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CHAPTER 7

Abstract 

Approximately half of the patients with inflammatory bowel diseases (IBD) do not 
respond favourably to the α4β7-integrin inhibitor vedolizumab. Here we aimed to 
unravel the predictive potential of the gut microbiota composition or circulating serum 
proteins for vedolizumab response in patients with IBD. We prospectively collected 
clinical data, faecal and blood samples prior to and 14 weeks after vedolizumab in 50 
patients with IBD. Shot-gun metagenomic sequencing and a multiplex immunoassay 
were used to study the gut microbiota and inflammation-related proteins. Baseline and 
paired follow-up samples were assessed in relation to treatment response. 27 out of 
50 patients showed response to vedolizumab. At baseline responders were older, had 
a longer disease duration, more usage of antibiotics, had more bowel resections and 
had lower leukocyte values as compared to non-responders. We were able to predict 
treatment response with an area under the curve of 0.76 by using the above-mentioned 
clinical characteristics and the top circulating proteins TNFSF12, LTA and MMP-10 before 
the start of treatment. We also identified paired changes including an increase in alpha 
diversity (p = 0.0494) and the change of abundance of seven proteins in responders 
(FDR < 0.1, CD5, CST5, IL10RB, SCF, TNFRSF9, DNER and MCP-4). Our study revealed the 
predictive potential of clinical characteristics, the gut microbiota and circulating proteins 
prior to vedolizumab treatment. Furthermore, an increase of microbial richness might 
serve as a biomarker for treatment response. These findings may ultimately help to assign 
vedolizumab to eventual responders in IBD.
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Introduction

The management of inflammatory bowel disease (IBD) introduces a major challenge 
for gastroenterologists, because the onset and progression of IBD is characterized by 
considerable heterogeneity, necessitating a highly patient-specific approach.1 Moreover, 
causative factors in disease pathogenesis remain unclear, which hampers the development 
of potential therapeutic targets. Currently, it is hypothesized that IBD is a multifactorial 
disease in which a genetically susceptible individual has an inappropriate immune 
response to the gut microbiota and is exposed to a variety of environmental triggers.2-4 
The therapeutic management of IBD consists of general-acting immunomodulators 
such as mesalamines, corticosteroids, azathioprine, and TNFα-antagonists.1,5 More 
recently, the α4β7-integrin inhibitor vedolizumab became available for patients with IBD, 
aimed at specifically targeting the affected tissue by blocking gut-specific lymphocyte 
trafficking.6,7 However, the exact biological effect of vedolizumab remains only partially 
understood as it also affects components of the innate immune system.8 

Approximately half of the patients with IBD will respond to vedolizumab, indicating 
the importance of defining patient-specific characteristics to predict outcome before 
the initiation of treatment.6,7 Moreover, once starting vedolizumab, the only reliable 
available method to measure clinical response is by performing endoscopies to assess 
mucosal response. Treatment response is thereby defined as the absence of micro- 
and macroscopic inflammation.9 Several factors have currently been suggested as pre-
treatment predictors of vedolizumab response. Factors including active smoking, severe 
disease activity, structuring/penetrating disease behaviour and elevated circulating 
inflammatory biomarkers such as C-reactive protein and leukocytes have been identified 
as negative predictors for treatment response.10 Despite this, the step towards clinical 
implementation of these predictors remains challenging due to the low sensitivity and 
specificity achieved. 

Additionally, longitudinal follow-up in faecal microbiome have uncovered gut microbial 
differences in responders versus non-responders of patients with IBD treated with 
vedolizumab. For example, abundance of Roseburia inulinivorans was decreased in 
patients with Crohn’s disease (CD) achieving remission, while increased in those who did 
not.  Also, hexitol degradation and glycolysis pathways were shown to have different 
directionality in faecal samples of CD patients achieving remission compared to those 
who did not. While no significant differential changes in taxa were identified in patients 
with ulcerative colitis (UC), palmitate and stearate biosynthesis pathways increased in 
relative abundance in patients achieving remission and decreased in those not achieving 
remission.11 
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Considering the important interaction of the gut microbiota and host immunity 
in the pathogenesis of IBD,12 we hypothesized that integration of extensive clinical 
characteristics, metagenomic information and proteomics would improve the prediction 
of vedolizumab response. Additionally, we hypothesized that responders are in a different 
inflammatory state compared to non-responders before initiation of vedolizumab and 
that these differences would be reflected in the metagenomes and circulating proteins. 
Therefore, in this prospective study, we aimed to predict vedolizumab treatment 
response based on the metagenomes and proteomic data derived from 50 patients 
with IBD. Moreover, in order to define possible biomarkers associated with response, we 
aimed to identify longitudinal gut microbial and proteomic changes during vedolizumab 
treatment in relation to clinical response.

Materials and methods

Study population 
A total of 50 patients aged 18 years or older were included from June 2015 until 
September 2019 from the specialized IBD Center of the Department of Gastroenterology 
and Hepatology of the University Medical Center Groningen (UMCG) in Groningen, the 
Netherlands. Patients with a stoma or pouch (n=5) and samples that failed sequencing 
(n=3) were excluded from the subsequent analysis. All patients had an established 
diagnosis of IBD existing for at least three months based on clinical, endoscopic, and 
histopathological criteria. Informed consent was obtained from patients who were 
starting with vedolizumab treatment as determined by their treating physician. IRB 
approval has been obtained from the University Medical Center Groningen, number 
2008.338.

Study design 
Clinical characteristics, faecal samples and blood samples were collected at baseline, 
i.e. prior to the start of therapy with vedolizumab, and at evaluation, i.e. 14 weeks after 
the start of vedolizumab. IBD related clinical characteristics were derived from medical 
records, including Montreal classification, IBD disease duration, previous medication use 
and previous surgical interventions. At baseline and at week 14 additional demographic 
and clinical characteristics were collected, including age, sex, BMI, current medication 
use, smoking behaviour and disease severity scores (Harvey Bradshaw Index (HBI) for 
CD, Simple Clinical Colitis Activity Index (SCCAI) for UC). To decide to start vedolizumab 
treatment in these patients, a routine endoscopy was performed to confirm the presence 
and location of intestinal inflammation. 
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Defining response to vedolizumab treatment after 14 weeks
Response to vedolizumab treatment was defined by the treating physicians’ global 
assessment to continue vedolizumab treatment at week 14 as being responders to this 
treatment. Physicians’ global assessments were based on alterations of faecal calprotectin, 
serum CRP levels, and clinical disease activity scores (HBI for CD and SCCAI for UC). 
Moreover, in order to compare this study to a previously published study analyzing the 
gut microbiome in relation to response to vedolizumab treatment by Ananthakrishnan 
et al,11 we created a second definition of response to vedolizumab treatment to enable 
comparability of results. In the latter case, a drop of the SCCAI for UC and HBI for CD of 3 
points or more at week 14 was used to define response to vedolizumab treatment.

Sample collection and processing 
For all patients, blood samples and faecal samples were collected before the start of 
vedolizumab treatment and after 14 weeks of treatment. 

Blood samples. A total of 16 laboratory parameters were determined from blood 
samples including the inflammatory markers CRP and leukocyte counts. Furthermore, 
92 preselected inflammation-related proteins were determined from the serum by using 
the commercially available panel, Olink® Inflammation. In short, a proximity extension 
assay (PEA) was performed on the blood samples, where pairs of antibodies with 
oligonucleotides attached are used to detect the proteins of interest.13 Oligonucleotides 
in close proximity produced a template for hybridization and extension. Pre-amplification 
was based on universal primers and subsequently, the resulting DNA sequence is 
detected and amplified by real-time microfluidic quantitative polymerase chain reaction 
(qPCR) (Biomark HD Instrument, Fluidigm®, San Francisco, CA, USA). The analyses 
were performed at Olink® Inflammation, Uppsala, Sweden. Normalized log2 values 
corresponding to protein quantities were generated with the Olink Wizard for GenEx. 
Proteins were included for further analyses if in more than 80% of the baseline samples 
the proteins reached the detection level. This was the case for 76 proteins.  

Faecal samples. Patients produced and immediately froze the faecal samples at home in 
a standardized manner. Personnel from the UMCG collected the faeces on dry ice, using 
insulating polystyrene foam containers, and stored them at -80⁰ C. The QIAamp Fast DNA 
Stool Mini Kit and the QIAcube automated sample preparation system (Qiagen, Germany) 
was used to isolate the microbial genomic DNA. At Novogene (HK) Company Limited, 
Wan Chai, Hong Kong, Whole genome shotgun metagenomic sequencing was performed 
using the Illumina HiSeq 2000 platform. The Illumina adapters were removed from the raw 
metagenomic reads and trimmed to PHRED quality 30, using kneadData (v0.5.1) toolkit. 
Metagenomic reads that aligned to the human genome (GRCh37/hg19) were removed 
using kneadData integrated Bowtie2 tool (v2.3.4.1). Moreover, the FastQC toolkit (v.0.11.7) 
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was used to test the quality of the metagenomic reads. A MetaPhlAn2 tool (v2.7.2) using 
the MetaPhlAn database of marker genes (v. mpa v20 m200) was used. Moreover, the 
HUMAnN2 pipeline (v0.11.1) integrated with the DIAMOND aligment tool (v0.8.22), uniref90 
protein database (v0.1.1) and the ChocoPhlAn pangenome database (v0.1.1) was used to 
profile the functional potential of the metagenomic reads, i.e. the encoded microbial 
biochemical pathways. Taxa and pathways were included if they were present in at least 50 
percent of the samples and had a mean relative abundance abundance of more than 0.01%. 
Normalisation of taxa was performed by using the arcsine square root transformation on 
the relative abundances, while microbial pathways were log transformed before analyses. 
Microbial pathways displaying Spearman correlation coefficients > 0.8 were removed. A 
total of 26 species, 13 genera and 121 pathways were included in these analyses.

Statistical analyses 
All codes used for the statistical analyses are publicly available via this link:  
https://github.com/GRONINGEN-MICROBIOME-CENTRE/Groningen-Microbiome/
commit/4533fa784a62ffa2612591125bf10c287491c577

Descriptive statistics baseline samples / phenotypic differences at baseline

To determine differences in responders and non-responders in patients with IBD treated 
with vedolizumab at baseline, we assessed differences in clinical characteristics by using 
a Wilcoxon-Mann-Whitney-U test for continuous variables and a Chi square test for 
categorical variables. A P-value < 0.05 was considered statistically significant.

Gut microbiota and circulating proteins in baseline samples

We analysed differences in the gut microbiota community between responders and 
non-responders in patients with IBD and in the IBD subtypes Crohn’s disease (CD) 
and ulcerative colitis (UC) separately. This was performed by calculating the Shannon 
index based on bacterial species and Bray-Curtis distances based on bacterial species 
and functional pathways abundances using the functions “diversity” and “vegdist” of 
the vegan package (v 2.5-4) in R. The comparison of the Shannon index and treatment 
response was analysed using the Wilcoxon-Mann-Whitney-U test. Furthermore, a 
PERMANOVA with 1000 permutations was performed using the “adonis” function to test 
the variance explained of each circulating protein on the Bray Curtis distances based 
on species.  A P-value < 0.05 was considered statistically significant and visualization 
was performed by using Principal Coordinate Analysis (PCoA) plots. Next, we analysed 
the relation between the gut microbiota and the circulating proteins by analysing the 
baseline samples. Spearman correlation was calculated between the levels of circulating 
proteins and both the Shannon Index and species abundance.  False discovery rates were 
calculated by using the Benjamini Hochberg method to adjust for multiple testing and an 
FDR<0.1 was considered statistically significant. 
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Associations between individual taxa, microbial pathways and circulating proteins were 
performed using linear models with adding of covariates (multivariate analyses) or without 
adding covariates (univariate analyses). These analyses were performed in patients with 
IBD and in the subtypes CD and UC separately. These covariates were selected based on 
factors which are known from literature to influence the gut microbiota composition14 
and based on differences of baseline variables between responders and non-responders. 
By using the statistical software MaAsLin2, we compared taxa, pathways and circulating 
proteins between responders and non-responders, correcting for the effect of sequencing 
depth (for microbial features only), age, sex, BMI, history of bowel resections, antibiotic 
use at baseline, disease location and leukocytes at baseline. 

Predicting response to vedolizumab treatment

To predict the response to vedolizumab based on a combination of clinical factors, 
microbial features and circulating proteins, a training set was used to train a logistic 
regression model (GLM), support vector machine with radial kernel function (SVM) and 
random forest classifier (RF) machine-learning models. Model training and optimization 
was performed using 5 repeats of 10-fold internal cross-validation on the training set, 
which consisted of 75% of the samples, to optimize the Cohen’s Kappa value, which 
is a balanced metric of positive and negative predictive values. In addition, to further 
optimize the models, recursive feature elimination with resampling was used to minimize 
potential overfitting bias and to maximize the performance. Machine learning classifiers 
were trained, optimized and tested using Caret package (v.6.0-80, https://topepo.github.
io/caret/) in R. 

Analysing changes in gut microbiota and circulating proteins during vedolizumab 
treatment: analyses performed on longitudinal samples 

We next tested whether the Shannon Index, Bray-Curtis distances, individual taxa 
and pathways, and 76 inflammation-related proteins measured by Olink®, differed 
significantly between responders and non-responders in IBD, CD and UC after 14 weeks of 
vedolizumab treatment, as compared to baseline. Bray-Curtis distances were calculated 
for both microbial pathways and microbial species. Differences between the timepoints 
were assessed by using a paired Wilcoxon test for the responders and non-responders 
separately. A false discovery rate was calculated using the Benjamini Hochberg method 
and an FDR< 0.1 was considered statistically significant. 

Replication analysis

Metagenomic data from an independent cohort described earlier was used in an attempt 
to replicate our findings and their previously described findings.11 The raw metagenomic 
sequences of this independent cohort were obtained and the profiling of the taxa and 
pathways were done following the same pipeline as described earlier in this study. By 
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using the statistical software MaAsLin2, we first compared taxa and pathways between 
responders and non-responders in the two cohorts separately. Additionally, these 
analyses were performed in patients with IBD, CD and UC. The covariates sequencing 
depth, age and sex were added in the linear models since these factors were available 
in both cohorts.  A meta-analysis was performed by extracting the standard errors and 
regression coefficients of the two cohorts separately. The inverse variance weighted 
approach for meta-analyses was used. In order to analyse whether the findings were 
derived from a single cohort, the Cochran’s Q-test was used. Associations of the meta-
analyses were considered statistically significant if the FDR of the meta-analysis was < 0.1 
and the heterogeneity p-value was > 0.05. 

Results

Cohort description
A total of 50 patients with IBD were included in this study. After excluding 5 patients 
with a stoma or pouch and 3 baseline faecal samples due to failed sequencing, a total 
of 42 patients with IBD remained for further analyses as described in Table 1. A total of 
20 patients were diagnosed with CD and 22 patients with UC. Half of these patients, 
n=21, responded to vedolizumab treatment as determined at week 14 of treatment. In all 
patients with IBD the presence of intestinal inflammation was identified during routine 
endoscopy, confirming the need for start vedolizumab therapy. Compared to the non-
responders, the responders were older (47 vs. 39 years), had a longer duration of the IBD 
diagnosis (16 vs. 10 years), had more bowel resections prior to vedolizumab treatment 
(67% vs 14%), displayed an increased use of antibiotics in the 3 months prior to sampling 
(33% vs 0%) and had lower concentrations of leukocytes determined at baseline (6.7 vs. 
9 x 109/L) (p<0.05). These factors were included as covariates in subsequent multivariate 
analyses.  Finally, no differences were identified in IBD subtypes, i.e. CD or UC, between 
the responders and the non-responders. 

Table 1. Clinical characteristics, prediction and biomarker of response to vedolizumab
IBD patients clinically 

responding to 
vedolizumab

IBD patients not 
responding to 
vedolizumab p-value

Number of patients 21 21
Female sex (%) 8 (38) 9 (43) 1.0
Age (SD) 47.1 (14.6) 39.2 (16) 0.048*
Body mass index (SD) 24.6 (3.2) 25.6 (5.0) 0.49
Smokers (%) 2 (10) 3 (14) 1.0
Vaginal birth (%) 18 (100) 18 (95) 1.0
IBD characteristics

Crohn’s disease diagnosis (%) 10 (48) 10 (48) 1
Ulcerative colitis diagnosis (%) 8 (38) 11 (52) 0.535
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Disease duration in years (SD) 15.6 (10.2) 10.0 (6.8) 0.01*
Ileal involvement (%) 8 (38) 10 (48) 0.755
History of bowel resections (%) 14 (67) 3 (14) 0.002*

IBD medication prior to vedolizumab treatment (n/y) (%)
Use of prednisone 20 (95) 19 (90) 1.0
Use of budesonide 16 (76) 14 (67) 0.72
Use of beclometason 0 (0) 1 (5) 1.0
Use of 5-ASA 16 (76) 14 (67) 1.0
Use of azathioprine 17 (81) 17 (81) 1.0
Use of 6-MP 8 (38) 7 (33) 1.0
Use of infliximab 13 (62) 11 (52) 0.75
Use of adalimumab 10 (48) 8 (38) 0.77
Use of anti-TNF 16 (76) 15 (71) 1.0
Use of tioguanine 1 (5) 0 (0) 1.0
Use of combination enema 1 (5) 3 (14) 0.59
Use of tacrolimus 2 (10) 2 (10) 1.0
Use of golimumab 2 (10) 3 (14) 1.0
Use of ustekinumab 1 (5) 2 (14) 1.0

*Current (<3 months) other medication (%)
Use of antibiotics 7 (33) 0 (0) 0.008*
Use of proton pump inhibitors 7 (33) 4 (19) 0.49

Baseline
HBI > 4 or SCCAI > 2.5 (%) 14 (67) 17 (81) 0.483
Fecal calprotectine > 200 mg/kg (%) 14 (70) 17 (89) 0.268
Mean Bristol Stool Chart (SD) 4.6 (1.6) 5.3 (1.2) 0.212

Baseline - lab values
Mean ALAT U/L (SD) 27 (15) 24 (18) 0.187
Mean Amylase U/L (SD) 67 (45) 56 (21) 0.542
Mean alkaline phosphatase U/L (SD) 76 (30) 75 (44) 0.907
Mean ASAT U/L (SD) 27 (13) 25 (23) 0.219
Mean erythrocyte sedimentation rate 
mm/hour (SD) 25 (22) 30 (22) 0.463

Mean C-reactive protein mg/L (SD) 6 (9) 11 (14) 0.087
Mean gammaGT U/L(SD) 37 (39) 33 (27) 0.566
Mean haematocrit L/L (SD) 0.40 (0.08) 0.39 (0.04) 0.455
Mean ferritin ug/L (SD) 82 (78) 78 (87) 0.379
Mean ironbindingcapacity umol/L (SD) 64 (12) 67 (10) 0.416
Mean iron umol/L (SD) 13 (6.5) 12 (9) 0.457
Mean leucocytes 10^9/L (SD) 6.7 (2.1) 9 (4) 0.0464*
Mean “mean corpuscular volume” fL (SD) 92 (8) 87 (19) 0.597
Mean creatinine umol/L (SD)  73 (18) 68 (23) 0.404
Mean thrombocytes 10^9/L (SD) 280 (93) 326 (97) 0.197
Mean hemoglobin mmol/L (SD) 7.9 (1.1) 8.0 (0.9) 0.638

After 14 weeks of vedolizumab treatment
HBI > 4 or SCCAI > 2.5 (%) 14 (70) 16 (80) 0.715
Fecal calprotectine > 200 mg/kg (%) 10 (50) 15 (79) 0.121
Mean Bristol Stool Chart (SD) 4.3 (1.5) 5.2 (1.6) 0.111
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Minor baseline differences in the gut microbiome in relation with 
treatment response
We compared the gut microbiota at baseline, i.e. prior to start vedolizumab treatment, 
between the responders and the non-responders in IBD, to identify a possible microbial 
signature that predisposes response to vedolizumab. No differences were observed in 
the baseline α-diversity and β-diversity between the responders and the non-responders 
(p=0.6009 and p=0.9580, respectively, Table S1).  Even though we could not identify 
associations with individual taxa and pathways after adjusting for multiple testing, we 
did identify three bacterial species and two microbial pathways to be associated with 
treatment response in the multivariate analysis at nominal p-value (p<0.05, supplementary 
table 2 and 3). The species Alistipes finegoldii was decreased and the species Sutterella 
wadsworthensis and Ruminococcus torques were increased in responders compared to 
non-responders at baseline (p=0.025, p=0.036 and p=0.047, respectively, Table S2). The 
two pathways (PWY-6606 and PWY-6595) showed an increase in responders compared to 
non-responders (p<0.05, Table S3). These two pathways are involved in the degradation 
of purines. When analysing patients with CD and UC separately, no statistically significant 
associations were identified (Tables S1-S3). 

Minor baseline differences in protein abundance in treatment response
Next, we analysed 76 inflammation-related circulating proteins in IBD under the hypothesis 
that responders display a different inflammatory state than non-responders prior to the 
start of vedolizumab treatment. None of the proteins showed statistical significance 
after adjusting for multiple testing in the multivariate analysis (FDR<0.1, Table S4). We 
did identify the trend of an increased abundance of Tumour necrosis factor (Ligand) 
superfamily member 12 (TNFSF12) in responders compared to non-responders (P-value = 
0.008, FDR = 0.28). TNFSF12, also known as TWEAK, has previously been implicated in IBD 
and shares many functions with TNF. It is mainly produced by leukocytes and is involved 
in numerous cellular processes such as apoptosis, angiogenesis, driving pathological 
tissue changes during chronic injury and fibrosis.15,16 In the analyses containing patients 
with CD and UC separately, no associations were identified (Table S4). 

Gut microbiota composition is correlated to inflammatory markers in blood
Since the gut microbiota plays an important role in the immune system of the host, we 
next analysed the relation between the gut microbiota and the inflammation-related 
proteins derived from the baseline faecal and serum samples of patients with IBD. The 
protein Oncostatin M (OSM) explained 6.4 % of the variance in the β-diversity (FDR = 
0.076, Table S5). We did not identify any correlations between proteins and the α -diversity 
(FDR > 0.1, Table S6). When analysing Spearman correlations between the proteins and 
species, we identified a total of 138 correlations, of which 26 species and 61 proteins were 
involved in at least 1 correlation (p<0.05, Table S7). From these identified correlations, 
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the species Alistipes putredinis was correlated with the highest number of proteins, e.g. 
a total of 13 proteins. The protein OSM was correlated with 8 species, thereby being the 
protein with the highest number of correlations with species. The correlation coefficient 
between C-C motif chemokine ligand 23 (CCL23) and Escherichia coli showed the largest 
relation (rho = 0.53, p=0.005). From these analyses, we concluded that the circulating 
proteins are related to the gut microbiota composition.  

Predicting treatment response
The final analysis in the baseline samples was to combine the results of the identified 
differences in clinical characteristics, species, pathways and circulating proteins in order 
to predict treatment response based on this information at baseline in patients with IBD 
(Table S8). By only taking the clinical characteristics which showed differences at baseline 
(age, disease duration, previous intestinal resections, antibiotic use and serum leucocyte 
counts), we were able to predict treatment response with an area under the curve of 0.69 
(Figure 1A). When adding gut microbial features, e.g. the top three species and pathways 
(Alistipes finegoldii, Ruminococcus torques, Sutterella wadsworthenis, P164-PWY, PWY-6595 
and PWY-6606), this area under the curve improved with a value of 0.71 (Figure 1B). The 
combination of clinical characteristics and top three inflammatory proteins (TNFSF12, 
LTA, MMP-10) showed an area under the curve of 0.76 (Figure 1C). When all variables were 
combined, i.e. clinical characteristics, gut microbiota and inflammatory proteins, we were 
able to predict treatment response with an area under the curve of 0.76 (Figure 1D). 

Longitudinal changes in the gut microbiome are more pronounced in 
responders compared to non-responders
Next, we assessed longitudinal changes in gut microbiota and circulating proteins in 
patients with IBD under the hypothesis that these changes are more pronounced in the 
responders considering the decrease in intestinal inflammation in this group. At week 
14, we observed an increase of the α-diversity compared to baseline in the responders-
group (p=0.0494, Figure 2). This was not the case for the non-responders (p=0.4301, 
Table S9, Figure 2). This indicates that α-diversity of the gut microbiome might be 
indicative of clinical response to vedolizumab. In line with the finding that gut microbiota 
changes are associated to clinical response, we found that in responders, the functional 
composition differed significantly in the first coordinate after vedolizumab as compared 
to before (PCoA1 p=0.048, PCoA2 p=0.099, PCoA3 p=0.865, Table S8). In contrast, in 
non-responders, this difference in functional composition was not present in the first 
three principal coordinates (PCoA1 p=0.298, PCoA2 p=0.297, PCoA3 p=0.597). The overall 
β-diversity calculated on the species was not significantly different after as compared to 
before vedolizumab treatment in both responders and non-responders (p-values>0.05). 
As depicted in figure 3, on the level of individual microbial features, we identified an 
increase of the species Alistipes onderdonkii after 14 weeks in the responders (FDR=0.04, 
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Table S10). This increased trend was also observed in the genus Alistipes and the genus 
Eubacterium in responders (FDR=0.21 and FDR=0.21 respectively). In the non-responders 
a decrease of Prevotella copri was observed after 14 weeks (FDR=0.07). We could not 
identify associations below the significance threshold after correcting for multiple testing 
with regards to the individual pathways. 

In the circulating proteins, we identified alterations between the timepoints of seven 
proteins in the responders (FDR<0.1): CD5, CST5, IL10RB, SCF, TNFRSF9, DNER and MCP4 
(Table S12). These proteins displayed an increase at the second time point compared to 
the first time point. In the non-responders, ten proteins were identified to be altered 

Figure 1. Prediction models for therapy response of vedolizumab in patients with IBD. 
The prediction of treatment response was based on different included variables. In panel 
A based on the clinical characteristics displaying differences at baseline (age, disease 
duration, previous intestinal resections, antibiotic use and serum leucocyte counts). In 
panel B these clinical characteristics including top 3 taxa (Alistipes finegoldii, Ruminococcus 
torques and Sutterella wadsworthensis) and pathways (P164-PWY, PWY-6595 and PWY-
6606), in panel C clinical characteristics and top 3 proteins (TNFSF12, LTA, MMP-10) and in 
panel D information from panel B and C combined. 

B Clinical characteristics + gut microbiotaA Clinical characteristics only

C Clinical characteristics + proteins D All variables
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between the timepoints: CCL3, CCL4, TNF, IL15RA, CD6, CD40, CD244, CCL11, MCP-2 and 
ST1A1 (FDR<0.1). Even though TNF decreased at the second time point, all the other 
proteins showed an increase at the second time point compared to the first time point. 
In the analyses only including patients with CD or UC, no associations were identified 
between either gut microbial features, as in the circulating proteins. 

Figure 2. Alterations in alpha diversity between the timepoints.  The Shannon Index was 
used to calculate the alterations in the alpha diversity between the two time points. Panel 
A is depicted an increase of the alpha diversity in patients responding to vedolizumab 
(one-sided paired Wilcoxon test, P=0.0494). This increase was not observed in the non-
responders as depicted in panel B. 

Figure 3. Alterations in the gut microbiota and circulating proteins in responders and non-
responders. Listed are all observed alterations in individual taxa, pathways and circulating 
proteins after correcting for multiple testing (FDR < 0.1) between the two time points in 
responders and non-responders separately. 

Prediction is cohort specific
In addition to the performed analyses in the described cohort, we combined our data 
with a previously published study that tried to predict response to vedolizumab based 
on the gut microbiome composition.11 In that study, the response to vedolizumab was 

p=0.0494* p=0.4301

p=0.0619

before vedo after vedo

before vedo after vedo before vedo after vedo

total group (responders + non-responders)

responders (n=18) non-responders (n=16)A B

n=42 IBD patients treated with vedolizumab

response no response

Response biomarker

A.

A. Responders B. Non- responders

↑ α-diversity
Changed functional beta-diversity
↑ Alistipes onderdonkii

↑ CD5, CST5, IL10RB, SCF, TNFRSF9, 
DNER and MCP4

↓ Prevotella copri

↑ CCL3, CCL4, IL15RA, CD6, CD40, CD244, 
CCL11, MCP-2 and ST1A1
↓ TNF

B.
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defined solely by a decrease of the HBI for CD and SCCAI for UC of 3 points or more. 
To be able to perform replication and a meta-analysis, we re-defined response in our 
cohort based on this response definition. We were not able to reproduce their result of an 
increased α-diversity at baseline in responders, as compared to non-responders (p=0.63), 
nor in the overall taxonomic and functional composition (p=0.26). Also in the analyses of 
individual taxa and pathways, we were not able to replicate our findings in their cohort 
or the other way around (FDR>0.1, Tables S13 and S14). Moreover, in the meta-analysis, we 
did not identify any new associations (FDR>0.1, Tables S13 and S14).  In order to predict 
treatment response, we applied the same machine learning method and input variables 
in both cohorts based on the gut microbiome composition (Table S8, Figure 4). In our 

A Prediction in VedoPredict UMCG cohort B Prediction in replication cohort

C Predicting cohort

Response AUC = 0.57 ± 0.07

0.0
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Figure 4. Validating prediction model in independent cohort.  The prediction of treatment 
response based on the disease severity scores in our Vedopredict cohort (panel A) and 
in an independent cohort (panel B). Clinical variables available in both cohorts (age, 
sex and sequencing depth) and the top 5 microbial features (Bacteroides xylanisolvens, 
Lachnospiraceae bacterium, PWY-6891, HEXITOLDEGSUPER-PWY and PWY-670) were used 
as input. Despite an area under the curve of 0.79 in the vedopredict cohort, the model 
worked significantly worse in the independent cohort indicated by an area under the curve 
of 0.57. The two cohorts showed distinct gut microbial profiles as indicated by an area under 
the curve of 0.89 in predicting cohorts (panel C).  
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cohort, we were able to predict treatment response with an area under the curve of 
0.79 (Figure 4A) and for the replication cohort this number was 0.57 (Figure 4B). This low 
replication number could potentially be explained by the large differences between the 
cohorts, since we were able to predict the cohort based on the same input variables with 
an area under the curve of 0.89 (Figure 4C). 

Discussion

In this prospective study, our aim was to identify patient-specific leads predictive 
of response to vedolizumab in patients with IBD, using the gut microbiota and 76 
inflammation related circulating proteins. Additionally, we analysed longitudinal 
changes of the gut microbiota and the circulating proteins before and after the start of 
vedolizumab treatment stratified by treatment response, in order to gain more insight into 
the working mechanism of vedolizumab and to identify possible biomarkers indicative of 
clinical response. We found that of the 42 IBD patients included in this study, 21 patients 
responded to the vedolizumab treatment after 14 weeks. In our cohort, we identified 
lower values of leukocytes in the serum of the responders compared to non-responders, 
factors which have  previously been described as predictors for response to vedolizumab 
treatment.10 Surprisingly we identified in the responders more individuals with a history 
of bowel resections in IBD, while previously the opposite has been described in patients 
with CD.17 Other clinical characteristics previously associated with treatment response 
such as smoking and severe disease activity were not related to treatment response in 
our cohort.10

The limited overlap between the predictive performance of clinical characteristics in our 
cohort and those described in previous studies may be partially due to differences in 
defining treatment response. In literature, it is common to define treatment response 
based on disease severity scores, for example the HBI in patients with CD and the SCCAI 
in patients with UC.11,17,18 These scores have a subjective nature, thereby not completely 
capturing active disease states in patients with IBD.19-22 This could potentially lead to 
large differences in assignment of responders and non-responders between the studies. 
Therefore, in this study, we have chosen to use a combination of disease severity scores, 
routine laboratory diagnostic values, faecal calprotectin and most importantly, the 
assessment of the treating gastroenterologist based on these factors to best represent 
the clinical context. 

With regards to other baseline differences, after correcting for multiple testing, we were 
not able to identify differences in the faecal microbial alpha or beta diversity, individual 
taxa and pathways, nor in the abundance of circulating proteins before the start of the 
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vedolizumab treatment in responders compared to non-responders. However, we did 
identify the trend of three microbial species, two microbial pathways and two circulating 
immune proteins to be related to treatment response at baseline indicated by nominal 
P-values < 0.05. Interestingly, the two identified microbial pathways both showed an 
increase in purine degradation in responders compared to non-responders. Combining 
vedolizumab treatment with other immunosuppressants is currently not advised due 
to lack of data.1 These results, however, imply that the use of purine antagonists, such 
as azathioprine, might potentially be beneficial in order to increase response rates in 
vedolizumab users. The limited differences in gut microbiota and circulating proteins 
between responders and non-responders might be explained by the inflammatory 
status of the patients prior to their start with vedolizumab treatment, namely, patients 
that start treatment with vedolizumab often were already exposed to an intense range 
of therapies which might have introduced large alteration in the gut microbiota and 
circulating proteins, resulting in difficulties to distinguish significant differences between 
responders and non-responders, i.e. taxa, pathways or proteins in a cohort of this size. 

Despite the limited differences in the gut microbiota and circulating proteins in relation 
to treatment response at baseline, we were able to predict response status based on 
this information with an area under the curve of 0.76 (Table S8). This indicates that a 
combination of subtle differences might have predictive value. This predictive potential 
might be an underestimated considering the limited sample size of the analysed cohort 
could lead to overfitting when too many variables enter the prediction model. This model 
needs to be tested in an independent cohort containing both information about the gut 
microbiota and the circulating proteins to validate the findings. 

When analysing the longitudinal metagenomes, we identified an increase of the 
α-diversity at the second time point (p=0.0494) in the responders group. Interestingly, an 
increase of alpha diversity has also been observed in patients with IBD or CD responding 
to TNF alpha inhibitors and ustekinumab.23,24 Also a higher alpha-diversity is related 
to a better health in general population individuals.25 This implies that an increase in 
α-diversity could potentially be used for defining treatment response, not only in 
vedolizumab treatment but also in other biologicals used for treating IBD and could be 
used as a biomarker for gut health. Moreover, we only identified in responders that the 
overall functional composition was altered at the second time point. Based on these 
results the alterations of the gut microbiota are more pronounced in the responders 
compared to the non-responders. 

After 14 weeks, we only identified an increase of the species Alistipes onderdonkii in 
the responders (FDR = 0.04) and in the non-responders a decrease was observed of 
the species Prevotella copri (FDR = 0.07). No metabolic pathways were altered between 
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the timepoints, which might be due the functional redundancy of the gut microbiota. 
Circulating proteins, however, showed distinct alterations in both responders and non-
responders, with seven proteins being altered in responders and ten proteins in non-
responders between the two timepoints in IBD. For example, we identified an increase 
in abundance of CCL13, also known as MCP4, in responders. Interestingly, CCL13 is 
a chemokine that elicits migration of monocytes, eosinophils, T-lymphocytes and 
basophils. This finding agrees with an earlier study describing increased abundance of 
circulating CCL13 after vedolizumab treatment.26,27 In non-responders to vedolizumab in 
IBD, the most notable changes are increased chemokines CCL3 and CCL4. CCL3 and CCL4 
are associated with acute inflammation and mediate migration of immune cells into the 
tissues. CCL3 and CCL4 can both bind the chemokine receptor CCR5 and act in the form 
of a heterodimer.  As such, the increased abundance of both CCL3 and CCL4 may reflect 
ongoing tissue inflammation in patients that do not respond to vedolizumab.28 

We furthermore aimed to replicate our findings in an independent cohort containing 
metagenomes before and after vedolizumab treatment.11 We were not able to replicate 
their findings or our findings in their cohort. Moreover, in our meta-analyses, no new 
microbial features were identified to be associated with treatment response. Lastly, when 
using our model for predicting treatment response, we were able to predict treatment 
response in the independent cohort with an area under the curve of 0.57. This lack of 
replication could be explained by the fact that microbiome composition of both cohorts 
showed substantial differences. Despite the efforts of using similar methods, in this case 
i) the availability of metagenomes derived from faecal samples taken from the same 
time points and ii) the handling of the raw metagenomic sequences through the same 
pipeline for annotating individual taxa and pathways, the cohorts show very distinct 
microbial profiles. This might be explained by multiple differences between the studies: 
1) the differences in the geographic origin of the patients, including the accompanying 
lifestyle, 2) the use of disease severity scores for assigning treatment response, 3) faecal 
sample collection (immediate freezing vs. the use of RNALater as preservative) and 4) 
different DNA isolation method. 

Finally, we identified potential interactions between the levels of circulating proteins 
and the gut microbiota composition. We identified OSM to be associated with the beta 
diversity and we identified 138 correlations involving 26 species and 61 unique proteins. 
OSM showed the most pronounced correlation with the gut microbiota, explaining 6.4 
per cent of the variance in the beta diversity (FDR = 0.075) and being correlated to the 
most individual species (n= 8). Interestingly, high expression of OSM has been linked 
to the failure of TNF alpha inhibitors in patients with IBD. Additionally, blocking OSM 
has led to reduction of colitis in an animal model representing intestinal inflammation29. 

OSM showed the highest correlation with Escherichia coli (rho = 0.42, p = 0.003), a species 
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which has widely been described to be associated with IBD.14,30 The relation between 
OSM and Escherichia coli is thereby a striking example of a potential interaction between 
the immune system and the gut microbiota.31 

Overall, due to the observational nature of this and because vedolizumab is currently only 
prescribed for IBD, we did not have the availability of a non-IBD control group. Therefore, 
it is difficult to distinguish whether the observed alterations between the time points are 
due to the vedolizumab or due to the reduction of inflammation. Furthermore, due to the 
second time point being at 14 weeks, only a relatively short time span is studied, thereby 
impeding the discovery of long-term alterations in the gut microbiome and proteins. 
Finally, we were not able to identify associations for the CD and UC diagnoses separately, 
most probably explained by the lack of power to detect so. Future studies spanning a 
larger time period in a larger sample size would help to validate and improve current 
findings.

To conclude, in this study we have shown the potential of both the gut microbiota and the 
circulating proteins to predict treatment response of vedolizumab in patients with IBD. 
Furthermore, the α-diversity might be used as biomarker to define treatment response. 
These findings may ultimately help to assign vedolizumab to eventual responders in IBD.
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