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CHAPTER 3 

Performance of common disease activity markers 

as a reflection of inflammatory burden 

measured by leukocyte SPECT-CT in ulcerative colitis 

Performance of inflammatory markers in ulcerative colitis 
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Chapter 3

ABSTRACT 

Background and aim

The inflammatory burden influences therapeutic decisions in patients with ulcerative colitis 

(UC). We aimed to study which commonly used markers of disease activity correlate best 

with inflammatory burden in patients with UC using leukocyte scintigraphy (SPECT-CT) as 

the gold standard. 

Methods

Patients with different severity of UC underwent colonoscopy with biopsies and leukocyte 

SPECT-CT scintigraphy. Serum CRP, fecal calprotectin and clinical questionnaires were 

collected. The maximum uptake of Technetium-labelled leukocytes was calculated as a 

SPECT score for each colon segment and a Summed Activity Score (SAS) for 5 colonic 

segments combined.  

Results

Thirty patients with UC were included, 14/30 (47%) had left-sided colitis and 16/30 (53%) 

had pancolitis. One patient (3%) had inactive UC, 5/30 (17%) mild, 11/30 (37%) moderate 

and 13/30 (43%) severe disease activity based on the endoscopic Mayo score. The 

endoscopic Mayo score correlated better with the SPECT score than the UCEIS (r= 0.50, 

P<0.01 and r=0.32, P=0.08, respectively). The Geboes UC histology score correlated 

equally well as the Mayo score (r= 0.50, P<0.01). We found a significant correlation between 

scintigraphy and fecal calprotectin (r 0.44, P=0.02), but not with serum CRP (r 0.25, P=0.18). 

Fecal calprotectin reflected inflammatory burden significantly better in left-sided colitis (r 

0.80, P=0.001) than in pancolitis (r 0.22, P=0.41). 

Conclusions  

The inflammatory burden in UC, measured by SPECT-CT, is better reflected by the 

endoscopic Mayo score and the Geboes histology score than by the UCEIS. Fecal 

calprotectin is a more accurate inflammatory marker than CRP, predominantly in patients 

with left-sided colitis. 

Introduction

Assessing the inflammatory activity is essential in therapeutic decision making in 

Ulcerative Colitis (UC).1 There is an increasing awareness that besides the extent and the

severity of the inflammatory activity, the total ‘inflammatory burden’ can affect

pharmacokinetics of therapeutic agents such as anti-TNF antibodies. As a consequence,

knowledge about the degree of inflammatory burden could be helpful to guide ‘individualized’

drug dosing.2 Currently endoscopy is considered the gold standard for assessing disease 

activity and extent and also to quantify response to anti-inflammatory treatment.3, 4 However, 

the extent of inflammation is subjectively measured at endoscopy and it may be difficult to 

precisely quantitate the total inflammatory burden. Endoscopy may underestimate the 

inflammatory burden as it only accounts for luminally visible inflammation and endoscopic

scores are based on the ‘most affected’ segment. It is currently unknown which of the two 

frequently used endoscopic scores for UC performs best as a marker of inflammatory

burden. 

In addition to endoscopy, several ‘surrogate’ markers of inflammation, such as serum

C-reactive protein (CRP) and fecal calprotectin are often used to measure inflammatory

burden, despite a number of important limitations.5-9 Elevation of serum CRP is absent in 

approximately half of the patients with active UC.10 Fecal calprotectin was shown to be a 

somewhat reliable ‘surrogate’ marker for endoscopic lesions in UC, but there is considerable 

inter- and intra-test variability8. Moreover, fecal calprotectin measurements on stool samples

from the same patient can vary significantly depending on the time of the day.11, 12 Finally, 

these biomarkers do not provide information about the extent of disease, since even patients

with only proctitis can have very elevated biomarkers. Thus, although these tools are widely

available and commonly used to measure disease activity, it is not clear which of these 

measures best reflects the ‘inflammatory load’ in UC and could therefore be best used in a 

model for therapeutic decision making. 

Leukocyte scintigraphy has previously been validated as a method to image and 

quantify inflammatory activity in the colon.13-16 Over the past decade, labelling techniques

and particularly gamma camera sensitivity have improved substantially. Moreover the 

addition of SPECT-CT provides even more accurate inflammatory imaging. (Low-dose)

computed tomography not only provides more accurate anatomical reference but also 

results in adequate attenuation correction improving accuracy of measurement of

inflammatory activity. We therefore used novel state-of-the-art scintigraphy including 

SPECT-CT as an objective marker of inflammatory burden and compared it to frequently 

used tools to measure disease activity, including endoscopic Mayo score and the more 

recently developed Ulcerative Colitis Endoscopic Index of Severity (UCEIS).8, 17, 18 In

addition, we determined the correlation with Geboes histology score, serum CRP and 
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calprotectin in stool. Herewith, we aimed to prospectively study which commonly used 

measurements of disease activity best reflect inflammatory burden in patients with UC as 

detected by leukocyte SPECT-CT. 
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Methods

Study design

In this prospective study, patients with UC who were scheduled to undergo

colonoscopy were invited to participate in this study at the Academic Medical Centre in

Amsterdam, the Netherlands, between November 2012 and October 2014. Patients with

positive stool cultures, renal failure (eGFR < 60 ml/minute), prior colon resection and those

receiving intravenous corticosteroid treatment in the last 36 hours were excluded.

Clinical disease activity was assessed by Simple Clinical Colitis Activity Index

(SCCAI) and the clinical components of the Mayo score (partial Mayo score: including 

number of bowel movements compared to normal, rectal blood loss and physician global

assessment).19-21

All patients underwent a complete colonoscopy with 2 biopsies taken in every colonic

segment (ascending, transverse, descending colon, sigmoid and rectum). Endoscopic

disease activity was assessed by an independent reader who reviewed the videos of the

colonoscopies and who was blinded to the patients’ condition and the other results of this

study. The endoscopic Mayo score and UCEIS were scored per colonic segment and as a 

summed ‘extent’ score for the colon as a whole based on published guidelines.18, 21, 22 For 

the UCEIS, vascular pattern, bleeding and ulceration sub scores were also assessed 

separately.

Colonic biopsies were scored for histopathological disease activity using the Geboes

score per segment by one single blinded GI pathologist (SE).23-25 Geboes scores were 

measured on a continuous scale from 0 to 22, providing a better intra-observer agreement

than the categorical scoring, as was recently shown.26 The Geboes histologic score is based 

on the most affected segment, for the extent of histologic inflammation we also assessed 

the Geboes histologic ‘extent’ score, a sum of the Geboes histologic score of all colonic

segments.

In addition, haemoglobin, haematocrit, leukocyte and thrombocyte count, erythrocyte 

sedimentation rate (ESR), serum CRP and albumin were measured at the same time. Fecal

calprotectin was determined by ELISA (Bühlmann, Schönenbuch, Switzerland). Fecal

supernatants were diluted for fecal calprotectin results if they turned out to be above the 

upper limit of quantification of this test (1800ug/g).

Leukocyte scintigraphy SPECT-CT

 Leukocyte scintigraphy SPECT-CT was performed within one week and without any

changes in therapy. Patients’ peripheral blood leukocytes were isolated and granulocytes

were labelled in mixed leukocyte suspension using 99mTc-HMPAO according to the 
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consensus protocol for leukocyte labelling.27 An average of 200 ± 10 MBq of Tc99m-labeled 

granulocytes was re-injected into the patient.  

Planar anterior and posterior 5-min CT images of the abdomen and pelvis were 

obtained at 45 min post reinjection using a large-field-of-view gamma camera Siemens 

Symbia T16 fitted with a low-energy general-purpose collimator. The 45-min image was 

used for accurate colonic segment localization and determination of extent of bowel activity. 

Just prior to scintigraphy the patient was asked to void, to empty the urinary bladder, and to 

clear the leukocyte tracing in that region. 

At 60 min post-reinjection SPECT was performed (figure 1). A 360° circular orbit was 

used acquiring 60 views of 40 seconds in a 20 min duration study. An image matrix of 128 x 

128 pixels was used. Immediately following the SPECT a low dose CT was performed. After 

data acquisition, images were processed on a Siemens workstation using iterative 

reconstruction (3DOSEM) with CT based attenuation correction. Transaxial abdominal slices 

of 4.8 mm thickness were reconstructed. After reconstruction, a 9-point smoothing was 

applied. 

Figure 1. :Transversal Leukocyte scintigraphy SPECT image of UC patient with sigmoiditis 

Scintigraphic Data Analysis 

The planar scintigrams were evaluated by a single nuclear medicine specialist (RB) 

without knowledge of the clinical, laboratory, endoscopic and histologic findings. On SPECT 

images, the colon was divided into 5 segments: ascending colon, transverse colon, 

descending colon, sigmoid and rectum. Tracer uptake was determined as described by 

Weldon et al. and also used in a previous validation without SPECT-CT.13, 28 Therefore, the 

maximum counts per pixel in each of these segment was measured using region of interest 

analysis of serial transaxial slices to obtain the maximal value for each colon segment. The 

SPECT segment uptake ratio was expressed as a fraction of bone marrow activity, obtained 
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by averaging the maximum counts in five transaxial slices of lumbar spine. This uptake was

compared per colonic segment as the SPECT segment score and on a predefined validated 

categorical 4–point scale, from normal (‘no uptake/activity’), mild (‘less activity than bone 

marrow’), moderate (‘equal to bone marrow’) to severe (‘more activity than bone marrow).13,

28 SPECT-CT activity was also expressed as a continuous variable for the summed 

inflammatory activity in all 5 colonic segments: the Summed Activity Score (SAS), reflecting 

the total colonic inflammatory burden, as previously described.13, 28

The study was approved by the Medical Ethics Committee of the Academic Medical

Center (AMC) of the University of Amsterdam. Written informed consent was obtained from

all patients. All authors had access to the study data and reviewed and approved the final

manuscript.
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by averaging the maximum counts in five transaxial slices of lumbar spine. This uptake was 

compared per colonic segment as the SPECT segment score and on a predefined validated 

categorical 4–point scale, from normal (‘no uptake/activity’), mild (‘less activity than bone 

marrow’), moderate (‘equal to bone marrow’) to severe (‘more activity than bone marrow).13,

28 SPECT-CT activity was also expressed as a continuous variable for the summed 

inflammatory activity in all 5 colonic segments: the Summed Activity Score (SAS), reflecting 

the total colonic inflammatory burden, as previously described.13, 28  

The study was approved by the Medical Ethics Committee of the Academic Medical 

Center (AMC) of the University of Amsterdam. Written informed consent was obtained from 

all patients. All authors had access to the study data and reviewed and approved the final 

manuscript. 
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Results 

Thirty-two UC patients who met the inclusion criteria were studied. One patient was 

excluded due to incomplete colonoscopy (malignant stenosis) and one patient was excluded 

because technetium-99m isotopes were temporarily unavailable. Therefore, data of 30 

patients were available for analysis. 

Patient characteristics are summarized in table 1. At endoscopy 14/30 (47%) patients 

had left-sided colitis (including proctitis) and 16/30 (53%) pancolitis. Based on the 

endoscopic component of the Mayo score, 1/30 (3%) of patients had grade 0 (inactive), 5/30 

(17%) grade 1 (mild), 11/30 (37%) grade 2 (moderate) and 13/30 (43%) grade 3 (severe) 

disease. The rectosigmoid was the most severely inflamed colon segment, based on the 

Mayo endoscopy score, in almost all patients (27/30). 

TABLE 1. Patient characteristics N=30 

Age (years), median (IQR)      46 (35-57) 
Gender; male, n (%) 22/30 (73%) 

Disease duration, (years), median (IQR)     12 (4-23) 

Current medication, n (%): 
¥ 5-ASA
¥ Thiopurines
¥ Anti-TNF
¥ Prednisone

24/30 (80%) 
  4/30 (13%) 
  3/30 (10%) 
  3/30 (10%) 

Serum CRP (mg/L), median (IQR)   4.3 (2.0-12.5) 
Fecal calprotectin (ug/g), median (IQR) 579 (309-1295) 
SCCAI, median (IQR)     6 (2-9) 
Full Mayo score, median (IQR)     8 (5-10) 
Extent of disease, n (%): 

¥ Left-sided colitis
¥ Pancolitis

14/30 (47%) 
16/30 (53%) 

Endoscopic Mayo score, n (%): 
¥ Mayo 0
¥ Mayo 1
¥ Mayo 2
¥ Mayo 3

  1/30   (3%) 
  5/30 (17%) 
  9/30 (30%) 
15/30 (50%) 

Legends: IQR; Interquartile range, 5-ASA; mesalamine, anti-TNF; anti-Tumor Necrosis 

Factor alpha, CRP; C-reactive protein, SCCAI; Simple Clinical Colitis Activity Index 

At leukocyte scintigraphy SPECT-CT a median (IQR) SPECT segment score 

(expressed as ratio compared to bone marrow) of 0.85 (0.39-1.35) was measured in the 

most affected colon segment. Based on this SPECT segment score the UC patients were 

classified as having 11/30 (37%) mild (‘less activity than bone marrow’), 13/30 (43%) 

moderate (‘equal to bone marrow’) or 6/30 (20%) severe (‘more activity than bone marrow) 

disease for their most affected colon segment as previously described. The median (IQR) 

SAS score for all 5 colonic segments together was: 1.86 (1.19- 2.90). 7/30 (23%) of patients 
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had a typical peri-appendicular red patch at endoscopy, which was confirmed by a clear

isolated uptake of leukocytes in the ileocecal region at SPECT scan in all 7 patients. 

When the most affected segment was assessed in isolation, the SPECT segment

score significantly correlated with the endoscopic Mayo score (r 0.50, P<0.01) and the 

Geboes histologic score (r 0.50, P<0.01), scores that each also depend on the most affected 

segment/biopsy. Correlation with the UCEIS was poor and did not reach statistical 

significance (r 0.32, P=0.08). (table 2, figure 2). The endoscopic Mayo score for the most

affected segment correlated well with the UCEIS for that segment (r 0.74, P<0.0001) and the

UCEIS correlated better with histology than the endoscopic Mayo score (r 0.49, P<0.01 

versus r 0.43, P=0.02) for that segment. 

TABLE 2. Correlations for most affected segment

Correlations (Spearman 

r, P-value)

Endoscopy 

Mayo

Endoscopy 

UCEIS

Geboes

histology

SPECT segment score r 0.50 (P<0.01) r 0.32 (P=0.08) r 0.50 (P<0.01)

Geboes histology r 0.43 (P=0.02) r 0.49 (P<0.01)

Endoscopy UCEIS r 0.74 (P<0.0001)

Legends: UCEIS; ulcerative colitis endoscopic index of severity

Figure 2 Correlations of the SPECT Summed activity Score, being the total uptake of

leukocytes in all colonic segments with fecal calprotectin (a), partial (clinical) Mayo score (b),

endoscopic Mayo score (c) and Geboes histologic score (d)
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UCEIS correlated better with histology than the endoscopic Mayo score (r 0.49, P<0.01 

versus r 0.43, P=0.02) for that segment. 

TABLE 2. Correlations for most affected segment 

Correlations (Spearman 

r, P-value) 

Endoscopy 

Mayo 

Endoscopy 

UCEIS 

Geboes 

histology 

SPECT segment score r 0.50 (P<0.01) r 0.32 (P=0.08) r 0.50 (P<0.01) 

Geboes histology r 0.43 (P=0.02) r 0.49 (P<0.01) 

Endoscopy UCEIS r 0.74 (P<0.0001) 

Legends: UCEIS; ulcerative colitis endoscopic index of severity 

Figure 2 Correlations of the SPECT Summed activity Score, being the total uptake of 

leukocytes in all colonic segments with fecal calprotectin (a), partial (clinical) Mayo score (b), 

endoscopic Mayo score (c) and Geboes histologic score (d) 
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TABLE 3. Correlation Table Summed SPECT-CT Activity score  (Spearman rank, r) 

TABLE 3.  
Correlation with SAS 

N=30 
(Spearman r, 
P-values)

Fecal calprotectin 
Serum CRP 
SCCAI 
Partial Mayo score  
Endoscopic Mayo score 
Endoscopic Mayo extent 
Full Mayo score 
UCEIS score 
UCEIS extent score 
UCEIS extent ulcer subscore 
Geboes histologic score 

r 0.44 (P=0.02) 
r 0.25 (P=0.18) 
r 0.42 (P=0.02) 
r 0.51 (P<0.01) 
r 0.42 (P=0.02) 
r 0.34 (P=0.07) 
r 0.48 (P<0.01) 
r 0.21 (P=0.26) 
r 0.33 (P=0.07) 
r 0.50 (P<0.01) 
r 0.51 (P<0.01) 

Legends: SAS; Summed SPECT-CT activity, CRP; C-reactive protein, SCCAI; simple clinical 
colitis activity index, Partial Mayo score; clinical score, Endoscopic Mayo extent; Summed 
endoscopic Mayo score of all colonic segments, Full Mayo score; combined clinical and 
endoscopic score, UCEIS; ulcerative colitis endoscopic index of severity 

For the colon as a whole, global colonic inflammation measured by the SPECT-CT 

summed activity score (SAS) correlated with the endoscopic Mayo score (r 0.42, P=0.02), 

but not with the UCEIS r 0.21 (P=0.26)(table 3) The endoscopic Mayo extent score (which 

sums up the different scores of all 5 segments) surprisingly had a worse correlation with the 

total inflammation by SPECT-CT than the endoscopic scores based on the most affected 

segment. Nevertheless the ulcer subscore of the UCEIS did have a good correlation with the 

total inflammatory burden as detected by SPECT-CT (r 0.50, P<0.01). Also the Geboes 

histologic score, which depends on the histologic score of the most affected biopsy, had a 

better correlation (r 0.51, P<0.01) with the SAS compared to the cumulative Geboes 

histologic score of all colonic segments (r 0.40, P=0.03). This correlation with Geboes 

histologic score with Summed SPECT-CT activity was best in the subgroup of patients with 

pancolitis: r=0.67 (P<0.01)(table 4). 
TABLE 4. Correlations with SAS Pancolitis (n=16) Left-sided colitis (n=14) 

Serum CRP 

Fecal calprotectin 

SCCAI 

Partial Mayo score 

Endoscopic Mayo score 

Full Mayo score 

UCEIS score 

Geboes histologic score 

r 0.11 (P=0.67) 

r 0.22 (P=0.41) 

r 0.25 (P=0.35) 

r 0.38 (P=0.14) 

r 0.54 (P=0.03) 

r 0.33 (P=0.21) 

r 0.17 (P=0.53) 

r 0.67 (P<0.01) 

r 0.65 (P=0.02) 

r 0.80 (P=0.001) 

r 0.73 (P<0.01) 

r 0.83 (P<0.001) 

r 0.18 (P=0.55) 

r 0.74 (P<0.01) 

r 0.28 (P=0.34) 

r 0.35 (P=0.24) 

Legends: SAS; Summed SPECT-CT activity, CRP; C-reactive protein, SCCAI; simple 
clinical colitis activity index, Partial Mayo score; clinical score, Full Mayo score; combined 
clinical and endoscopic score, UCEIS; ulcerative colitis endoscopic index of severity 
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Looking at biomarkers, the Summed SPECT-CT Activity Score correlated far better

with fecal calprotectin (r 0.44, P=0.02) than with serum C-reactive protein levels (r 0.25, 

P=0.18) or serum albumin (r-0.10, P=0.61)(table 3). Fecal calprotectin correlated particularly

well with the Summed SPECT-CT activity score, in patients with left-sided colitis: r=0.80 

(P<0.001) compared to patients with pancolitis: r 0.22 (P=0.41)(table 4). However, when

looking at patients with severe UC and Mayo endoscopy score 3 (n=15), serum C-reactive 

protein correlated better (r=0.53, P<0.05) with the Summed SPECT-CT Activity score 

(n=15), than fecal calprotectin (r=0.19, P=0.51).  

Clinical disease activity measured with partial Mayo score, the clinical components of

the Mayo score (r=0.51 (P<0.01) correlated better with the Summed SPECT-CT activity

Score than the SCCAI (r 0.42, P=0.02). Fecal calprotectin performed better in correlation 

with clinical scores (r=0.50, P<0.01 and r 0.55, P<0.01 respectively) than CRP 0.24 

(P=0.21)(supplementary table 1). 

Supplementary TABLE 1. 

Correlation with fecal calprotectin

N=30

(Spearman r, P-values)

Serum CRP

SCCAI

Partial Mayo score

Endoscopic Mayo score

Endoscopic Mayo extent

Full Mayo score

UCEIS score

UCEIS extent

UCEIS extent ulcer subscore

r 0.24 (P=0.21)

r 0.50 (P<0.01)

r 0.55 (P<0.01)

r 0.13 (P=0.52)

r 0.41 (P=0.03)

r 0.47 (P=0.01)

r 0.09 (P=0.65)

r 0.32 (P=0.09)

r 0.36 (P=0.06)

Legends: CRP; C-reactive protein, ESR: Erythrocyte sedimentation rate, SCCAI; simple

clinical colitis activity index, UCEIS; ulcerative colitis endoscopic index of severity
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TABLE 3. Correlation Table Summed SPECT-CT Activity score (Spearman rank, r)

TABLE 3. 
Correlation with SAS

N=30
(Spearman r, 
P-values)

Fecal calprotectin
Serum CRP
SCCAI
Partial Mayo score 
Endoscopic Mayo score
Endoscopic Mayo extent
Full Mayo score
UCEIS score
UCEIS extent score
UCEIS extent ulcer subscore
Geboes histologic score

r 0.44 (P=0.02)
r 0.25 (P=0.18)
r 0.42 (P=0.02)
r 0.51 (P<0.01)
r 0.42 (P=0.02)
r 0.34 (P=0.07)
r 0.48 (P<0.01)
r 0.21 (P=0.26)
r 0.33 (P=0.07)
r 0.50 (P<0.01)
r 0.51 (P<0.01)

Legends: SAS; Summed SPECT-CT activity, CRP; C-reactive protein, SCCAI; simple clinical 
colitis activity index, Partial Mayo score; clinical score, Endoscopic Mayo extent; Summed 
endoscopic Mayo score of all colonic segments, Full Mayo score; combined clinical and 
endoscopic score, UCEIS; ulcerative colitis endoscopic index of severity

For the colon as a whole, global colonic inflammation measured by the SPECT-CT

summed activity score (SAS) correlated with the endoscopic Mayo score (r 0.42, P=0.02),

but not with the UCEIS r 0.21 (P=0.26)(table 3) The endoscopic Mayo extent score (which 

sums up the different scores of all 5 segments) surprisingly had a worse correlation with the 

total inflammation by SPECT-CT than the endoscopic scores based on the most affected 

segment. Nevertheless the ulcer subscore of the UCEIS did have a good correlation with the 

total inflammatory burden as detected by SPECT-CT (r 0.50, P<0.01). Also the Geboes

histologic score, which depends on the histologic score of the most affected biopsy, had a 

better correlation (r 0.51, P<0.01) with the SAS compared to the cumulative Geboes

histologic score of all colonic segments (r 0.40, P=0.03). This correlation with Geboes 

histologic score with Summed SPECT-CT activity was best in the subgroup of patients with 

pancolitis: r=0.67 (P<0.01)(table 4). 

TABLE 4. Correlations with SAS Pancolitis (n=16) Left-sided colitis (n=14)

Serum CRP

Fecal calprotectin

SCCAI

Partial Mayo score

Endoscopic Mayo score

Full Mayo score

UCEIS score

Geboes histologic score

r 0.11 (P=0.67)

r 0.22 (P=0.41)

r 0.25 (P=0.35)

r 0.38 (P=0.14)

r 0.54 (P=0.03)

r 0.33 (P=0.21)

r 0.17 (P=0.53)

r 0.67 (P<0.01)

r 0.65 (P=0.02)

r 0.80 (P=0.001)

r 0.73 (P<0.01)

r 0.83 (P<0.001)

r 0.18 (P=0.55)

r 0.74 (P<0.01)

r 0.28 (P=0.34)

r 0.35 (P=0.24)

Legends: SAS; Summed SPECT-CT activity, CRP; C-reactive protein, SCCAI; simple clinical
colitis activity index, Partial Mayo score ; clinical score, Full Mayo score; combined clinical
and endoscopic score, UCEIS; ulcerative colitis endoscopic index of severity
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Looking at biomarkers, the Summed SPECT-CT Activity Score correlated far better 

with fecal calprotectin (r 0.44, P=0.02) than with serum C-reactive protein levels (r 0.25, 

P=0.18) or serum albumin (r-0.10, P=0.61)(table 3). Fecal calprotectin correlated particularly 

well with the Summed SPECT-CT activity score, in patients with left-sided colitis: r=0.80 

(P<0.001) compared to patients with pancolitis: r 0.22 (P=0.41)(table 4). However, when 

looking at patients with severe UC and Mayo endoscopy score 3 (n=15), serum C-reactive 

protein correlated better (r=0.53, P<0.05) with the Summed SPECT-CT Activity score 

(n=15), than fecal calprotectin (r=0.19, P=0.51).  

Clinical disease activity measured with partial Mayo score, the clinical components of 

the Mayo score (r=0.51 (P<0.01) correlated better with the Summed SPECT-CT activity 

Score than the SCCAI (r 0.42, P=0.02). Fecal calprotectin performed better in correlation 

with clinical scores (r=0.50, P<0.01 and r 0.55, P<0.01 respectively) than CRP 0.24 

(P=0.21)(supplementary table 1). 

Supplementary TABLE 1.  

Correlation with fecal calprotectin 

N=30 

(Spearman r, P-values) 

Serum CRP 

SCCAI 

Partial Mayo score 

Endoscopic Mayo score 

Endoscopic Mayo extent 

Full Mayo score 

UCEIS score 

UCEIS extent 

UCEIS extent ulcer subscore 

r 0.24 (P=0.21) 

r 0.50 (P<0.01) 

r 0.55 (P<0.01) 

r 0.13 (P=0.52) 

r 0.41 (P=0.03) 

r 0.47 (P=0.01) 

r 0.09 (P=0.65) 

r 0.32 (P=0.09) 

r 0.36 (P=0.06) 

Legends: CRP; C-reactive protein, ESR: Erythrocyte sedimentation rate, SCCAI; simple 

clinical colitis activity index, UCEIS; ulcerative colitis endoscopic index of severity 
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Discussion 

This study demonstrates that disease severity and inflammatory load assessed by 

SPECT-CT as gold standard correlates well with both endoscopic and histologic scores in 

patients with active UC. The endoscopic Mayo score reflects the inflammatory burden more 

reliably than the UCEIS. At the level of biomarkers, fecal calprotectin performed better than 

serum CRP in particular in patients with left-sided colitis. 

Previously, the combination of leukocyte scintigraphy and SPECT-CT has mainly 

been studied in the context of suspected IBD without parallel ‘complete’ colonoscopy and 

systematic biopsies as reference.28 It was suggested that leukocyte SPECT scan has low 

sensitivity and specificity compared to routine planar white cell scan, precluding its use for 

the routine detection of UC.29 However, combined use of multidetector Computed 

Tomography Enteroclysis and leukocyte scintigraphy was shown to be useful in diagnosing 

and monitoring UC disease course.30 In our study, we are the first to compare inflammatory 

burden, measured with state-of-the-art SPEC-CT, with histology by extensive systematic 

biopsy taking, the most recently developed endoscopic grading scale (UCEIS) and the 

relatively ‘novel’ biomarker fecal calprotectin in patients with an established diagnosis of UC. 

We believe that SPECT-CT represents the most reliable and objective instrument to 

measure inflammatory load in UC, since it fully quantifies the number of leukocytes present 

in the inflamed colon, not limited to the mucosal lining alone. Therefore it appears more 

accurate than endoscopic measures, usually considered the ‘gold standard’. Endoscopy is 

hampered by important inter- and intra-observer variability which was recently demonstrated 

in a study of mesalamine for mild to moderately active UC.31 The correlation between 

scintigraphy and the histology score, which as main component also reflects the amount of 

leukocytes in the biopsies, mirrors the validity of this technique.  

 In an earlier Belgian study, the Geboes histologic score and the endoscopic Mayo 

score were measured in parallel. The histologic and endoscopic activity scores correlated 

significantly in inactive and severe disease, but important misclassifications occurred in mild-

moderate disease.32 Our cohort had a relatively small number of patients with mild disease, 

however SPECT-CT was able to identify scintigraphic activity in all patients, even in patients 

with inactive or mild endoscopic disease. Detecting subtle endoscopic lesions, comparable 

to distinguishing endoscopic Mayo score 0 and 1 has clinical implications with respect to 

disease progression and risk for colectomy.33 Equally, even subtle histologic abnormalities 

such as basal plasmocytosis in patients with quiescent UC have been shown to be of critical 

importance to predict the future disease course.34 In this study leukocyte SPECT-CT was 

able to detect even low grade inflammation, revealing whether patients had attained ‘deep 

remission’ as a treatment objective. 
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Our study showed that endoscopy scores based on the most affected area reflect the 

total inflammatory load measured with SPECT-CT better than the sum of the scores of the 

different segments. The ulceration in the most affected segment (generally the rectosigmoid)

was often so pronounced that it represented the vast majority of the inflammatory burden.

Indeed when we only looked at  ‘ulcerated surfaces’ of all colonic segments (UCEIS ‘extent’

ulcer subscore), this resulted in better correlation with SPECT-CT than the overall score

(including vascular pattern and bleeding), suggesting that ulceration was the main and 

dominant component determining the inflammatory load.

Biomarkers that reflect the severity of inflammation are essential in daily practice. In 

this study we included measurements of fecal calprotectin and serum CRP, the two most

frequently used tests in this regard. In Crohn’s disease, fecal calprotectin levels are lower

when ulceration is limited to the terminal ileum.35 Interestingly, we also found a worse 

correlation of fecal calprotectin with SPECT in UC patients with pancolitis compared to those 

with left-sided colitis. Although calprotectin is considered to be a very stable protein, it still

may be degraded down the colon by proteases, such as trypsine or metalloproteinases, 

abundantly present in the inflamed gut.

Serum C-reactive protein correlated best with inflammatory load by SPECT-CT in

patients with endoscopic Mayo 3 compared to patients with less severe disease. The 

absence of serum C-reactive protein elevation in many UC patients with active disease was

already reported earlier and limits the sensitivity as an inflammatory biomarker in a 

considerable group of patients. The biomarker appears reliable however, in patients with 

severely active disease and even more so in hospitalized patients with acute severe 

ulcerative colitis where it can even be used to facilitate treatment decisions.2

Another interesting observation was the sensitivity of the SPECT-CT scan to detect

isolated periappendicular inflammation. This phenomenon, commonly described as ‘cecal

patch’ and typically seen in UC patients with left-sided disease, was observed in 7/30 (23%)

of our patients.36(supplementary figure 1)
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Discussion

This study demonstrates that disease severity and inflammatory load assessed by 

SPECT-CT as gold standard correlates well with both endoscopic and histologic scores in 

patients with active UC. The endoscopic Mayo score reflects the inflammatory burden more

reliably than the UCEIS. At the level of biomarkers, fecal calprotectin performed better than 

serum CRP in particular in patients with left-sided colitis.

Previously, the combination of leukocyte scintigraphy and SPECT-CT has mainly

been studied in the context of suspected IBD without parallel ‘complete’ colonoscopy and 

systematic biopsies as reference.28 It was suggested that leukocyte SPECT scan has low

sensitivity and specificity compared to routine planar white cell scan, precluding its use for 

the routine detection of UC.29 However, combined use of multidetector Computed 

Tomography Enteroclysis and leukocyte scintigraphy was shown to be useful in diagnosing

and monitoring UC disease course.30 In our study, we are the first to compare inflammatory 

burden, measured with state-of-the-art SPEC-CT, with histology by extensive systematic 

biopsy taking, the most recently developed endoscopic grading scale (UCEIS) and the

relatively ‘novel’ biomarker fecal calprotectin in patients with an established diagnosis of UC.

We believe that SPECT-CT represents the most reliable and objective instrument to

measure inflammatory load in UC, since it fully quantifies the number of leukocytes present

in the inflamed colon, not limited to the mucosal lining alone. Therefore it appears more 

accurate than endoscopic measures, usually considered the ‘gold standard’. Endoscopy is

hampered by important inter- and intra-observer variability which was recently demonstrated 

in a study of mesalamine for mild to moderately active UC.31 The correlation between

scintigraphy and the histology score, which as main component also reflects the amount of

leukocytes in the biopsies, mirrors the validity of this technique. 

In an earlier Belgian study, the Geboes histologic score and the endoscopic Mayo 

score were measured in parallel. The histologic and endoscopic activity scores correlated 

significantly in inactive and severe disease, but important misclassifications occurred in mild-

moderate disease.32 Our cohort had a relatively small number of patients with mild disease,

however SPECT-CT was able to identify scintigraphic activity in all patients, even in patients

with inactive or mild endoscopic disease. Detecting subtle endoscopic lesions, comparable 

to distinguishing endoscopic Mayo score 0 and 1 has clinical implications with respect to 

disease progression and risk for colectomy.33 Equally, even subtle histologic abnormalities

such as basal plasmocytosis in patients with quiescent UC have been shown to be of critical

importance to predict the future disease course.34 In this study leukocyte SPECT-CT was

able to detect even low grade inflammation, revealing whether patients had attained ‘deep 

remission’ as a treatment objective.
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Our study showed that endoscopy scores based on the most affected area reflect the 

total inflammatory load measured with SPECT-CT better than the sum of the scores of the 

different segments. The ulceration in the most affected segment (generally the rectosigmoid) 

was often so pronounced that it represented the vast majority of the inflammatory burden. 

Indeed when we only looked at  ‘ulcerated surfaces’ of all colonic segments (UCEIS ‘extent’ 

ulcer subscore), this resulted in better correlation with SPECT-CT than the overall score 

(including vascular pattern and bleeding), suggesting that ulceration was the main and 

dominant component determining the inflammatory load. 

Biomarkers that reflect the severity of inflammation are essential in daily practice. In 

this study we included measurements of fecal calprotectin and serum CRP, the two most 

frequently used tests in this regard. In Crohn’s disease, fecal calprotectin levels are lower 

when ulceration is limited to the terminal ileum.35 Interestingly, we also found a worse 

correlation of fecal calprotectin with SPECT in UC patients with pancolitis compared to those 

with left-sided colitis. Although calprotectin is considered to be a very stable protein, it still 

may be degraded down the colon by proteases, such as trypsine or metalloproteinases, 

abundantly present in the inflamed gut.  

Serum C-reactive protein correlated best with inflammatory load by SPECT-CT in 

patients with endoscopic Mayo 3 compared to patients with less severe disease. The 

absence of serum C-reactive protein elevation in many  UC patients with active disease was 

already reported earlier and limits the sensitivity as an inflammatory biomarker in a 

considerable group of patients. The biomarker appears reliable however, in patients with 

severely active disease and even more so in hospitalized patients with acute severe 

ulcerative colitis where it can even be used to facilitate treatment decisions.2 

Another interesting observation was the sensitivity of the SPECT-CT scan to detect  

isolated periappendicular inflammation. This phenomenon, commonly described as ‘cecal 

patch’ and typically seen in UC patients with left-sided disease, was observed in 7/30 (23%) 

of our patients.36(supplementary figure 1)  
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All these patients had clear uptake of leukocytes in the ileocecal region at SPECT scan, 

while backwash ileitis or ileal Crohn’s disease had been excluded by ileal intubation at 

current and/or previous ileocolonoscopy. The incidence of this type of ‘segmental 

inflammation’ was previously reported to be as high as 75% in patients with left-sided UC.37 

Recently, worse functioning in patient-reported outcomes (PROs) have been 

associated with disease activity in patients with IBD.38 The American Food and Drug 

Administration (FDA) has evaluated clinical endpoints for clinical trials in patients with IBD 

and issued a recommendation to combine patient-reported outcomes and endoscopy, as 

endpoints for clinical trials in drug development.39 In the present study we find that the partial 

(clinical) Mayo score correlated well with the colonic presence of leukocytes suggesting that 

symptomatic scores could also reflect the inflammatory load. This finding could further 

stimulate the progress to patient reported outcomes in clinical trials for patients with UC.  

Several instruments have been developed to measure response to anti-inflammatory 

treatment in UC. The sensitivity to change of nuclear leukocyte scanning has been studied in 

only a limited number of experiments.40 Repeated 99mTc-HMPAO scintigraphy was shown 

to be associated with failure of treatment with corticosteroids or cyclosporine in  acute 

severe hospitalized UC patients.41 Future studies could focus on the SPECT-CT in response 

to therapies such as tumour necrosis factor antagonists or leukocyte migration inhibitors. 

Although patients’ exposure to radiation remains a concern, particularly in the context of 

repeated examinations, this has been minimized significantly by the introduction of the low-

dose CT-scan. The cost of leukocyte scintigraphy (approximately €450) is comparable to 

that of a colonoscopy in the Netherlands, but such costs may widely vary between different 

health care systems. Furthermore, availability of this technique is not limited to tertiary 

centres, since leukocyte isolation and labelling can be performed at commercial nuclear 

laboratories. Imaging can be done at any hospital with SPECT-scan capacity. 

Our study has certain limitations, among which the modest sample size. Our cohort 

had relatively few patients with mild disease, since all patients were enrolled based on their 

indication for scheduled colonoscopy. Nonetheless, we were able to establish significant 

correlations with endoscopic, histologic and biomarker endpoints. Moreover, endoscopic, 

scintigraphic and histologic scorings were all done by independent observers blinded to the 

other results of the study, assuring objective outcome measures.  

In conclusion, leukocyte SPECT-CT correlates with both endoscopic and histologic 

scores for UC. Endoscopic Mayo score reflects the inflammatory burden better than UCEIS. 

Fecal calprotectin is a more accurate inflammatory marker than serum CRP, particularly in 

left-sided colitis. Leukocyte SPECT-CT offers a promising tool to quantify inflammatory load 

in patients with UC. Future research should focus on the technique’s sensitivity to assess 

response to anti-inflammatory agents, particularly leukocyte migration inhibitors.  
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All these patients had clear uptake of leukocytes in the ileocecal region at SPECT scan,

while backwash ileitis or ileal Crohn’s disease had been excluded by ileal intubation at

current and/or previous ileocolonoscopy. The incidence of this type of ‘segmental

inflammation’ was previously reported to be as high as 75% in patients with left-sided UC.37

Recently, worse functioning in patient-reported outcomes (PROs) have been

associated with disease activity in patients with IBD.38 The American Food and Drug 

Administration (FDA) has evaluated clinical endpoints for clinical trials in patients with IBD

and issued a recommendation to combine patient-reported outcomes and endoscopy, as

endpoints for clinical trials in drug development.39 In the present study we find that the partial 

(clinical) Mayo score correlated well with the colonic presence of leukocytes suggesting that

symptomatic scores could also reflect the inflammatory load. This finding could further

stimulate the progress to patient reported outcomes in clinical trials for patients with UC. 

Several instruments have been developed to measure response to anti-inflammatory 

treatment in UC. The sensitivity to change of nuclear leukocyte scanning has been studied in 

only a limited number of experiments.40 Repeated 99mTc-HMPAO scintigraphy was shown 

to be associated with failure of treatment with corticosteroids or cyclosporine in acute 

severe hospitalized UC patients.41 Future studies could focus on the SPECT-CT in response 

to therapies such as tumour necrosis factor antagonists or leukocyte migration inhibitors.

Although patients’ exposure to radiation remains a concern, particularly in the context of

repeated examinations, this has been minimized significantly by the introduction of the low-

dose CT-scan. The cost of leukocyte scintigraphy (approximately €450) is comparable to

that of a colonoscopy in the Netherlands, but such costs may widely vary between different

health care systems. Furthermore, availability of this technique is not limited to tertiary 

centres, since leukocyte isolation and labelling can be performed at commercial nuclear

laboratories. Imaging can be done at any hospital with SPECT-scan capacity.

Our study has certain limitations, among which the modest sample size. Our cohort

had relatively few patients with mild disease, since all patients were enrolled based on their

indication for scheduled colonoscopy. Nonetheless, we were able to establish significant

correlations with endoscopic, histologic and biomarker endpoints. Moreover, endoscopic,

scintigraphic and histologic scorings were all done by independent observers blinded to the 

other results of the study, assuring objective outcome measures.

In conclusion, leukocyte SPECT-CT correlates with both endoscopic and histologic

scores for UC. Endoscopic Mayo score reflects the inflammatory burden better than UCEIS. 

Fecal calprotectin is a more accurate inflammatory marker than serum CRP, particularly in 

left-sided colitis. Leukocyte SPECT-CT offers a promising tool to quantify inflammatory load 

in patients with UC. Future research should focus on the technique’s sensitivity to assess

response to anti-inflammatory agents, particularly leukocyte migration inhibitors.
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