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Utility of FDG PET/CT in assessing bowel inflammation
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Abstract: Purpose: To develop a methodology for the quantification of gastrointestinal (Gl) inflammation as indicated
by 2-deoxy-2-(*¢F)fluoro-D-glucose (FDG) uptake on positron-emissions tomography/computed tomography (PET/CT)
imaging. This is intended to investigate the feasibility of using standard uptake value (SUV) levels to assess levels
of Gl inflammation in humans. Methods: 131 participants were injected with a weight-controlled dose of FDG 180
minutes prior to PET/CT scanning. Operator-guided software was used to segment the Gl tract and perform (SUV)
calculations. Regions of interest (ROIs) were created using CT images and stacked to create three dimensional
volumes of interest (VOIs). These VOIs defined 6 sections of the Gl tract: esophagus, stomach, descending colon,
ascending and transverse colon, bowel below the ilium and small bowel above the ilium. Results: This study found a
significant correlation between age and average FDG uptake (avg-SUV) of the Gl tract (P=.0003) with the esophagus
showing the highest significance. Correlations were found between avg-SUV of the sigmoid segment and the group
average (P<.0001), and between the descending colon VOI and the group (P<.0001). Intra-operator reproducibility
over 3 trials showed a coefficient of variation (CV) of .63%. Inter-operator CV over 5 randomly selected patients was
5.6% over the entire Gl tract. Conclusion: This study shows that FDG-PET/CT imaging is a promising technique for
quantifying bowel inflammation, despite the fact that age related inflammation may not be of clinical utility. The
fact that we were able to detect these subtle changes indicates this as an avenue for potential future investigation.
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Introduction may be especially challenging [4]. Unfortunate-

ly, none of the existing diagnostic techniques is

Inflammatory Bowel Disease (IBD), which in-
cludes both Ulcerative Colitis (UC) and Crohn’s
Disease (CD), currently affects over 3 million
Americans. Data from the Crohn’s & Colitis Fo-
undation suggests that over 780,000 [1] peo-
ple suffer from CD in the United States, and
70-80% of them require intestinal surgery with-
in 20 years of diagnosis [2] with a further 30%
requiring follow-up surgical intervention [3].
The majority of patients with CD have progres-
sive disease, moving from an initial inflamma-
tory phenotype to stricturing and/or penetrat-
ing disease later in life [2]. Therefore, recent
emphasis has been placed on early identifica-
tion and aggressive treatment of CD to modify
future disease course, and prevent complica-
tions and surgery especially in CD patients wi-
th small bowel involvement in which diagnosis

accurate enough alone, while some are invasive
and associated with risks of substantial radia-
tion exposure [5]. These limitations are of spe-
cial concern in younger populations, which com-
prise 7-20% of CD patients, as they have a low
tolerance to radiologic and endoscopic tests
[6-8]. For these reasons, it is critical to investi-
gate new non-invasive modalities that may be
useful in diagnosing and monitoring patients
with CD especially in patients with small bowel
involvement where the access of advanced
endoscopic modalities is limited in many center
and thus requires referral to tertiary centers for
further diagnostic evaluation (double balloon
enteroscopy exams).

The hallmark pathologic finding in CD is trans-
mural inflammation of the intestine which can
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be both acute and chronic, and is differentiated
by cell type [9]. The inflammation in CD can be
segmental intervening areas of normal muco-
sa, and the transmural nature of the inflamma-
tion often leads to complications such as fistu-
las, abscesses, perforations, and strictures,
that often require surgical therapy. Although CD
has a predilection for the ileum, it can affect
any part of the gastrointestinal tract, from
mouth to anus. The clinical evaluation of pa
tients with CD occurs at various time points in
the disease course, as follows: at diagnosis,
after treatment, during flares, preoperatively,
and postoperatively. Traditional modalities to
evaluate patients with CD at these various ti-
me points have many shortcomings especially
in patients presenting with isolated small bowel
involvement.

We hypothesize that positron-emissions tomo-
graphy/computed tomography (PET/CT) over-
comes many of the drawbacks of other modali-
ties and will likely prove to be effective for dis-
ease assessment in CD. Both in vitro and in
vivo studies have shown that neutrophils (the
primary immune cells of acute inflammation) as
well as macrophages and lymphocytes (the pri-
mary immune cells of chronic inflammation)
accumulate high levels of 2-deoxy-2-(*8F)fluoro-
D-glucose (FDG), due to both overexpression of
glucose transporters and overproduction of gly-
colytic enzymes [10-14]. As there is a paucity of
data on the use of PET/CT in CD, it is vital to
investigate PET/CT in this regard, as the results
of such research would likely be of great inter-
est and importance to the scientific community
and especially to healthcare providers and their
patients. The use of this safe, non-invasive, and
well-tolerated diagnostic test may lead to the
detection of early disease, which could be
treated aggressively, with the goal of modifying
the disease’s natural course. An increase in
metabolic activity, as measured by a rise in
average FDG uptake, implies a higher degree of
inflammation. Previous studies [15] have estab-
lished a link between an increase in FDG uptake
and an increased inflammatory response, mak-
ing PET one of the most promising imaging
modalities for use in diagnhosing and monitor-
ing chronic inflammatory disorders. The prima-
ry goal of this study was to develop a methodol-
ogy for the quantification of gastrointestinal
(GI) inflammation as indicated by FDG-PET/CT
imaging. This is intended to investigate the fea-
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sibility of using standard uptake value (SUV) le-
vels to assess levels of bowel inflammation in
humans.

Materials and methods
Study population

The participants for this cross-sectional retro-
spective study were the same as those who
participated in the Cardiovascular Molecular
Calcification Assessed by FDG PET/CT (CAM-
ONA) study conducted by Odense University
Hospital. The CAMONA study was approved by
the Danish National Health Committee on He-
alth Research Ethics, registered at Clinical-
Trials.gov (NCT01724749) and conducted in ac-
cordance with the Declaration of Helsinki. All
participants provided written informed con-
sent.

Participant selection

The CAMONA study recruited 139 total partici-
pants for a prospective heart study. The origi-
nal study included 89 designated healthy con-
trols and 50 patients who had been referred for
coronary CT angiography on the basis of persis-
tent chest pain. This cohort did not present
with diagnosable CD allowing for the cross-sec-
tional associations presented in this paper. Of
the 139 total participants, 8 were rejected due
to poor scan quality or missing scans, and all
131 remaining participants were used to exam-
ine associative variables (i.e., age, BMI, SUV).
Included in the study were 68 females (ages
21-75, BMI 18-37 kg/m?) and 63 males (ages
22-75, BMI 13-42 kg/m3). Inclusion criteria for
healthy controls included systolic blood pres-
sure below 160 mm/Hg with diastolic blood
pressure below 100 mm/Hg, glycated hemo-
globin below 48 mmol/mol, and total serum
cholesterol below 6.2 mmol/L. Patient groups
were also required to meet this criterion in addi-
tion to the angina they experienced upon refer-
ral for angiography. Individuals with a history of
smoking or cardiovascular disease were not
eligible for inclusion.

Study design

131 participants were intravenously injected
with a dose of FDG that was controlled for body
weight (4 MBq/Kg of body weight). PET/CT
scans were conducted 180 minutes following
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Table 1. Patient data

Average Blood Values Participants

Normal Values

used to carry out the segmenta-
tion of the bowel and to perform
standard uptake value (SUV) calcu-

n=131
Gender (No.) Fer(nale n=)68 lations. Regions of interest (ROIs)
Male n=63 were created using a multi-step pr-
Height (m) 1.7240.09 ocess on.CT image.s: manual and
Weight (kg) 80.3417.8 rough Ireg|on select|.on foIIowgd by
Age (vears) 48.8414.2 |nten§|ty thresholdlng for t!ssue
) T density of -50 Hounsfield units or
BMI (kg/m) 26.8£4.5 greater for better anatomical delin-
Fdg180 Dose (MBa) 172.8£35.5 eation and stacked to create th-
Syst. BP (mmHg) 129.0£17.0 120-129 ree dimensional volumes of inter-
Diast. BP (mmHg) 77.619.5 80-84 est (VOIs). Regions of interest we-
Pulse (Beats/min) 66.6+12.4 60-100 re manually selected for in order to
Total cholesterol (mmol/L) 5.1+0.9 <11 avoid the inclusion of surrounding
LDL cholesterol (mmol/L) 3.240.8 <7.2 organs in the analysis. These VOIs
HDL cholesterol (mmol/L) 1.410.4 1.7-4.2 defined 6 sections of the bowel:
Triglycerides (mmol/L) 1.10+0.7 1.99.4 the esophagus, stomach, descen-
Fasting plasma Glucose (mmol/L)  5.6+0.7 3.65.5 ding colon, ascending and trans-
HbA1c (mmol/mol) 351+4.7 <42 verse colon, bowel below top of
CRP (mg/L) 54+31 <3 ilium and small bowel above the
. top of the ilium [Figure 1: Gastro-
Fibrinogen (umol/L) 10.6+£8.7 8.9-25 i i
) intestinal Segments]. The VOIs we-
White Blood Cell Count (cells/L) 6.1+1.9 3.8-11x10% mm?

Note: Unless otherwise specified, data are means + SD.

injections, under the same conditions for all
individuals (GE Discovery STE, VCT, RX, and
690/710). After performing two ANOVA tests,
there was no significant difference found bet-
ween the average age (P=0.31) or BMI (P=0.23)
of participants scanned by each scanner. CT
images (140 kV, 30-110 mA, noise index 25,
0.8 seconds per rotation, slice thickness 3.75
mm) were corrected for anatomic orientation.
Likewise, PET images were corrected for atten-
uation due to scattering, and random coinci-
dence.

Average values and ranges for the following bio-
markers were collected and computed [Table
1: Patient Data): blood pressure, pulse, LDL/
HDL/Total cholesterol, triglycerides, homocys-
teine, fasting plasma glucose, CRP, Fibrinogen,
WBC Count. Patient history of cofactors such
as smoking, alcohol use, history of hypocholes-
terolemia, Coronary Heart Disease, Peripheral
artery disease, type 1 or type 2 diabetes, or the
use of anti-platelet agents, aspirin, or diuretics
was analyzed with respect to the inflammatory
markers taken from the PET/CT scans.

Quantitative image analysis

An operator guided computer software, PM-
OD (PMOD Technologies LLC, Switzerland), was
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re generated using the CT images
for structural clarity, then superim-
posed on the corresponding PET
images. From here, average SUV (avg-SUV) and
maximum SUV (SUVmax) were calculated with-
in each VOI. The SUV uptake was not statisti-
cally different between the control and test
groups (P=0.15). Reproducibility was assess-
ed by calculating the coefficient of variation
(CV) in avg-SUV values obtained from segments
created by 3 trained operators. Both intra and
inter-operator CV was calculated based on the
segmentation done by the operators on a set of
5 typical cases.

Full set analysis

Multiple regression analyses were performed
to determine the association between age and
both avg-SUV and SUVmax, while controlling for
BMI, and dosage. BMI, avg-SUV and SUVmax
were also associated, controlling for age, and
dosage. These analyses were done on the
six separate VOIs (the esophagus, stomach,
descending colon, ascending and transverse
colon, bowel below top of ilium and small bowel
above the top of the ilium) as well as the aver-
age and maximum SUV of the entire Gl tract.
Male and female regressions were conducted
separately but final regression calculations in-
cluded all 131 subjects.
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Figure 1. Gastrointestinal segments.
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Figure 2. A. Total gastrointestinal Avg-SUV vs age. B. Esophageal Avg-SUV vs age.

Power and sample size considerations

All power calculations were conducted in PASS
(NCSS, Version 16) assuming a 5% type | error
rate and using two-sided hypothesis tests, and
assuming 10% missing data due to subject
motion and other image quality assessments.
Given these data expect to have 85% power to
detect group differences in average SUV.

Results

This study found a significant correlation bet
ween age and average FDG uptake (avg-SUV)
of the whole bowel (P=.0003) [Figure 2A: To-
tal bowel inflammation vs age]. This correlation
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was improved when correcting for BMI for the
whole bowel with partial-P=.0001. No signifi-
cant correlation was found between age and
SUVmax. In addition, no significant correlation
was found between BMI and avg-SUV. The es-
ophagus showed the highest significance with
age (P=.0025) [Figure 2B: Esophagus inflam-
mation vs age] even when corrected for BMI.
Additionally, significant correlations were found
between the descending colon VOI and the
group average (P<.0001) [Figure 3A: Descend-
ing colon inflammation vs total bowel] as well
as avg-SUV of the sigmoid segment and the
group (P<.0001) [Figure 3B: Sigmoid colon
inflammation vs total bowel], indicating that
these segments are predictive of overall avg-
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Figure 3. A. Descending colon vs total gastrointestinal Avg-SUV. B. Sigmoid colon vs total gastrointestinal Avg-SUV.
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Figure 4. Mean, min and max Avg-SUV for all participants.
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Figure 5. A. Intra-Operator reproducibility. B. Inter-Operator reproducibility.

SUV values. No significant correlation between
C-Reactive Protein (CRP) values and avg-SUV
or SUVmax was found. The mean of Avg-SUV
measurements for all participants is shown in
[Figure 4: Mean, Min and Max Avg-SUV all par-
ticipants] with error bars representing the mini-
mum and maximum values.
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Reproducibility

Intra-operator reproducibility measured over 3
trials showed total coefficient of variation (CV)
of .63% [Figure 5A: Intra-Operator CV]. Inter-
operator CV over 5 randomly selected patients
calculated for each VOI and for the entire Gl
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tract by 3 trained operators range from 6.3%
to 11% in the descending colon and stomach,
respectively. The inter-operator CV of the entire
Gl tract was 5.6% [Figure 5B: Inter-Operator
CVl.

Discussion

These results support the assertion that FDG
PET/CT is an effective imaging modality with
respect to the detection and quantification of
age-related increase in gastrointestinal inflam-
mation. The noted correlation between age and
Avg-SUV was likely improved when corrected for
BMI due to the previously documented increas-
es in inflammatory response with high BMI. Our
protocol was able to generate statistically sig-
nificant data in line with the current literature
of potential use in future investigations of Gl
inflammation. This suggests the possibility of
using PET/CT in the diagnosis of conditions
such as Crohn’s Disease. A variety of endoscop-
ic and radiologic modalities are available for
the evaluation of disease activity in CD includ-
ing ileocolonoscopy, flexible sigmoidoscopy, up-
per endoscopy (including push enteroscopy),
deep enteroscopy (both antegrade and retro-
grade with single- or double-balloon technolo-
gy), capsule endoscopy, barium studies (small
bowel follow through [SBFT] or enteroclysis,
upper Gl series, and barium enema), CT with
or without enterography (CTE) or enteroclysis,
and magnetic resonance enterography (MRE)
or enteroclysis. Many of these imaging tech-
niques such as all endoscopic procedures are
considered invasive and requiring anesthesia
assistance and are associated with significant-
ly increased risk. Plasma or stool based inflam-
matory markers, specifically C-reactive protein
(CRP) and fecal calprotectin, represent system-
ic inflammation and imperfectly correlated to
localized inflammatory pathologies; indeed st-
udies have shown low to moderate correlation
between CRP levels and disease activity in
small bowel CD [16, 17]. Therefore, CRP and
other laboratory markers can be employed only
in conjunction with other detection modalities.
Thus, there is a need for the introduction of
more available and less invasive technologies
in patients with chronic inflammatory GI condi-
tions such as Crohn’s disease with small bo-
wel/ileocolonic involvement which require fre-
quent follow ups to demonstrate healing or
activity stage. With respect to chronic inflam-
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matory diseases, PET has been successfully
used to identify inflammation in patients with
rheumatoid arthritis [18], sarcoidosis [19], ato-
pic asthma [20], and fibrosing alveolitis [21]. In
addition, FDG-PET has been utilized it in a
number of studies investigating infection and
inflammation [22-27].

Additionally, the significant correlation between
Avg-SUV of the sigmoid and descending colon
with total GI Avg-SUV may obviate the need for
total assessment as these VOIs are predictive
of the level of SUV in the entire GI tract. With
regards to the use of PET/CT in the treatment
of CD, a number of preliminary studies have
shown promising results for this new technique
[28, 29]. The first study prospectively evaluated
95 ileocolonic segments in 22 adult CD pa-
tients, using an endoscopic score as the stan-
dard of reference, and calculated that PET/CT
had an overall sensitivity of 73% for the detec-
tion of endoscopic lesions but a sensitivity of
100% for the detection of severe endoscopic
lesions [30]. This study did not include any
biopsy confirmations. A subsequent study in-
cluding 7 adult CD patients and 20 control sub-
jects with solitary pulmonary nodules reported
an 81% correlation between PET activity and
clinical disease activity in the CD patients; in
the control subjects, only 2% of all bowel seg-
ments examined showed significant FDG up-
take [28]. Of note, the authors discovered that
the use of intravenous contrast in a subset of
patients did not provide any additional infor-
mation.

Our study found no correlation between CRP
and SUV values. The lack of correlation is likely
due to the fact that circulating levels of blood
CRP represents a systemic inflammatory res-
ponse while this study only investigated a site-
specific form of inflammation. Often plasma
CRP levels in subjects are either masked or
enhanced due to pathologies such as infection
or underlying chronic inflammation in the car-
diovascular system [31], and cannot be an
independent marker of localized inflammation
[31]. The correlation between age and elevat-
ed CRP values has been previously establish-
ed [32], and this coincides with the correlation
between avg-SUV and age found in this study.
Another preliminary study on the functional and
structural age-related changes found on PET/
CT found no significant changes to Mean SUV in
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the adult patients studied [33]. These results
align with those of our study, though it should
be mentioned that Meier et al used a represen-
tative ROI to obtain SUV values while our study
used VOIs containing the entire organ. In gen-
eral, previous research has not shown any sig-
nificant age-related changes in small bowel
function and though there are some studies the
indicate an inverse relationship, the lack of clin-
ically significant changes is due to the reserve
capacity of the organ. Moreover the reduced
functional activity noted by Meier is secondary
to the age-related reduction in myenteric neu-
ron density [34].

There are a few limiting factors of this study,
such as it is possible that PET/CT could identify
inflammation that is not verifiable with another
marker, and since such findings could repre-
sent either a true positive or a false positive, a
subsequent prospective study would need to
be performed to determine their authenticity.
An additional limitation of this study is related
to the non-specificity of FDG imaging. Intestinal
uptake in FDG imaging comes from both nor-
mal physiological uptake and inflammation.
Some normal physiologic uptake of FDG tracer
in the gastrointestinal tract is present in all
patients. However, the majority of the uptake
with intestinal diseases including tumors aris-
es due to inflammation (or infection). Therefore,
we can consider the normal physiologic uptake
as the baseline level and uptake above that
level as due to inflammation. That said, a limit-
ing factor of this study is the extent to which
FDG uptake as a result of inflammation versus
normal physiological uptake can be differenti-
ated. It is also possible natural movement with-
in the bowels may result in unavoidable misreg-
istration on the scans. Another limitation of th-
is study is that our patient cohort consisted of
patients not identified as individuals with in-
flammatory bowel disease but presenting with
cardiac complains. Thus, we were not able to
correlate the level of inflammatory changes in
the GI tract with patient’s gastrointestinal
symptoms. However, the PET Scan availability
for the detection of inflammatory changes in
the colon and in the esophagus is promising
and it may be related to other inflammatory
conditions in the study patients including GERD
related inflammation, functional Gl disorders,
other types of colitis. Further studies need to
include patients with known inflammatory Gl
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conditions such as Crohn’s disease and ex-
plore imaging accuracy for detecting patholo-
gical sites and discriminating between fibrotic
and inflammatory strictures, assessing the res-
ponse to therapy while correlating the PET Scan
results with the patients’ clinical presentation
and endoscopic assessment. No information
on ulcerative colitis or Crohn’s disease was col-
lected at the time of the study.

The conclusions of this study are limited by the
amount of clinical data available on each pa-
tient, and as such only BMI and Age were test-
ed against FDG uptake. In 2017, Bahler et al
found that drugs such as Metformin [35] and
other physiologic activity in the bowel can af-
fect FDG uptake and therefore hamper inter-
pretation. These potential cofactors were not
taken into consideration in this study, as a 72
hr discontinuation of Metformin is recommend-
ed to obtain normal images [36]. Reproducibility
is another limitation of this study design, with a
measured inter-operator variance of 5.6% this
would suggest that the best data would be
obtained from a small number of well-trained
operators to minimize this variance.

Conclusion

We investigated the effect of FDG inflammation
on Age as a way of testing the feasibility of
using these methods in future studies. In active
disease states we would expect the increases
in FDG PET/CT inflammation to be even more
pronounced than the age-related changes. This
study shows that the FDG-PET/CT imaging
modality is a promising technique for detecting
small changes in bowel inflammation, despite
the fact that age related inflammation may not
be of clinical utility. The fact that we were able
to detect these subtle changes indicates this
as an avenue for potential future investigation.
Future studies are needed to investigate the
link between inflammation caused by IBD and
FDG uptake seen in PET/CT. Correlation of PET/
CT with transmural inflammation would enable
physicians to treat for true mucosal (transmural
histologic) healing, not just endoscopic muco-
sal healing. Overall, we believe the findings fr-
om the proposed study could pave the way for
a paradigm shift in CD imaging of patients with
suspected CD with small bowel involvement or
for monitoring the response to therapy without
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the need for application of more advanced
invasive endoscopic studies.
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