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Abstract
Background  A recent phase III trial did not confirm the previous clinical and endoscopic improvements seen in patients 
with Crohn’s disease (CD) receiving Mongersen, an oral Smad7 antisense oligonucleotide. Factors accounting for such a 
discrepancy are unknown.
Objective  Our objective was to further assess whether Mongersen was effective as induction therapy in active CD and evalu-
ate the in vitro inhibitory effect of various batches of Mongersen used in the previous and present trials on Smad7 expression.
Methods  In a phase II, open-label study, 18 patients with active CD (Crohn’s Disease Activity Index [CDAI] score > 220 
and evidence of endoscopic lesions) received Mongersen 160 mg/day for 12 weeks. The rates of clinical remission, defined 
as CDAI < 150, and clinical response, defined as a CDAI score decrease ≥ 100, were evaluated at week 4, 8, and 12. The 
fraction of circulating CCR9-expressing leukocytes was assessed by flow cytometry. Smad7 expression was evaluated in 
the human colorectal cancer cell line HCT-116 transfected with different batches of Mongersen using real-time polymerase 
chain reaction (PCR) and Western blotting,
Results  The proportions of patients experiencing clinical remission were 38.9%, 55.6%, and 50.0% at week 4, 8, and 12, 
respectively. At the same time points, the rates of clinical response were 72.2%, 77.8%, and 77.8%, respectively. Mongersen 
reduced the percentages of CCR9-expressing CD45+ cells. The batch of Mongersen used in this study, but not two batches 
used in the phase III study, inhibited Smad7 expression in HCT-116 cells.
Conclusions  The present findings support the clinical benefit of Mongersen in active CD and show that various batches 
manufactured during the GED0301 program differ in their ability to inhibit in vitro Smad7.
Trial Registration Number  NCT02685683; EudraCT 2015-001693-18
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Key Points 

This was a small open-label study showing clinical 
benefit in patients with active Crohn’s disease receiving 
Mongersen, a Smad7 antisense oligonucleotide-contain-
ing oral compound.

The study confirms the good safety profile of Mon-
gersen.

Various batches of Mongersen developed and manu-
factured for the clinical trials differ in their ability to 
downregulate Smad7 expression in cultured cells.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40259-021-00482-x&domain=pdf
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1  Introduction

Crohn’s disease (CD) is a chronic, disabling, relapsing 
inflammatory disease that mainly affects the terminal ileum 
and right colon, although it may involve any segment of the 
gastrointestinal tract [1]. The etiology of CD is unknown, 
but it is considered to be an immune-mediated disease in 
which a combination of genetic, environmental, and immu-
nologic factors contribute to trigger a pathologic process 
leading to the tissue damage [2].

Patients with CD may present with symptoms that include 
abdominal pain, diarrhea, and weight loss, and the course of 
the disease can be associated with systemic symptoms such 
as malaise, anorexia, or fever [3]. Common complications 
are intestinal strictures and fistulas, with an increased fre-
quency over time, occurring in more than half of the patients 
by 20 years after diagnosis, and often requiring surgery [4].

Despite significant advancements in the understanding 
of the basic mechanisms underlying the tissue-damaging 
inflammatory response, treatment of patients with CD 
remains a difficult challenge [5]. The natural history of CD 
is characterized by a remitting and relapsing course that 
progresses to complications and surgery in the majority 
of patients [4]. A stepwise approach according to disease 
location and severity at presentation has been advocated, 
with the primary aim of inducing and maintaining clinical 
remission, improving quality of life, and minimizing short-
term and long-term toxicity and complications [6, 7]. Treat-
ment of CD currently involves pharmacological treatment 
and surgery, the latter of which is indicated for medically 
refractory disease and/or complications [8, 9]. Pharmaco-
logical treatment includes traditional anti-inflammatory 
drugs, immunomodulators, and biologic compounds, such as 
tumor necrosis factor (TNF)-α blockers, interleukin (IL)-12/
IL-23 blockers, and integrin antagonists [6]. However, not 
all patients respond to these drugs, and therapy can be asso-
ciated with significant potential adverse events [10]. There 
is a clear need for newer therapeutic approaches in patients 
with CD who do not respond, lose response, or are intoler-
ant to currently available treatments, as well as to improve 
the toxicity associated with chronic immunosuppression 
observed with corticosteroids.

Accumulating evidence indicates that the CD-associ-
ated chronic inflammation is caused by an excessive local 
immune response to luminal antigens that is not appropri-
ately controlled by the normal counterregulatory mecha-
nisms [2]. One of the counterregulatory mechanisms 
involves transforming growth factor (TGF)-β1, which is 
a multifunctional factor that has been shown to play an 
important role in the control of immune homeostasis and 

to act as a potent negative regulator of mucosal inflamma-
tion [11–13]. In CD, activity of TGFβ1 is defective because 
of high levels of Smad7, an intracellular inhibitor of the 
TGFβ1/Smad signaling [11, 14]. The functional relevance 
of these findings was supported by mechanistic studies 
showing that inhibition of Smad7 with a specific antisense 
oligonucleotide restored the TGFβ1-mediated suppression 
of mucosal inflammation in murine models of colitis [15, 
16]. Moreover, phase I and II studies documented a clinical 
and endoscopic benefit in patients with CD treated with an 
oral compound, named Mongersen (previously GED0301), 
containing the Smad7 antisense oligonucleotide [12, 17, 18]. 
However, a recent phase III trial was prematurely discon-
tinued following a futility analysis showing no clinical and 
endoscopic benefit in patients with CD treated with Mon-
gersen [19]. Surprisingly, in this study, the percentages of 
patients achieving clinical response or clinical remission fol-
lowing Mongersen treatment did not differ from those seen 
in placebo-treated patients and were markedly lower than 
those documented in the previous phase I and II studies. The 
reasons for these discrepancies remain unknown, although it 
has been hypothesized that they could, at least in part, rely 
on differences in the inclusion criteria between the phase II 
and III studies [20]. In fact, the phase II study did not require 
endoscopy for enrolment of patients, whereas the phase III 
study included patients with active ulcerations observed in 
the terminal ileum and/or colon on ileocolonoscopy. How-
ever, the inclusion criteria adopted in the phase III study 
were similar to those of the endoscopic open phase II study 
in which Mongersen was beneficial in patients with active 
CD even though no placebo group was included [21]. During 
the whole Mongersen project, many different batches of the 
drug substance have been manufactured and used in clinical 
trials. The identity of the investigational product and the sta-
bility of each formulation were checked during the clinical 
studies and after the end of the phase III study. However, it 
remains unclear whether physical and chemical changes of 
the batches, which can occur during large-scale synthesis 
of antisense oligonucleotides, have contributed to the dif-
ferences in the results of the previous studies.

Other clinical studies were conducted in parallel with 
the phase III study, although the sponsor terminated these 
studies early after the cancellation of the GED0301 clinical 
program and the decision to terminate the phase III study. In 
particular, a phase II open-label study was aimed at further 
exploring the clinical and pharmacodynamic effects of Mon-
gersen in patients with active CD. This study used a different 
batch of Mongersen from those used in the phase III study.

We present the clinical data of this phase II study. Moreo-
ver, we assessed the in vitro pharmacological activity of 
various batches of Mongersen used in the clinical trials.
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2 � Methods

2.1 � Study Design

This was a phase II open-label study, designed without a pla-
cebo or active control, that focused on further understanding 
the clinical outcomes in patients with active CD treated with 
Mongersen 160 mg/day for 12 weeks as compared with base-
line. All subjects were assigned to receive the same treat-
ment: four 40-mg tablets daily during the 12-week induc-
tion period. The dose of 160 mg was selected to provide 
subjects with the highest safe and effective treatment dose 
of Mongersen based on the clinical safety and efficacy data 
from the prior Mongersen studies [12, 17]. Patient eligibil-
ity was determined during a 4-week screening period, dur-
ing which patient demographics and medical histories were 
obtained and the following information collected: Crohn’s 
Disease Activity Index (CDAI), patient diary, viral serology, 
stool cultures, Simple Endoscopic Score for Crohn’s Dis-
ease (SES-CD), fecal calprotectin, vital signs, and laboratory 
evaluations. The study was conducted at the Tor Vergata 
University Hospital (Rome, Italy) and Ospedale San Mat-
teo (Pavia, Italy). The study was carried out in accordance 
with the Declaration of Helsinki, the good clinical practice 
guidelines established by the International Conference on 
Harmonisation, and the applicable drug and data protection 
laws and regulations existing in Italy. Protocols, amend-
ments, and informed consent documentation were reviewed 
and approved by the institutional review boards and inde-
pendent ethics committee of each study center before the 
trial began. Written informed consent was obtained from 
patients before they underwent screening for eligibility.

2.2 � Patients

Eligible patients were aged ≥ 18 years with a documented 
history of CD for ≥ 3 months before screening, with inflam-
matory lesions in the terminal ileum, colon, or both. Patients 
had active CD defined by a CDAI score ≥ 220 and ≤ 450 and 
either a total SES-CD ≥ 6 or ileum segmental SES-CD ≥ 4 
and had experienced failure or intolerance to at least one of 
the following: budesonide, systemic corticosteroids, immu-
nosuppressants (e.g., azathioprine, 6-mercaptopurine, or 
methotrexate), or biologics. Ileocolonoscopy was performed 
during the screening period (baseline), and video images 
of all endoscopic procedures were captured and sent to a 
qualified centralized reader for calculation of the SES-CD.

Because the active compound of Mongersen is mainly 
released in the distal ileum and right colon, we excluded 
patients with lesions in the stomach and proximal small 
intestine. Patients were also excluded if they had a diag-
nosis of ulcerative colitis, indeterminate colitis, ischemic 

colitis, microscopic colitis, radiation colitis, or diverticular 
disease-associated colitis. Patients were excluded if they had 
abscesses, short bowel syndrome, or intestinal strictures with 
pre-stenotic dilatation, requiring procedural intervention or 
not passable with an adult colonoscope, or any CD compli-
cations for which surgery might have been indicated or could 
have confounded the evaluation of efficacy. We also excluded 
patients with an intestinal resection within 6 months or any 
intra-abdominal surgery within 3 months prior to screen-
ing visit, those who had an ileostomy or a colostomy, and 
patients who had received treatments with mycophenolic 
acid, tacrolimus, sirolimus, cyclosporine, thalidomide, or 
apheresis within 8 weeks prior to screening visit, or intra-
venous corticosteroids within 2 weeks prior to screening 
visit. Patients could continue to receive stable doses of oral 
mesalamine and/or prednisone (≤20 mg per day) or bude-
sonide (≤ 9 mg per day) through the study period. Patients 
could also receive a stable dose of immunomodulators (e.g., 
azathioprine, 6-mercaptopurine, or methotrexate) if therapy 
had been initiated ≥ 12 weeks before initiation of the study 
treatment. The dose of immunosuppressants was required 
to be stable for ≥ 8 weeks before study initiation and to 
remain stable through the study period. Patients could not 
receive treatment with topical 5-aminosalicylic acid or cor-
ticosteroid enemas or suppositories within 2 weeks, anti-
biotics within 3 weeks, or bile acid sequestrant before the 
date of their enrolment in the trial and throughout the study 
duration. Prior treatment with investigational biologics for 
the treatment of CD or with more than two TNFα blockers 
was not allowed. Patients could not receive treatment with 
a TNFα blocker within 8 weeks prior to the screening visit 
and throughout the entire duration of the study or with par-
enteral nutrition within 4 weeks prior to the screening visit. 
Patients with an active or recent infection or a history of 
cancer were excluded. Female participants were required to 
use a highly effective form of contraception throughout the 
study. We excluded women who were pregnant or breast-
feeding, people with a clinically significant abnormality on 
electrocardiography or laboratory testing, and patients who 
had received prior treatment with Mongersen or had partici-
pated in a clinical study involving Mongersen.

2.3 � Efficacy and Safety Assessment

The efficacy endpoints included the proportion of subjects 
achieving clinical remission (defined as a CDAI score < 
150) and clinical response (defined as a CDAI score decrease 
of ≥ 100 points) at week 4, 8, and 12, and the change from 
baseline in the two-item patient-reported outcome (PRO2) 
score at week 4, 8, and 12. Additionally, the changes from 
baseline in fecal calprotectin and high-sensitivity serum 
C-reactive protein (hsCRP) at week 12 were also assessed. 
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Ileocolonoscopy was performed during the screening period 
(baseline) and at week 12. Video images of all endoscopic 
procedures were captured and sent to a qualified central-
ized reader for calculation of the SES-CD. Another endpoint 
was the evaluation of safety and tolerability of Mongersen. 
For this purpose, clinical, biochemical, and hematologic 
variables were periodically assessed. An enzyme-linked 
immunosorbent assay was used to monitor the patients for 
complement activation (a side effect of systemic antisense 
exposure). The severity of adverse events and their cause 
(study drug or procedure) was determined.

2.4 � Flow Cytometry Analysis

Peripheral blood samples were collected into heparinized 
tubes at baseline and at week 12 following Mongersen treat-
ment. Peripheral blood mononuclear cells (PBMC) were 
obtained by density-gradient centrifugation, washed three 
times in cold phosphate-buffered saline (PBS) and used to 
assess cell surface markers by flow cytometry. Since PBMC 
were processed immediately at the Tor Vergata University, 
no sample was collected at the San Matteo Hospital. Sam-
ples were available from only 12 of 13 patients enrolled at 
the Tor Vergata University Hospital as one patient did not 
give consent to collect blood. PBMC were stained with the 
following antibodies: anti-CD45-APC-H7, anti-CD3-Pacific 
Blue, and anti-CCR9-APC (all from BD Bioscience, San 
Jose, CA, USA). All antibodies were used at 1:50 final dilu-
tion. Appropriate isotype-matched controls were included in 
all of the experiments. Cells were analyzed using a Beckman 
Coulter Gallios cytometer and Kaluza software.

2.5 � Cell Culture

The human colorectal cancer (CRC) cell line HCT-116 was 
obtained from the American Type Culture Collection and 
maintained in McCoy’s 5A (Lonza, Verviers, Belgium) sup-
plemented with 10% fetal bovine serum (FBS) (Euroclone, 
Milan, Italy) and 1% penicillin/streptomycin (Lonza), in a 
37 °C, 5% CO2, fully humidified incubator. The cell line has 
been recently authenticated by short tandem repeat (STR) 
DNA fingerprinting using the PowerPlex 18D System kit 
according to the manufacturer’s instructions (Promega, 
Milan, Italy). The STR profile matched the known DNA 
fingerprint.

To perform transfection experiments, 1 mL of single-cell 
suspension (2 × 105 cells/mL) was added per well in six-well 
culture dishes. The day after, cells were washed with PBS 
(Lonza) and transfected with different batches of Mongersen 
using Opti-MEM I transfection medium plus lipofectamine 
3000 reagent (Thermo Fisher Scientific, Monza, Italy) 
according to the manufacturer’s instructions. The transfec-
tion was performed in a final volume of 2 mL to get a 1 µg/

mL final concentration of each test item. Cells incubated 
with Opti-MEM I transfection medium and lipofectamine 
3000 only were used as internal control. After 24 h, cells 
were washed with PBS and cultured with McCoy’s 5A sup-
plemented with 10% FBS and antibiotics for a further 24 h. 
Cells were then washed with PBS, and total proteins were 
extracted to perform western blotting experiments. To evalu-
ate RNA expression, cells were transfected as indicated and 
collected after 3 h.

2.6 � RNA Extraction, Complementary DNA 
Preparation, and Real‑Time Polymerase Chain 
Reaction

RNA was extracted using PureLink messenger RNA mini kit 
(Thermo Fisher Scientific), according to the manufacturer’s 
instructions. A constant amount of RNA (1 μg/sample) was 
reverse transcribed into complementary DNA (cDNA), and 
1 μL of cDNA/sample was then amplified using real-time 
PCR and iQ SYBR Green Supermix (Bio-Rad Laborato-
ries, Milan, Italy) and the following β-actin primers: FWD: 
5´-AAG​ATG​ACC​CAG​ATC​ATG​TTT​GAG​ACC-3´; REV: 
5´-AGC​CAG​TCC​AGA​CGC​AGG​AT-3´. Smad7 RNA 
expression was evaluated using a Taqman assay (Life Tech-
nologies). Smad7 RNA expression was calculated relative 
to the housekeeping β-actin gene on the base of the ΔΔCt 
algorithm.

2.7 � Western Blotting

Total proteins were extracted using the following lysis 
buffer: 10 mmol/L HEPES, 1 mmol/L EDTA, 60 mmol/L 
KCl, 0.2% Igepal CA-630, 1 mmol/L sodium fluoride, 10 
µg/mL aprotinin, 10 µg/mL leupeptin, 1 mmol/L DTT, and 
1 mmol/L PMSF (all from Sigma-Aldrich, Milan, Italy), 
separated on a 10% SDS-PAGE gel, and blots were then 
incubated with a mouse antihuman monoclonal SMAD7 
antibody (0.5 µg/mL final dilution; R&D systems, Minne-
apolis, MN, USA) followed by a rabbit antimouse antibody 
conjugated to horseradish peroxidase (1:20000 final dilution; 
Dako, Milan, Italy). After analysis of Smad7, each blot was 
stripped and incubated with a mouse–antihuman monoclo-
nal β-actin antibody (Sigma-Aldrich) to confirm equal load-
ing of the lanes. Computer-assisted scanning densitometry 
(Image Lab Software, Bio-Rad Laboratories) was used to 
analyze the intensity of the immunoreactive bands.

2.8 � Analysis and Quantification of Cell Proliferation

Cell proliferation was assessed using carboxyfluorescein 
diacetate succinimidyl ester (CFSE; Molecular Probes, 
Eugene, OR, USA), which covalently binds cell compo-
nents to yield a fluorescence that is divided equally between 
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daughter cells at each division. Briefly, 1 mL of single-cell 
suspension (2 × 105 cells/mL) was added per well in six-
well culture dishes. The next day, cells were washed with 
PBS and transfected with four different batches of Smad7 
antisense oligonucleotides using Opti-MEM I transfection 
medium plus lipofectamine 3000 reagent according to the 
manufacturer’s instructions. The transfection was performed 
in a final volume of 2 mL to get a 1 µg/mL final concentra-
tion of each test item. Cells incubated with Opti-MEM I 
transfection medium and lipofectamine 3000 only were used 
as internal control. After 24 h, cells were washed with PBS 
and incubated with CFSE according to the manufacturer’s 
instructions. After 30 minutes, cells were washed with PBS 
and cultured with McCoy’s 5A supplemented with 10% FBS 
and antibiotics for a further 24 h. Finally, cells were col-
lected, washed with PBS, and then incubated with 5 µg/
mL of propidium iodide (PI) for 15 minutes, at 4 °C in the 
dark. CFSE- and/or PI-positive cells were determined by 
flow cytometry, and the data were analyzed using ModFit 
LT 2.0 (Verity Software House, Inc., ME, USA).

2.9 � Statistical Analysis

The study was exploratory only and was not powered. It had 
a planned enrolment of 20 subjects who were to complete 
12 weeks of treatment. All efficacy analyses were conducted 
according to the intention-to-treat (ITT) principle and, there-
fore, the ITT population included all subjects who entered 
the study and received at least one dose of Mongersen. For 
assessments of change from baseline, a baseline value and 
at least one post-baseline value were also required. Treat-
ment failure rules were applied to the efficacy analyses. Sub-
jects who had initiated or increased the dose of concomitant 
medications that are known to be effective for the treatment 
of CD (corticosteroids, immunosuppressants, or biologics) 
were considered to be treatment failures from the date of the 
event onward. The proportion of subjects achieving clini-
cal remission/clinical response was calculated by the Wil-
son score method with two-sided 95% confidence intervals 
(CIs). Sensitivity analyses were performed using “data as 
observed” and “last observation carried forward” methods.

Changes in fecal calprotectin and hsCRP and in the 
percentages of CCR9-expressing PBMC in subgroups of 
patients with clinical remission/response from baseline to 
week 12 were assessed using the Wilcoxon signed-rank test.

For the in  vitro studies with HCT-116 cells, values 
derived from all the observations were expressed as mean ± 
standard error of the mean (SEM) of at least three independ-
ent experiments. Data were analyzed using one-way analysis 
of variance followed by Dunnett’s multiple comparison test. 
Significance was defined as p-values <0.05.

3 � Results

3.1 � Demographic and Baseline Patient 
Characteristics

Patients were screened to provide a planned minimum of 
20 patients completing 12 weeks of treatment with Mon-
gersen. The planned duration of the study was 2 years, but 
the sponsor terminated the study early. Of the 45 patients 
screened for enrolment, 27 were screen failures. The reasons 
for screen failure included the following: nine patients had a 
CDAI score < 220 at screening, five patients had stool posi-
tivity for enteric pathogens, five patients did not have a total 
SES-CD ≥ 6 or ileum segmental SES-CD ≥ 4 at screen-
ing, four patients had CD-related intestinal strictures, two 
patients had a history of a clinically significant systemic dis-
ease, one patient had laboratory alterations, and one patient 
had prior treatment with more than two TNFα blockers. In 
total, 18 patients (13 enrolled at the Tor Vergata University 
Hospital and five enrolled at the San Matteo Hospital) were 
assigned to receive Mongersen 160 mg/day for 12 weeks. 
Table 1 shows the demographic and baseline disease char-
acteristics of the 18 patients. The median disease duration 
was 10.3 years (range 0.3–30.0). The majority of patients 
had the disease for ≥ 5 years, with four patients (22.2%) 
having had it for ≥ 5 to < 10 years, and ten patients (55.6%) 
having had it for ≥10 years. Overall, 38.9% of patients had 
prior surgery for CD and 33.3% had prior exposure to TNFα 
blockers. A total of 11.1% of patients reported baseline use 
of oral corticosteroids (oral prednisolone 15 mg/day), and no 
patient reported baseline use of immunosuppressants. The 
mean ± standard deviation baseline SES-CD (centrally read) 
score was 14.9 ± 10.34.

3.2 � Clinical Remission and Response

Overall, the median baseline CDAI score was 288.8 (95% 
CI 264.2–334). Out of 18 enrolled patients, 17 (94.4%) com-
pleted the 12-week treatment and one discontinued the treat-
ment after week 8 because of lack of efficacy.

Overall, of the 18 patients in the ITT population, seven 
(38.9%), ten (55.6%), and nine (50.0%) achieved clinical 
remission at week 4, 8, and 12, respectively (Fig. 1a). At 
these time points, 72.2% (n = 13), 77.8% (n = 14), and 
77.8% (n = 14) of patients in the ITT population achieved 
clinical response (Fig. 1b). For the ITT population, the 
median change from baseline in CDAI score was − 140.5 
(95% CI − 165.9 to − 59.8) at week 4 (p = 0.0007), -162.2 
(95% CI − 191.6 to − 107.4) at week 8 (p < 0.0001), 
and − 161.6 (95% CI − 197.5 to − 73.4) at week 12 (p = 
0.0019). Mean changes from baseline in CDAI score to 
each time point are shown in Fig. 2a.
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3.3 � Change from Baseline in the Two‑Item 
Patient‑Reported Outcome Score

At baseline, the median PRO2 score was 19.6 (95% CI 
16.8–22.3). For the ITT population, the median change 
from baseline in PRO2 score was − 7.1 (95% CI − 10.1 
to − 3.5) at week 4 (p = 0.001), − 8.7 (95% CI − 11.1 to 
− 6.0) at week 8 (p < 0.0001), and − 11.1 (95% CI − 11.7 
to − 5.2) at week 12 (p = 0.0002). Mean changes from 
baseline in PRO2 score to each time point are shown in 

Fig. 2b. Reductions were apparent in both the abdomi-
nal pain and the stool frequency subcomponents (data not 
shown).

3.4 � Change in Fecal Calprotectin, High‑Sensitivity 
C‑Reactive Protein, and Simple Endoscopic 
Score for Crohn’s Disease

The median fecal calprotectin level at baseline was 799.5 
(95% CI 720.6–1849.6). In the overall population, no clini-
cally meaningful median changes from baseline in fecal 
calprotectin were observed during the 12-week treatment. 
Indeed, for the ITT population, the median change in fecal 
calprotectin level from baseline at week 4, 8, and 12 was - 
39.5 (95% CI − 498.4 to 56.6), − 72.5 (− 555.9 to 809.7), 
and − 25 (− 362.8 to 979), respectively. Next, we examined 
the median changes from baseline to week 12 in fecal cal-
protectin in the subgroup of patients with clinical response/
remission. Of 14 patients achieving clinical response/
remission, seven (50%) exhibited a reduction in the fecal 

Table 1   Demographics and baseline characteristics (ITT population)

Data are presented as mean ± standard deviation or n (%) unless oth-
erwise indicated
CD Crohn’s disease, CDAI Crohn’s Disease Activity Index, CI con-
fidence interval, ITT intent to treat, SD standard deviation, SES-CD 
simple endoscopic score for Crohn’s disease, TNF tumor necrosis fac-
tor

Demographic and baseline character-
istic

Mongersen 160 mg (N = 18)

Age (years)
 Median (range) 42.0 (18–56)

Sex
 Male 11 (61.1)
 Female 7 (38.9)

Tobacco history
 Never smoked 10 (55.6)
 Past smoker 3 (16.7)
 Current smoker 5 (27.8)

Duration of CD (years)
 Median (minimum; maximum) 10.30 (0.3; 30.0)
 < 2 2 (11.1)
 2 to <5 2 (11.1)
 5 to <10 4 (22.2)
 ≥10 10 (55.6)

Prior procedures or surgeries for CD
 Yes 7 (38.9)
 No 11 (61.1)

Previous exposure to TNFα blockers
 Yes 6 (33.3)
 One 3 (16.7)
 Two 3 (16.7)
 No 12 (66.7)

Baseline use of oral corticosteroids
 Yes 2 (11.1)
 No 16 (88.9)

Baseline CDAI score
 Mean ± SD 299.1 ± 70.10
 Median (95% CI) 288.8 (264.2–334.0)

Baseline SES-CD (centrally read)
 Mean ± SD 14.8 ± 10.04
 Median (95% CI) 10.0 (9.6–20.2)

Fig. 1   Percentages of patients a experiencing clinical remission, 
defined as a Crohn’s Disease Activity Index score of < 150 at week 
4, 8, and 12 following Mongersen treatment and b who had a clini-
cal response, defined by a 100-point decrease in the Crohn’s Disease 
Activity Index score at week 4, 8, and 12 following Mongersen treat-
ment
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calprotectin level from baseline (681 [145–3035]) to week 
12 (393 [82–2231]) (p = 0.01). Of the total 18 patients, 11 
(61%) had baseline abnormal hsCRP (> 5 mg/L); in nine 
of these patients, Mongersen treatment was associated with 
clinical remission/response, whereas the remaining two 
patients were unresponsive to the drug. In the subgroup of 
patients experiencing clinical remission/response, Mon-
gersen induced a significant reduction in the median hsCRP 
value from baseline (28.4; range 6.5–118) to week 12 (11.3; 
range 3–66) (p = 0.039).

Overall, the mean ± standard deviation baseline SES-CD 
(centrally read) score was 14.9 ± 10.34 and did not sig-
nificantly change after 12 weeks of treatment (15.5 ± 11.4). 
Of the 17 patients for whom endoscopic assessment was 

available at week 12, four (23.5%) showed SES-CD ≥ 20% 
response.

3.5 � Safety Results

All 18 enrolled patients were included in the safety analysis. 
During the treatment period, eight of 18 patients (44.4%) 
reported at least one treatment-emergent adverse event 
(TEAE). The majority of TEAEs were reported in one 
patient each. The only TEAEs reported in more than one 
patient were pyrexia (four patients [22.2%]) and arthralgia 
(two patients [11.1%]). No patient died during the study, 
and no drug-related TEAEs, drug-related serious TEAEs, or 
TEAEs leading to GED0301 interruption were reported. One 
serious TEAE (anal abscess) was reported during the study 
in one patient. No treatment-emergent clinically meaningful 
abnormal hematology laboratory results, vital sign findings, 
or electrocardiogram values were reported during the study. 
No new safety signals were observed.

3.6 � Mongersen Reduces the Fraction of Circulating 
CCR9‑Expressing CD45+ Cells

The C-C chemokine receptor CCR9 is expressed on a cer-
tain subset of PBMC, and it mediates the homing to the 
intestinal mucosa of antigen-primed circulating mononu-
clear cells [22–24]. Peripheral blood samples were used to 
assess changes in the fraction of CCR9-expressing PBMC 
following Mongersen treatment. In particular, samples were 
collected at baseline and at week 12 from ten responders 
and two nonresponders. Only samples from patients enrolled 
at Tor Vergata Hospital were taken for flow-cytometric 
analysis. There was no significant change in the fraction of 
CD45+ cells and CD45+CD3+CCR9+ cells in the two non-
responders from baseline to week 12 (not shown). In con-
trast, in patients experiencing clinical remission/response, 
Mongersen induced a significant reduction in the fraction of 
both CD45+ cells and CD45+CD3+ cells expressing CCR9 
(Fig. 3).

3.7 � In Vitro Knockdown of Smad7 with Different 
Batches of Mongersen

Next, we investigated whether the different batches of 
Mongersen used in the various clinical trials inhibited 
Smad7 expression in cultured cells. For these studies, we 
used the human CRC cell line HCT-116, as these cells are 
easily transfected with Smad7 antisense oligonucleotides 
and represent a well-characterized model to monitor the 
functional consequence of Smad7 knockdown [25, 26]. 
The experiments included the negative control (lipo-
fectamine); the reference batch NP004, which was used 
in both phase I and IGON1 phase II studies; the batch 

Fig. 2   Mean changes in a CDAI score from baseline at week 4, 8, 
and 12 and b PRO2 score from baseline at week 4, 8, and 12. Error 
bars show standard error of the mean. All 18 enrolled patients were 
included in the analysis (intention-to-treat population; last observa-
tion carried forward analysis). CDAI Crohn’s Disease Activity Index, 
PRO2 two-item patient-reported outcomes
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NP901, which was used in the present phase II study; and 
the batches NP425 and NP720, which were used in the 
phase III study. The batches NP004 and NP901 but not 
NP425 and NP720 downregulated Smad7 expression at 
both the RNA and the protein level, with NP004 being the 
most effective (Fig. 4a–c). As Smad7 plays a critical role 
in sustaining CRC cell proliferation [25, 26], we assessed 
the ability of the above mentioned batches to modulate 
HCT-116 cell growth. In line with the effects observed on 
Smad7 expression, only batches NP004 and NP901 sig-
nificantly reduced the growth of HCT-116 cells (Fig. 4d).

4 � Discussion

After the encouraging results of the phase I and II studies 
showing clinical and endoscopic benefits from Mongersen 
in active CD, the phase III randomized double-blind, pla-
cebo-controlled multicentre study was terminated early by 
an independent committee because of a lack of both clini-
cal and endoscopic efficacy [12, 17, 19]. In particular, in 
the latter study, only one-fifth of the patients receiving the 
highest dose of Mongersen (160 mg/day), which was asso-
ciated with a 65% clinical remission rate in the phase II 
study, experienced a state of clinical remission, which was 
not significantly different from the placebo rate (25%) [19]. 

Fig. 3   Percentages of circulating CCR9-expressing a CD45+ cells 
and b CD45+CD3+ cells at baseline and at week 12 following Mon-
gersen treatment in patients experiencing clinical remission/response 
at week 12. Each point in the graph indicates the fraction of positive 

cells in a single patient as evaluated by flow cytometry. Horizontal 
bars indicate the median values. Representative histograms are also 
shown for each subset of cells
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The reasons for such a huge disparity between these two 
studies remain unknown.

We present the clinical outcomes of an open-label phase 
II study conducted at the same time as the phase III trial. 

Moreover, we assessed the in vitro pharmacological activity 
of various batches of Mongersen used in the clinical tri-
als. The study shows clinical improvements in patients with 
active CD following Mongersen treatment, thus confirming 

Fig. 4   In vitro effects of different batches of Mongersen on Smad7 
expression and cell growth. a Effect of different batches of Mon-
gersen on Smad7 mRNA expression. HCT-116 cells were transfected 
with either lipofectamine only (control) or the indicated batches of 
Mongersen as described in Sect.  2. Smad7 mRNA transcripts were 
evaluated using real-time polymerase chain reaction. Levels were nor-
malized to β-actin. Values are mean ± standard error of the mean of 
three experiments. NP901 vs. control, **P < 0.01; NP004 vs. control, 
***P < 0.001. b Effect of different batches of Mongersen on Smad7 
protein expression. HCT-116 cells were transfected with either lipo-
fectamine only (control) or the indicated batches of Mongersen as 
described in Sect. 2. Whole-cell extracts were prepared and analyzed 
for Smad7 expression by western blotting. β-actin was used as a load-

ing control. One of at least three representative experiments is shown. 
c Quantitative analysis of Smad7/β-actin protein ratio in total extracts 
of HCT-116 cells transfected as indicated in (b), as measured by den-
sitometry scanning of western blots. Values are expressed in arbitrary 
units and are the mean ± standard error of the mean of three experi-
ments. NP901 vs. control, **P < 0.01; NP004 vs. control, ***P < 
0.001. d Effect of different batches of Mongersen on HCT-116 cell 
growth. Cells were transfected with either lipofectamine only (con-
trol) or the indicated batches of Mongersen and then labeled with car-
boxyfluorescein diacetate succinimidyl ester as described in Sect. 2. 
Cell proliferation was assessed by flow cytometry. NP004 or NP901 
vs. control, ***P < 0.001
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the benefits seen in the previous phase I and II studies. 
Improvements in both stool frequency and abdominal pain 
contributed to the reductions in CDAI and PRO2 scores. 
Since all patients enrolled for this study had active disease 
as defined by clinical, laboratory, and endoscopic scores, it 
is unlikely that the rates of clinical remission and clinical 
response seen in this study do not reflect the effect of Mon-
gersen on the ongoing intestinal inflammation. Indeed, half 
of the patients who experienced clinical benefit exhibited 
reduced levels of fecal calprotectin, a biomarker of intes-
tinal inflammation [27], following Mongersen treatment. 
Moreover, in the subgroup of patients with baseline hsCRP 
> 5 mg/L and experiencing clinical remission/response, 
Mongersen induced a significant reduction in the median 
hsCRP value from baseline to week 12. However, these find-
ings indicate that, despite the clinical benefit, 12-week treat-
ment with Mongersen is insufficient to suppress the mucosal 
inflammatory process. Indeed, evaluation of the effect of 
Mongersen on endoscopic outcomes revealed a SES-CD ≥ 
20% response in only one-fifth of the patients. In this con-
text, we would like to point out that our results are consistent 
with a recent phase II study investigating the effect of oral 
compounds (i.e., Janus kinase inhibitors) in active CD and 
showing significant clinical but not endoscopic improve-
ments at week 12 [28].

Support for the modulating effect of the drug on the 
intestine-specific inflammatory responses comes from the 
demonstration that Mongersen significantly reduced the per-
centage of circulating mononuclear cells expressing CCR9, 
a chemokine receptor induced by TGFβ1 on leukocytes in 
the gastrointestinal-associated lymphoid tissue (e.g., Peyer’s 
patches) and necessary for the homing of peripheral blood 
leukocytes to the intestinal mucosa [22–24].

The study confirmed the good safety profile of Mongersen 
[12, 17, 19, 21], and the safety findings documented were 
consistent with those expected in patients with active CD.

It is known that even small changes in the manufac-
turing processes of antisense oligonucleotides can cause 
significant differences in their clinical properties [29]. 
Consequently, batch-to-batch reproducibility of the active 
pharmaceutical ingredient is of utmost importance, as it 
can affect the downstream processing and hence the quality 
of the final product. Mongersen comprises 21 nucleotides 
bound by phosphorothioate linkages. Such phosphorothio-
ate modifications are commonly introduced to enhance the 
protein-binding properties of the antisense oligonucleotide 
and consequently its pharmacological activity [30]. How-
ever, because the geometry of phosphorothioate installa-
tion cannot be controlled, all phosphorothioate-substituted 
antisense oligonucleotides comprise mixtures of drug dias-
tereoisomers. Thus, patients treated with a specific phos-
phorothioate-modified antisense oligonucleotide likely 

receive a mixture of thousands of diastereoisomers that, in 
principle, may bear distinct three-dimensional structures 
and pharmaceutical properties [31, 32].

Our in vitro data clearly indicated that various batches 
of Mongersen manufactured during the GED0301 program 
and used in the previous and current clinical trials dif-
fered in their ability to downregulate Smad7 expression, a 
function that is crucial in the mechanism of action of the 
drug. Specifically, batch NP901, which was used in the 
present clinical trial, reduced Smad7 expression in cul-
tured HCT-116 cells. Downregulation of Smad7 in cells 
transfected with such a batch occurred at both the RNA 
and the protein level, confirming the antisense effect of 
the compound. Functionally, knockdown of Smad7 was 
followed by a significant reduction in HCT-116 cell pro-
liferation, a finding that has been previously linked to the 
ability of Smad7 to regulate the activation of intracellular 
pathways that ultimately control colon cancer cell growth 
[25, 26]. Interestingly, the inhibitory effect of such a batch 
on Smad7 was lower than that seen with the reference 
batch NP004, which was used in the IGON1 (phase II) 
study. In contrast, no downregulation of Smad7 RNA and 
protein expression was seen in HCT-116 cells transfected 
with two different batches of Mongersen, which were used 
in the phase III trial. Altogether, these data indicate that 
the ability of the various pharmaceutical batches devel-
oped during the whole GED0301 program to downregulate 
Smad7 in cultured cells differs.

As far as we know, in vitro cell culture studies are not 
considered as part of the quality process prior to the release 
of the batches used in phase III trials. In this regard, we 
strongly feel that, before setting up future trials employing 
Mongersen or other antisense oligonucleotide-based strat-
egies, quality control studies aimed at determining batch 
purity and pharmacological activity are mandatory, as the 
high variability in the efficiency of different batches of the 
drug is not acceptable in the clinical use of such compounds.

Studies are now ongoing to ascertain whether and which 
physical/chemical changes that can occur during the large-
scale synthesis of the antisense oligonucleotides may have 
disrupted the pharmacological activity of some batches used 
in the phase III trial.

Limitations of this study include the small sample size 
and the lack of a placebo group. Furthermore, the design 
of the trial and selection of time points relied on evidence 
from previous phase I and II studies. Further work is needed 
to establish the optimal dose of the drug, duration of the 
treatment, and timing to assess the effect of Mongersen on 
mucosal/transmural lesions of the disease. Moreover, further 
studies are needed to ascertain whether the different in vitro 
activities of the batches of the drug can provide an explana-
tion for the failure of the phase III study.
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5 � Conclusions

The present findings support the clinical benefit of Mon-
gersen in patients with active CD and show that various 
batches manufactured during the GED0301 program varied 
in their ability to inhibit Smad7 expression in cultured cells.
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