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Background:  The  Toll-like-receptor  9 (TLR-9)  agonist  cobitolimod  (DIMS0150,  Kappaproct® )  is  a  promis-
ing therapeutic  option  for  ulcerative  colitis  (UC)  patients.
Aims:  The  objectives  of  this  post-hoc  analysis  using  the  COLLECT  study  data  was  to  investigate  the  clinical
effects  of  cobitolimod  using  patient-reported-outcomes  (PRO)  defined  endpoints.
Methods:  Dual  topical  administration  of  cobitolimod  was  studied  in a randomised,  multicentre  clinical
trial  named  COLLECT  in  moderate-to-severe  UC  patients.  Symptomatic  remission  (SR)  was studied  in  104
patients  based  on  their  e-diary  records  and  was  defined  as absence  of  blood  in stool  and  a  mean  daily
stool  frequency  (SF)  <  4.
Results:  SR was  achieved  at week  4 in 17.1%  of cobitolimod  vs. 5.9%  of  placebo  treated  patients  (p =  0.13),  at
week  8 in  35.7%  vs.  17.6%  (p =  0.07),  and at week  12  in  38.6%  vs.  17.6%  (p =  0.04)  of the  patients,  respectively.

SR rates  with  cobitolimod  and  placebo  in  anti-TNF�  experienced  patients  were  smaller  but  with  a

broadly  similar  relative  effect-size  to anti-TNF�  naïve  patients.  Clinical  efficacy  was  higher  in  patients
with  moderate  compared  to  severe  disease.
Conclusions:  Application  of  the  Toll-like-receptor  9 (TLR-9)  agonist  cobitolimod  is  able  to  induce  remission
as assessed  by  PRO measures  in  UC  patients  with  moderate-to-severe  activity  as  well  as in anti-TNF�
experienced  and  naïve  patients  supporting  the  overall  efficacy  of  the  substance.

©  2018  Published  by Elsevier  Ltd  on behalf  of Editrice  Gastroenterologica  Italiana  S.r.l.
. Introduction

One of the major phenotypes of inflammatory bowel diseases
IBD) is ulcerative colitis (UC), which is characterized by a super-
cial, continuous mucosal inflammation, which is predominantly
imited to the large intestine [1–5]. A large proportion of patients
oes not respond to available therapies, thereby becoming treat-
ent refractory and often requiring surgical intervention, i.e.,

� Trial registration number: NCT01493960.
∗ Corresponding author at: Nottingham Digestive Diseases Centre, University Hos-
ital, Derby Road, Nottingham NG7 2UH, United Kingdom.

E-mail address: cj.hawkey@nottingham.ac.uk (C. Hawkey).
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590-8658/© 2018 Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Ital
proctocolectomy [6,7]. Therefore, therapies with novel modes of
actions are needed to augment the therapeutic armamentarium.

The host discerns foreign from self-antigen through pattern
recognition receptors (PRR), which detect specific molecular pat-
terns of pathogens [8]. One group of PRRs consists of Toll-like
receptors (TLRs) with variable specificities for sensing microbial
structures [8]. One of these receptors TLR-9 has over the years
received growing interest as a potential point of therapeutic inter-
vention in the treatment of UC. TLR-9 exclusively recognizes
bacterial DNA by serving as a ligand for its CG (CpG) motifs

[9,10]. These CpG sequence motifs composed of unmethylated CpG
dinucleotides have been identified as the immunostimulatory com-
ponent of bacterial DNA [10]. The ability to modulate the immune
system makes the CpG motif an attractive therapeutic target and
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LR-9 activation has correspondingly been shown to prevent devel-
pment of mucosal inflammation and promote wound healing in
everal models of experimental colitis [11–13].

Cobitolimod (formerly known as DIMS0150 or Kappaproct
®

) is a
ingle strand DNA-based synthetic oligonucleotide (ODN) that con-
ains an unmethylated CpG motif, that activates TLR-9 on target
ells such as intestinal T and B lymphocytes and antigen pre-
enting cells (APCs) with potent induction of anti-inflammatory
ytokines such as interleukin-10 (IL-10) and type I interferons
14,15]. Although administration of cobitolimod did not meet the
re-specified primary endpoint in the COLLECT study in treatment-
efractory UC patients, clinical efficacy could be demonstrated in
everal secondary endpoints with statistically significant differ-
nces in comparison to placebo treatment [16].

The purpose of this post hoc analysis of the COLLECT study
ata was to investigate the clinical effects of topically administered
obitolimod using patient-reported outcome (PRO) defined end-
oints, studying sustained and longer-term effects, and analysing
ifferent patient subgroups defined by disease activity or anti-TNF�
herapy exposure.

. Material and methods

.1. Patients

This retrospective analysis is based on a multicenter, random-
zed, double-blind, placebo-controlled phase III trial (ClinicalTrials.
ov identifier: NCT01493960), which was conducted at 38 centres
n 7 countries (Czech Republic, France, Germany, Hungary, Italy,
oland and the United Kingdom) from December 2011 through
arch 2014. The study protocol conforms to the ethical guidelines

f the 1975 Declaration of Helsinki, was reviewed and approved
y regional Independent Ethics Committees (EudraCT nr 2011-
03130-14) and by the competent authorities in each country prior
o the inclusion of patients (Ethics Committee, University Hospital
radec Kralove, Czech Republic, November 3, 2011; Comitato Etico,
niversita Cattolica Del Sacro Cuore, Italy, March 5, 2012; Ethics
ommittee for Clinical Pharmacology, Medical Research Council,
udapest, Hungary, September 27, 21011; Decyzja Komisji Etycznej
arszawa, Poland, September 14, 2011; National Research Ethics

ervice, NRES Committee East Midlands, Leicester, UK, November
1, 2011; Ethics Committee, Hanover Medical School, Germany,
ecember 15, 2011; Comite de Protection des Personnes Ile de
rance, Aulnay-Sous-Bois Cedex, December 12, 2012). Written
nformed consent was obtained from all patients prior to any study
elated procedures.

.2. Study design

The data presented in this manuscript represents a retrospec-
ive analysis of the COLLECT study, which has been described in
etail before [17]. Eligible patients were adults with moderate
o severely active, UC with a Clinical Activity Index (CAI) [17] of
9, and an endoscopic Mayo score ≥2 [18]. Eligible patients were

reatment refractory to standard therapy and received concomitant
teroid medication before and during the study. The TLR-9 ago-
ist cobitolimod is a fully synthetic 19-mer oligodeoxynucleotide.
atients were randomized in a 2:1 ratio to receive topical adminis-
ration of cobitolimod (30 mg)  via endoscopy using a spray catheter

t week 0 and 4 proximal to the site of the heaviest inflammation, or
atching placebo diluted in 50 ml  of sterile water after adequate

owel cleaning for stool content. In case of pancolitis, the study
edication was applied to the transverse colon.
Disease 50 (2018) 1019–1029

2.3. Endpoints

Endpoints studied in this post hoc analysis include symptomatic
remission (SR) defined as absence of blood in stool and a mean
daily stool frequency of <4, mucosal healing (MH) defined as a
Mayo endoscopic score ≤1 and a combined score for patients who
achieved both SR and MH  termed clinical remission (CR). As lower
GI endoscopy was performed at week 4 and 12, MH could be
assessed only at these time-points, while other clinical endpoints
were assessed at week 4, 8, and 12.

Sustained SR was  defined as SR both at weeks 4 and 12 in a
patient, sustained SR in combination with MH  was defined as a
patient fulfilling SR and MH  remission criteria both at weeks 4 and
12. The PRO measures, stool frequency and blood in stool, were
analysed using e-diary data with daily assessments from week 0 to
12 entered by the patients [19].

No blood in stool was defined as a patient having reported 7
consecutive days without blood in stool, stool frequency <4 was
defined as a mean daily reported stool occurrence below 4 over 7
consecutive days.

The clinical endpoints were studied in different patient sub-
groups defined either by disease activity at baseline and in regard
to pre-treatment with an anti-TNF� agent. Disease activity was
measured using the CAI score, which ranges from 0 to 23 and
differentiates between patient populations with moderate (CAI
index = 9), moderate to severe (CAI index = 10–11) and severe (CAI
index ≥ 12) disease activity, and using the C-reactive protein (CRP)
levels to separate patients with normal (<5 mg/ml) or elevated
(>5 mg/ml) CRP.

2.4. Patient disposition

A total of 162 UC patients were screened for inclusion in the
study, of which 131 were randomized with 87 in the cobitolimod
and 44 patients in the placebo treatment group. Overall 119 sub-
jects were initiated in the e-diary system from which 15 patients
had no valid baseline data and were therefore excluded. Thereby
the observed cases population with available e-diary data at base-
line consisted of 104 patients, which were used for data analysis in
this report. Within these 104 patients of the observed cases popu-
lation complete data were available from 99 patients at week 4 and
87 patients at week 12. There was  overall e-diary compliance to all
protocolled daily assessments of 86.3% from baseline to week 12.
Demographics of the observed cases population are summarized in
Table 1.

2.5. Statistical analysis

All data were presented using descriptive statistics, with fre-
quency and relative frequency for categorical variables and mean,
standard deviation, minimum and maximum for continuous vari-
ables. For the e-diary assessment, 70 plus 34 patients in the
cobitolimod and placebo group respectively were reporting data.
Therefore, analyses were based on these 104 subjects. All tests were
two-sided and p < 0.05 was  regarded as statistically significant. Due
to the small number of subjects a meaningful statistical analysis
of the various subgroups (disease activity, TNF exposure) was not
possible.

Missing data for the analysis population with eligible e-diary
data (n = 104) was replaced using the last-observation-carried-
forward (LOCF) method, which practically means that they were
imputed with a non-responder value for missing data, i.e. no remis-

sion. This was  a conservative approach. Categorical endpoints were
analysed using the Cochran Mantel-Haenszel method controlling
for categories of CAI scores at baseline. The statistical hypothesis
tested was, Odds Ratio (OR) = 1, i.e. no difference between treat-

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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Table  1
Summary of demographic and baseline characteristics of patients in the observed cases population. Percentage calculated for the number of subjects by treatment group.

Parameter Placebo (N = 34) Cobitolimod (N = 70) Overall (N = 104)

Age (years) Mean (SD) 41.6 (12.24) 41.9 (14.2) 41.8 (13.5)
Median 41.5 38.5 39.5
Range 22, 67 19, 72 19, 72

Gender, n (%) Male 23 (67.6) 41 (58.6) 64 (61.5)
Female 11 (32.4) 29 (41.4) 40 (38.5)

Race,  n (%) White 43 (100.0) 69 (98.6) 103 (99.0)
Asian 0 (0.0) 1 (1.4) 1 (1.0)
Black 0 (0.0) 0 (0.0) 0 (0.0)
Other 0 (0.0) 0 (0.0) 0 (0.0)

Weight  (kg) Mean (SD) 75.6 (19.06) 72.9 (13.49) 73.8 (15.48)
Median 74.5 73.3 73.8
Range 45, 130 45, 103 45, 130

UC  duration (years)a Mean (SD) 7.7 (6.3) 9.7 (8.2) 9.1 (7.7)
Median 5.3 7.5 6.5
Range 1.6, 29.6 0.5, 42.8 0.5, 42.8

CAI  scoreb

CAI 9 n 9 20 29
%  27.3 29.4 28.7

CAI  10–11 n 17 31 48
%  51.5 45.6 47.5

CAI  ≥ 12 n 7 17 24
%  21.2 25.0 23.8

Endoscopic Mayo scorec

Score 0 n 0.0 0.0 0.0
%  0.0 0.0 0.0

Score  1 n 0.0 0.0 0.0
%  0.0 0.0 0.0

Score  2 n 14 31 45
%  41.2 44.3 43.3

Score  3 n 20 39 59
%  58.8 55.7 56.7

Extent of inflammation
Left-sided n 19 51 70

%  55.9 72.9 67.3
Extensive n 15 19 34

%  44.1 27.1 32.7

CRP
CRP  ≤ 5 mg/ml  n 17 40 57

%  50.0 57.1 54.8
CRP  > 5 mg/ml n 17 30 47

%  50.0 42.8 45.2

Prior  anti-TNF� therapy, n (%)
Yes 17 (50.0) 30 (42.9) 47 (45.2)
No  17 (50.0) 40 (57.1) 57 (54.8)

SD = standard deviation.
UC = ulcerative colitis.
CAI = clinical activity index.

a Duration is calculated from the date of UC onset to the date of Visit 1.
b Last observation carried forward approach was used for missing data.
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c Endoscopic Mayo score 0 = normal or inactive (mild granularity, oedema); scor
rosions, marked erythema, absent vascular pattern; score 3 = spontaneous bleedin

ent groups with regard to the endpoints defined in this study.
ata derivation and statistical analyses were done using IBMSPSS
ersion 22.

Multivariate analyses were performed using the logistic regres-
ion analysis for the endpoints of SR and CR respectively. The
egression models were built in three steps. The first model (model
) was based on the univariate analysis calculating the OR for
he comparison of the two treatment arms with no adjustment
or other factors. The second model (model 2) was including an
djustment for disease severity at baseline using the baseline cate-

ories of CAI scores: moderate (CAI index = 9), moderate to severe
CAI index = 10–11) and severe disease (CAI index ≥ 12). The third

odel (model 3) included an adjustment for three factors, dis-
ase severity at baseline, prior use of anti-TNF� treatment (naïve
ild friability, erythema, decreased vascular pattern; score 2 = moderate friability,
ration.

versus non-naïve) and CRP levels (CRP < 5 versus CRP > 5). All these
were included as fixed factors together with the treatment fac-
tor (cobitolimod versus placebo). Results are presented using Odds
Ratio, OR, together with the p-value. An OR > 1 indicates a beneficial
efficacy in favour of cobitolimod compared to placebo with regard
to SR and CR, respectively.

3. Results

3.1. Symptomatic and clinical remission rates as assessed by

patient reported outcomes according to e-diary data

SR was achieved in 17.1% of cobitolimod treated vs. 5.9% of
placebo-treated patients (p = 0.13) at week 4 (Fig. 1A). At week 8,
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Fig. 1. Symptomatic and clinical remission.
(A) SR rates of placebo or cobitolimod treated patients at week 4 (W4), 8 (W8) or week 12 (W12) defined as a blood in stool score of 0 and a stool frequency of less than 4
stools per day.
(B) CR rates of placebo or cobitolimod treated patients at week 4 (W4) or week 12 (W12) defined as a blood in stool score of 0 a, a stool frequency of less than 4 stools per
day  and an endoscopy Mayo score of ≤1.
(C) SR rates of placebo or cobitolimod treated patients at week 4 (W4), 8 (W8) or week 12 (W12) defined as a blood in stool score of 0 and a stool frequency of less than 5
stools  per day.
(D) CR rates of placebo or cobitolimod treated patients at week 4 (W4) or week 12 (W12) defined as a blood in stool score of 0 a, a stool frequency of less than 5 stools per
d
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ay  and an endoscopy Mayo score of ≤1.
.o.C. = standard of care, observed cases set (cobitolimod n = 70, placebo n = 34) was

he corresponding SR rates were 35.7% vs. 17.6% (p = 0.07) (Fig. 1A)
nd at week 12 they were 38.6% vs. 17.6% (p = 0.043), respectively
Fig. 1A). CR was achieved in 14.3% of patients in the cobitolimod
roup vs. 2.9% of patients in the placebo group (p = 0.10) at week 4,
espectively (Fig. 1B). At week 12, the corresponding figures were
7.9% vs. 15.2% (p = 0.214), respectively (Fig. 1B).

Using a less stringent stool frequency endpoint definition, i.e.
 mean daily stool frequency (SF) < 5, SR was achieved in a higher
ercentage of cobitolimod and placebo-treated patients at all time

oints studied. However, the relative differences between the two
roups were similar to the values observed for a SF < 4 (Fig. 1C).
for the analysis.

Using the mean daily SF < 5 cut off, CR was  achieved in the
cobitolimod group and the placebo group at very similar levels as
observed for a SF < 4 (Fig. 1D).

In all subsequent analysis (Figs. 2–5) the more stringent end-
point definition using a mean daily SF < 4 was  used.

3.2. Sustained remission after dual topical administration of
cobitolimod
Sustained SR at both weeks 4 and 12 was achieved in 12.9% of
the cobitolimod vs. 2.9% of the placebo-treated patients (p = 0.14)
(Fig. 2A).
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Fig. 2. Sustained remission.
(A) Proportion of placebo or cobitolimod treated patients with SR at week 4, weeks
4  and 8 and weeks 4, 8 and 12 weeks.
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In the observed cases population, over 40% of the patients (50% in
B) Proportion of patients with CR at week 4 and weeks 4 and 12.
.o.C. = standard of care.

MH  was evident in 32.9% of the cobitolimod vs. 20.6% and of the
lacebo treated patients (p = 0.25) at 4 weeks. Sustained MH  for
eeks 4 and 12, i.e. MH both at week 4 and week 12, was present

n 25.7% vs. 17.6% of cases (p = 0.46), respectively.
CR at week 4, which was sustained/maintained at week 12, was

chieved in 11.4% in the cobitolimod vs. 0% in the placebo treated
atients (p = 0.05) (Fig. 2B).

.3. Remission rates according to disease severity

In the observed cases population (n = 104) at baseline 28.7% of
he patients had a moderate disease (CAI = 9), 47.5% of the patients
ere in a moderate to severe disease setting (CAI = 10–11), while a

evere disease with a CAI score of 12 or more was evident in 23.8%
f the patients.

In the moderate patient population (CAI = 9) SR was  achieved in

0%/45%/35% of the cobitolimod vs. 20%/10%/10% of placebo treated
atients at week 4/8/12, respectively (Fig. 3A). These differences
ould not be statistically assessed due to the low number of subjects
isease 50 (2018) 1019–1029 1023

among the subgroups, which was  also true for the other disease
severity categories tested and described in the following.

In the moderate to severe patient population (CAI = 10–11) SR
was evident in a range of 23%–48% in the cobitolimod and 0%–18%
respectively in the placebo treated patients with relative effect sizes
(deltas between cobitolimod and placebo) ranging from 17.9% to
30.8% (Fig. 3A). There was  some variation observed among groups
of disease severity at baseline (CAI) with regard to SR, but there
were no statistical evidences for these differences and there were
only 25 patients in the most severe group. At week 4 the SR rate
of placebo patients was 0% (0/17 pts.) in the moderate to severe
patient population and 20% (2/10 pts.) in the moderate patient pop-
ulation. The variation observed in those results is explained by only
two subjects and therefore no conclusion can be made and it should
be interpreted as a random variation.

In the severe patient population (CAI ≥ 12) SR rates ranged
from 0% to 29% among weeks 4–12 and were similar between
cobitolimod and placebo treated patients (Fig. 3A).

In the moderate patient population MH was reported in 50%
and 50% of the cobitolimod vs. 23% and 39% of the placebo treated
patients at weeks 4 and 12, respectively. In the moderate to
severe patient population MH  was present in 40% and 46% of the
cobitolimod vs. 20% and 55% in the placebo-treated patients at week
4/12, respectively and in the severe patient population 9% and 27%
of the cobitolimod vs. 20% and 50% of the placebo-treated patients
showed MH  at weeks 4 and 12, respectively.

Cobitolimod treated patients with moderate disease showed CR
rates of around 20% at weeks 4 and 12 with relative effect sizes
of about 10% (Fig. 3B). In patients with moderate to severe disease
CR was  achieved in 16% and 35% of cobitolimod treated patients at
week 4 and 12 with relative effect sizes of 16% and 23%. In contrast,
CR in patients with severe disease was overall lower (0%–29%) and
similar between cobitolimod and placebo treated patients (Fig. 3B).

3.4. Relationship between remission rates and CRP levels

At baseline 55% of the patients had normal CRP levels
(CRP ≤ 5 mg/ml), whereas elevated levels (CRP > 5 mg/ml) were evi-
dent in 45% of the patients.

In the patient subgroup with normal CRP levels (CRP ≤ 5 mg/ml)
at baseline SR was  achieved in the range of 20% (week 4)–50% (week
12) of the cobitolimod treated patients with relative effect sizes of
8% (week 4)–21% (week 12) (Fig. 4A). In the patients with elevated
CRP levels SR rates were lower ranging from 13% (week 4)–23%
(week 12) in the cobitolimod treated patients but relative effect-
sizes were similar (Fig. 4A).

In patients with normal CRP values at baseline MH was reported
in 46% and 54% for cobitolimod vs. 17% and 39% for placebo treated
patients at week 4 and 12, respectively. In the patient population
with CRP >5 mg/ml  MH  rates were again lower with 22% and 25%
of the cobitolimod vs. 20% and 45% in placebo treated patients at
week 4 and 12, respectively.

In the patients with normal CRP levels CR was  achieved in
17.5% (week 4) and 34.2% (week 12) for cobitolimod treated
patients. In the patient population with elevated CRP values CR
rates were lower, 10% (week 4) and 20% (week 12) both in the
cobitolimod treated patients (Fig. 4B). Relative effect size in favour
of cobitolimod was  similar and around 10% for all time points and
subgroups by CRP levels.

3.5. Remission rates according to previous anti-TNF  ̨ therapy
the placebo group and 43% in the cobitolimod group) had received
prior anti-TNF� agent treatments of which infliximab with 81.3% of
cases was  the most commonly used. Three quarters of the patients
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Fig. 3. Symptomatic and clinical remission in patients with moderate, moderate to severe and severe disease.
A  to sev
w  (B) Pr
S

w
m

f

t  study start patients had active UC with either moderate (CAI index = 9), moderate
ith  placebo or cobitolimod. (A) Proportion of patients with SR at 4, 8 or 12 weeks.

.o.C.  = standard of care.
ho had received prior anti-TNF� therapy were classified as treat-
ent refractory.
In the anti-TNF� experienced patient subgroup SR was  ranging

rom 7% (week 4) to 27% (week 12) for cobitolimod vs. 6% at weeks
ere (CAI index = 10–11) or severe (CAI index ≥ 12) disease activity and were treated
oportion of patients with CR at 4 or 12 weeks.
4, 8 and 12 of the placebo treated patients (Fig. 5A). In the anti-TNF�
naïve patient population SR rates were higher with 25%–48% in the
cobitolimod treated patients with relative effect sizes of around
18% (Fig. 5A).
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Fig. 4. Symptomatic and clinical remission in patients with normal and elevated CRP levels.
At  study start patients had normal CRP (CRP < 5 mg/ml) or elevated CRP levels (CRP > 5 mg/ml) and were treated with placebo or cobitolimod. (A) Proportion of patients with
SR  at 4, 8 or 12 weeks. (B) Proportion of patients with CR at 4 or 12 weeks.
S.o.C. = standard of care.
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Fig. 5. Symptomatic and clinical remission in anti-TNF�-antibody pre-treated and naïve patients.
Patients have received prior anti-TNF� therapy (prior anti-TNF�) or were anti-TNF�-antibody naïve (anti-TNF� naïve) and were treated with placebo or cobitolimod. (A)
Proportion of patients with SR at 4, 8 or 12 weeks. (B) Proportion of patients with CR at 4 or 12 weeks.
S.o.C. = standard of care.
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Table  2
Multivariate logistic regression analysis of the endpoints symptomatic and clinical remission.

Endpoint Model 1a Model 2b Model 3c Correlation to baseline characteristics (from model 3)

Cobitolimod vs placebo Cobitolimod vs placebo Cobitolimod vs placebo Anti-TNF-alpha naïve
(vs experienced)

CRP < 5 (vs CRP ≥ 5)

ORd p-Value OR p-Value OR p-Value ORe p-Value ORf p-Value

Symptomatic remissiong

Week 4 3.31 0.132 3.65 0.107 3.23 0.149 3.16 0.159 1.83 0.361
Week  8 2.59 0.064 2.64 0.061 2.58 0.088 4.74 0.08 4.31 0.06
Week  12 2.93 0.036 3.08 0.03 2.94 0.050 2.95 0.042 4.68 0.003

Clinical remissionh

Week 4 5.50 0.110 5.98 0.097 5.45 0.117 2.23 0.341 1.87 0.399
Week  12 2.16 0.163 2.19 0.162 1.88 0.281 3.80 0.033 2.90 0.049

a Unadjusted.
b Adjusted for disease severity at baseline.
c Adjusted for i) severity ii) anti-TNF and iii) CRP.
d Odd ratios (OR) > 1.0 is in favour of cobitolimod.
e OR > 1.0 is in favour of anti-TNF-alpha naïve patients.
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f OR > 1.0 is in favour of CRP < 5.
g No blood in stool and stool frequency <4.
h No blood in stool and stool frequency <4 and endoscopic Mayo score ≤ 1.

Mucosal healing was achieved in the anti-TNF� experienced
atient subgroup in 18.5% and 28.6% for cobitolimod vs. 23.5% and
0% for placebo treated patients at weeks 4 and 12. In the anti-
NF� naïve patients mucosal healing rates were 25% and 61% in the
obitolimod vs. 6% and 54% in placebo treated patients at weeks 4
nd 12, respectively.

For CR the anti-TNF� experienced patients showed CR rates
f up to 18% for cobitolimod vs. 6% for placebo treated patients
Fig. 5B). In the anti-TNF� naïve patient population CR rates were
igher, up to 35%, for cobitolimod treated patients with relative
ffect sizes ranging from 10% to 20% (Fig. 5B).

.6. Multivariate logistic regression analysis

Results from the model 1 with unadjusted estimation of the odds
atio, OR (cobitolimod/placebo) for SR revealed that there was a
hree-fold odds for SR in cobitolimod compared to placebo patients,
hich was slightly lower at week 12 compared to week 4 after

reatment but statistically significant (p = 0.036) (Table 2). Less sig-
ificant results at week 4 were explained by the difference (delta)
etween the treatment arms at week 4 (11.2%) compared to week
2 (21%), but in terms of OR they were similar.

In model 2, where results were adjusted for baseline disease
everity defined by the CAI scores, OR for SR was around 3 at weeks
, 8 and 12 and statistical significant at week 12 (Table 2).

In model 3, where results were adjusted for the three factors
isease severity at baseline, prior anti-TNF� experience and CRP

evels at baseline, the estimated efficacy of SR was very similar
o the unadjusted estimates and statistical significant at week 12
p = 0.05) (Table 2).

In addition, findings from model 3 showed that there were sig-
ificant differences among subgroups of patients defined by the

actors of anti-TNF� experience and CRP levels, independently
rom the treatment effect size. Results reveal that anti-TNF� naïve
atients (compared to experienced) were having a three-fold or
reater OR for SR at week 4 to week 12, where week 12 results
ere statistical significant. The subgroup of patients, who  had nor-
al  CRP levels at baseline, was more likely to reach SR (Table 2),
ith statistically significant results at week 12.
. Discussion

According to the FDA and STRIDE recommendations, PRO should
e applied in combination with endoscopy, to define the pri-
mary and main secondary endpoints in clinical trials for UC
[20–24]. Accordingly, we performed a post-hoc analysis using the
PROs rectal bleeding and stool frequency as reported by e-diary
data entry of the patients in order to re-assess the therapeu-
tic efficacy of the Toll-like receptor-9 agonist cobitolimod in the
randomised, placebo-controlled COLLECT study. Our exploratory
post-hoc results provide supportive evidence of a considerable clin-
ically relevant effect size in favour of cobitolimod versus placebo in
endpoints based on patient-reported outcomes in addition to the
results of the primary analysis based on endpoints determined by
the CAI criteria to define clinical disease activity. Findings are sim-
ilar in both the entire patient population and in subgroups also
after adjusting for important factors such as disease severity or
prior anti-TNF�-antibody use. The factors of prior use of anti-TNF-
� antibodies and CRP levels were statistically significant and were
prognostic factors for the endpoints analysed.

Twenty patients from the FAS population consisting of 124
patients have not reported any data in the e-diary and were
excluded from this post hoc analysis. This might have created a
potential bias in the estimated difference in efficacy. However, since
the decision of these patients for not reporting any e-diary data was
made before they were introduced to any study treatment, they
are all unrelated to any experience of treatment effect, Therefore,
this is to be considered of minor impact on the estimated results.
Other weaknesses of this report include the relative small sample
size of the observed cases population limiting the statistical power,
the post hoc approach used for the data analysis as well as the
lack of a central reading of endoscopy results. Despite these poten-
tial weaknesses the approach to use patient-reported outcomes
defined endpoints, resulted in clinically meaningful findings with
implications for clinical studies in the UC field. It also showed that
future studies should emphasize in increasing the patient e-diary
compliance.

Interestingly, the COLLECT study showed clinically meaning-
ful and positive effects at week 12 using the endpoint measure
SR, while no difference between cobitolimod or placebo treated
patients was  demonstrated in the primary endpoint at week 12
defined by the applied disease activity measure CAI [16]. This
illustrates that the patient reported outcomes consisting of rectal
bleeding and stool frequency, combined with endoscopy as a co-

primary endpoint represent an appropriate outcome measure for
UC trials.

Furthermore, our post-hoc analysis of sustained clinical out-
comes provide evidence of longer-lasting effects of a dual exposure
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o cobitolimod in patients with moderate to severe ulcerative col-
tis. Patients being in SR or CR at week 4 could largely maintain
hat benefit until week 12. This suggests on the one hand a fast
nset of the drug action and on the other hand remarkable effects
ver time. It is tempting to speculate that these fast and prolonged
ffects might be due to a basic modulatory effect of cobitolimod on
he gut immune system.

Overall, patients with moderate or moderate to severe disease
eem to have better absolute and relative remission rates compared
o patients with severe disease as assessed by the CAI score at study
ntry. Therefore, dual administration of cobitolimod seems to be
articularly effective in patients with moderately-active UC. Bet-
er treatment outcome in moderate patients compared to severely
ctive UC patients is in line with results of a number of other clin-
cal trials evaluating the effect of TNF� inhibitors [25], integrin
nhibitors such as vedolizumab [6,26,27], etrolizumab [28] and the
nti-MAdCAM antibody (PF-00547659) [29] or the sphingosine-1-
hosphate (S1P) subtype 1 (S1P1) receptor agonist ozanimod [30].

In addition, our post-hoc results suggest that cobitolimod is
otent to induce SR and CR both in subgroups of anti-TNF� expe-
ienced and naïve patients. Remission rates of SR and CR in the
ubgroup of anti-TNF� experienced patients were smaller com-
ared to naïve patients at all time points assessed. Again, the
bservation of a better absolute treatment outcome in anti-TNF�
aïve patients compared to anti-TNF� pre-treated patients is in line
ith other clinical studies studying compounds already approved

r in clinical development [6,23–25]. As demonstrated by the model
 in the multivariate logistic regression analyses, the significant but
ffect-size independent impact of prior use of anti-TNF� agents and
lso CRP levels on the two outcomes of SR and CR is an important
nding. Therefore, it is important to consider at least anti-TNF� use

or stratification for treatment allocation in the design stage of the
ext clinical trials with cobitolimod in patients with UC.

In summary, this report underscores that patient-reported end-
oints assessed by e-diary are responsive to treatment and highly
seful tools to measure clinical efficacy of novel drugs in UC
atients. Using these endpoints the presented post hoc analysis
uggests that dual topical administration of cobitolimod is able to
nduce remission in clinically relevant subgroups of UC patients.
he therapeutic potential of dose-optimized cobitolimod will be
xplored in placebo-controlled prospective clinical trials.

onflict of interest
aja Atreya has served as speaker, consultant and an advisory board
ember for IndexPharmaceuticals and has received research fund-

ng from Index Phramaceuticals.
Walter Reinisch has served as consultant and an advisory board

ember for IndexPharmaceuticals.
Laurent Peyrin–Biroulet has served as consultant and an advi-

ory board member for IndexPharmaceuticals.
Charlotte Admyre is an employee of InDex Pharmaceuticals.
Thomas Knittel owns stocks and shares in Index Phrmaceuticals

nd works as consultant of InDex Pharmaceuticals.
Jan Kowalski works as consultant of InDex Pharmaceuticals.
Markus Neurath has served as consultant and an advisory board

ember for IndexPharmaceuticals.
Christopher Hawkey has served as consultant and an advisory

oard member for IndexPharmaceuticals
Raja Atreya, Markus Neurath, Franco Scaldaferri and Christopher

awkey were investigators in the COLLECT study.
unding

This study was  supported by InDex Pharmaceuticals.

[

[

Disease 50 (2018) 1019–1029

Acknowledgments

List of investigators (CSUC-01/10, COLLECT Study Group):
United Kingdom: Prof. Chris Hawkey; Dr. Nina Lewis; Dr. Stu-

art Bloom; Dr. Konstantinos Mantzoukis; Dr. Ian Beales, Dr. Mark
Tremelling.

Czech Republic: Dr. Milan Siroky; Dr. Stepan Votocek; Dr. Martin
Peterka; Dr. Tomas Vanasek; Prof. Milan Lukas; Dr. Martin Bortlik;
Dr. Ludek Hrdlicka; Dr. Pavel Klvana; Dr. Pavel Svoboda; Dr.  Evzen
Machytka; Dr. Milan Kremer; Dr. Jan Smid; Dr. Zdena Zadorova; Dr.
Jiri Matous.

France: Prof. Stéphane Nancey; Dr. Gilles Boschetti.
Germany: Prof. Daniel Baumgart; Dr. Andreas Fischer; Prof. Jan

Konturek; Dr. Ralf Koppermann; Prof. Andreas Stallmach; Dr. Jörg
Felber; Dr. Carsten Schmidt; Prof. Ursula Seidler; Dr. Oliver Bach-
mann; Dr. Clemens Agné; Dr. Christoph Meyer-Heithuis; Dr. Frank
Lenze; Dr. Claudia Ott; Dr. Elisabeth Schnoy; Dr. Gisela Paul; Dr.
Tamim Lutfi; Prof. Eugen Musch; Dr. Christos Konstantinou; Dr.
Peter Hasselblatt; Dr. Michaela Neagu; Dr. Wolgang Kreisel; Dr.
Jens Rasenack; Prof. Axel Dignass; Dr. Hermann Schulze; Prof. Heinz
Hartmann; Dr. Gisela Felten; Dr. Dietrich Hüppe, Dr. Claudia Mit-
trop; Dr. Jan Wehkamp; Prof. Stange Eduard; Dr. Simon Jäger; Dr.
Oliver Mueller; Dr. Thomas Klag; Prof. Markus Neurath; Prof. Raja
Atreya.

Hungary: Dr. Agnes Salamon; Dr. Ferenc Felföldi; Dr.  Beatrix
Tam; Prof. Bela Hunyady; Dr. Zoltán Kovács; Dr. Éva Graffits; Dr.
Klára Kubinyi; Dr. Robert Schnabel; Dr. Judit Wacha; Dr. Bálint Lev-
ente; Dr. Marta Varga; Dr. Klara Csefko; Dr. Timea Pink; Dr. Zsolt
Tulassay; Dr. Pál Micheller.

Italy: Prof. Antonio Gasbarrini; Dr. Franco Scaldaferri; Dr.
Viviana Gerardi; Dr. Rodolfo Rocca; Prof. Enrico Corazziari; Dr. Piero
Vernia; Dr. Monica Cesarini; Dr. Aurora De Carolis.

Poland: Prof. Grazyna Rydzewska; Dr. Beata Stepien; Dr. Janusz
Milewski; Dr. Kristian Zuk; Dr. Andrzej Bielasik; Dr. Robert Petryka;
Dr. Elzbieta Dabrowska-Ufniarz; Dr. Ewa  Kucharczyk-Petryka; Dr.
Jakub Slowik; Prof. Tomasz Mach; Prof. Ewa  Malecka-Panas; Dr.
Justyna Kotynia; Dr. Lukasz Durko; Dr. Tadeusz Mazurek; Dr. Arka-
diusz Mamos; Dr. Izabela Kossowska.

References

[1] Danese S, Fiocchi C. Ulcerative colitis. N Engl J Med 2011;365:1713–25.
[2] Kornbluth A, Sachar DB, Practice Parameters Committee of the American

College of Gastroenterology. Ulcerative colitis practice guidelines in adults:
American College of Gastroenterology, Practice Parameters Committee. Am J
Gastroenterol 2010;105:501–23.

[3] Dignass A, Lindsay JO, Sturm A, et al. Second European evidence-based con-
sensus on the diagnosis and management of ulcerative colitis part 2: current
management. J Crohns Colitis 2012;6:991–1030.

[4] Strober W,  Fuss I, Mannon P. The fundamental basis of inflammatory bowel
disease. J Clin Invest 2007;117:514–21.

[5] Neurath MF.  Cytokines in inflammatory bowel disease. Nat Rev Immunol
2014;14:329–42.

[6] Feagan BG, Rutgeerts P, Sands BE, GEMINI 1 Study Group, et al. Vedolizumab
as  induction and maintenance therapy for ulcerative colitis. N Engl J Med
2013;369:699–710.

[7] Ford AC, Sandborn WJ,  Khan KJ, et al. Efficacy of biological therapies in
inflammatory bowel disease: systematic review and meta-analysis. Am J Gas-
troenterol 2011;106:644–59.

[8] Kawai T, Akira S. The role of pattern-recognition receptors in innate immunity:
update on toll-like receptors. Nat Immunol 2010;11:373–84.

[9] Hemmi  H, Takeuchi O, Kawai T, et al. A toll-like receptor recognizes bacterial
DNA. Nature 2000;408:740–5.

10] Krieg AM,  Yi AK, Matson S, et al. CpG motifs in bacterial DNA trigger direct
B-cell activation. Nature 1995;374:546–9.

11] Lee J, Mo JH, Katakura K, et al. Maintenance of colonic homeostasis by
distinctive apical TLR9 signalling in intestinal epithelial cells. Nat Cell Biol

2006;8:1327–36.

12] Katakura K, Lee J, Rachmilewitz D, et al. Toll-like receptor 9-induced type I IFN
protects mice from experimental colitis. J Clin Invest 2005;115:695–702.

13] O’Hara JR, Feener TD, Fischer CD, et al. Campylobacter jejuni disrupts pro-
tective toll-like receptor 9 signaling in colonic epithelial cells and increases

http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0005
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0010
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0015
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0020
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0025
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0030
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0035
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0040
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0045
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0050
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0055
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0060
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065


 Liver D

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

DOT): a phase 2, randomised, double-blind, placebo-controlled trial. Lancet
2017;390:135–44.

[30] Sandborn WJ,  Feagan BG, Wolf DC, TOUCHSTONE Study Group, et al. Ozani-
R. Atreya et al. / Digestive and

the severity of dextran sulfate sodium-induced colitis in mice. Infect Immun
2012;80:1563–71.

14] Pedersen G, Andresen L, Matthiessen MW,  et al. Expression of toll-like receptor
9  and response to bacterial CpG oligodeoxynucleotides in human intestinal
epithelium. Clin Exp Immunol 2005;141:298–306.

15] Kuznetsov NV, Zargari A, Gielen AW,  et al. Biomarkers can predict potential clin-
ical responders to DIMS0150 a toll-like receptor 9 agonist in ulcerative colitis
patients. BMC  Gastroenterol 2014;14:79.

16] Atreya R, Bloom S, Scaldaferri F, et al. Clinical effects of a topically applied toll-
like receptor 9 agonist in active moderate-to-severe ulcerative colitis. J Crohns
Colitis 2016:1294–302.

17] Rachmilewitz D. Coated mesalazine (5-aminosalicylic acid) versus sul-
phasalazine in the treatment of active ulcerative colitis: a randomised trial.
BMJ  1989;298:82–6.

18] Schroeder KW,  Tremaine WJ,  Ilstrup DM.  Coated oral 5-aminosalicylic acid ther-
apy for mildly to moderately active ulcerative colitis. A randomized study. N
Engl J Med  1987;317:1625–9.

19] Williet N, Sandborn WJ,  Peyrin-Biroulet L. Patient-reported outcomes as
primary end points in clinical trials of inflammatory bowel disease. Clin Gas-
troenterol Hepatol 2014;12:1246–56.

20] Jairath V, Khanna R, Zou GY, et al. Development of interim patient-reported
outcome measures for the assessment of ulcerative colitis disease activity in
clinical trials. Aliment Pharmacol Ther 2015;42:1200–10.

21] Levesque BG, Sandborn WJ,  Ruel J, et al. Converging goals of treatment of

inflammatory bowel disease from clinical trials and practice. Gastroenterology
2015;148:37–51.

22] Peyrin-Biroulet L, Sandborn W,  Sands BE, et al. Selecting therapeutic targets
in  inflammatory bowel disease (STRIDE): determining therapeutic goals for
treat-to-target. Am J Gastroenterol 2015;110:1324–38.
isease 50 (2018) 1019–1029 1029

23] Bojic D, Bodger K, Travis S. Patient reported outcome measures (PROMs) in
inflammatory bowel disease: new data. J Crohns Colitis 2017;11:S576–85.

24] de Jong MJ,  Huibregtse R, Masclee AAM, Jonkers DMAE, Pierik MJ. Patient-
reported outcome measures for use in clinical trials and clinical practice in
inflammatory bowel diseases: a systematic review. Clin Gastroenterol Hepatol
2018;16:648–63.

25] Danese S, Colombel JF, Peyrin-Biroulet L, et al. Review article: the role of anti-
TNF in the management of ulcerative colitis—past, present and future. Aliment
Pharmacol Ther 2013;37:855–66.

26] Feagan BG, Rubin DT, Danese S, Vermeire S, Abhyankar B, Sankoh S, et al. Efficacy
of vedolizumab induction and maintenance therapy in patients with ulcerative
colitis, regardless of prior exposure to tumor necrosis factor antagonists. Clin
Gastroenterol Hepatol 2017;15:229–39.

27] Baumgart DC, Bokemeyer B, Drabik A, Stallmach A, Schreiber S. Vedolizumab
induction therapy for inflammatory bowel disease in clinical practice—a
nationwide consecutive German cohort study. Aliment Pharmacol Ther
2016;43:1090–102.

28] Vermeire S, O’Byrne S, Keir M,  et al. Etrolizumab as induction therapy for ulcer-
ative colitis: a randomised, controlled, phase 2 trial. Lancet 2014;384:309–18.

29] Vermeire S, Sandborn WJ,  Danese S, Hébuterne X, Salzberg BA, Klopocka M,
et  al. Anti-MAdCAM antibody (PF-00547659) for ulcerative colitis (TURAN-
mod  induction and maintenance treatment for ulcerative colitis. N Engl J Med
2016;374:1754–62.

http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0065
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0070
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0075
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0080
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0085
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0090
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0095
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0100
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0105
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0110
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0115
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0120
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0125
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0130
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0135
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0140
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0145
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150
http://refhub.elsevier.com/S1590-8658(18)30797-7/sbref0150

	Clinical efficacy of the Toll-like receptor 9 agonist cobitolimod using patient-reported-outcomes defined clinical endpoin...
	1 Introduction
	2 Material and methods
	2.1 Patients
	2.2 Study design
	2.3 Endpoints
	2.4 Patient disposition
	2.5 Statistical analysis

	3 Results
	3.1 Symptomatic and clinical remission rates as assessed by patient reported outcomes according to e-diary data
	3.2 Sustained remission after dual topical administration of cobitolimod
	3.3 Remission rates according to disease severity
	3.4 Relationship between remission rates and CRP levels
	3.5 Remission rates according to previous anti-TNFα therapy
	3.6 Multivariate logistic regression analysis

	4 Discussion
	Conflict of interest
	Funding
	Acknowledgments
	References


