 
reserved for patients who fail to respond to glucocorticoids 
or immunosuppressants.

In a previous study, we demonstrated that CD patients 
treated with advanced therapies or immunomodulators 
exhibited higher SUVMax at diagnostic imaging compared 
to those receiving only glucocorticoids [47]. We hypoth-
esize that early identification of non-responders to con-
ventional therapy through follow-up PET-MRE could 
facilitate timely escalation to more advanced therapies or 
surgical intervention. Achieving remission more rapidly 
would not only improve patient quality of life by alleviat-
ing symptoms but could also reduce complications requir-
ing hospitalization or surgery and minimize the financial 
burden associated with prolonged use of ineffective, costly 
therapies. However, the use of glucocorticoids may have 
impacted these results, and a larger scale study would be 
needed to confirm these initial findings.

A key strength of this study is its prospective design. All 
patients underwent standardized diagnostic procedures, and 
the treating clinicians were blinded to the PET results to min-
imize bias. Clinical management was guided by laboratory 
values, endoscopic and MRE findings, and patient-reported 
symptoms, with the goal of achieving remission. The main 
limitation of this study is the relatively small sample size, 
which limits statistical power and may account for the 
lack of significant differences in SUVMax between patients 
receiving different treatments. The study population largely 
comprised patients with mild luminal disease, with only one 
patient requiring surgery (ileocecal resection) during the 
study period. The predominance of luminal disease likely 
influenced the imaging outcomes, as both PET and MRE 
findings were relatively subtle, leading to modest changes 
between the diagnostic and follow-up scans. For compari-
son between MRE and PET findings, the sMARIA score 
was selected due to its simplicity, validation, and robustness 
as a measure of Crohn’s disease (CD) inflammation. The 
study experienced a notable dropout rate: nine patients were 
excluded due to the absence of a CD diagnosis, six declined 
follow-up imaging, and two were excluded due to diagnos-
tic uncertainty, with clinicians opting for non-medicated fol-
low-up. The median interval between colonoscopy and the 
initial PET-MRE was 20 days, a period considered adequate 
for mucosal healing at biopsy sites, minimizing the risk of 
biopsy-related inflammation and hence increased SUVs.

Limitations to the use of PET-MRE include limited avail-
ability, high costs, and exposure to radiation—although the 
radiation dose is lower compared to PET-CT, and has been 
further reduced with advancements in imaging technology 
[18, 48]. Another concern with [18F]-FDG is its limited spec-
ificity, as increased glucose metabolism is observed also in 
infections and tumors [16]. Glucocorticoids are commonly 
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