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Abstract

Background and Aims: Toll-like receptors [TLRs] are potential drug targets forimmunomodulation.
We determined the safety and efficacy of the TLR-9 agonist DNA-based immunomodulatory
sequence 0150 [DIMS0150] in ulcerative colitis [UC] patients refractory to standard therapy.
Methods: In this randomized, double-blind, placebo-controlled trial, 131 patients with moderate-
to-severe active UC were randomized to receive two single doses of the oligonucleotide DIMS0150
[30 mg] or placebo administered topically during lower Gl endoscopy at baseline and Week 4. The
primary endpoint was clinical remission, defined as Clinical Activity Index [CAI] <4, at Week 12.
Secondary endpoints included mucosal healing and symptomatic remission of key patient-reported
outcomes [absence of blood in stool and weekly stool frequency <35].

Results: There was no statistical significant difference between the groups in the induction
of clinical remission at Week 12, with 44.4% in the DIMS0150 group vs. 46.5% in the placebo
group. However, the proportion of patients who achieved symptomatic remission was 32.1%
in the DIMS0150 group vs. 14.0% in the placebo group at Week 4 [p = 0.020], and 44.4% vs.
27.9% at Week 8 [p = 0.061]. More patients on DIMS0150 compared with those on placebo had
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mucosal healing [34.6% vs. 18.6%; p=0.09] and histological improvement regarding the Geboes
score [30.9% vs. 9.3%; p = 0.0073] at Week 4. Significantly more patients on DIMS0150 were in
clinical remission with mucosal healing at Week 4: 21% vs. 4.7% in the placebo group [p = 0.02].
DIMS0150 was well tolerated, and no safety signals compared with placebo were evident.

Conclusions: Therapy with the topically applied TLR-9 agonist DIMS0150 is a promising and well-
tolerated novel therapeutic option for treatment-refractory, chronic active UC patients, warranting

further clinical trials.
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1. Introduction

Ulcerative colitis [UC] is characterized by a superficial, continuous
mucosal inflammation, which is predominantly limited to the large
intestine.' A proportion of patients do not respond to available
therapies, thereby becoming treatment refractory and requiring sur-
gical intervention, i.e. proctocolectomy.*” Therefore, novel treatment
strategies are needed. The pathogenesis of UC is poorly understood,
but current understanding implies that UC is an immune-mediated
condition resulting from the dysregulated balance between com-
mensal enteric flora and the gut-associated immune system.® It is
commonly assumed that failure to regulate protective cell-mediated
immune responses can result in sustained activation of the mucosal
immune system.”

One of the ways that a host discerns foreign from self-antigen
is through pattern recognition receptors [PRRs], which recognize
specific molecular patterns of pathogens.® These include Toll-like
receptors [TLRs], which act as innate receptors for pathogen-asso-
ciated molecular patterns in commensal bacteria. They thus play a
pivotal role in mucosal wound healing by controlling the process of
epithelial cell proliferation and differentiation.” TLR-9 recognizes
exclusively bacterial DNA by serving as a ligand for its CG [CpG]
motifs.!” These CpG sequence motifs, composed of unmethylated
CpG dinucleotides, have been identified as the immunostimula-
tory component of bacterial DNA."" The ability to modulate both
mucosal healing and the immune system makes the CpG motif an
attractive therapeutic target. TLR-9 activation has been shown
to prevent development of mucosal inflammation and promote
wound healing in several models of experimental colitis; however,
there was also some controversy in the beginning because some
authors proposed a CpG-dependent contribution to the perpetua-
tion of chronic intestinal inflammation.”!'>”'¢ In UC patients, a posi-
tive correlation between the severity of endoscopic and histological
inflammation and TLR-9 expression could be found.!>'

DNA-based immunomodulatory sequence 0150 [DIMS0150]
[Kappaproct®, cobitolimod] is a single-stranded DNA-based syn-
thetic oligodeoxynucleotide [ODN] that contains an unmethylated
CpG motif, which activates TLR-9 in target cells such as intestinal
T and B lymphocytes and antigen-presenting cells [APCs], with
potent induction of anti-inflammatory cytokines such as interleu-
kin-10 [IL-10] and type I interferons.'" Although administration
of DIMS0150 did not meet the pre-specified endpoint in a previous
small clinical study in steroid-refractory UC patients, clinical ben-
efit could be observed regarding sustained clinical efficacy."” Similar
observations were made in treatment-refractory UC patients within
a compassionate use program.?’

The purpose of this randomized, multicenter, double-blind, pla-
cebo-controlled clinical trial was to further define the efficacy and
safety of topically administered DIMS0150 in treatment-refractory
patients with active UC.

2. Material and methods

2.1. Patients

This multicenter, randomized, double-blind, placebo-controlled
trial [ClinicalTrials.gov identifier: NCT01493960] was conducted
at 38 recruiting centers in seven countries [Czech Republic, France,
Germany. Hungary, Italy, Poland, and the UK] from December 2011
through March 2014.

Eligible patients were adults with moderate to severely active
ulcerative colitis with a Clinical Activity Index [CAI]*' of =9 and
an endoscopic Mayo score of 22?2 [see Table 1], despite treat-
ment with glucocorticosteroids [GCS| [predinisolone equivalent
>10 mg/day] for >2 weeks prior to inclusion, and previously hav-
ing failed or been intolerant to treatment with mesalazine >2.4
g/ day for >4 weeks, GCS with at least 0.75 mg/kg as a starting dose, aza-
thioprine or mercaptopurine for >3 months, and/or one adequate treat-
ment course of an anti-TNF agent. Patients may have tried treatment
with cyclosporine or tacrolimus before the trial. Four patients in the
placebo group [9.3%] and 5 patients in the DIMS0150 group [6.2%]
had used cyclosporine prior to the study start, but not in the study.

During the trial, patients could be taking sulphasalazine, ami-
nosalicylates, or thiopurines, and should be on oral GCS at stable
doses. Concurrent therapies with cyclosporine, tacrolimus or anti-
TNF agents during the trial or in the 4 weeks before enrolment,
or antibiotics or non-steroidal anti-inflammatory drugs [NSAIDs]
in the 2 weeks before enrolment were not permitted. Patients were
excluded if they had a current diagnosis of fulminant colitis, indi-
cation for immediate surgery, signs of active infection [temperature
>38°C], or haemoglobin <100g/L. Additional exclusion criteria were
current parenteral nutrition, blood transfusion, C. difficile infec-
tion, current or past colonic malignancy and/or dysplasia, clinically
significant compromise of major organ function, and concurrent or
previous use of investigational therapy up to 30 days before enrol-
ment. Women who were pregnant or breast-feeding were excluded.

2.2. Study design

Eligible patients were randomized in a 2:1 ratio to receive admin-
istration of DIMS0150 via endoscopy [30 mg] at Week 0 and 4, or
matching placebo diluted in 50 mL of sterile water after adequate
bowel cleaning for stool content. The application was done proxi-
mally to the site of mucosal inflammation, or in the transverse
section of the colon in the event of extensive colitis, using a spray
catheter during endoscopy. Patients were asked to remain recum-
bent for 2 h after administration. Patients were followed up with
visits after 1, 4, 8, 12, 22, and 52 weeks [Figure 1]. At Weeks 0,
4, and 12, patients underwent endoscopic evaluation and biopsies
were taken from the most inflamed mucosal area. ICON [Texas,
USA] produced the randomization code by a computer-generated
procedure, which used the method of randomly permuted blocks.
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Table 1. Demographic and baseline characteristics of patients. Summary of demographic and baseline characteristics of patients assigned
into the study [FAS population]. Percentage calculated for the number of subjects by treatment group.

Parameter

Placebo [ = 43]

DIMS0150 [1 = 81]

Overall [n = 124]

Age [years]
n
Mean [SD]
Median
Range
Gender, 7 [%]
Male
Female
Race, n [%)]
White
Asian
Black
Other
Weight [kg]
n
Mean [SD]
Median
Range
Current Smoker, 7 [%]
Yes
No
Past Smoker, 72 [%]
Yes
No
UC Duration [years]*
n
Mean [SD]
Median
Range
CAI score®
n
Mean [SD]
Median
Range
Mucosal appearance [Endoscopic
Mayo score]®
Score 0

Score 1
Score 2
Score 3

Location of inflammation
Left-sided

Extensive

Prior anti-TNF-alpha therapy, 7 [%]
Yes

No

Concomitant medication

5-ASA or SASP

Glucocorticosteroids

Immunosuppressants [Azathioprine,
Methotrexate]

TNF-a inhibitors

%

%

%

%

%

%

%

%

%

n
%

43
43.1[12.31]
43.4

23,69

32 [74.4]
11 [25.6]

43 [100.0]
0[0.0]
0[0.0]
0[0.0]

43
77.2 [18.56]
77.0
45,130

317.0]
40 [93.0]

15 [34.9]
25 [58.1]

43
9.1[7.5]
6.5

1.6,29.6

43
10.8 [2.03]
10.0
9,17

0.0
0.0
0.0
0.0
17
39.5
26
60.5

23
53.5
20
46.5

17 [39.5]
26 [60.5]

32
74.4
43
100
12

27.9
0
0.0

81
41.1[13.88]
37.7

19,72

48 [59.3]
33 [40.7]

79 [97.5]
1[1.2]
0[0.0]
1[1.2]

81
72.8 [13.24]
73.0
45,103

516.2]
76 [93.8]

24 [29.6]
52 [64.2]

81
9.2 [7.9]
6.5

0.5,42.8

81
11.0 [2.18]
10.0

9,20

0.0
0.0
0.0
0.0
36
44.4
45
55.6

56
69.1
25
30.9

31[38.5]
50 [61.5]

60
74.1
81
100
28

34.5
1
1.2

124
41.8[13.34]
39.6

19,72

80 [64.5]
44 [35.5]

122 [98.4]
1710.8]
0[0.0]
110.8]

124
74.3 [15.37]
73.7
45,130

816.5]
116 [93.5]

39 [31.5]
77 [62.1]

0.0
0.0
0.0
0.0
53
42.7
71
57.3

79
63.7
45
36.3

48 [38.7]
76 [61.3]

92
74.2
124
100
40

32.2

0.8

aDuration is calculated from the date of UC onset to the date of Visit 1.

"The last observation carried forward approach was used for missing data.

‘Mucosal appearance score 0 = normal or inactive [mild granularity, oedema]; score 1 = mild friability, erythema, decreased vascular pattern; score 2 = moder-

ate friability, erosions, marked erythema, absent vascular pattern; score 3 = spontaneous bleeding, ulceration.

SD = standard deviation.

UC = ulcerative colitis.

CAI = clinical activity index.
5-ASA = S-aminosalicylic acid.
SASP = sulfasalazine.
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| Assessed for eligibility (n=162) |

| Randomized (n=131) |

}

l

Allocated to Placebo (n=44)
*Received allocated placebo (n=43)
*Did not receive allocated placebo (n=1)

Allocated to DIMS0150 (n=87)
*Received allocated DIMS0150 (n=87)
Did not receive allocated DIMS0150 (n=0)

Excluded (n=6)
*Failed at least one entry

Patients analysed (FAS)
(n=43)

Discontinued (n=7)
«Efficacyltreatment failure (n=2)

Y

criterion (n=4)
*No post randomisation
primary efficacy endpoint

Patients analysed (FAS) (n=2)

(n=81)

Discontinued (n=16)
«Efficacyltreatment failure (n=10)
*Withdrawal of conset (n=2)

+Safety Reason/Adverse event (n=1)
*Withdrawal of consent (n=1)
*Other (n=3)

*Protocol violation (n=3)
*Other (n=1)

Completed 12 weeks (n=37) | |

Completed 12 weeks (n=71)

Discontinued (n=11)
Efficacyltreatment failure (n=7)

Discontinued (n=16)
«Efficacyltreatment failure (n=5)

*Withdrawal of consent (n=3)
*Other (n=1)

«Withdrawal of conset (n=8)
«Other (n=3)

Completed 52 weeks (n=26) | |

Completed 52 weeks (n=55)

Figure 1. Flow chart of patient disposition in the trial. FAS= full analysis set.

Oral GCS treatment was mandatory at a stable daily dose of
>10mg initiated at least 2 weeks prior to inclusion. Steroid tapering
was done to a standard tapering schedule according to European
Crohn’s and Colitis Organisation [ECCO] guidelines® when the
patient had reached clinical remission, the earliest at Week 12.

2.3. Study drug

DIMS0150 is a fully synthetic 19 mer oligodeoxynucleotide with the
sequence 5’-G*G*A*ACA GTT CGT CCA T*G*G*C-3°, where [*]
indicates phosphorothioate linkages. The drug substance was manu-
factured by Avecia [Milford, USA] and the drug product was manu-
factured by Apoteksbolaget [APL, Umed, Sweden].

2.4. Endpoints

The primary endpoint was induction of clinical remission at Week
12, defined as a CAI score of <4. This endpoint was chosen since
clinical benefit using this measure was observed in previous com-
passionate use.”’ Secondary endpoints included mucosal heal-
ing [endoscopic Mayo score < 1, endoscopies not centrally read];
clinical remission at Weeks 1, 4, 8, 22 and 52; clinical remission
and mucosal healing; symptomatic remission [defined as absence
of blood in stool and weekly stool frequency of <35]; histologi-
cal Geboes score?® at Week 4 and 12 as assessed by a single trial
histopathologist; time to colectomy; and quality of life based on
the inflammatory bowel disease questionnaire [IBDQJ** and the
36-item short-form survey [SF36] score.”’ Post hoc, the combined
score for subjects who achieved both symptomatic remission and
mucosal healing was defined.

2.5. Safety evaluations

Safety and tolerability were evaluated throughout the study. Safety
was assessed by vital signs, ECG results, laboratory variables, and
adverse event [AE] reports. Patients were free to discontinue their
participation in the study at any time or could be withdrawn from
study treatment at the discretion of the investigator.

2.6. Statistical analysis

All data were presented using descriptive statistics, with frequency
and relative frequency for categorical variables and mean, stand-
ard deviation, minimum, and maximum for continuous variables.
The power goal in this study was 90% to detect a 45% vs. 15%
difference between DIMS0150 and placebo-treated patients, in
a 2:1 allocation, with a 0.05 level for type I error, and a two-
sided test for hypothesis testing. Calculation was done by the Chi-
square test and using the statistical software Nquery 6.0. Sample
size calculation revealed that 67 plus 33 subjects were needed, plus
20 subjects [20%] because of dropout. The intention-to-treat prin-
ciple was used to define the primary analysis population, the Full
Analysis Set [FAS], which consisted of all randomized patients that
received at least one dose of the study drug [active or placebo],
and who had at least one post-randomization eligible value of the
efficacy endpoint. The safety population included all patients in
the study who received treatment with at least one dose of the
study drug. For the efficacy analyses, missing data was replaced
using the last-observation-carried-forward [LOCF]| method, where
appropriate, i.e. for data in the induction phase, 0-12 weeks. The
missing data for mucosal healing at Week 8 in the post hoc end
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point of the combined score for subjects who achieved both symp-
tomatic remission and mucosal healing was replaced using last
observation carried forward from Week 4 to Week 8.

The primary efficacy endpoint was analyzed by the Chi-square
test using the Cochran—-Mantel-Haenszel [CMH] method, adjusting
for intervals of the CAI score at baseline. The parameter to be tested
in the Chi-square test with the CMH was the Odds Ratio [OR].
Secondary categorical efficacy variables were evaluated using the
same statistical approach as that described for the primary efficacy
endpoint, except for time-to-event endpoints, which were presented
using Kaplan-Meier curves and analyzed using the log rank test. The
continuous efficacy endpoints of the IBDQ and SF36 subdomains
were analyzed using the analysis of covariance (ANCOVA) with
regard to the mean change from baseline, and with treatment group
and baseline CAI as fixed factors. The statistical hypothesis tested
was OF = 1 for the primary endpoint and the secondary categorical
endpoints. Further, the hypothesis to be tested did not differ between
treatment arms with respect to the mean change from baseline in the
continuous efficacy endpoint. The FAS population was used as the
primary analysis population. All tests were two-sided, and p < 0.05
was regarded as statistically significant. Adjustment for multiplicity
was performed for the secondary endpoints, using a hierarchical test-
ing order, starting with induction of clinical remission and sympto-
matic remission at Week 12.

2.7. Approvals

The study protocol was reviewed and approved by regional
Independent Ethics Committees and by the competent authorities
in each country prior to inclusion of patients [EudraCT nr 2011-
003130-14]. Written informed consent for participation in the study
was obtained from all patients prior to any study-related procedures.

3. Results
3.1. Study conduct

A total of 162 patients were screened for inclusion in the study, of
which 131 patients were randomized, 87 patients in the DIMS0150
treatment group and 44 patients in the placebo treatment group.
One patient in the placebo treatment group was randomized but did
not receive treatment [Figure 1]. Of these patients, 61.8% [81/131]
completed the study. The timing and reasons for discontinuation are
shown in Figure 1. In total, 130 patients were included in the safety
analysis population, whereof 87 patients received DIMS0150 and 43
patients received placebo [Figure 1]. The FAS population included
124 subjects: 81 in the DIMS0150 group and 43 in the placebo
group [Figure 1].

3.2. Patient demographics and disease

characteristics

Patients were statistically well matched for demographic data, base-
line disease characteristics, mean baseline CAl score, and endoscopic
appearances [Table 1].

All FAS patients used GCS: methylprednisolone [36.3%], pred-
nisolone [32.3%], prednisone [32.3%], budesonide [1.6%], or cor-
tisone acetate [0.8%]. The mean prednisolone dose equivalent was
19.7mg [£13.04] for DIMS0150 and 17.7mg [+11.16] for placebo.
Most patients had been treated with a previous course of amino-
salicylates [74.2%] or thiopurines [78.2%]. Over one-third of the
patients [39.5% placebo and 38.5% DIMS0150] had received prior
anti-TNF agents, of which infliximab was the most commonly used

[81.3%]. Of the patients that had received prior anti-TNF therapy,
75% were treatment refractory. Twenty-two patients [17.7%] had
received other immunosuppressive agents [17.3% DIMS0150 and
18.6% placebo]. Fifty percent of the patients in the DIMS0150
group who had received prior treatment with other immunosuppres-
sive agents had stopped these agents due to intolerance [compared
with none in the placebo group].

3.3. Drug efficacy

3.3.1. Primary and key secondary endpoint

In the FAS population, there were no statistically significant dif-
ferences between the treatment groups for induction of clinical
remission at Week 12, with 44.4% DIMS0150 vs. 46.5% placebo
[Figure 2A]. At Week 4, although not statistically significant, the
clinical remission rate was higher in the DIMS0150-treated patients
compared with the placebo-treated patients, 28.4% vs. 20.9%,
respectively [p = 0.28].

In contrast to clinical remission, differences were detected
for the secondary endpoint symptomatic remission, i.e. no blood
in stool and a stool frequency of <35 per week. The proportion
of patients in the FAS population with symptomatic remission
at Week 4 was 32.1% for the DIMS0150 group vs. 14.0% for
the placebo group [Figure 2B, adjusted OR 3.1, p = 0.020]. At
Week 8, the proportion of subjects with symptomatic remission
was 44.0% for the DIMS0150-treated patients vs. 27.9% for the
placebo-treated patients [Figure 2B, OR 2.12, p = 0.061]. At Week
12, the proportion of subjects with symptomatic remission was
43.2% for the DIMS0150-treated patients vs. 32.6% for the pla-
cebo-treated patients [Figure 2B, OR 1.62, p = 0.21]. With respect
to mucosal healing, 34.6% of the DIMS0150-treated patients
showed mucosal healing [Endoscopic Mayo score <1] at Week 4
vs. 18.6% for the placebo-treated patients [adjusted OR = 2.35,
p = 0.089] [Figure 2C].

Both clinical and endoscopic remission [CAI <4 and endoscopic
Mayo score <1] was seen in 21% of DIMS0150-treated patients vs.
4.7% of patients on placebo [adjusted OR 5.46, 95% confidence
interval (CI): 1.15 to 25.86, p = 0.0212] at Week 4 [Figure 2D].

3.3.2. Other endpoint analysis

As demonstrated in Figure 2E, the analysis results of the com-
bined score for patients who achieved symptomatic remission and
mucosal healing revealed a greater proportion in the DIMS0150-
treated group. At Week 4, 21.0% of the DIMS0150-treated patients
were in symptomatic remission with mucosal healing vs. 2.3% of
the placebo-treated patients [p = 0.021]. At Week 8, 22.2% of the
DIMSO0150-treated patients were in remission compared with 4.7%
of the placebo-treated patients [p = 0.022]. At Week 12, the propor-
tion of patients in symptomatic remission with mucosal healing was
32.1% in the DIMS0150-treated group and 23.3% in the placebo-
treated group [p = 0.304].

A post hoc analysis examined whether the clinical effects meas-
ured by the various endpoints were affected by the site of drug
administration—a significant relationship between the site of drug
administration and the clinical outcome was not evident.

3.3.3. Histology

At baseline, 38.9% of patients had a histopathological Geboes
score of 5, 8.4% a score of 4,32.1% a score of 3, 10.7% a score of
2,6.9% a score of 1, and 0% a score of 0, while mucosal appear-
ance was graded as endoscopic Mayo score 3 in 57.3% of patients
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Figure 2. Efficacy of DIMS0150 treatment. [A] Proportion of patients with clinical remission defined as clinical activity index [CAI] of <4 at 4, 8, and 12 weeks.
[B] Proportion of patients with symptomatic remission at 4, 8, and 12 weeks defined as a blood in stool subscore of 0 and a stool frequency subscore of <1.
Uncombined data on blood in stool and stool frequency are provided as Supplementary Figures. [C] Proportion of patients with mucosal healing at 4 and 12
weeks defined as an endoscopic Mayo score of <1. [D] Proportion of patients with clinical remission with mucosal healing at 4 and 12 weeks defined as a CAI
score of <4 with an endoscopic Mayo score of <1. [E] Proportion of patients with symptomatic remission and mucosal healing at 4, 8, and 12 weeks. [F] Proportion
of patients with a histological score of <2 or <1 at 4 and 12 weeks. Last observation carried forward was used for Week 8 endoscopy score. Full analysis set [FAS]

was used for the analysis.

and as score 2 in 42.7% of patients. At Week 4, a clear improve-
ment in the histological score was observed. A Geboes score of 0-2
was evident in 30.9% of the DIMS0150-treated patients vs. 9.3%
of the placebo-treated patients [p = 0.0073], and a score of 0-1
[indicating absence of acute inflammation] was evident in 13.6%
of the DIMS0150-treated patients vs. 2.3% of the placebo-treated
patients [p = 0.056] [Figure 2F]. At Week 12, there was no striking
difference in the histopathological scoring between the two groups
|[Figure 2F].

3.3.4. Follow-up evaluations and colectomy rates

The proportion of patients in clinical remission, with a CAI score
of <4, was similar between the DIMS0150-treated group and the
placebo-treated group at 5 months [39.5% vs. 37.2%] and at
12 months [32.1% vs. 32.6%]. The rate of steroid-free clinical
remission was 24.7% [n = 20] for the DIMS0150-treated group
and 23.3% [n = 10] for the placebo-treated group at 5 months
and 32.1% [n = 26] vs. 30.2% [n = 13], respectively, at 12 months.
Patients randomized to DIMS0150 treatment were able to reduce
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steroids between Weeks 12 and 52 by 9.8 +17.7mg/day predniso-
lone equivalent vs. an increase for placebo patients of 3.9 +24.4 mg/
day during the same period.

By Month 5, three [3.7%] patients in the DIMS0150-treated
group had to undergo colectomy compared with four [9.3%]
patients in the placebo-treated group [p = 0.121]. By Month 12, four
patients [4.9%] of those randomized to DIMS0150 treatment had
undergone colectomy compared with five [11.6%] patients in the
placebo group [adjusted odds ratio 0.32, CI 0.07-1.37, p = 0.116].

3.3.5. Quality of life

There were no significant differences between the treatment groups
in quality of life measures, with a reduction in the IBDQ from base-
line to Week 12 of 38.6 [CI 29.20 to 48.08] for the DIMS0150-
treated group vs. 42.0 [CI 28.27 to 55.71] for the placebo-treated
group [p = 0.683], data shown in the Supplementary Figures. For the
SE-36 general health, the adjusted mean reduction to Week 12 was
3.1 [CI 0.98 to 5.15] for the DIMS0150-treated patients and 6.9
[CI 3.80 to 10.01] for the placebo-treated patients [p = 0.04]. There
were no obvious differences in sub scores for either index.

3.4. Safety evaluations
As shown in Table 2, there were no statistical differences regarding
AEs [59.8% of DIMS0150-treated patients vs. 58.1% of placebo-
treated patients], treatment-related AEs [11.5% of DIMS0150-
treated patients vs. 9.3% of placebo-treated patients], SAEs [11.6%
of DIMS0150-treated patients vs. 18.6% of placebo-treated patients]
or treatment-related SAEs [3.4% vs. 2.3%] between the groups.
The most frequently reported AEs were infections [20.8%] and
gastrointestinal disorders [16.9%]. The majority of SAEs were assessed
as Grade 2 or 3 in severity. The following treatment-emergent SAEs
were assessed as Grade 3 severity: overdose of study drug, retinal vein
thrombosis, epistaxis, spinal compression fracture, anaemia, and glau-
coma. All these events were deemed by the investigator to be not related
to the study treatment. Treatment-emergent SAEs that were consid-
ered to be treatment-related were reported by four patients [three in
the DIMS0150 treatment group and one in the placebo group] and
included study drug overdose [one case, DIMS0150-treated]|, Grade
2 sensory disturbance, and Grade 2 movement disorder on Day 31,
28 days after the last dose of placebo [one patient], an acute coronary
syndrome on Day 14, with recovery 2 days later [one case, DIMS0150-
treated], and Grade 2 breast dysplasia on Day 78, with recovery on
Day 157 [one case, DIMS0150-treated].

Table 2. Summary of safety findings.

Placebo  DIMS0150 Overall

(n=43] [n=87]  [n=130]

n[%)] n[%)] n[%)]
Patients with AEs® 25[58.1] 52[59.8] 77[59.2]
Patients with gastrointestinal AEs® 6[14.0] 16[18.4] 22 [16.9]
Patients with serious AEs® 8 [18.6] 10[11.6] 18 [13.8]
Deaths 0 0 0
Patients with treatment-related AEs® 4 [9.3] 10 [11.5] 14 [10.8]
Patients with treatment-related 11[2.3] 3[3.4] 413.1]
serious AEs®
Patients with AEs? leading to 1[2.3] 212.3] 312.3]

discontinuation

2AEs = adverse events.

4. Discussion

In this study, the proportion of UC patients treated with two doses
of DIMS0150 at Weeks 0 and 4 who were in clinical remission
[primary endpoint], defined by the CAI score <4, at Week 12 was
not significantly different from that seen in patients treated with
placebo. In terms of confirmatory value, the study did therefore not
present a positive result. However, these findings are based upon
use of an outcome measure that is no longer accepted by regula-
tory authorities.

By contrast, in an exploratory analysis using criteria that reflect
the two items [stool frequency and rectal bleeding] used in the
patient-reported outcome 2 [PRO2] score,® DIMS0150 therapy
caused statistically significant improvements in symptomatic remis-
sion at Weeks 4 and 8 compared with the placebo, with enhanced
mucosal healing at Week 4 and statistically significant findings for
combined clinical and endoscopic remission at Week 4. These items
are the three currently favored items of the Mayo score [stool fre-
quency, rectal bleeding, and endoscopic finding], as they exclude
the rather subjective influence of the clinician’s impression of the
patient’s disease status [Physicians Global Assessment].?” It is very
likely that the use of the CAI score to define the primary endpoint
in the study was not sensitive enough regarding changes in rel-
evant clinical symptoms, and it excludes indispensable endoscopic
assessment.

Another likely reason that the primary endpoint clinical remis-
sion was missed is that there was a too long interval between the
last treatment dose at Week 4 and the assessment at Week 12. An
additional likely contributor was an unexpectedly high rate of clini-
cal remission in the patients treated with placebo, potentially caused
by concomitant steroid therapy.

The exploratory analysis also showed that DIMS0150 therapy
caused significant improvements in histological disease activity at
Week 4 compared with placebo, as assessed by the Geboes score.
Athough the Geboes score is a widely used instrument to meas-
ure disease activity, this index is not validated, and therefore the
observations have certain limitations. In the future this can be
overcome by using validated scoring systems for ulcerative colitis,
e.g. the Nancy histological index recently published by Marchal-
Bressenot et al.?®

There was some evidence that patients in the DIMS0150 treat-
ment group had a greater reduction in their steroid dose throughout
the study compared with the placebo group, thus possibly showing
some steroid-sparing effect of DIMS0150. There was also evidence
that the rate of colectomy at 5 months was lower in the DIMS0150
group compared with the placebo group, although low patient num-
bers mean these data must be treated with caution. These considera-
tions require that our secondary and exploratory analyses be given
serious consideration, in a limited hypothesis-generating role. They
suggest that benefit may be detectable at earlier time points, espe-
cially if endoscopic changes are included.

The CAI score contains a large number of outcome measures
that are currently considered to introduce subjectivity to the score,
or which [in the case of extra-intestinal manifestations] introduce
bias because they cannot apply to most patients.” Restricting the
symptom analysis to key symptoms [such as bowel frequency and
bleeding] that are currently considered reliable and which are similar
to those in the Mayo score and PRO-2 assessment, resulted in signifi-
cant differences between the groups. These analyses provide explora-
tory evidence for the generation of new hypotheses that DIMS0150
treatment would be superior to placebo if administered according to
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a different protocol, using measures that are currently regarded as
more valid than those that we have used.

Importantly, DIMS0150 treatment was safe and well tolerated.
There were no significant SAEs or deaths during the study. The
topical application of DIMS0150 clearly adds to the safety profile
of DIMS0150, as no systemic uptake of the medication could be
observed. In regard to other possible treatment options in refractory
UC, systemically given antibodies are associated with multiple AEs
[e.g. opportunistic infections and immunogenic reactions], so topical
application in UC represents an attractive route of administration
regarding therapeutic efficacy with limited systemic AEs.

Among the concepts used to build new therapeutic compounds, the
antisense ODN approach is gaining increased attention in the field of
IBD. The systemic administration of alicaforsen [targeting intracellular
adhesion molecule-1, which mediates the recruitment of leukocytes to
the inflamed mucosa] was not effective in Crohn’s disease,*® but ame-
liorated signs of active UC upon topical application.?' In a recently
performed Phase 2 trial in Crohn’s disease patients, the oral antisense
ODN mongersen, which targets the intracellular protein SMAD?7 that
inhibits transforming growth factor [TGF-]-£81, demonstrated high
efficacy in inducing clinical remission in patients with active disease.*

We think the hypothesis that enhancement of mucosal healing
and anti-inflammatory properties mediated via TLR9 makes the oli-
gonucleotide DIMS0150 a safe first-in-class therapeutic agent that
is worth testing in a future improved trial. As well as basing the
primary endpoint upon measures that are currently considered more
valid than those used here, such a trial could use a different time
from final dose to assessment of the primary endpoint.

In conclusion, therapy with the topically applied TLR-9 agonist
DIMS0150 did not reach the defined primary endpoint of induction of
clinical remission at Week 12 in active moderate-to-severe UC patients
in the present study. However, statistical significant improvements in
clinical remission with mucosal healing and symptomatic remission at
earlier time points imply that activation of TLR-9 has a therapeutic
potential in patients with UC. Subsequent studies are warranted to fur-
ther identify the therapeutic potential of topically applied DIMS0150
in therapy-refractory patients with chronic active UC, thereby broad-
ening the data regarding the application of ODN in the field of IBD.*
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