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ABSTRACT

Background

Crohn's disease (CD) is an inflammatory bowel disease that causes inflammation and stricture, of any part of the mucosa and the gut wall.
It forms skip lesions, sparing the areas in between the affected parts of the gastrointestinal tract. Crohn's disease could have one of three
complications; fistula, intestinal obstruction due to stricture, or gastrointestinal inflammation presenting as severe diarrhoea.

Stem cell therapy (SCT) is an innovative treatment that has been recently used in CD. The exact role of SCT in CD is still unclear. Stem cells
modify the immunity of the patients or act as a “reset tool” for the immune system as in the case of systemically-injected stem cells, or
regenerate the affected area of necrotic and inflammatory tissue as in the case of local injection into the lesion. Stem cells are a wide variety
of cells including pluripotent stem cells or differentiated stem cells. The hazards range from rejection to symptomatic manifestations as
fever or increase infection.

Objectives

The objective of this Cochrane systematic review is to assess the effects of stem cell transplantation compared to standard of care alone
or with placebo on efficacy and safety outcomes in patients with refractory CD.

Search methods

We searched MEDLINE, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and clinical trial registries (Clinicaltrials.gov,
World Health Organization-International Clinical Trials Registry Platform WHO ICTRP) from inception to 19 March 2021, without any
language, publication year, or publication status restrictions. In addition, we searched references of included studies and review articles
for further references. An update of the published studies was done during the writing of the review.

Selection criteria

We included only randomised controlled trials (RCTs) that assessed the effectiveness and safety of SCT in refractory CD versus standard
care alone (control) or with placebo.

Data collection and analysis

Two review authors (SEN and SFA) independently screened the studies retrieved from the search results for inclusion, extracted data and
assessed the risk of bias. Any disagreement was resolved through a consensus between the authors. We used standard methodological
procedures expected by Cochrane.
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Main results

We conducted our search on 19 March 2021 and identified 639 records. We added two records by a manual search of the published reviews
on the topic to a total of 641 records. The Covidence program removed 125 duplicates making a total of 516 reports. Two review authors
(SEN and SFA) screened titles and abstracts and excluded 451 records with the remaining 65 for full-text records screened independently
by the two authors; only 18 studies were considered for inclusion.

Weincluded seven RCTs with a total of 442 participants for the meta-analysis. The intervention group included 234 patients, and the control
group included 208 patients. Nine trials are ongoing and, two abstracts are awaiting classification.

All patients in the control and intervention groups received the standard therapy for CD. Only three studies used blinding methods for
the control group in the form of a placebo, with one study of the three stated that the blinding method was inefficient. The patients and
personnel were aware of the intervention in the rest of the four studies as they were open-label trials. However, the effect of unblinding
was balanced by the low risk of detection bias in five of the included studies.

The evidence is uncertain about the effect of SCT on achieving clinical remission as compared to control/placebo (risk ratio (RR) 1.88, 95%
Confidence Interval (Cl) 0.80 to 4.41; 3 studies; low-certainty evidence).

The evidence is very uncertain about the effect of SCT on achieving Crohn’s Disease Activity Index (CDAI) <150 at 24 weeks compared to
control (RR1.02 95% Cl 0.67 to 1.56; 4 studies; very-low certainty evidence).

SCTis likely to achieve fistula closure as compared to the control/placebo both in the short term (RR 1.48,95% Cl 1.12 to 1.96); low-certainty
evidence) and in the long term (RR 1.42, 95% CI 1.09 to 1.87; 4 studies; low-certainty evidence) follow-up.

The evidence is very uncertain about the effect of SCT to cause no difference in the number of total adverse events as compared to the
control/placebo (RR 0.99, 95% CI [0.88 to 1.13); 4 studies; very-low-certainty evidence). However, SCT is likely to increase the number of
serious adverse events as compared to the control/placebo (RR 1.22, 95% CI 0.88 to 1.67; 7 studies; low-certainty evidence).

The evidence is very uncertain about the effect of SCT to decrease the withdrawal due to adverse events as compared to the control/
placebo (RR 0.78, 95% Cl 0.32 to 1.89; 3 studies; very-low certainty evidence).

Funding by pharmaceutical companies was found in three studies, with one including more than 50% of our studied population.

Authors' conclusions

SCT shows an uncertain effect on clinical remission with low certainty of evidence. SCT shows an uncertain effect on CDAI score to reach
<150 after 24 weeks of treatment, with very low certainty evidence. SCT shows beneficial effects on fistula-closure during short and long-
term follow-up with low-certainty evidence in both outcomes. There was no change in the total number of adverse events with SCT as
compared to control, with very low certainty evidence. While there was a moderate effect on increasing the number of serious adverse
events in the SCT group, as compared to the control with low-certainty evidence. Withdrawal due to adverse events was slightly higher in
the control group with very low certainty evidence.

All the participants were refractory to standard medical treatment, but the number of participants was small, this may limit the
generalizability of the results. Further research is needed for validation. More objective outcomes are needed in the assessment of stem
cell effectiveness in the treatment of Crohn's disease, especially the intestinal CD subtype; with standardization of the dose, methods of
stem cell preparation, route of administration, and inclusion criteria to the studies to achieve clear results.

PLAIN LANGUAGE SUMMARY

Stem cells for treating patients not responding to Crohn's disease treatment
Question

Are stem cells (SCs) an effective and safe option in patients with Crohn's disease (CD) when they do not respond to their standard medical
treatment?

Key messages

Stem cells when combined with standard medical treatment could be better than the medical treatment alone or with a placebo (a dummy
treatment) in the healing of the opening in the perianal region connected to the bowels caused by CD (perianal fistula).

Stem cells when combined with standard medical treatment could be safe when compared to the medical treatment alone or with a
placebo in treating the bowel inflammation associated with Crohn's disease (total and serious adverse events).

What are stem cells? Stem cells are the cells responsible for forming new cells and renewing the surrounding tissue. They are also
responsible for modifying the immune system. There are various types of SCs, self-stem cells extracted from the patient's own body
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(autologous) and non-self stem cells extracted from other individuals (allogeneic). They could be found in the bone marrow, fat tissue,
placenta, umbilical vein, etc.

What is Crohn's disease? Itis an autoimmune (fighting the patient's own body) disease-causing inflammation and stenosis of the bowel, or
causing a bowel opening in the skin (fistula). CD usually follows an "on and off" pattern, it also affects the mortality, morbidity, and quality
of life of the patients. Standard treatment of CD includes drugs that suppress the immunity of the patient including anti-inflammatory,
immunosuppressive, and biological drugs. However, one-third of patients do not respond to medical or surgical treatment.

Why was this Cochrane Review conducted? To assess if SCs are effective and safe in patients with CD who do not respond to medical
treatment (i.e. refractory CD).

What did we do? We assessed randomised controlled trials on the topic.
How up to date is this evidence?

This evidence is up-to-date to March 2021.

What did we find?

We found seven trials on the topic, including 442 patients (234 in the stem cell group and 208 in the placebo or control groups). The follow-
up duration in the studies varied from one to four years. We included seven RCTs with a total of 442 participants for the meta-analysis.
The intervention group included 234 patients, and the control group included 208 patients. We assessed the effect of both the systemic
and local administration of SCs. The intervention group included 127 males (55.95%) and 100 females (44.05%), while the control/placebo
groupincluded 114 males (56.44%) and 88 females (43.56%). Studies were conducted in the UK, China, Spain, the Netherlands, and the USA.

We found data on clinical remission in three studies, data on achieving Crohn's Disease Activity Index (CDAI) <150 after 24 weeks in three
studies, data on fistula closure short and long term in four studies, data on the total number of adverse events in four studies, data on
serious adverse events in seven studies, and data on withdrawal due to adverse events in three studies.

What are our main results?

In patients who did not respond to standard medical treatment for CD, we found that: when using SCs combined with medical treatment
compared to medical treatment alone or with placebo, it is unclear whether they cause an achievement of improvement in the clinical
remission, or in the clinical score CDAI to <150 after 24 weeks. SCs combined with medical treatment, when compared to the standard
medical treatment, are likely to lead to improvement in the rate of fistula closure in both the short and long term. SCs combined with
medical treatment, when compared to the standard medical treatment, are less likely to change the number of total adverse events. SCs
combined with medical treatment, when compared to the standard medical treatment, are more probable to increase the number of
occurrences of serious adverse events, but are less likely to decrease the number of patients who withdrew due to adverse events.

What are the limitations of the evidence?
Three of the included trials were funded by pharmaceutical companies.

Only a small number of studies addressed the topic with small numbers of patients. Moreover, most of the studied population (> 60%) was
in those funded three studies, with one study including >50% of the studied population.

Stem cell transplantation for induction of remission in medically refractory Crohn’s disease (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings table - Stem Cell compared to Placebo or Control for Induction of Remission in Medically Refractory
Crohn?s Disease

Stem Cell compared to Placebo or Control for Induction of Remission in Medically Refractory Crohn's Disease

Patient or population: Induction of Remission in Medically Refractory Crohn's Disease
Setting: Specialised centres
Intervention: Stem Cell

Comparison: Placebo or Control

Outcomes Anticipated absolute effects” Relative effect  N° of partici- Certainty of Comments
(95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)
Risk with Risk with Stem
Placebo or Cell
Control
Clinical remis- 315 per 1000 592 per 1000 RR1.88 301 ®POO The three studies that included data about clinical re-
sion (252 to 1000) (0.80t0 4.41) (3RCTs) Lowa,b mission were Hawkey 2015, Melmet 2015, and Panes
2016. Each had a different definition of clinical remis-
sion.
CDAI<150 at24 506 per 1000 516 per 1000 RR 1.02 352 B0 The data regarding the CDAI at 24 weeks was not the pri-
weeks (339 to 789) (0.67 to 1.56) (4 RCTs) Very low¢:d,e mary outcome of any of the included studies. They also
used different cut-offs and different ranges. Here we in-
cluded local and systemic stem cell therapy. Zhang et al
2018 had zero weight, as the number of events was 0 in
both intervention and control arms (the authors stated
that no patients achieved CDAI <150 at 24 weeks). The
baseline CDAl was already low in the studies examining
fistula management.
Fistula Closure 349 per 1000 516 per 1000 RR1.48 269 DO Fistula closure was assessed in four studies. Garcia-Ol-
short-term (391 to 684) (1.12to0 1.96) (4 RCTs) Lowf.g mo et al 2009 assessed the outcome at 8 weeks, while
assessed with: Molendijk et al 2015, Panes et al 2016, and Zhou et al
Clinically or MRI 2020 assessed the outcome at 24 weeks. It was assessed
both clinically and with MRI
Fistula closure 390 per 1000 554 per 1000 RR 1.42 250 ®B00O The data on the long-term effects were gathered from
in long-term (425 to 729) (1.09 to 1.87) (4 RCTs) Lowhii published papers after a long-term follow-up of the orig-
Follow up of inal studies. Except Zhou 2020, which reported their

original studies

long-term 1-year follow-up.
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assessed with:

Clinicaaly or
MRI
Total Adverse 730 per 1000 723 per 1000 RR0.99 293 lelel) The range of total adverse effects stated was very wide
Events (643 to 825) (0.88t0 1.13) (4 RCTs) Very lowikl across studies, from minimal abdominal pain or low-
assessed with: grade fever to sepsis and the need for surgical opera-
Clinically tion. We collected the data on total adverse events with-
out stating the level, or severity of the adverse events.
Serious Adverse 112 per 1000 137 per 1000 RR1.22 433 ®POO All 7 studies stated the number of patients suffering
Events (99 to 187) (0.88t0 1.67) (7 RCTs) Lowm,n from serious adverse effects, mostly because these trials
assessed with: are addressing the safety issues of stem cell administra-
Clinically tion. The different definitions of serious adverse events
among the studies make the outcome assessment het-
erogeneous and inconsistent, some studies did not de-
fine clearly what a serious adverse event stands for.
Withdrawal 74 per 1000 58 per 1000 RRO0.78 272 elele] Both Panes 2016 and Zhou 2020 stated clearly that the
due to adverse (24 to 140) (0.32t0 1.89) (3RCTs) Very lowo,p withdrawal was due to adverse events. But in Hawkey
events 2015, it was stated that one patient from the control

group withdrew directly after randomization, and one
patient in the active group withdrew after 26 weeks of
mobilization for accelerated transplantation. In Zhou
2020, the patients withdrew due to adverse effects to re-
ceive a subsequent reoperation.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

See interactive version of this table: https://gdt.gradepro.org/presentations/#/isof/isof_question_revman_web_423896885310176737.

@ The risk of bias is downgraded to serious, as two of the three studies are open-label, thus the participants are not blinded including Panes 2016 which contains most of the

studied population, and this outcome is a subjective outcome.

b The inconsistency was downgraded by one level as the heterogeneity in the included studies was high in the form of the variability of the results due to different definitions

of the outcome.
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CInconsistency downgraded by one level to serious as the level of CDAI at the start of the studies varied according to the route of intervention, CDAI was low or normal at baseline
in local intervention, while high at baseline in systemic intervention.

d The imprecision was downgraded by one level to serious as the RR is 1.08 with Cl 0.94-1.24, which makes the intervention equally capable of doing harm or benefit.

€ Publication bias strongly suspected and downgraded by one level as there were two abstracts of unpublished complete data (Arturo 2017 and Lichtiger 2012).

fThe outcome was downgraded by one point to serious as the risk of allocation concealment was unclear in three studies (Garcia-Olmo 2009 and Zhou 2020), and randomization
was unclear in (Zhou 2020). Although the risk of bias for blinding of participants is high in (Zou 2020, Panes 2016, Garcia-Olmo 2009), and unclear in (Molendijk 2015); three of
these studies had a low risk for detection bias, while only Zhou 2020 had high risk. Also, the outcome is an objective outcome that doesn't change by the participant or the
personnel being unblinded.

8 Imprecision was downgraded by one level to serious as the number of the studied population was small.

h The risk of bias is downgraded to serious: as there are a lot of patients lost to long-term follow-up (missing data), thus high attrition.

i The imprecision was downgraded by one level to serious as the number of patients and number of events were low. Also, the confidence interval was wide.

i The risk of Bias was downgraded by one level to serious as three of the four studies had a high risk of performance bias and one unclear risk. Considering that the outcome is
reporting about the adverse events, which are mostly subjective in the case of mild and moderate adverse events, we downgraded by one level.

K Inconsistency is downgraded by one level to serious as the studies reported the category (All adverse events differently)

limpression was downgraded by one level as the number of participants was low

M The risk of bias was downgraded by one level, as 5 trials had high-performance bias (open-label trials) but it is not an objective outcome, and allocation concealment is unclear
in 4 trials and randomization is unclear in 2 trials.

N Imperceision is downgraded by one level to serious because the Cl was very wide (0.89-1.93), so we are not certain if the intervention causes benefit or harm.

0 Indirectness was downgraded by one level to seriuos as the causes of withdrawal in (Hawkey 2015) were not stated as due to adverse events.

P Imprecision was downgraded by two levels to very serious due to the low number of participants and wide CI (0.33-1.91), so we are not confident if the intervention causes
benefit or harm.
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BACKGROUND

Crohn's disease (CD) is one of the inflammatory diseases affecting
the gut. The autoimmune origins are apparent in the pathogenic
mechanism of the disease. Its clinical manifestation includes
diarrhoea, intestinal fistulas, and strictures. The disease follows
a relapsing and remitting pattern in most cases. Refractory CD
was previously defined as a persistently symptomatic acute CD or
actively chronic CD, not responding to medical anti-inflammatory
treatment, and not reaching remission (Tremaine 1997). The recent
definition states that refractory CD is the failure of response
to all licensed medical therapeutic approaches, while refractory
perianal CD fistula means failure of at least one surgical therapeutic
approach and anti-tumour necrosis factor-alpha (Raine 2021).
Refractory disease to the current medical treatment is presentin a
considerable number of cases (Ng 2017; Ha 2015; Carvello 2019).

Stem Cells are an innovative tool to induce immunomodulatory
response and reset the immune system. They could also act as a
regenerative tool to induce the healing of tissues. Stem cells can
be used as a local injection on-site of the lesion or as a systemic
infusion(Ruiz 2018).

Description of the condition

Crohn's disease is a chronic inflammatory disease of the
gastrointestinal tract that typically affects young adults between
15 and 35 years of age. The prevalence of Crohn's disease is nearly
320 per 100,000, with the highest prevalence in Europe and North
America. The prevalence of Crohn's disease in developing countries
might be underestimated due to a lack of rigorous population
screening studies (Molodecky 2012; Ng 2017).

Crohn's disease presents mainly with abdominal pain, diarrhoea,
fever, malabsorption, and weight loss (Abraham 2009; Ruiz
2015). Crohn's disease causes both mucosal and transmural
inflammation that can affect any part of the gastrointestinal
tract, but mostly the small bowel (Wiarda 2012). There are
three Crohn's disease behaviours (Montreal classification) that
can occur at any time during the disease course. These are non-
stricturing, non-penetrating, stricturing and penetrating disease
(Satsangi 2006). Common complications of Crohn's disease include
perianal fistulae and abscesses. Some patients may have immune-
mediated extraintestinal manifestations (i.e. arthritis, eye, skin, and
liver) (Isene 2015; Peyrin-Biroulet 2017). Crohn's disease follows a
relapsing and remitting course (Nikfar 2013). The therapeutic goal
of treatment is to induce and maintain clinical remission. Different
interventions have been investigated for inducing remission in
active Crohn's disease (Dassopoulos 2013).

Description of the intervention

Stem cell therapy includes haematopoietic stem cells (HSCs) and
mesenchymal stem (stromal) cells (MSCs). Stem cell therapy,
whether HSCs or Mesenchymal stem cells (MSCs), can be
subdivided into autologous donation (isolated from the patient) or
allogenic donation (isolated from a donor, ideally human leukocyte
antigen matched) (Dalal 2012; Duran 2016).

HSCs can be administered by an intra-arterial or intravenous
approach (Duran 2016). HSCs are characterised by their
differentiation abilities into multi lineage cell types, and their
migration to the affected tissues under the control of chemokines
(Rossi 2011). MSCs can be successfully isolated for clinical

application from bone marrow, umbilical cord blood, or adipose
tissue. MSCs can be administered by an intra-arterial orintravenous
route or by local injection (Duran 2016). Darvadstrocel is the first
MSC to be approved by European guidelines for use in CD. It was
approved after the results of the ADMIRE-CD trial which showed a
positive healing effect on the CD-associated fistula. Darvadstocel is
recommended for use only in refractory CD, after the failure of one
or more of the standard therapies in adult patients (Scott 2018).

Comparator intervention (standard of care)

These interventions include systemic corticosteroids such as
hydrocortisone or prednisolone (Benchimol 2008), locally-acting
corticosteroids such as budesonide (Rezaie 2015), sulphasalazine
(Lim 2016), tumour necrosis factor-alpha (TNF-a) antagonists
such as infliximab (Kawalec 2013), azathioprine (Chande
2016), interleukin inhibitors e.g. ustekinumab (MacDonald 2016),
methotrexate (McDonald 2014) and alpha-4 integrin monoclonal
antibodies such as vedolizumab (Sandborn 2013). Unfortunately,
the only therapy that showed a positive effect on fistula healing
after one year of follow-up is infliximab with a success rate
approaching 23% (in the Sands' clinical trial) (Guadalajara 2020).
Also, retreatment with anti-TNF showed a lower response in both
induction and maintenance of remission (Pockley 2018).

Immunosuppressive drugs are the standard treatment for CD.
For those who do not respond or lose response to this therapy,
treatment solutions become a challenge (Cooper 2017). Further,
endoscopic recurrence the following surgery may occur in up to
70% of cases (Day 2013; Lawrance 2014).

How the intervention might work

The goal in treating CD is to achieve remission and halt
any ongoing disease progression (Gomollén 2017). Stem cells
have immunoregulatory potential. Therefore, stem cell therapy,
either haematopoietic or mesenchymal, may induce remission in
refractory CD (Dalal 2012; Dave 2015; Duran 2016; Ricart 2013).

Haematopoietic stem cells (HSCs) extend immune modulation and
suppression by incrementing immune suppression to the point of
immune ablation(Duran 2016). Thus, HSCs can induce remission
of the refractory CD through different mechanisms; either ablation
of the bone marrow cells in the conditioning phase, which causes
the destruction of the bone marrow cells, or later when the bone
marrow restores its function and resetting of the cells occurs.
Thymic reactivation is the key for cellular restoration in this phase
for the T, B, plasma, and natural killer cells progeny (Brierley 2018).

The role of HSCs in treating inflammatory bowel disease was
originally supported by clinical remissions observed in patients
undergoing stem cell transplant for haematological disorders.
These observations led to trials of HSCs in patients with refractory
CD (Burt 2003; Burt 2010; Cassinotti 2008; Clerici 2011; Craig 2003;
Kreisel 2003; Oyama 2005). The largest multicentre, randomised
clinical trial of autologous HSCs in refractory CD was conducted
from 2007 to 2011, with follow-up through 2013 (Hawkey 2015). The
infusion of either autologous or allogeneic HSCs is associated with
adverse events, with cardiovascular and pulmonary adverse events
being common (Vidula 2015).

Mesenchymal stem (stromal); cells (MSCs) are multipotent cells
that have immunomodulating capabilities to down-regulate
mucosal immune reactivity and promote tissue healing. MSCs
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can induce apoptosis (programmed cell death) of lymphocytes,
thus, decreasing their proliferation in vitro. There are only a few
studies reporting on the use of autologous (Duijvestein 2010), or
allogeneic (Forbes 2014), bone marrow-derived MSCs for luminal
CD. In fistulising CD, local injection of MSCs may be beneficial for
healing of the fistula (Ciccocioppo 2011; de la Portilla 2013; Garcia-
0Olmo 2005; Garcia-Olmo 2009; Garcia-Arranz 2016; Lee 2013).

The effect of stem cells on the treatment of CD might be
due to their regenerative effect on local healing of fistulas and
colitis. Mesenchymal stem cells are the commonest type of stem
cells used in CD treatment, with the possibility of commercial
availability and easier non-hazardous preparation; with proper
lab preparation and "Good manufacturing practice” (GMP).
Limitations that might face this treatment are; the absence of dose
standardisation, indeterminate concomitant medication "wash-
out" period, insufficient data about the effect of using allogenic
versus autologous cells, high cost, and the ethical issues related
to some sources of MSCs as the placenta and the umbilical cord
(Lightner 2019a; Lightner 2019b).

There is a concern about the safety of hematopoietic stem cells
use to "reset the immune system" as the hazards during the
conditioning phase could overshadow the benefits (Jauregui-
Amezaga 2016).

Why it is important to do this review

Patients with refractory CD suffer high morbidity and mortality.
Controversy regarding the potential benefits and harms of stem
cell transplant for patients with refractory CD still exists (Duran
2016; Gomollén 2017). This systematic review summarises the
current evidence regarding the efficacy and safety of stem cell
transplantation in refractory CD.

OBJECTIVES

The objective of this review is to assess the effects of stem cell
transplantation compared to standard of care alone or with placebo
on efficacy and safety outcomes in patients with refractory Crohn's
disease (CD).

METHODS

Criteria for considering studies for this review
Types of studies

We included all published, unpublished, and ongoing randomised
controlled trials (RCTs) that assessed the efficacy and safety of
stem cell transplantation compared to standard of care alone or
with placebo used for refractory Crohn's disease. We included
studies with parallel comparisons, either two or more groups
comparing separate doses of the intervention, only if the control
group was presented separately as one of the parallel groups.
In the case of multi-arm trials, we combined the intervention
arms as one and compared it with the control arm (section 23.3.2
Handbook Higgins 2021). This was done to avoid the repeated
counting of the participants or unreasoned omission of relevant
groups with the resulting over or underestimation of precision

phase. Two ongoing trials (NCT04519671; NCT04519697) stated
that they are cross-over trials; we will include them in future
analysis if the data before the cross-over is presented in their
final data. RCTs that contained patients complaining of different
diseases causing perianal fistula (mixed population)(Garcia-Olmo
2009), but stated clearly and separately their data concerning the
Crohn's disease-associated fistula patients were also included. We
did not include non-randomised or quasi-randomised trials.

Types of participants

We included participants with refractory Crohn's disease (Patients
who received previously one or more failed standard treatments)
as defined by conventional clinical, radiological or endoscopic
criteria. We did not restrict inclusion by age or gender.

Types of interventions

Interventions that involved the administration of different types of
stem cells were considered for inclusion.

We included the following comparisons.

1. Haematopoietic stem cells (HSCs) transplantation as compared
with placebo or control receiving the standard of care.

2. Mesenchymal stem cells (MSCs) transplantation as compared
with placebo or control receiving the standard of care.

3. Local MSCs injection as compared with placebo or control
receiving the standard of care.

Types of outcome measures

We extracted primary and secondary outcomes.

Primary outcomes

The primary outcomes included the following.

1. Clinical remission, as defined by the original studies.

2. Crohn's Disease Activity Index (CDAI) of < 150),or a Pediatric
Crohn’s Disease Activity Index (PCDAI) of < 15 at weeks four to
six (early), weeks 10 to 12 (middle), and weeks 15 or later (late)
following initiation of therapy. But no paediatric population was
present in all the included studies.

3. Complete closure of the fistula as defined by original studies
(e.g. complete closure of the fistula tract including internal and
external openings without drainage or any sign of inflammation
either detected; assessed clinically or by magnetic resonance
imaging (MRI) or Perianal Disease Activity Index score (PDAI
score)).

Secondary outcomes

Secondary outcomes included the following.

1. Clinical improvement, as defined by the original studies.

2. Endoscopic remission, as defined by the original studies e.g.
Crohn's disease endoscopic index of severity (CDEIS), simple
endoscopic score for Crohn's disease(SES-CD), Rutgeerts'
postoperative endoscopic index.

Irned lendiik 3. Endoscopic improvement, as defined by the original studies.
(Melmed 2015; Molendijk 2015). 4. Adverse events (e.g. perianal abscess, bacterial gastroenteritis).
We also included cross-over trials (as indicated in the protocol) 5. Serious adverse events (e.g. sepsis, graft versus host disease).
(Hawkey 2015), only if they had data available before the cross-over 6. Withdrawals due to adverse events.
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7. All-cause mortality.

8. Quality of life as defined by the original studies e.g.
Inflammatory Bowel Disease Questionnaire (IBDQ) or Short
Form Health Survey(SF-36), IBD-Control 8, Crohn's Ulcerative
Colitis Questionnaire-8 (CUCQ-8), or IMPACT Il for pediatric
patients.

Search methods for identification of studies

We searched electronic databases and trial registries. We also
searched published reviews and meta-analyses dealing with the
topic in question for study inclusion.

Electronic searches

To identify relevant studies, we searched the following databases
from inception to 19 March 2021 without imposing any language,
publication year, or publication status restrictions.

1. Cochrane Central Register of Controlled Trials (CENTRAL) (from
inception, via Ovid Evidence-Based Medicine Reviews Database
(EBMR)) (Appendix 1).

2. MEDLINE (from 1946, via Ovid) (Appendix 2):
« all from 1946 to 2021 March 19

3. Embase (from 1974, via Ovid) (Appendix 3):
« Embase ClassictEmbase 1947 to 2021 March 19

« Embase 1974 to 2021 March 19
o Embase 1974 t0 2021 Week 11
o Embase 1980 to 2021 March 19
o Embase 1980 to 2021 Week 11
« Embase Classic 1947 to 1973

4. The Cochrane Gut Group Specialised Register, as a part of
CENTRAL.

The performed new search strategy was developed by a Cochrane
Information Specialist in March 2021.

Searching other resources

We searched the following databases for ongoing trials.

« United States (US) National Institutes of Health Trials Registry
(clinicaltrials.gov) (Appendix 4).

« The World Health Organization (WHO) Clinical Trials Registry
Platform (apps.who.int/trialsearch/default.aspx) (Appendix 5).

Checking reference lists

We handsearched reference lists of all included primary studies and
relevant review articles for additional studies.

Data collection and analysis

We used the standard methodological procedures as stated in the
Cochrane Handbook in conducting and reporting this systematic
review (Higgins 2016; Higgins 2021).

An expert Statistician (MEN) conducted the conversions done in
data extraction and also helped in conducting the data analysis,
both according to the Cochrane Handbook. The methods are
mentioned in detail in (Appendix 6).

Selection of studies

We conducted a previous search in 2018, another separate updated
search was conducted on 19 March 2021. Two review authors (SEN
and SFA) independently reviewed the titles and abstracts of the
studies identified from the literature search. The full texts were
assessed by (SEN and SFA) for the final inclusion of studies. The
screening of the titles, abstracts, and full texts was conducted by
SEN and SFA using the COVIDENCE Program (Babineau 2014) in the
updated search of 19 March 2021.

In the current 19 March 2021 search, two review authors (SEN and
SFA) screened the results of the database search of 639 records
with two records added from manual search to the total number
of 641 records. The two records added by the manual search
were (Melmed 2015 and Knyazev 2020). Then 125 duplicates were
removed. Both SEN and SFA screened the titles and abstracts of
the remaining 516 reports with excluding 451 reports. Furthermore,
the two review authors screened the remaining 65 full-text reports
for final inclusion, and a total number of 18 studies were included
(9 ongoing trials, seven included RCTs, two abstracts of studies
were added to studies awaiting classification (Figure 1). Any
discrepancies during the inclusion phase were resolved through
consensus between the two authors (SEN and SFA). Then both
authors added the updated extracted data in a data word sheet
formed previously. SEN conducted the data analysis using RevMan
Web (RevMan Web 2020) and formulated the summary of findings
(SoF) table using (GRADEpro GDT) through the RevaMan Web-
GRADEPro integration. We created a study flow diagram using the
RevMan web software (RevMan Web 2020); to map out the number
of records identified, included, awaiting classification, ongoing,
and excluded according to PRISMA guidelines, as shown in (Figure
1).
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Figure 1. The flow diagram of the new search strategy (updated in 20 March 2021) Using COVIDENCE for screening
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Figure 1. (Continued)
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We planned to include trials presented as abstracts if the full data
was present after contacting the authors, or if the primary outcome
is present otherwise the study was excluded.

We previously tried unsuccessfully to contact the authors of the
two studies awaiting classification (Arturo 2017; Lichtiger 2012)
and again contacted them in October 2021, and we are waiting for
their reply. However, we found the data in the abstracts insufficient
to include in quantitative or qualitative analysis, hence they were
moved the two studies to the (Studies awaiting classification)
section.

Data extraction and management

We designed a data extraction sheet and extracted data in our
previous 2018 search.

In our current 19 March 2021 search, review authors SEN and SFA
independently extracted the data from the included studies to our
previously designed data extraction form. Any discrepancies were
resolved by a consensus of the two authors (SEN and SFA). Data are
presented in(Characteristics of included studies).

We entered data into Review Manager software (RevMan 2014).
After October 2020 we used RevMan Web (RevMan Web 2020).

Extracted data included the following items: (as presented
in Characteristics of included studies and additional Table 1).

1. Characteristics of patients: age, sex, disease duration, disease
location, type of Crohn’s disease activity index used.

2. The total number of patients in each study and in each group.
3. Previous and concomitant medications used.

4. Outcomes: clinical remission, quality of life, mortality, adverse
effects.

5. Type of intervention: HSCs or MSCs, etc.
6. Type of stem cells used: autologous or allogeneic.
7. Route of administration: systemic or local.

8. Mode and source of collection of the cells: direct marrow biopsy,
cellmobilisation from the marrow, somatic cells reprogrammed,
umbilical cord, adipose tissue.

9. Type of reconditioning used in cell collection if present.
10.Disease behaviour (inflammatory, fibro stenosing, penetrating).

We added the following to the previous items.

« Thedosage of theinjected cells either local or systemicinjection.
« The selected endpoint of the primary study.

« The number of centres in the study.

« Primary country conducting the study.

« The comparative intervention used
intervention).

(placebo or other

We added additional data extraction form for the included trials
retrieved from the search strategy to assess their status and
further characteristics( Characteristics of ongoing studies).

Whether published or not.

The type of stem cell therapy (SCT) they use.

The phase of the trial.

Status of the trial (ongoing, finished, or withdrawn).
Arms of the study.

Local or systemic injection.

Start and end dates of the trial.

No o~ wDh e

Assessment of risk of bias in included studies

Two review authors (SEN and SFA) independently assessed the risk
of bias for each study using the Cochrane risk of bias tool (Higgins
2011). Detailed methods for the risk of bias assessment are shown
in Appendix 7.

We assessed the following items.

1. Random sequence generation (checking for possible selection
bias).
2. Allocation concealment (checking for possible selection bias).
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3. Blinding of participants and personnel (checking for possible
performance bias).

4. Blinding of outcome assessment (checking for possible
detection bias).

5. Incomplete outcome data (checking for possible attrition bias
due to the amount, nature, and handling of incomplete outcome
data).

6. Selective reporting (checking for reporting bias).

7. Other biases (checking for bias due to problems not covered by
items above): e.g. funding issues, baseline characteristics of the
patients across groups, type of stem cells used (single versus
multiple donors), etc.

For each item, we made explicit judgments about the high, low,
or unclear risk of bias. Overall, we made explicit judgments about
whether studies were at (high, low, or some concerns) risk of bias.
Two review authors (SEN and SFA) independently assessed the risk
of bias using the ROB2 domains assessment format with guidance
from version 6.2 of the Cochrane Handbook(Higgins 2021). For each
item, we asked signalling questions to reach the judgment. Reasons
for each judgment are written in detail in the Characteristics of
included studies. When disagreement of the judgment occurred, it
was resolved by a consensus between the two authors.

With reference to (1) to (7) above, we assessed the likely magnitude
and direction of the bias and whether we consider it was likely to
impact the findings. We planned to explore the impact of the level
of bias by conducting sensitivity analysis (see Sensitivity analysis).

Measures of treatment effect

All data were analysed on an intention-to-treat (ITT) basis using
Review Manager Web (RevMan Web 2020). We calculated the risk
ratio (RR) and corresponding 95% confidence interval (Cl) for
dichotomous outcomes. For continuous outcomes, we calculated
the mean difference (MD) and corresponding 95% Cl. In some
analyses with differences in the presentation of the same outcome,
we used standardised mean difference (SMD).

Unit of analysis issues

When studies reported multiple observations for the same
outcome, we combined outcomes for fixed intervals of follow-up
(e.g. clinical remission at eight weeks).

We planned to include cross-over trials if data were available from
the first phase of the study (i.e. before cross-over). Only one study
(Hawkey 2015) was a cross-over trial, where participants in the
control group underwent the intervention after one year. We only
included the results before the cross-over as stated in the protocol.

In Garcia-Olmo 2009, the studied population was heterogeneous,
but the Crohn's disease group was documented separately in the
results and methods section, so we could extract the data of the
Crohn's disease-only population.

Separate comparisons were planned to be conducted for stem cell
therapy versus standard therapy alone versus standard therapy
with placebo but the number of studies using placebo was small. If
studies allocated participants to more than one stem cell treatment
arm, these studies were pooled for the primary analysis as (Melmed
2015; Molendijk 2015).

Dealing with missing data

The analysis of the two primary outcomes was carried out using
intention-to-treat (ITT) analyses. We planned to contact the trialists
to request missing data, or to ascertain the reason for data loss, but
we did not need to because most of the included studies provided
online supplementary detailed data which we used. We only tried
to contact the trialists with the unclear methodology of their trials,
but got no response and a consensus was formed to exclude those
studies due to unclear methodology (Kagramanova 2016; Knyazev
2015; Lazebnik 2010) whether randomised trials or cohort studies.

Although attrition was low in all studies, all the studies with
missing data had supplementary material online in addition to the
published manuscripts (Hawkey 2015, Molendijk 2015, and Panes
2016) providing a detailed explanation and how missing data were
dealt with.

Otherwise, missing dichotomous data were planned to be assumed
as treatment failure. The impact of this assumption on the effect
estimate was planned to be assessed by performing sensitivity
analyses where appropriate, but the number of studies was too low
to conduct such analysis. We planned to conduct an available case
analysis for continuous outcomes with missing data.

Assessment of heterogeneity

We assessed statistical heterogeneity for each pooled analysis
using the Tau2, 12 and Chi? statistics. We regarded heterogeneity
as substantial if an 12 was greater than 50% and either the Tau?
was greater than 1, or the P value for the Chi2 test was statistically
significant (i.e. less than 0.10).

We assessed heterogeneity using the Chitest (P < 0.10, significant
heterogeneity) and |2 statistic (> 50%, substantial heterogeneity)
using a random-effects model along with visual inspection of
forest plots. Following the guidance of the Cochrane Handbook
(Higgins 2021), we defined I*> = 0% to 30% as not important
heterogeneity, 31% to 50% as moderate heterogeneity, 51% to
90% as substantial heterogeneity, and 91% to 00% as considerable
heterogeneity. When substantial or considerable heterogeneity was
found, possible explanations were investigated by subgroup and
sensitivity analyses to test the robustness of the overall results.

Assessment of reporting biases

We aimed to include all the eligible studies either published or
unpublished. In the case of unpublished trials and abstract-only
published studies, we contacted the authors for further data and
classified them as studies "awaiting classification" until full data
were available for quantitative and qualitative assessment. In case
of unfinished trials, we classified them as "ongoing trials". We
planned to investigate the reporting bias in the form of publication
bias of all the reported studies (published and unpublished) by
drawing a funnel plot and visualising any asymmetry, but as the
number of the relevant studies was small (only seven published and
two unpublished studies as compared to the minimum required
number for assessment i.e. 10 studies) we could not assess the
reporting publication bias.

Data synthesis

We carried out statistical analysis using the Review Manager
software (RevMan 2014) and RevManweb (RevMan Web 2020)
after 2020. We combined data from individual trials for meta-
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analysis when the interventions, patient groups, and outcomes
were sufficiently similar (as determined by consensus).

When we suspected a high degree of clinical or baseline
heterogeneity supported by a high degree of statistical
heterogeneity as detected by (12 = 75%), we planned not to pool
data for meta-analysis, and we did that with two outcomes where
their 12 was >75%; endoscopy scores and CDAI after 24 weeks.

As for the mortality outcome, we found that only two patients died
from two studies, and due to the high number of zeros in the other
studies, we performed Peto Odds ratio (OR) as recommended by Dr.
Burch.

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses if we identified
substantial heterogeneity (12 statistic = 50% or P for heterogeneity
<0.1) was detected.

Autologous versus allogeneic stem cells.

High-dose versus low-dose stem cells.

Paediatric versus adult participants.

Male versus female participants.

Treatment after recurrence versus treatment-naive participants.

o e

However, with only seven studies included in the review, there were
insufficient data to perform these analyses. Consequently, results
ofincluded studies were reported only as narrative results as shown
in Included studies.

Sensitivity analysis
We conducted the following sensitivity analyses for the primary
outcomes.

« Repeated analyses using a random-effects model where we
identified substantial heterogeneity.

« Restricted analyses to trials with a low risk of bias.

Summary of findings and assessment of the certainty of the
evidence

GRADE and summary of findings table

We used the GRADE approach (Schiinemann 2009), to
create a summary of findings table for the following main
outcomes (Summary of findings 1).

1. Clinical remission.

N

Clinicalimprovementin the form of CDAI <150 achievement after
24 weeks.

Fistula closure (short and long term)
Total adverse events.
Serious adverse events.

o vk w

Withdrawals due to adverse events.

We used GRADEpro GDT to import data from Review Manager
Web (RevMan Web 2020) through "integration" in order to create
the summary of findings table. A summary of the intervention
effect and a measure of certainty for each of the above outcomes
was produced using the GRADE approach. The GRADE approach
uses five considerations (study limitations, consistency of effect,
imprecision, indirectness, and publication bias) to assess the

certainty of the body of evidence for each outcome. Evidence
from randomised trials starts as 'high certainty', the evidence is
downgraded from 'high certainty' by one level for serious (or by two
levels for very serious) limitations, depending on the assessments
for risk of bias, indirectness of evidence, serious inconsistency,
imprecision of effect estimates and potential publication bias.

RESULTS

Description of studies

For a full description of the included studies kindly
see Characteristics of included studies, for secluded
studies Characteristics of excluded studies, and for ongoing trials
full description please see Characteristics of ongoing studies.

Results of the search

We conducted the first search in 2018 and conducted the updated
search on 19 March 2021. We retrieved 639 records; 360 records
from (CENTRAL Appendix 1 and MEDLINE Appendix 2), and 279
records from (Embase Appendix 3). We added two records through
our manual search of published studies on the topic (Melmed
2015 and Knyazev 2020). The total number of studies retrieved was
641 records.

Two review authors (SEN and SFA) screened the results of the
database search, 125 duplicates were removed by COVIDENCE
program (Babineau 2014). Both SEN and SFA screened the titles
and abstracts of the remaining 516 reports. We excluded 451
reports. The two review authors screened the remaining 65 full-
text reports for final inclusion, and 19 reports were excluded for
the reasons mentioned in (Figure 1). We added a specific detailed
description and reasons for the exclusion of the excluded studies in
the Characteristics of excluded studies section.

Duplicate reports of the included studies and their follow-up were
28 publications. We included the 28 reports of the seven included
RCTs (14 follow-up reports and 14 duplicate publications), they
were in the form of, republication of the same data, trial registries
of the same study in different databases, protocol publication,
or follow-up data publication. So we screened the reports for
any relevant new data and added them to the datasheet of the
originally included studies (the 7 RCTs). This included the long-
term follow-up and mortality data from those reports to our
final analysis and quality of evidence assessment. The follow-
up report for Panes 2016 was Panés 2018, the follow-up report
for Garcia-Olmo 2009 was Guadalajara 2012, and the follow-up
report for Molendijk 2015 was Barnhoorn 2020.

A total number of 18 studies were finally included for qualitative
analysis (two abstracts, nine ongoing trials, and seven RCTs).
Any discrepancies were resolved through a consensus between
the authors. The identified 18 studies for inclusion in the review
were nine studies of ongoing trials(EUCTR2017-000725-12-CZ;
ISRCTN17160440; NCT00482092; NCT04010526; NCT04519671;
NCT04519684; NCT04519697; NCT04548583; NCT04612465),
and seven RCTs Garcia-Olmo 2009; Hawkey 2015; Melmed 2015;
Molendijk 2015; Panes 2016; Zhang 2018; Zhou 2020) for the
final quantitative meta-analysis. We found two studies (Arturo
2017 and Lichtiger 2012) presented as abstract-only data which
we moved to Studies awaiting classification.
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Included studies

We ultimately included seven RCTs for meta-analysis Garcia-
Olmo 2009; Hawkey 2015; Melmed 2015; Molendijk 2015;
Panes 2016; Zhang 2018; Zhou 2020) for the final qualitative
and quantitative analysis with their secondary reports and online
supplements assessed for further data. All data are shown in
detail in the Characteristics of included studies section. We found
multiple reports of the same study for (Garcia-Olmo 2009; Hawkey
2015; Molendijk 2015; Panes 2016). We included the long-term
follow-up data from these records and mentioned the relevant
references in the results.

Two of the included studies are awaiting classification (Arturo
2017; Lichtiger 2012), both were presented with an abstract-
only publication, without enough data to assess in the current
review. (Lichtiger 2012) is a double-blinded RCT with a subsequent
compassionate open-label trial on six patients (in the intervention
group) with ileocolitis and intestinal CD. The patients were given
four doses of remestemcel-L (a commercial type of mesenchymal
stem cell prepared from healthy young adults' bone marrow
aspirate). The infused doses ranged from 0 to 400 million cells
per dose, four subsequent infusions were given over the duration
of several months. The study reported five of the six patients
having a clinical response, with four of the six patients having
improved CDAIl >100 points and no reported adverse events.
(Arturo 2017) is a single-centre phase Il open-label RCT using
autologous expanded bone marrow-derived mesenchymal stem
cells (axBM-MSC), conducted on 26 patients. The routes of injection
were the mesenteric arteries (superior and inferior), through
colonic endovascular catheterization. They reported symptomatic
improvement and lowering of the CDAI score in the intervention
group as compared to the control group.

1-Study design, setting, and duration
1.1 Phases of the included trials

Two of the trials were phase Il studies (Hawkey 2015; and Panes
2016) while five were phase |-l studies (Garcia-Olmo 2009; Melmed
2015; Molendijk 2015; Zhang 2018; Zhou 2020).

Two studies were dose-escalation studies with a placebo arm;
(Molendijk 2015) included three arms; one placebo and three
intervention groups with different stem cell doses, and (Melmed
2015) included two arms of intervention and one in placebo.
The other five studies (Garcia-Olmo 2009; Hawkey 2015; Panes
2016; Zhang 2018 ; Zhou 2020) consisted of two arms only one
intervention and one control or placebo.

1.2 Study duration and follow-up period

The study duration ranged from one year to four years in (Hawkey
2015) with a follow-up duration period ranging from one to two
years.

1.3 The countries and the number of centres included in the trials

Four of the studies were multicentre trials (Garcia-Olmo 2009;
Hawkey 2015; Melmed 2015; Panes 2016), while three (Molendijk
2015; Zhang 2018; Zhou 2020) were uni-centre trials one in the
Netherlands and two in China, respectively. The multicentre trials
were also multinational trials in (Hawkey 2015; Panes 2016). Panes
contained the largest number of centres with 49. Most of the studies
were carried out in Europe with one in the USA (Melmed 2015) and

onein China (Zhang2018), also (Panes 2016) included Israel in their
multinational European trial.

2- Participants

We included seven RCTs. The total number of participants was
442 with 234 in the stem cell group and 208 in the placebo or
control groups, with around 50% of the participants included in
one multicentre RCT (Panes 2016). Studies were conducted in the
UK, China, Spain, the Netherlands, and the USA.

2.1 Treatment after recurrence versus treatment-naive participants

All participants were refractory to the primary medical treatment
and no treatment-naive patients were recruited. The inclusion
criteria ranged from moderate to severe cases of Crohn's disease
either luminal or fistulising disease, no patients with mild disease,
or already on remission in both categories were included.

All participants (both intervention and control groups) received
concomitant therapy according to the study protocols as stated in
details in (additional Table 1).

2.2 The age of the participants:

All the studies excluded pregnant women. Only one study included
children (Zhou 2020), where the age of the included participants
ranged from 12 to 51 years old. In the rest of the studies; the
minimum age for inclusion was 18 years old and was stated clearly
in the studies. The (Interquartile range (IQR) and median) or (mean
and standard deviation SD) of individual studies are shown in
(Additional Table 1). Mean and median ranged from (30 to 44) years
old i.e. around 31 years old. Only three of the studies set a limit on
the maximum age for the inclusion of the participants; in (Melmed
2015), it was 75 years old and in (Hawkey 2015), it was 50 years old.

2.3 The gender of the participants

From (Garcia-Olmo 2009), we included only the subgroup of 14
people with Crohn's disease; their gender distribution was not
reported separately (total numbers 24 males and 25 females). Also,
in (Melmed 2015) there was an open Phase Ib non-randomised one
arm trial on four participants and Phase lla trial on 46 participants;
we only included the latter group. The rest of the studies with
data on the number of male/female participants included a total
number of 428 patients (Hawkey 2015; Molendijk 2015; Panes 2016;
Zhang 2018; Zhou 2020) with 240 males (56.07%) and 188 females
(43.93%).

There was no difference between the control and intervention
groups regarding gender. The intervention group included 127
males (55.95%) and 100 females (44.05%), while the control/
placebo group included 114 males (56.44%) and 88 females
(43.56%).

3- Interventions
3.1 Type of control used in the trials

The placebo in the local injection was saline only as in (Panes 2016)
or a combination of saline and albumin infusion without any cells
in (Molendijk 2015). Unfortunately in (Panes 2016), masking of the
treatment was not achieved because the consistency of the stem
cell suspension was apparently different from the saline solution.

The fibrin-glue in (Garcia-Olmo 2009) was used as a background
treatment for both the intervention and the control groups.
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As for systemic infusion, the placebo group received a "vehicle
control without any cells" in (Melmed 2015).

While (Hawkey 2015; Zhang 2018; Zhou 2020) did not state
any placebo taken with the standard background treatment.
Participants in the control group of Hawkey 2015 received SCT with
a delay of one year as compared to the intervention group (cross-
over trial).

3.2 Autologous versus allogenic

The intervention was autologous stem cells in three trials; in the
study of (Hawkey 2015); it was extracted from bone marrow stem
cells and in both Garcia-Olmo 2009 and Zhou 2020, the cells
were extracted from adipose tissue through liposuction. The stem
cells used were allogeneic in four trials (Melmed 2015; Molendijk
2015; Panes 2016; Zhang 2018). The used cells were commercially
available (cenplacel-L)- Human placenta-derived cells (PDA-001) in
(Melmed 2015 ) from placental tissues, in (Panes 2016) Allogeneic,
expanded, adipose-derived stem cells (Cx601) cells- commercial
cells through Human lipo aspirate from donor liposuction. While
prepared allogeneic were from the umbilical cord of a newborn
(Expanded Umbilical Cord Mesenchymal Stem Cells (UC-MSCs))
in (Zhang 2018), and from five different donors of bone marrow
aspirate in(Molendijk 2015) where each patient received their SCs
doses from a single donor.

We identified no direct comparisons of autologous versus
allogeneic stem cells and had insufficient data to explore this via
subgroup analyses.

3.3 The route of administration

The route of administration for three studies was systemic infusion
(Hawkey 2015; Melmed 2015; Zhang 2018), while four received a
local injection into the fistula (Garcia-Olmo 2009; Molendijk 2015;
Panes 2016; Zhou 2020).

3.4 The doses of the stem cells

The doses varied among studies; (Garcia-Olmo 2009) started with 2
million cells if no healing at eight weeks another dose of 4 million
cells was given.

In (Molendijk 2015); Group I; 10 million, Group II; 30 million, and
Group Ill; 90 million. The response according to the dose varied.
The change in the PDAI score decreased from 4.4 to 1.8 in the first
group after 24 weeks, while the decline in the second group was
most apparent on week 12. Oddly enough there was no decline
in the highest dose group of 90 million, which may indicate that
a moderate dose of stem cells could be the most appropriate for
local injection, but the number of participants was very small (five
in each of the three intervention arms).

On the other hand, (Melmed 2015) had two arms of intervention in
comparison to the placebo arm. Group | received 150 million cells
(1 unit) and Group Il received 600 million cells (4 units) and the dose
was repeated after one week. The clinical response at four and six
weeks; defined as the drop of CDAI by > or = 100 points and/or 25%
decline. This was achieved in both arms of the intervention group
regardless of the dose used in (10/28) patients ie 36% as compared
to the placebo group where 0% achieved clinical remission P value
=0.026, but clinical remission after four and six weeks was achieved
in (4/28) patientsi.e. 14% in the intervention group versus 0% in the
placebo group withP value =0.3.

In (Panes 2016), the patients received 120 million cells in a single
injection, while in (Zhang 2018) the patients received 1.6 million
cells/ kg body weight once weekly with a total of four doses. In
(Hawkey 2015) a minimum dose of 3 million cells/kg on day 7.

In (Zhou 2020) each fistula was injected with a different dose
according to its diameter and length (< 1 cm injected with 1 mL, 1-2
cm injected with 2 mL). The suspension contained 5 million cells/
ml of Adipose-derived stem cell (ADSC). Multiple injections were
performed in all quadrants of the fistula.

3.5 The type of stem cells

Different studies used different types of stem cells; adipose tissue-
derived stem cells (a type of mesenchymal stem cells) in (Garcia-
Olmo 2009 and Zhou 2020), mesenchymal stem cells in (Molendijk
2015; Panes 2016; Zhang 2018), placental-derived mesenchymal-
like stem cells (PDA-001) in (Melmed 2015), and haematopoietic
stem cells CD34+ in (Hawkey 2015).

3.6 Methods of preparation

Methods varied across the studies due to the different types of cells
used. Conditioning was only used with Hawkey 2015.

4- Results of Sensitivity Analysis

We carried out sensitivity analysis for the all the primary outcomes
asshown in (Appendix 8); clinical remission, CDAI <24 weeks, fistula
closure shortterm and long term, but we found no differences when
using random-effects versus fixed-effect models. In addition, our
conclusions remained unchanged when excluding high and unclear
risk studies. This could be attributed to the weight of the study
(Panes 2016)which has the largest population studied, with more
than 50% of the patients, and also has a low risk of bias.

First, for clinical remission we found that there was a positive effect
of the intervention as opposed to the control; risk ratio (RR) was
1.88,95% confidenceinterval (Cl) 0.80 to 4.41 with a random-effects
model, RR was 1.47,95% CI [1.10 to 1.95] with a fixed-effect model,
and RR was 1.41 95% CI [1.06 to 1.88] after removing the high risk
of bias study Melmed 2015 (for high risk of bias for randomisation
and allocation).

Second, for CDAI <1 50, we found that there was no difference
between the intervention and control groups after conducting
sensitivity analysis, RR was 1.02,95% Cl [0.67 to 1.56] with random-
effects model, RR was 1.08, 95% CI [0.94, 1 to 24] with fixed-effect
model, and RR was 1.02, 95% CI [0.67 to 1.56] after removing the
high risk of bias study Melmed 2015 (for unclear allocation and high
risk of bias performance and detection blinding).

Third, for the outcome fistula closure, short term we found a
positive effect of the intervention than the control after conducting
sensitivity analysis, RR was 1.48, 95% Cl [1.12 to 1.96] random-
effects model, RRwas 1.53, 95% CI [1.15 to 2.03] fixed-effect model,
and RR was 1.47, 95% ClI [1.07 to 2.01] after removal of high-risk
studies Garcia-Olmo 2009 and Zhou 2020 (for unclear allocation
and high risk of bias for blinding and detection).

Fourth, for the outcome fistula closure, long term we found a
positive effect of the intervention after conducting sensitivity
analysis RR was 1.42, 95% CI [1.09 to 1.87] for random-effects
model, RR was 1.47, 95% Cl [1.12 to 1.94] for a fixed-effect model,
and RR was 1.48, 95% Cl [1.10 to 1.99] after removal of high
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risk of bias studies Garcia-Olmo 2009 and Zhou 2020 (for unclear ~ Ongoing studies
allocation and high risk of bias for blinding and detection).

We found nine ongoing studies (EUCTR2017-000725-12-CZ;
Excluded studies ISRCTN17160440; NCT00482092; NCT04010526; NCT04519671;
NCT04519684; NCT04519697; NCT04548583; NCT04612465). For

We excluded three studies due to the absence of a placebo or  fyl| characteristics of ongoing trials kindly see Characteristics of
control group (Cho 2013; Park 2014; Onken 2008; Dige 2019; Serrero  ongoing studies

2019). In addition, three non-randomised studies (Lazebnik 2010;

Kagramanova 2016; Knyazev 2015) were excluded. Other reportsof  Risk of bias in included studies
the same included studies were excluded as a primary study, but
data were included in their primary studies as follow-up data. One
trial was withdrawn as the authors found that the protocol was not
reflective of the clinical situation in question (FATT-2 trial), thus was
added to the excluded studies. For reasons of exclusion see (Figure
1).

The graphical presentation of the risk of bias is presented in Figure
2 and Figure 3. Further details are presented in the Characteristics
of included studies.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Random sequence generation (selection bias) [N ]

Allocation concealment (selection bias) [N |

Blinding of participants and personnel (performance bias): All outcomes [N
Blinding of outcome assessment (detection bias): All outcomes [N
Incomplete outcome data (attrition bias): All outcomes [N

Selective reporting (reporting bias) [N BB

Other bias [ |

0% 25% 50% 75%  100%

[ [ Low risk of bias [] Unclear risk of bias Bl High risk of bias |
Stem cell transplantation for induction of remission in medically refractory Crohn’s disease (Review) 16

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Hawkey 2015
Melmed 2015
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Panes 2016
Zhang 2018

Zhou 2020
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Allocation

The random sequence generation method was clearly reported
in five studies (Garcia-Olmo 2009; Hawkey 2015; Molendijk 2015;
Panes 2016; Zhang 2018) and was unclear in two (Melmed
2015 and Zhou 2020).

It was mentioned that centralised randomisation was carried out in
(Garcia-Olmo 2009; Hawkey 2015, and Panes 2016), but the method
of allocation was not mentioned in ( Garcia-Olmo 2009) so it was
judged as unclear. It was computer-generated in Zhang 2018, while
in Molendijk 2015 randomisation was done in the immunology
department with the researcher having no contact or knowledge of
the patients entering the study.

Three trials clearly reported the allocation concealment method
through having centralised randomisation Panes 2016 and Hawkey
2015), and one study (Molendijk 2015) mentioned that the
researcher responsible for randomisation is not in contact with, or
has knowledge of, the patients. Four studies had an unclear method
of allocation concealment (Garcia-Olmo 2009; Melmed 2015; Zhang
2018; Zhou 2020).

Blinding

Four of the studies had a high risk of performance bias as they
were open trials with un-blinding of the participants (Garcia-Olmo
2009; Hawkey 2015; Zhang 2018; Zhou 2020). Three trials using
placebo as a method of blinding but only two trials had a low risk of
performance blinding (Melmed 2015; Molendijk 2015), while in the
third trial (Panes 2016) the risk was high as the authors stated that
the saline used was apparent to contain no cells which caused the
unblinding of the participants and personnel.

On the other hand, five trials (Garcia-Olmo 2009; Hawkey 2015;
Melmed 2015; Molendijk 2015; Panes 2016) stated clearly that they
had a low risk of detection bias, while in two trials (Zhang 2018 and
Zhou 2020) the risk of detection bias was high, as the trials were
open-label, and no specific measure for blinding of the assessors
was mentioned.

Incomplete outcome data

Allthe seven trials had a low risk of attrition bias (Garcia-Olmo 2009;
Hawkey 2015; Melmed 2015; Molendijk 2015; Panes 2016; Zhang
2018; Zhou 2020).

Allthe seven studies mentioned that they performed an ITT analysis
(Garcia-Olmo 2009; Hawkey 2015; Melmed 2015; Molendijk 2015;
Panes 2016; Zhang 2018; Zhou 2020).

In (Hawkey 2015); eight patients withdrew from the placebo group
before completing the one-year follow-up period due to the flare-
up of their disease and the need for either surgical intervention
or early transplantation, and one patient withdrew after the
randomisation. In the intervention group; one patient withdrew,
and one patient died 20 days after the intervention. Although
this created unbalance in the two groups, our primary outcomes
measured (CDAI at 24 weeks and clinical remission) were not
affected as the data on both were present in the primary study.
The withdrawal of patients affected the outcome CDAI after one
year and the authors had undergone implementation assuming the
worst-case scenario.

In the case of long-term fistula follow-up >1 year, we considered
the attrition as high when assessing the certainty of evidence in
the Summary of findings 1. This is because all four studies have a
high percentage of patients lost in the long-term follow-up (Panes
2016; Molendijk 2015; Garcia-Olmo 2009; Zhou 2020).

Selective reporting

We examined the trial registries against the published manuscript
of the included studies to observe any differences in the following;
the type of study, the collection sample, and the assigned primary
outcomes. The trial registry of each of the included studies is
presented in the Characteristics of included studies.

Five studies (Hawkey 2015; Melmed 2015; Molendijk 2015; Panes
2016;Zhang2018) had a low risk of selective reporting. Garcia-Olmo
2009h had an unclear risk of selective reporting. Zhou 2020 had a
high risk of selective reporting as the protocol of the study stated
that the study is a case-control trial with 22 participants in each
arm. The published study included only 11 participants in each
arm without mentioning the cause of the decline in the sample
size. Also, the published paper stated that it was a randomised
controlled open-label trial.

Other potential sources of bias

The overall judgment was a high risk of bias in(Garcia-Olmo
2009). The randomization included 50 participants with a range of
diseases and this review relied on data from a subgroup of the
14 participants with Crohn's disease, this caused a judgment of
unclear risk of bias. Also, there is a high risk of funding bias in this
study due to sponsoring by (Cellerix) company where the Primary
investigator holds a chair in the company and on the advisory
board, he also holds two patents of the Cx401 cellular composition.

In (Melmed 2015) there was a high risk of bias attributed to the
suspension of the study before reaching the statistical power due
to safety events, with the trial sponsored by a pharmaceutical
company (Celularity Incorporated). In Panes 2016)there was a high
risk of bias due to funding conflict, where the funder (TiGenix) had
a role in the study design, data collection, analysis, interpretation,
and writing of the final report of the study.

In addition, in Zhang 2018 there was a low risk of bias as the stem
cells were obtained from a single donor, so the variation of results
due to variation of donors was expectedly low. In other included
RCTs using allogeneic stem cells; this risk of bias was unclear
as in (Melmed 2015) it was placental tissue, and in (Panes 2016)
it was commercially available mesenchymal cells, so we do not
know if the cells came from single or multiple donors. In Molendijk
2015 thereis a high risk of bias as the mesenchymal stem cells were
prepared from five separate donors.

However, in the other three studies (Hawkey 2015; Molendijk 2015)
no risk of other forms of bias was detected. (Zhou 2020) included
mainly male participants (21 males versus 1 female).

Effects of interventions

See: Summary of findings 1 Summary of findings table - Stem
Cell compared to Placebo or Control for Induction of Remission in
Medically Refractory Crohn?s Disease

The main comparisons of stem cells versus placebo for medically
refractory Crohn's disease-Primary outcomes, Summary, and long-
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term effects of the intervention are shown in Summary of findings
land additional Table 1.

1-Primary Outcomes
1.1 Clinical remission as defined by the primary studies

Clinical remission as defined by the primary studies is presented
in Figure 4; Analysis 1.1. More people achieved clinical remission

with stem cell therapy (SCT) than with placebo/no SCT, (risk ratio
(RR) 1.88, 95% confidence interval (Cl) 0.80 to 4.41), studies = 3;
participants = 301; low certainty of evidence; Analysis 1.1).

Figure 4.
Stem Cell Placebo or control Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B CDETFG
Hawkey 2015 8 23 2 22 23.9% 3.83[0.91, 16.07] I EE——— NN N NN
Melmed 2015 4 28 0 16 7.9% 5.280.30, 92.10] » 2700060060
Panes 2016 57 107 43 105  68.2% 1.30[0.97 , 1.74] . [ XX KX K K]
Total (95% CI) 158 143 100.0% 1.88 [0.80 , 4.41] _‘
Total events: 69 45
Heterogeneity: Tau? = 0.26; Chi? = 3.14, df = 2 (P = 0.21); I = 36% 05 0.7 15 2

Test for overall effect: Z = 1.45 (P = 0.15)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

The definition was variable; in Hawkey 2015 it was defined as
“free of active disease", the number of patients in each group
was identical to Crohn’s Disease Activity Index (CDAI) < 150. In
(Panes 2016) it was defined as clinical remission at 24 weeks
with “closure of all treated external openings that were draining
at baseline despite gentle finger compression”. In Melmed 2015,
clinical remission induction was considered when CDAI <150 at four
and six weeks.

1.2 Clinical improvement by CDAI < 150

The time frame assessment was different including 12 and 24
weeks. CDAI <150 at 24 weeks was presented Analysis 1.2 in four
studies (Hawkey 2015; Molendijk 2015; Panes 2016; Zhang 2018)
with (RR-1.02 95% CI [0.67 to 1.56]; studies = 4; participants = 352;
very-low certainty of evidence; Analysis 1.2), and 12 68%; the impact
of SCTis uncertain as the Cls are wide and cross the line of no effect.

Only two studies had patients with intestinal Crohn’s disease (CD)
(Hawkey 2015; Zhang 2018). (Hawkey 2015) showed improved CDAI
after stem cells as compared to the control with (RR-3.83 95%

Favors Control or Placebo Favors Stem Cells

Cl [0.91 to 16.07]; participants = 45), but the size of the study
population was small with only 7.5% weight. While the RR could
not be calculated in Zhang 2018 as none of the patients reached
CDAI < 150 in the two groups (intervention and control). Molendijk
2015 and Panes 2016 both aimed at the treatment of CD fistula, not
the intestinal CD, thus, the baseline CDAI in both studies was low,
with no significant change after the intervention.

1.3 Fistula closure

Fistula closure was assessed in the studies dealing with perianal CD
(Garcia-Olmo 2009; Molendijk 2015; Panes 2016; Zhou 2020) with
long-term data available for all four studies.

The short-term outcome presented in [Analysis 1.3, Figure 5]
was assessed at eight weeks in (Garcia-Olmo 2009)and 24 weeks
in (Molendijk 2015; Panes 2016; Zhou 2020). More people had
fistula closure with SCT than with placebo/no SCT, (RR 1.48, 95%
Cl [1.12 to 1.96], studies = 4; participants = 269; low certainty of
evidence; Analysis 1.3).
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Figure 5.
Stem Cell Placebo or control Risk Ratio Risk Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Garcia-Olmo 2009 (1) 5 7 1 7 2.2% 5.00[0.77, 32.57] 4 .
Molendijk 2015 (2) 9 15 2 6 5.4% 1.80[0.54, 6.00] R
Panes 2016 (2) 53 107 36 105 73.7% 1.44[1.04, 2.00] .._
Zhou 2020 (3) 8 11 6 11 18.6% 1.33[0.70, 2.55] ——
Total (95% CI) 140 129 100.0% 1.48 [1.12, 1.96] ‘
Total events: 75 45
Heterogeneity: Tau? = 0.00; Chi2 = 1.89, df = 3 (P = 0.59); I = 0% 0.1 02 05 ) 5 10

Test for overall effect: Z = 2.74 (P = 0.006)
Test for subgroup differences: Not applicable

Footnotes

(1) At 8 weeks
(2) at 24 weeks
(3) At 24 weeks

The result for longer-term fistula closure (one to four years)
presented in the primary study in Zhou 2020 or on follow-up reports
of the primary studies by the same authors in (Guadalajara 2012;
Panés 2018; Barnhoorn 2020) is presented in[Analysis 1.4, Figure

Favors Control or Placebo Favors Stem cells

6]. More people had fistula closure in the longer term with SCT than
with placebo/no SCT, (RR 1.42, 95% Cl [1.09 to 1.87], studies = 4;
participants = 250; low certainty of evidence; Analysis 1.4).

Figure 6.
Stem Cell Placebo or control Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Garcia-Olmo 2009 (1) 2 5 1 3 2.0% 1.20[0.17, 8.24]
Molendijk 2015 (2) 8 13 0 3 1.1% 4.86[0.35, 67.17] N
Panes 2016 (3) 58 103 39 101 82.0% 1.46 [1.08, 1.97] 3
Zhou 2020 (4) 7 11 6 11 14.9% 1.17[0.58, 2.35] R P
Total (95% CI) 132 118 100.0% 1.42[1.09, 1.87] ‘
Total events: 75 46
Heterogeneity: Tau? = 0.00; Chi? = 1.26, df = 3 (P = 0.74); 2= 0% 01 02 05 > S 10

Test for overall effect: Z = 2.55 (P = 0.01)
Test for subgroup differences: Not applicable

Footnotes

Favors Control or Placebo Favors Stem Cells

(1) With mean follow up duration 38.0 and 42.6 months. Data from (Guadalajara 2012)

(2) 4 years follow up, data from (Barnhoorn 2020)
(3) Follow up at week 54. Data from (Panes 2018)
(4) 12 months follow up

2-Secondary Outcomes
2.1 Clinical improvement

« Regarding the Perianal Disease Activity Index (PDAI) score;
there was a change in the score from the baseline presented at
12 and 24 weeks in three studies (Molendijk 2015; Panes 2016;
Zhou 2020), where PDAI at 12 weeks 12 = 82%. Therefore, a
forest plot was done for PDAI after 12 weeks with no pooling
of the results as stated in the protocol for any 12 more than
75%, for more detail on sensitivity analysis (please see Analysis
1.5). PDAI at 24 weeks was associated with a mild decrease

of (RR -0.35, 95% Cl -1.57 to 0.86), studies = 3; participants =
247; Analysis 1.6). 12 =39% at 24 weeks.

« Regarding the Crohn’s Disease Activity Index (CDAI) score ;
we found data on the change in the score from baseline at 24
weeks of CDAI presented in the studies (Hawkey 2015; Molendijk
2015; Panes 2016; Zhang 2018. There was a decrease in the score
after 24 weeks. 12 = 96% was high due to heterogeneity among
studies, so a forest plot was done without pooling of the results
as stated in the protocol for any 12 more than 75% [Analysis 1.7].
In (Melmed 2015) the outcome was not analysed quantitatively,
the clinical response was defined as a decline > 100 points in
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the CDAI score and was achieved in 10 patients out of 28 in the
intervention group versus none in the placebo group.

« Data on change of Harvey-Bradshaw Index (HBI) after 12
months was extracted from two studies (Hawkey 2015; Zhang
2018). There was a decline with intervention by (RR-2.59, 95%
Cl-4.04,t01.14, studies = 2; participants = 124; Analysis 1.8), and
12 of 40%. The total number of participants was 62 in the stem
cell group and 62 in the placebo group.

2.2 Endoscopic scores

We found data for different scores used in different studies. Only
three studies used endoscopic scores for patients' assessment.
In Hawkey 2015; the Simple endoscopic score for Crohn's disease
(SES-CD) was used while in Molendijk 2015, and Zhang 2018 the
Crohn's Disease Endoscopic Index of Severity (CDEIS) score was
used. The change in the score was measured after 12 weeks. There
was no change in the score after treatment. Data were presented
with forest-plot only and no pooling was done as the 12 was 92% (12
> 75%was not conducted according to the protocol methodology)
as shown in [Analysis 1.9].

2.3 Adverse events

We assessed total and serious adverse events as defined by the
original studies.

2.3.1 Data on total adverse events

This was mentioned in four studies (Hawkey 2015; Molendijk 2015;
Panes2016; Zhou 2020) with (RR0.99,95% CI[0.88 to 1.13], studies =
4; participants = 293; very low certainty of evidence; Analysis 1.10).

We presented adverse events as the number of patients suffering
from one or more adverse events as dichotomous outcomes only.
In (Hawkey 2015) "the count data" of the total number of
events per patient (events/patients) was presented in the study,
so we converted it to a dichotomous outcome (number of patients
suffering from adverse events versus the number of patients not
suffering from adverse events). In (Molendijk 2015; Panes 2016) the
data were originally presented as the number of patients suffering
from adverse events, thus no conversion was performed.

The reported adverse events varied across studies; they
included; headache, pyrexia, local reactions at the site of
injection, non-cardiac chest pain, upper respiratory tract infection,
anaemia, leukopenia, thrombocytopenia, phlebitis, infections
(viral, bacterial), nausea, and vomiting, abdominal pain, diarrhoea,
and fistula.

In Hawkey 2015), the adverse events were more frequent (76 in
19 patients) in the intervention group as compared to the placebo
group (38 in 15 patients).

In Panes 2016, it was reported that 53 patients in the intervention
group developed antibodies to human leukocyte antigen (HLA)
class-I while none in the placebo group developed those donor-
specific antibodies, but no immune reaction occurred and also
there was no relation between the treatment response and the
antibody response.

In (Zhou 2020) total adverse events were found in 7/11 patients in
the intervention group versus 11/11 patients in the control group.

2.3.2 Data on serious adverse events

This was found in all the seven studies with (RR 1.22, 95% ClI
0.88 to 1.67, studies = 7; participants = 433; low certainty of
evidence; Analysis 1.11).

Serious adverse events reported included; systemic
hypersensitivity to the intervention, gastric ulcer perforation,
Crohn’s disease flare, pneumonia, anal or perianal abscess,
proctalgia, liver abscess.

Only (Zhang 2018 and Zhou 2020) reported the absence of serious
adverse events in both the intervention and the control groups
(zero events).

It has to be noted that the trial of Melmed 2015 stopped before
enrolling the last two participants due to safety issues. As explained
by the authors of Melmed 2015, the safety issues were reported in
another study on rheumatoid arthritis (RA) patients, and those who
received the intervention suffered from the following: (one patient
had retinal artery spasm and one patient had an attack of acute
myocardial infection), which led to the suspension of the RA trial.
Other serious adverse events reported in (Melmed 2015); included
anal (after 8.5 months) and colon cancer (after 74 days) on the
long-term follow-up. The authors suspected that the cancers were
related to the original disease, not the intervention, and argued
that the duration of CD in those two patients was 46.8 years and
33.4 years, respectively.

In Molendijk 2015, one patient developed adenocarcinoma of
the cecum with peritoneal carcinomatosis after 15 months from
intervention and with a family history of colon cancer.

In Garcia-Olmo 2009, one patient in the placebo (fibrin glue
injection) group reported a flare of Crohn’s disease with intra-
abdominal abscess and recovered on medical treatment.

2.4 Withdrawal due to adverse events

Withdrawal due to adverse events was only reported in three
studies with a total number of participants of 250; 124 in the
placebo group and 126 in the intervention group. In the first
study Hawkey 2015, one patient in the active and one patient in
the placebo group. The second study was (Panes 2016), there were
five patients from the active group and six patients in the placebo
group who withdrew due to adverse events. In Zhou 2020, two
patients in the intervention group and three patients in the control
group withdrew due to adverse events and went on to receive a re-
operation, (RR0.78, 95% CI 0.32 to 1.89, studies = 3; participants =
272; very low certainty of evidence; Analysis 1.12).

In Hawkey 2015, the authors stated that in the control group
eight patients withdrew due to treatment failure, and underwent
subsequent surgery or early transplantation, one patient died after
20 days from administration of the intervention.

2.5 All-Cause mortality

We found data for all-cause mortality in all seven studies with a
total number of participants of 440 patients; 234 in the intervention
group and 206 in the control/placebo group. No patients died
in the control/placebo group, while two patients died in the
intervention group. One died in Hawkey 2015, while the other case
was in Molendijk 2015 where one patient died from a cancer rectum
in the long follow-up study (Barnhoorn 2020).
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In Hawkey 2015), one patient died after 20 days from the
intervention by sinusoidal obstructive syndrome diagnosed post-
mortem. He was suspected to have intraperitoneal sepsis and
laparotomy was done but was negative, then he developed acute
liver failure with no apparent history or previous biochemical data
to support a definitive diagnosis.

The effect estimate as calculated by (Peto odds ratio (OR) 5.51,95%
C15.51[0.30, 101.02], studies = 7; participants = 440; Analysis 1.13).

2.6 Quality of life scores- change after 12 weeks in inflammatory
bowel disease Questionnaire (IBDQ) score

Quality of life was reported in four studies (Hawkey 2015; Molendijk
2015; Panes 2016; Zhou 2020) with a total number of participants
of 292; 152 in the intervention group and 140 in the placebo/
control group. Different scores were used, but we found enough
data for meta-analysis of the IBDQ score, it was assessed both at
baseline and at 12 weeks in (Hawkey 2015) and at 24 weeks in
(Molendijk 2015; Panes 2016; Zhou 2020). The change in the score
was calculated using the standardised mean difference (SMD); with
(SMD 0.25, 95% CI 0.25 [-0.18, 0.68], studies = 4; participants =
292; Analysis 1.14). The heterogeneity was |12 = 50%.

2.7 Additional outcomes found but not mentioned in the protocol
methodology (C-reactive protein (CRP), cytokines, and fecal
calprotectin)

In Molendijk 2015, the mean levels of cytokines did not differ from
baseline to after intervention event with clinical response.

In Melmed 2015, it was noted that only fecal calprotectin was
decreased with the clinical response but CRP and cytokines showed
no change.

This laboratory outcome is important in the daily clinical practice
for patients' assessment at baseline and follow-up.

DISCUSSION

All of the randomised controlled trials (RCTs) included patients with
Crohn's disease (CD) refractory to one or more standard medical
treatment, with variability from moderate to severe activity, either
colitis or fistulising disease. As the main concept is not to expose
treatment-naive and responding-patients to unknown risks. So in
naive patients to treatment data are lacking. This is in accordance
with the latest European Union guidelines in which Darvadstrocel
(a suspension drug of expanded allogeneic adipose-derived stem
cells (eASCs)) was approved after the results of the Adipose-
Derived Mesenchymal Stem Cells for Induction of Remission in
Perianal Fistulizing Crohn's Disease (ADMIRE-CD) trial (Panes 2016),
with subsequent approval in the UK, Switzerland, and Israel. The
mesenchymal stem cells (MSCs) are indicated for treatment in case
of the refractory disease to at least one standard or biological
therapy for CD with mild or non-active disease status, and prior
conditioning of the fistula has been performed (Takeda 2021, Scott
2018). A step-wise algorithm was proposed in (Guadalajara 2020)
for using the approved Darvastrocel. Also, a protocol was outlined
for standardisation of MSC dosing in perianal disease associated
with CD (Molendijk 2018).

Summary of main results

Weincluded for the final qualitative and quantitative analysis seven
RCTs; the total number of participants was 442, with 234 in the stem

cell group and 208 in the placebo or control groups. It has to be
noted that about 50% of the participants were from one RCT (Panes
2016).

Three RCTs assessed the main outcome of clinical remission
(Hawkey 2015, Melmed 2015, Panes 2016). Clinical remission was
achieved in the intervention group more than the control group
with low certainty of evidence. But the definition of clinical
remission was variable across studies, where two of the included
studies (Hawkey 2015; Panes 2016) were open-labelled with most
of the studied population in (Panes 2016). Clinical remission and
response are followed for a variable duration among studies (4,
6,12, 24 etc. weeks). Our results show that clinical remission may
be achieved with the stem cell therapy (SCT) more than placebo or
control, and there was no difference after conducting the sensitivity
analysis for random-effects versus fixed-effect models or omitting
high-risk studies.

Four RCTs assessed the achievement ofCrohn’s Disease Activity
Index ( CDAI) <150 at 24 weeks (Hawkey 2015; Molendijk 2015;
Panes 2016; Zhang 2018), although the CDAI decrease was not the
primary outcome in most of the studies. There was no apparent
CDAI change after 24 weeks of the intervention. (Hawkey 2015) was
the only study showing improved CDAI to < 150 after the 24 weeks
from the administration of the SCT as compared to the control,
however, the study weight was only 7.5% due to the small size
of the studied population. While (Zhang 2018) stated that none
of the patients reached the target CDAI at 24 weeks, so no risk
ratio (RR) could be calculated for this study. In addition, two of the
four included studies presented with normal baseline CDAI as they
were examining the fistulising, not the inflammatory intestinal, a
subcategory of CD fixed-effect( Molendijk 2015 and Panes 2016).
The level of certainty of the evidence was very low. Our results show
that CDAI < 150 at 24 weeks may show no difference with the SCT
as compared to the placebo or control, and there was no difference
after conducting the sensitivity analysis for random-effects versus
fixed-effect models or omitting high-risk studies.

Four RCTs assessed the early fistula closure (Garcia-Olmo 2009;
Molendijk 2015; Panes 2016; Zhou 2020), although the time of
determining the outcome was different, where (Garcia-Olmo 2009)
was at eight weeks, while (Molendijk 2015; Panes 2016; Zhou
2020)were at 24 weeks. It was assessed both clinically and with
magnetic resonance imaging (MRI) with low certainty of evidence.
Our results show that fistula closure in the short term may be
achieved with the stem cell therapy more than placebo or control,
and there was no difference after conducting the sensitivity analysis
for random versus fixed-effect models or omitting high-risk studies.

Four RCTs assessed the long-term follow-up of fistula closure
after one to several years (Zhou 2020; Panés 2018; Barnhoorn
2020; Guadalajara 2012) are presented. The number of patients
was 250 with low certainty of evidence. The data were collected
from published papers with long-term follow-up of the original
studies (Zhou 2020; Panes 2016; Molendijk 2015; Garcia-Olmo
2009), respectively. In Molendijk 2015, long-term follow-up study
(after four years) (Barnhoorn 2020), three of the placebo group
received SCT after two years from the original study. One study
(Zhou 2020) stated both the short- and long-term follow-up after
one year results of fistula healing. It was noticed that attrition was
high in all studies in long-term follow-up of fistula healing, which
resulted in a downgrading of the certainty of evidence to low. Our
results show that fistula closure long term may be achieved with
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the SCT more than placebo or control, and there was no difference
after conducting the sensitivity analysis for random-effects versus
fixed-effect models or omitting high-risk studies.

There were only two dose-escalation studies (Melmed 2015;
Molendijk 2015) where the effect on fistula closure was decreased
by increasing the dose of stem cells in (Molendijk 2015), or no effect
toincreasing the dose in (Melmed 2015). Further analysis is needed
to determine the exact effect of increasing the dose of stem cells on
fistula healing.

The total number of adverse events was assessed in four studies
(Hawkey 2015; Molendijk 2015; Panes 2016; Zhou 2020). There was
no difference between the intervention and the control groups
regarding the number of adverse events, with very low certainty of
evidence.

All seven RCTs assessed the number of patients with serious
adverse events (Garcia-Olmo 2009; Hawkey 2015; Melmed 2015;
Molendijk 2015; Panes 2016; Zhang 2018; Zhou 2020), although the
definition was different across studies. This was expected as most
of the studies are phase Il dealing mainly with safety issues as the
primary outcome. The outcome had a low certainty of evidence.
There were different definitions of what constitutes a serious
adverse effect. Autologous stem-cell transplantation in treatment-
refractory Crohn's disease (ASCTIC) trial authors (Hawkey 2015)
concluded that haematopoietic stem cells (HSCs) did not achieve
clinical remission and were associated with increased harm
due to adverse events, thus there are no data to support the
continuation of the trial on a large scale. In haematopoietic stem
cell transplantation (HSCT), infection was the most dangerous
and common adverse event. This is related to pancytopenia
resulting from conditioning chemotherapeutic regimen, which as
the authors of the original study (Hawkey 2015) declared, could
be the cause of death of the patient who died from sinusoidal
obstruction syndrome. It is mentioned in Melmed 2015 that the
study was stopped due to safety issues in a concomitant study
using PDA-100 stem cells, but we did not find any publication on
the topic stated by the authors "Two SAEs were seen in a study
of rheumatoid arthritis and led to the suspension of enrollment
in this study". Thus safety issues concerning PDA-100 have to be
addressed further. Only one patient died during the conduct of the
study in all the six studies, the patient was in the intervention arm of
(Hawkey 2015). While only in one of the included studies (Molendijk
2015) one patient died from cancer cecum on long-term follow-up
study by (Barnhoorn 2020).

Only three studies reported on the patients' withdrawal caused by
adverse events (Hawkey 2015; Panes 2016; Zhou 2020). We found
that the withdrawal of patients due to adverse events was higher
in the control group compared to the intervention group with very
low certainty of evidence.

Overall completeness and applicability of evidence

There is an apparent heterogeneity among the studies regarding;
the doses and types of stem cells (SCs) used, route of
administration of the intervention, outcome measures, and follow-
up duration, adverse events reported, concomitant medications
given to participants, and definition of refractory disease for study
inclusion.

There is an age restriction for children and also pregnant women
due to safety and ethical issues related to SCs. In addition, the
elderly were restricted in (Hawkey 2015) (age < 50 years) and
in(Melmed 2015 (< 75 years). No gender restriction was observed
among the trials, but there was inequality in the female/male ratio
in (Zhou 2020 ) where only one female was included.

The effect of using multiple donors versus a single donor as a source
ofSCs, and autologous versus allogeneic stem cells on the immune
system is still an unresolved issue.

The local injection into the fistula could be more benéeficial, and
with fewer side effects when compared to systemic infusion,
especially when using mesenchymal stem cells (MSCs).

Crohn’s Disease Activity Index (CDAI) is a subjective outcome
(symptom dependent) through questionnaires, and most of the
studies lack performance blinding which makes the certainty of
evidence very weak. A proposal of other objective outcomesis more
proper to use in clinical trials using stem cells in refractory CD. On
the other hand; fistula closure is assessed clinically or by MRI which
is more objective.

Laboratory cytokines and inflammatory markers are not changed
in relation to the clinical response in early follow-up, but it could
more relevant if used in the long term.

Quality of the evidence

We used the GRADE approach (GRADEpro GDT) to assess the
certainty of the evidence for the comparison between stem cell
therapy and placebo for the induction of remission of medically
refractory CD. We used the GRADEPro integration in RevMan Web
2020.

There were significant problems with risk of bias lead to
downgrading risk of bias; most of the studies had a high or
unclear risk of bias of randomisation (two unclear Melmed
2015 and Zhou 2020), allocation concealment (four unclear Garcia-
Olmo 2009Melmed 2015; Zhang 2018; Zhou 2020), and blinding
(five high risk of bias Garcia-Olmo 2009; Hawkey 2015; Panes 2016;
Zhang 2018; Zhou 2020). However, most of the unblinded studies
had a low risk of detection bias except for two studies (Zhang
2018; Zhou 2020). This leads to downgrading the risk of bias by
one point only. Blinding of the intervention was hard to accomplish
due to the structural appearance of the stem cells solution which is
different from saline, the studies which tried blinding used albumin
(Molendijk 2015) or used opaque bags as (Melmed 2015), or the
conditioning procedure used for the preparation of stem cells from
the patient (Hawkey 2015).

Moreover, concerns about the small number of the studied
population lead to downgrading imprecision. No other issues
regarding indirectness as all the outcomes in the summary of
findings table were clinically relevant to the patients. Furthermore,
publication bias was downgraded in one outcome (CDAI <150 at 24
weeks) as two studies were presented as abstract only (Arturo 2017,
Lichtiger 2012) and no published complete manuscript was found,
also we contacted the authors for further data and are waiting for
their reply.
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Potential biases in the review process

We did a thorough screening of the meta-analyses, systematic
reviews, reviews, editorials, conference proceedings, and grey
literature for the inclusion of possible studies related to our topic.
We found four Russian studies published in English (Kagramanova
2016; Knyazev 2015; Knyazev 2018; Knyazev 2020) that compared
the standard medical intervention versus stem cells combined with
medical intervention in CD, but all those studies were reported
as case-control with no mention of randomisation, allocation
concealment, or blinding in their published data. Also, no clinical
trial registry was found in the published manuscripts. We tried
contacting the authors for further information, but they did not
respond, and through a consensus between the review authors
we removed them as non-RCT studies and presented them in the
(Characteristics of excluded studies).

The adverse effects varied immensely in their reporting across
the studies, and we tried to find common ground for extraction
and analysis through discussion with (AFN). We divided the
adverse effects into (total adverse events) including all the adverse
events that occur to the patients regardless of their severity,
and (serious adverse events) that are life-threatening or requiring
hospitalisation or surgical intervention. Mortality was recorded as
a separate outcome and discussed narratively.

There was a limitation on the published data, where the authors
of two conducted studies were published only as abstracts
(Arturo 2017 and Lichtiger 2012) with foreseeable full manuscript
publication. We tried to contact the authors, but we did not receive
any response, so these studies were moved to (Studies awaiting
classification). Both studies used the systematic injection of SCs.
We re-contacted the authors on October 2021 and are awaiting their
response.

We did not explore the Chinese and Korean databases with
limitations to the English databases containing the abstracts of the
studies, although we did not limit the search to the English-written
manuscripts; we found none in the English databases.

There was an apparent issue regarding funding, as most of the
included studies had either funding for the cellular component or
support for the authors to publish as shown in (Characteristics of
included studies). The cost of stem cell preparation or purchase
is high, thus it is difficult for the researchers to obtain the stem
cells without funding. This could be resolved by supplying this
area of research through non-profit clinical organisations as ECCO,
which funded Hawkey 2015, or through applying strict regulations
prohibiting pharmaceutical companies from controlling the data
collection and subsequent publication, where this right remains in
the hands of an independent group of investigators.

Agreements and disagreements with other studies or
reviews

We assessed the systematic reviews published in the same topic
area that shed the light on some data, but we found some
shortcomings.

We noted multiple publications of different records for the same
study in the following included studies (Garcia-Olmo 2009; Hawkey
2015; Molendijk 2015; Panes 2016). This caused confusion in most
of the published meta-analyses and systematic reviews, where
the authors included the population and the events twice, which

caused a faultin the calculation of the results. Consequently, when
a study (e.g. Panes 2016), which included over half of the studied
population, this duplicate calculation will increase the weight of
the study, the effect estimate of the intervention, and its confidence
interval. This duplicate calculation was noticed in the following
meta-analyses (Ciccocioppo 2019; Castro-Poceiro 2018; Cao 2021;
Cheng 2019).

We noticed that some meta-analyses did not include the Melmed
2015 study in their final results, which may have been caused by it
not being apparent by the keywords used in their search, which also
occurred in our study (we found the study through manual search
of references in the review articles). This occurred in (Qiu 2017; Cao
2021).

Also, most of the meta-analyses included one-arm trials, dose-
escalation trials with no control group, case-control, retrospective,
and case series studies, which weakened the quality of evidence
in their results and overestimated the effect of SCs. This happened
in; Cao 2021; Ciccocioppo 2019; Castro-Poceiro 2018; Cheng 2019;
Lightner 2017; Qiu 2017; Turse 2018).

Finally, some meta-analyses used a non Crohn's disease population
such asthe Herreros 2012 study in their final results. This happened
in Cao 2021; Castro-Poceiro 2018; Ciccocioppo 2019.

The British Society of Gastroenterology (Lamb 2019) commented
on the use of autologous HSCs used in (Hawkey 2015), as a
hazardous intervention, and that the authors did not achieve
their intended outcome but recommended further research in
that refractory CD population. Moreover, they found Panes
2016 results encouraging, regarding the effect of treatment by
allogeneic MSCs, and noted that 34% of the control group achieved
remission due to removal of affected tissue and fibrin glue
interventions only. In addition, National Institute for Health and
Care Excellence (NICE) guidelines mentioned the ADMIRE-CD trial
in their (Technology appraisal guidance) as a promising new
intervention for refractory CD patients with perianal fistula (NICE
2019). American College of Gastroenterology (ACG)(Lichtenstein
2018) did not mention the SCT, but mentioned the seton placement
alone as a plausible intervention with moderate quality of
evidence. As for American Gastroenterological Association (AGA)
they did not mention stem cell therapy (SCT) in their most
updated guidelines. (Feuerstein 2021), however, the European
Crohn’s and Colitis Organisation (ECCO) (Adamina 2020) mentioned
adipose tissue-derived mesenchymal stem cells, either allogeneic
or autologous, as a safe and effective treatment in patients with
complex perianal fistula, in their most updated guidelines version.

AUTHORS' CONCLUSIONS

Implications for practice

Stem cell therapy, when injected systemically, is uncertain to
produce benefit or harm on achieving improvement in clinical
remission( the data are uncertain) or CDAI score <150 at 24 weeks
(the data are very uncertain), for the treatment of refractory CD.
Stem cell therapy could have a beneficial effect when injected
locally, on the achievement of fistula closure in the short and long
terms (the data are uncertain). The stem cells may cause no effect
on the number of total adverse events (the data are very uncertain).
Moreover, SCs may increase the number of serious adverse events

Stem cell transplantation for induction of remission in medically refractory Crohn’s disease (Review) 24
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

(the data are uncertain). The withdrawal due to adverse events may
be decreased by stem cell therapy (the data are very uncertain).

Implications for research

The effect on modifying and "resetting" the immune system didn't
have enough clinical and laboratory data to support it, and further
studies are needed to confirm or refute its benefit. We need a more
clear and unified definition of clinical remission for future clinical
trials. CDAI score as the primary outcome could be misleading
due to its subjectivity and a more objective score could be more
consistent.

Large-scale randomized trials are needed to validate the efficacy
and effectiveness of stem cells in the treatment of refractory
Crohn's disease. Standardization of the doses, outcome measures,
and patients' selection criteria will lead to more consistent and
clear results.

The effect of SCT on other forms of IBD mainly UC needs to be
further evaluated.
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Study characteristics

Methods Phase Il multicentre (three centres in Spain) randomised controlled trial.

Patients were recruited consecutively and enrolled in the study from October 2004 through March

2005.

Follow-up period: 1 year (after 8 weeks then every 3 months until 12 months)

Participants Patients were eligible for the study if they were aged 18 years or older and had a complex perianal fistu-
la (either of cryptoglandular origin or associated with Crohn’s disease) with a visible external opening.

50 patients with complex perianal fistulas (cryptoglandular origin, n = 35; associated with Crohn’s dis-

ease, n =14).

Interventions Intervention group: fibrin glue plus autologous adipose-derived stem cells (ASCs) locally. The ASCs
were extracted from Liposuction from the patients (AT). Dosage: 2 million cells, if no healing at 8 weeks

another dose of 4 million is given.

Control group: patients were randomly assigned to intra-lesional treatment with fibrin glue locally.
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Garcia-0lmo 2009 (continued)

Outcomes The primary end point for efficacy was defined as the proportion of patients whose fistula had healed
at eight weeks after the last treatment received.

Notes Afistula was considered complex; if at least one of the following conditions was fulfilled: 1) fistula tract
under the perianal skin unidentifiable in the physical examination; 2) fistula tract parallel to the rectum
when examined with a probe; 3) associated fecal incontinence; 4) at least one previous operation per-
formed because of fistulous disease (fistulectomy or advancement flap); 5) supra-sphincteric tracts; 6)
the presence of Crohn’s disease; or 7) recto-vaginal fistula.

Trial start date: October 2004

Trial ending date: March 2005

Trial registry number: NCT00115466

Funding Source: this clinical trial has been sponsored by Cellerix S.L.

Conflict of interest: Damian Garcia-Olmo is a holder of the UAM-Cellerix Chair of Cell Therapy and Re-
generative Medicine to which Cellerix contributes 40,000€ per year. UAM and Cellerix S.A. share patent
rights to Cx401.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "A centralized randomisation procedure was set up by Logitest (Madrid,

tion (selection bias) Spain), the external contract research organization responsible for monitoring
the entire study."

Allocation concealment Unclear risk The authors onlu=y stated "Central randomization"

(selection bias)

Blinding of participants High risk "open-label, add-on clinical trial"

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk "Although patients and investigators were aware of the treatment allocation,

sessment (detection bias) healing was assessed by a blinded evaluation committee consisting of three

All outcomes independent surgeons, all of whom
were experts in colorectal surgery."

Incomplete outcome data  Low risk ITT analysis was done.

(attrition bias)

All outcomes “One patient in the experimental treatment group did not receive the desig-
nated treatment because, for unknown reasons, the cells did not expand suffi-
ciently and the protocol did not allow for a second liposuction.”

Selective reporting (re- Unclear risk Protocol linked to abstract on PubMed under ID NCT01803347 does not match

porting bias) some study aspects

Other bias Low risk Baseline Characteristics show no difference between groups

Hawkey 2015
Study characteristics
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Hawkey 2015 (Continued)
Methods

Parallel-group randomised clinical trial conducted in 11 European transplant units (6 European coun-
tries) from July 2007 to September 2011, with follow-up through March 2013.

Participants

45 Patients aged 18 to 50 years with impaired quality of life from refractory Crohn's disease not
amenable to surgery despite treatment with 3 or more immunosuppressive or biologic agents and cor-
ticosteroids.

Interventions

45 patients underwent stem cell mobilisation before 1:1 randomisation.

Intervention group: immuno-ablation and autologous hematopoietic stem cell transplantation (HSCT)
(n=23) injected in through route. HSCT was extracted from the bone marrow of the patients. Dosage:
Minimum 3x106 CD34+ cells/kg on day 7

Control group: (HSCT deferred for 1 year [n = 22]). All were given standard Crohn's disease treatment as
needed.

Outcomes « Primary outcomes: sustained disease remission at 1 year, a composite primary end point comprising
clinical remission (Crohn's disease Activity Index (CDAI) <150, no use of corticosteroids or immuno-
suppressive or biologic drugs for at least the last 3 months, and no endoscopic or radiological evidence
of active (erosive) disease anywhere in the gastrointestinal (Gl) tract.

« Secondary outcomes were individual components of the primary composite outcome and other
measures of disease activity, laboratory results, quality of life and functional status, and Gl tract imag-
ing.

Notes Trial start date: from July 2007 to September 2011

Trial ending date: with follow-up through March 2013

Trial registry number: NCT00297193 (ASTIC trial)

Funding Source: Sponsor: European Group for Blood and Marrow Transplantation. Collaborator: The

Broad Foundation.

Conflict of interest: all authors have completed and submitted the ICMJE Form for Disclosure of Po-

tential Conflicts of Interest. Dr Hawkey reported receiving a National Institute for Health Research Se-

nior Investigator Award and receiving funding from the University of Nottingham Medical School Dean’s

Fund and the Nottingham University Hospitals NHS Trust Research and Development Fund. No other

authors reported disclosures.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk "Randomization was centralized and used balanced non-stratified
tion (selection bias) (1:1) electronically generated random number tables in permuted blocks of 4
patients prepared by the Nottingham Clinical Trials Unit."

Allocation concealment Low risk "all parties, including the trial coordinator, were unaware of the randomiza-
(selection bias) tion group until allocation"
Blinding of participants High risk Because of the nature of the intervention, patients, clinicians, investigators,
and personnel (perfor- and coordinators were not blinded to treatment assignment.
mance bias)
All outcomes
Blinding of outcome as- Low risk "an adjudication committee that reviewed all radiology and endoscopy re-
sessment (detection bias) ports to determine the presence and activity of Crohn disease within the Gl
All outcomes tract were blinded to time of assessment and treatment assignment."
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Incomplete outcome data  Low risk ITT analysis was done. All participants reported the primary outcome (CDAI at
(attrition bias) 24 weeks and clinical remission).

All outcomes
Eight patients in the placebo group withdrew due to disease flare which re-

quired either surgical intervention or early transplant. and one patient after
the randomization, thus the long-term effect on CDAI couldn't be assessed and
was measured by the "Worst-case scenario" implementation.

Selective reporting (re- Low risk Primary outcome in protocol matches the one in the study.

porting bias) Note: Some secondary outcomes mentioned in protocol were not assessed in
the study

Other bias Low risk No difference in baseline characteristics

Melmed 2015

Study characteristics

Methods A multi-centre (13 centres in the USA), adaptive, phase 1b/2a dose-ranging placebo-controlled study
was performed to evaluate the safety and efficacy of human placenta-derived cells (PDA-001) inpartici-
pants with moderate-to-severe Crohn’s disease between August 2010 and November 2011.

Follow-up period: 2 years (wk 1,2,4,6,12,24 then every 6 months till 24 months).

Participants Moderate to severe Chron’s CDAI score (220-450 ) Active inflammation on colonoscopy or elevated fe-
cal calprotectin and inadequate response to conventional therapy at enrolment and visual evidence of
mucosal inflammation within 3 months of enrollment by colonoscopy. An elevated fecal calprotectin
(>162.9 mg/g) could also serve as evidence of mucosal inflammation, but no patients were enrolled
based on this criterion.

Fifty participants were enrolled (safety analysis, 50 participants; efficacy analysis, 48 participants). Four
subjectsparticipants received 8 units of PDA-001 (phase 1b study); 46 participants were subsequently
randomised to 1 or 4 units of PDA-001 or placebo (phase 2a study).

The age of the participants was =18-75 years old.

Interventions Participants received 8 units of PDA-001 (cenplacel-L) (1.5X108 cells per unit) in the phase 1b open-label
study. (not included in the analysis as it is non-randomised).

Intervention group: 1 unit, or 4 units of allogenic PDA-001 (2 infusions 1 week apart) systemic infusion.
The cells were extracted from placental tissue. Doses: Group I: 1.5x108, Group II: 6x108

Control group: patients in the placebo group received "vehicle control without any cells"(Infusion was
done twice on 0 and 7 days) "Concomitant therapy with stable doses of immunomodulators and/or bi-
ologics was permitted.”

Outcomes The primary endpoint was induction of clinical response (> or =100 points and/or 25% decrease in
CDAI) at 4 and 6 weeks.

Notes This manuscript included 2 phases: phase 1b not included in the analysis as it is non-randomised,
phase 2a included in the analysis as it is randomised.

“The study was suspended before the last 2 enrolled subjects were randomized because of safety
events”

Trial start date: August 2010

Trial ending date: November 2011
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Melmed 2015 (continued)

Trial registry number: NCT01155362
Funding Source: sponsor: Celularity Incorporated. Collaborator: Celgene Corporation.
Conflict of interest:

G.Y. Melmed has provided consulting services for AbbVie, Amgen, Celgene, Given Imaging, Janssen,
Luitpold Pharmaceuticals, and UCB and has received research funding from Pfizer, Prometheus Labo-
ratories, and Shire Pharmaceuticals.

W. M. Pandak has received research grants from Bayer, Novartis, MannKind, Bristol-Myers Squibb,
Ocera, Salix, Globelmmune, Scynexix, Genzyme, Intermune, Hoffman Laroche, SciClone, Wyeth, Merck,
UCB, Celgene, Centocor, Millenium, Osiris, Exilixis, AtheroNova, Pfizer, and GlaxoSmithKine.

J. Valentine has received research funding from Pfizer, Celgene, Abbott, Bristol-Myers Squibb, Takeda,
Genentech, and the National Institutes of Health and has provided speaking services for AbbVie.

D. Schwartz has provided consulting services for AbbVie, UCB, Janssen, Takeda, Celgene, and Tigenix
and has received research funding from AbbVie and UCB.

S. Lichtiger has provided consulting services for Jansen, AbbVie, Prometheus Laboratories, and Shire
and has received research funding from Jansen, Pfizer, Osiris, and Millenium.

B. Sands has provided consulting services for AbbVie, Amgen, AstraZeneca, Avaxia Biologics, Bris-
tol-Myers Squibb, Janssen Biotech, Luitpold Pharmaceuticals, Medimmune, Pfizer, Puretech Ventures,
Salix, Shire, Takeda, Topivert Pharma, and Vedanta Biosciences; has received research funding from
AbbVie, Amgen, Celgene,

Janssen R&D, Millennium Pharmaceuticals, Pfizer, and Prometheus Laboratories; has received hon-
oraria for lecturing in a CME program from IMEDEX, Strategic Consultants International, Focus Med-
ical Communications, Curatio CME Medical Institute/Huntsworth Health NA, Creative Educational Con-
cepts, and Scripps; has received honoraria as an associate editor from the American Gastroenterologi-
cal Association Institute; and holds stock in Avaxia Biologics, a non-publicly traded company.

R. Richards has provided speaking services to AbbVie. K. Johnson, R. Hariri, and S. Fischkoff are full-
time employees of Celgene Corporation with stock and stock options. The remaining authors have no
conflicts of interest to disclose.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk "Subsequent subjects were enrolled into the phase 2a study and were ran-
tion (selection bias) domly assigned to receive placebo, 1 unit (1.5X108 cells), or 4 units (6X108
cells) of PDA-001 in a double-blinded fashion"
The method of randomisation is not stated clearly.
Allocation concealment Unclear risk The method of allocation was not mentioned.

(selection bias)

Blinding of participants Low risk Phase lla: It was mentioned that it was a "double blinded study".

and personnel (perfor-

mance bias) also; "IP (investigational product was covered with an opaque bag to main-

All outcomes tain blinding and administered peripherally through a volumetric pump over 2
hours."

Blinding of outcome as- Low risk Mostly blinded due to blinding of personnel and patients.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk ITT analysis was done.

(attrition bias)
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All outcomes

"one subject withdrew consent before the wk 4 efficacy endpoint, and a sec-
ond subject did not provide the efficacy assessment at wk 4”

Selective reporting (re- Low risk Both primary and secondary outcomes match the protocol.
porting bias)
Other bias Low risk No differences in baseline characteristics.
Molendijk 2015
Study characteristics
Methods Single centre (Leiden University Medical Center, the Netherlands), phase I-Il dose-escalation study, ran-

domised controlled trial conducted from June 2012 through July 2014.

Participants

Twenty-one patients with refractory perianal fistulising Crohn’s disease were randomly assigned to
three active groups and one placebo group.

Eligible patients were men and women of at least 18 years of age with actively draining perianal fis-
tulising Crohn’s disease refractory to conventional therapies. Eligible patients had to have 1-2 internal
openings and 1-3 fistula tracts.

Interventions

The patients were randomly assigned to intervention or placebo.

Intervention group: different doses of local injections of 1X107 (n =5, group 1), 3X107 (n =5, group 2),
or 9X107 (n =5, group 3) of allogenic mesenchymal stem cells (MSCs) into the wall of curettaged fis-
tula, around the trimmed and closed internal opening. MSCs were extracted from 5 different donors
from 50-100 Bone marrow (BM) aspirates (1 donor /1 patient in each group) demineralised bone matrix
(DMB) aspirate.

Control group: placebo (n = 6) injected into the wall of curettaged fistula, around the trimmed and
closed internal opening. Placebo (0.9% saline +human albumin with no cells). The placebo group re-
ceived 0.9% NaCl/5% human albumin solution with no cells.

Outcomes

The primary outcome, fistula healing, was determined by physical examination 6, 12, and 24 weeks lat-
er; healing was defined as the absence of discharge and <2 cm of the fluid collection—the latter deter-
mined by MRI at week 12.

1ry safety endpoint: serious adverse events at 12 weeks.

Efficacy: fistula healing and reduction of number at 12 weeks MRI at 12 weeks.

Notes

Additional criteria for inclusion were diagnosis of Crohn’s disease at least 3 months before enrollment,
CDAI score of <250 at screening and baseline, a stable dose of current drugs (mesalamine and steroids 4
weeks; immunosuppressive drugs 8 weeks; anti-TNF agents 8 weeks), which were continued during the
entire study period.

Trial start date: June 2012.
Trial ending date: July 2014.
Trial registry number: NCT01144962

Funding Source: Sponsors and collaborators: Leiden University Medical Center and DigestScience
Foundation.

Conflict of interest: the authors disclose no conflicts.
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Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk "Randomization was performed at the Imnmunohematology and Blood Trans-

tion (selection bias)

fusion Department by a researcher who did not have any contact with or any
knowledge about the included patients."

Allocation concealment
(selection bias)

Low risk The method of allocation was not stated:

"Randomization was performed at the Imnmunohematology and Blood Trans-
fusion Department by a researcher who did not have any contact with or any
knowledge about the included patients."

"Two weeks before the intervention was planned, the patient was randomized
to receive either MSCs or placebo"

Blinding of participants Low risk The placebo group received 0.9% NaCl/5% human albumin solution with no
and personnel (perfor- cells.

mance bias)

All outcomes

Blinding of outcome as- Low risk "Safety was assessed blindly by a physician by monitoring for (serious) ad-

sessment (detection bias)
All outcomes

verse events and changes in vital signs at the time of surgical intervention with
MSC or placebo injection at the day of treatment and at all follow-up visits."

"Routine laboratory measurements were performed and complications af-
ter surgery (e.g, bleeding, wound infection, and perianal abscesses) were as-
sessed blindly at weeks 6, 12, and 24 by a surgeon other than the surgeon who
performed the surgical intervention with MSC or placebo injection."

Incomplete outcome data
(attrition bias)

Low risk ITT analysis was done.

All outcomes No missing data.
Selective reporting (re- Low risk Both primary and secondary outcomes match the protocol.
porting bias)
Other bias Low risk No differences between baseline charcteristics
Panes 2016
Study characteristics
Methods Multicentre phase lll, placebo-control randomised trial of two parallel groups (conducted in 49 hospi-

tals in seven European countries and Israel).

Participants

212 participants were included from July 6, 2012 to July 27, 2015.

Inclusion of adult participants (=18 years) with Crohn's disease and treatment refractory draining com-
plex perianal fistula.

Inclusion criteria:

« "Enrolled patients had non-active or mildly active luminal Crohn’s disease for at least 6 months, de-
fined by a Crohn’s Disease Activity Index (CDAI) of 220 or less and had complex perianal fistulas, de-
fined as one or more of the following: high intersphincteric, high trans-sphincteric, extra-sphincteric,
or supra-sphincteric origin; at least two external openings; or associated collections. The fistulas had
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Panes 2016 (Continued)

to have a maximum of two internal and three external openings, and had to have been draining for
at least 6 weeks before inclusion."

« "Eligible patients had to be refractory to at least one of the following treatments: the antibiotics
ciprofloxacin or metronidazole (refractory defined as no response after 1 month), the immunomod-
ulators azathioprine, 6-mercapto purine, or methotrexate (refractory defined as no response after 3
months), or induction or maintenance anti-TNF treatments."

Interventions

212 Participants were randomly assigned (1:1) using a pre-established randomisation list.

Intervention group: 107 participants were assigned to allogeneic, expanded, adipose-derived stem cells
(Cx601) single intralesional injection of 120 million (5million cells/ml) single injection Cx601 cells. Cells
were provided from Human lipoaspirates from donor liposuction (AT)

Control group: 105 participants were assigned to placebo 24 mL saline solution.

Outcomes

The primary endpoint was combined remission at week 24 (i.e. clinical assessment of closure of all
treated external openings that were draining at baseline, and absence of collections >2 cm of the treat-
ed perianal fistulas confirmed by masked central MRI.

There were later published data of the follow-up of patients for longer periods of time.

Notes

Trial start date: July 6,2012

Trial ending date: July 27,2015

Trial registry number: NCT01541579

Funding Sourse: Sponsor: Tigenix S.A.U. Information provided by: Takeda ( Tigenix S.A.U.)
Conflict of interest:

JP has received personal fees from TiGenix, AbbVie, Boehringer Ingelheim, Galapagos, Pfi zer, Janssen,
and Takeda. DG-0 has received personal fees from TiGenix, and has a patent “Identifi cation and iso-
lation of multipotentcells from non-osteochondral mesenchymal tissue” (10157355957US), pend-

ing to TiGenix, and a patent “Use of adipose tissue-derived stromal stem cells in treating fi stu-

l[a” (US11/167061), pending to TiGenix. GVA has received personal fees from TiGenix, MSD, Janssen, and
Takeda; and grants and personal fees from AbbVie.

JFC has received grants and personal fees from AbbVie, Janssen, and Takeda; personal fees from Am-
gen, Boehringer Ingelheim, Celgene, Celltrion, Enterome, Ferring, Genentech, Medimmune, Merck, Pfiz-
er, Protagonist, Second Genome, Seres, Shire, Theradiag, and PPM Services; and stock options from
Genfit and Intestinal Biotech

Development.

WR has received personal fees from TiGenix; has served as a speaker for Abbott Laboratories, AbbVie,
Aesca, Aptalis, Centocor, Celltrion, Danone Austria, Elan, Falk Pharma, Ferring, Immundiagnostik, Mit-
subishi Tanabe Pharma Corporation, MSD, Otsuka, PDL, Pharmacosmos, Schering-Plough, Shire, Take-
da, Therakos, Vifor, and Yakult; has served as a consultant for Abbott Laboratories, AbbVie, Aesca, Am-
gen, AM Pharma, Astellas, AstraZeneca, Avaxia, BioClinica, Biogen IDEC, Boehringer Ingelheim, Bris-
tol-Myers Squibb, Cellerix, Chemocentryx, Celgene, Centocor, Celltrion, Covance, Danone Austria, Elan,
Falk Pharma, Ferring, Galapagos, Genentech, Gilead, Grunenthal, ICON, Index Pharma, Inova, Janssen,
Johnson & Johnson, Kyowa Hakko Kirin Pharma, Lipid Therapeutics, Medimmune, Millennium, Mit-
subishi Tanabe Pharma Corporation, MSD, Nestlé, Novartis, Ocera, Otsuka, PDL, Pharmacosmos, Pfizer,
Procter & Gamble, Prometheus, Robarts Clinical Trial, Schering-Plough, Second Genome, Setpointmed-
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IDEC, Boehringer Ingelheim, Bristol-Myers Squibb, Cellerix, Chemocentryx, Celgene, Centocor, Celltri-
on, Danone Austria, Elan, Ferring, Galapagos, Genentech, Grunenthal, Inova, Janssen, Johnson & John-
son, Kyowa Hakko Kirin Pharma, Lipid Therapeutics, Medimmune, Millennium, Mitsubishi Tanabe Phar-
ma Corporation, MSD, Nestlé, Novartis, Ocera, Otsuka, PDL, Pharmacosmos, Pfizer, Procter & Gamble,
Prometheus, Schering-Plough, Second Genome, Setpointmedical, Takeda, Therakos, TiGenix, UCB,
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cor, Falk Pharma, Immundiagnsotik, and MSD.

DCB reports unrestricted research grants from Shire and Hitachi; personal fees and non-financial sup-
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Falk; personal fees from Biogen, Foreward Pharma, and Tigenix; and non-financial support from Nestlé.
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AD has received grants and non-financial support from TiGenix; and personal fees and non-financial
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ceived personal fees from MSD, AbbVie, Ferring, MerckSerono/Dr Falk, Chiesi, Novartis, Roche, Abbott,
and Phadia Austria/Thermo Fisher Scientifi c; and has received non-financial support from Mylan, Ab-
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Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Patients were randomly assigned (1:1) by a centrally located computer-gen-

tion (selection bias) erated randomisation list."

Allocation concealment Low risk "centrally located computer-generated randomisation list"

(selection bias)
"Treatments were assigned using a pre-established randomisation list gener-
ated by the Department of Biostatistics, Linical (Madrid, Spain)."

Blinding of participants High risk "Masking of treatments was not possible because the cell suspension was

and personnel (perfor- clearly different to saline solution (i.e., placebo)."

mance bias)

All outcomes

Blinding of outcome as- Low risk "a masked gastroenterologist and radiologist both assessing the therapeutic

sessment (detection bias) effect.”

All outcomes
"radiologists who centrally read MRI scans were provided with figures to iden-
tify the treated fistulas, but were masked to patient data, order of examina-
tions, and treatment received. Surgeons were not permitted to share infor-
mation about the treatment used in the surgical procedure with the gastroen-
terologist and were not allowed to participate in any clinical assessment of the
fistula during the study."

Incomplete outcome data  Low risk ITT analysis was done

(attrition bias)

All outcomes Reasons for withdrawal in both groups were clearly mentioned
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Selective reporting (re- Low risk Primary and secondary outcomes match those in protocol.
porting bias)

Other bias Low risk No differenecs in baseline characteristics
Zhang 2018
Study characteristics
Methods Phase | randomised, controlled, open-label, single-centre (Shaanxi Provincial People’s Hospital in Chi-

na) clinical trial.

Participants 82 participants (age >18-70 years old) were included from June 2012 to June 2015.

Inclusion criteria: patients were above 18 years of age, with moderate to severe CD (Crohn’s disease
activity index [CDAI] between 220 and 450).

All patients had received steroid maintenance therapy for more than 6 months before enrolment. Con-
comitant immunosuppressive agents (including azathioprine, 6-mercaptopurine or methotrexate)
were allowed but the dosage was maintained unless steroid was discontinued. Anti-tumour necrosis
factor (anti-TNF) therapy was not allowed within 3 months prior to the selection.

Interventions Intervention group: 41 patients were randomly selected to receive a total of four peripheral intra-
venous infusions of 1x106 Expanded Umbilical Cord Mesenchymal Stem Cells UC-MSCs/kg, with one in-
fusion per week. UC-MSCs were allogenic extracted from one donor (Umbilical cord of a newborn).

Control group: received the associated immunosuppression only.

Outcomes Primary endpoint: patients were followed up for 12 months. CDAI, Harvey-Bradshaw index (HBI), and
corticosteroid dosage were assessed.

Notes For preoperative prophylaxis of thrombosis, 500 IU of low-molecular-weight heparin were adminis-
tered by subcutaneous injection once a day, for a total of 3 days.

Trial start date: June 2012

Trial ending date: June 2015

Trial registry number: NCT02445547

Funding Source: Sponsor: Fuzhou General Hospital. Collaborator: Shaanxi Provincial People's Hospital

Conflict of interest: No potential conflict of interest relevant to this article was reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk "Computer-generated block randomization was used to assign each partici-
tion (selection bias) pant to one of the study groups."

Allocation concealment Unclear risk Not mentioned

(selection bias)

Blinding of participants High risk Open label trial
and personnel (perfor-
mance bias)
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Zhang 2018 (Continued)
All outcomes

Blinding of outcome as- High risk Open label trial
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk ITT analysis was done.

(attrition bias)

All outcomes Reasons for withdrawal were clearly stated, “Four patients dropped out in the
UC-MSC group and three dropped out in the control group both due to non-ad-
herence.”

Selective reporting (re- Low risk Primary and secondary outcomes match those in protocol

porting bias)

Other bias Low risk No differences in baseline characteristics
Zhou 2020
Study characteristics
Methods Open-label randomised- single centre in China (Nanjing Hospital of Chinese Medicine)
Participants Patients with refractory Crohn's disease in the form of complicated anal fistula.

Age from 12-51 years (children included).
Inclusion criteria:
1- Diagnosis of complex Crohn’s fistula-in-ano.

2- Patients with Crohn’s disease should control their disease in remission or mild active phase, that is,
simplified CDAI is less than 6 points.

3- There is no evidence of cancer or precancerous lesions in enteroscopy 1 year before admission. 4-
There are no other cardio-cerebrovascular diseases.

Exclusion criteria:

1- acute infection stage of anal fistula (immature fistula).
2- Patients with Crohn’s disease’s simplified CDAI > 6.

3- An autoimmune disease other than Crohn’s disease.
4- Patients with infectious diseases.

5- Patients who were allergic to anaesthetics.

6- Patients who cannot tolerate liposuction.

7- Patients who were pregnant or were trying to become pregnant.

Interventions Intervention group: autologous adipose-derived stem cell (ADSC).

Fistula preparation: after admission, patients received fistula preparation more than 2 weeks before
ADSC injection, which included fistula exploration, curettage, and drainage with seton. T5 x 106cells/
mL per injection. Plus 1 x 106 cells/mL serum suspension perfused into the fistula. The dosage of ADSCs
is based on the diameter and length of the fistula measured before injection, and mainly according to
the results of preoperative MRI and clinical evaluation at fistula preparation. The diameter of the fistula
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Zhou 2020 (continued)

was less than 1 cm, and 1 mL ADSCs/cm was injected into the fistula. And 2 mL ADSCs/cm was injected
into the fistula in the patients with the fistula diameter ranging from 1 and 2 cm. The cells are prepared
from Liposuction (AT)

Control group: traditional incision thread-drawing procedure.

Outcomes Primary endpoint: Healing and closure of fistulas at months 3, 6, and 12.
A minimum follow-up of 24 weeks to evaluate the efficacy and safety of the ADSC.
Notes Trial start date:
Trial ending date:
Trial registry number: ChiCTR1800014599
Funding Source: This study was funded by Key Medical Science and Technology Development Projects
of Nanjing Commission of Health, No. ZKX17034.
Conflict of interest: The authors declare that they have no competing interests.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Itis not stated in the study.
tion (selection bias)
Allocation concealment Unclear risk It is not stated in the study.
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Data up to 6 months ie. 24 weeks are present for all the patients: "All patients
(attrition bias) completed the 3-month and 6-month follow-up but only 17 patients complet-
All outcomes ed 12-month follow-up because another five received reoperation due to the
recurrence and no healing of fistulas."
Selective reporting (re- High risk There are many differences between the protocol and the published manu-
porting bias) script.
The authors stated in the protocol that is a case-control study, yet they stated
in their published paper that this is a randomized open-label trial.
The authors restricted the age of the studied patients in the protocol to >18
years of age, yet in the published manuscript they stated that the age of their
patients ranged from 12-51 years old.
The authors stated that the sample size is 20 in control and 20 in intervention,
yet in the published manuscript the total number of the studied population
was 22.
Other bias Unclear risk The study included mainly male participants (21 males versus 1 female).
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ADSC: adipose-derived stem cell; ASCs: adipose-derived stem cells; anti-TNF: anti-tumor necrosis factor; CDAI: Crohn’s Disease
Activity Index; (Cx601) cells: allogeneic, expanded, adipose-derived stem cells; Gl: gastrointestinal; HSCT: Hematopoietic stem cell;
transplantation; IU: international unit; MRI: Magnetic resonance imaging; MSCs: mesenchymal stem cells; PDA-001: human placenta-
derived cells; UC-MSCs: expanded umbilical cord mesenchymal stem cells; NaCl: sodium chloride

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Avivar-Valderas 2019

This is a sub-analysis of the ADMIRE-CD study. Wrong population.

Burt This is a case series study with no comparative control group. Wrong study design.

Cho 2013 There is no placebo group.

Dige 2019 Single-arm prospective study, wrong study design.

Dozois 2019 Population is not Crohn's patients. "Given the success seen in patients with Crohn’s disease, we hy-
pothesized that patients with cryptoglandular fistulas may also benefit from this approach."”

FATT-2 trial FATT-2 study is excluded as it was terminated without any published data. The authors declared

that the termination of the study was because the protocol was not reflective of the current clinical
situation. Wrong study design.

FATT-I (Fistula Advanced Ther-
apy Triall)

No Crohn's disease patients were included. Wrong population.

Garcia-Olmo 2008

This is a review article.

Hommes 2011

This is a case study that inlcuded only three patients who received the intervention. Wrong study
design.

Kagramanova 2016

Itis notan RCT.

We contacted the authors for further details, but got not response.

Knyazev 2015 Itis notan RCT.

We contacted the authors for further details but got no response.
Knyazev 2018 Itisnotan RCT.

We contacted the authors for further details, but got not response.
Knyazev 2020 Itis not an RCT. Found by manual search.

Lazebnik 2010

itisnotan RCT

Lépez-Garcia 2017

Wrong study design. This is a case series of 35 patients who received the intervention.

Onken 2008

No placebo group

Park 2014

No placebo group

Serrero 2019

Single-arm study. Wrong study design.

Snowden 2018

This is a review article.
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Characteristics of studies awaiting classification [ordered by study ID]

Arturo 2017

Methods

single-centre, randomised, open-label, controlled trial

Participants

26 patients with resistance and not response to the current treatments including anti TNF-block-
ers, treated by the multidisciplinary surgical medical team

Interventions

Autologous bone marrow mesenchymal stem cells (axBM-MSC) expanded and cultured in vitro
during 1 month and subsequently supraselective infusion in the total colonic area by endovascu-
lar catheterism in superior and inferior mesenteric artery to accurate the arrival of the cells to the
colonic tissue.

Outcomes

After one month of the treatment several changes in the patients was documented like decrease in
the number of diarrhea episodes, bloodiness, pain and CDAI score.

Absence of ulcerations and lesions of colitis activity in the colonoscopy and the pathological study.

Improved laboratory systemic cytokines after treatment.

Notes

After our protcol publishing we could not find any contact to the author. But as contact information
is now available, we contacted the author and waiting for response (October 2021).

Lichtiger 2012

Methods

Double-blind, placebo-controlled, randomised trial

After the randomised trial was complete, they were entered into the compassionate, open-label tri-
al at the request of the open-label investigator.

Participants

Six patients with refractory Crohn’s disease (not durably responsive to steroids and immunomodu-
lators and anti-TNF agents)

Interventions

The patients received placebo or remestemcel-L (Osiris Therapeutics, Columbia MD), comprising
MSCs isolated and expanded from bone marrow aspiration of young healthy adults. Dose varied

between 0 and 400 million cells at each infusion. Therapy consisted of 4 infusions in 2 weeks and
up to four additional infusions over several months.

Outcomes CDAI score decrease >100 after 28 days.
Failure of therapy.
Adverse effects.
Notes Funding: Simon Lichtiger - grant and research support Linda custer-director, clinical trials, Osiris

therapeutics. This research was supported by an industry grant from Osiris therapeutics.

After our protcol publishing we tried to contact the authors unsucessfully. But as contact informa-
tion is now available, we contacted the first author and waiting for response (October 2021).

anti-TNF: anti-tumor necrosis factor; CDAI: Crohn’s Disease Activity Index.

Characteristics of ongoing studies [ordered by study ID]
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Study name A phase Ill, randomised, double-blind, parallel group, placebo-controlled, international, multicen-
tre study to assess efficacy and safety of Cx601, adult allogeneic expanded adipose-derived stem
cells (eASC), for the treatment of complex perianal fistula(s) in patients with Crohn’s disease over a
period of 24 weeks and a follow-up period up to 52 weeks. ADMIRE-CD Il study.

Methods A phase lll, randomised, double-blind, parallel group, placebo-controlled,international, multicen-

tre study.

Participants

Targeted sample: 554
Patients of either gender = 18 years and =75 years of age

Patients with Crohn’s disease diagnosed at least 6 months prior to screening visit in accordance
with accepted clinical, endoscopic, histological and/or radiological criteria with complex perianal
fistula(s)

Interventions

Cx601, adult allogeneic expanded adipose-derived stem cells (eASC) 5 million cells/ml suspension
for injection CX601

Outcomes

Primary end point(s): proportion of participants who achieve combined remission at week 24 after
IMP administration, where combined remission is defined as:

- The closure of all treated external openings that were draining at baseline despite gentle finger
compression

AND

- Absence of collection(s) >2 cm (in at least 2 dimensions) of the treated perianal fistula(s) con-
firmed by blinded central MRI assessment.

Starting date

Date of first enrolment:08/08/2017

Contact information

C/ Marconi 1. Parque Tecnoldgico de Madrid 28760 Madrid Spain
+3491804 92 64

inmaculada.gilaberte@takeda.com

Notes Authorised-recruitment may be ongoing or finished
Source(s) of Monetary Support: TiGenix S.A.U.
other ID registries: NCT03279081
ISRCTN17160440
Study name Arandomised controlled trial to assess the safety and effectiveness of stem cell transplantation us-
ing a reduced intensity regimen in patients with treatment resistant Crohn’s disease (ASTIClite)
Methods Randomised controlled trial, phase Ill

Participants

Patients aged 18-60years who have refractory Crohn's disease

Interventions

Stem cell mobilisation with low dose cyclophosphamide 1g/m?2 and G-CSF followed by autologous
transplantation with a reduced intensity (‘HSCTlite’) conditioning regimen (fludarabine 125mg/m2,
cyclophosphamide 120mg/kg and rabbit-ATG 7.5mg/kg) is safe and effective in inducing regres-
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ISRCTN17160440 (Continued)

sion of ileo-colonic ulceration in patients with refractory CD compared with standard care (control
group).

Outcomes Primary outcome: regression of mucosal ulceration is assessed using the SES-CD ulcer sub score on
colonoscopy at week 48.

Starting date date applied 23/10/2017

Contact information Miss Lizzie Swaby:

United Kingdom
+44 114 222 4023
e.a.swaby@sheffield.ac.uk

Prof James Lindsay:

United Kingdom

+44 20 3954 3300
James.lindsay@bartshealth.nhs.uk

Notes Sponsor information
Organisation: Barts Health NHS Trust
Sponsor details: The Royal London Hospital, Whitechapel, London, E1 1BB, United Kingdom

NCT00482092

Study name Evaluation of PROCHYMAL® Adult Human Stem Cells for Treatment-resistant Moderate-to-severe
Crohn's Disease

Title: A Phase Ill, Multicenter, Placebo-controlled, Randomized, Double-blind Study to Evaluate the
Safety and Efficacy of PROCHYMAL® (ex Vivo Cultured Adult Human Mesenchymal Stem Cells) Intra-
venous Infusion for the Induction of Remission in Subjects Experiencing Treatment-refractory Mod-
erate-to-severe Crohn's Disease

Methods Randomised controlled Phase Ill trial.

Participants Estimated 330 participants

Enrolling subjects with moderate-to-severe Crohn's disease who are intolerant to, or have previ-
ously failed therapy with, at least one steroid and at least one immunosuppressant and a biologic
monoclonal anti-body to tumor necrosis factor alpha. subjects of 18 Years to 70 Years

Interventions The protocol investigates the safety and efficacy of using PROCHYMAL® adult human stem cells to
induce remission. PROCHYMAL is delivered through a vein in the arm four times over two weeks, for
approximately an hour each time.

Compartor arms:
Arm 1: Low dose (600 million cells total over four infusions in two weeks)
Arm 2: High dose (1200 million cells delivered in four infusions over two weeks)

Control: Placebo

Outcomes Primary outcome: Disease remission (CDAI at or below 150) [ Time Frame: 28 days ]

Starting date May 2007
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Contact information Study Director: Pushpam Bharathi Mesoblast International Sarl

Notes estimated study completion time: July 2020

Sponsors and Collaborators: Mesoblast International Sarl

NCT04010526
Study name Double-blind Randomised Placebo Controlled Study Evaluating Local Co-administration of Autolo-
gous ADIpose Derived Stromal Vascular Fraction With Microfat for Refractory Perianal CROHN's Fis-
tulas.
Methods Phase 2 RCT- double blinded
Masking: Quadruple (Participant, Care Provider, Investigator, Outcomes Assessor)
Parallel arms
Participants 84 participants randomised to receive either intervention or placebo
CD patients with complex refractory perianal fistula refractory to conventional medical and surgi-
cal therapy
Interventions Intervention arm: local co-administration of autologous ADIpose derived stromal vascular fraction
and microfat for refractory perianal CROHN's fistulas Each batch of the final product is composed
of one 5 mL syringes containing 25,9 +/- 10,7 millions viable cells. Each syringe will be obstructed
with a sterile stopper and packaged in an external packaging.
Placebo arm: The study placebo will consist of a saline solution for intralesional administration and
will follow the same administration schema described for the SFV
Outcomes Primary outcomes:
1- clinically evaluated [ Time Frame: 24 weeks (w) ] number of fistula closure
2- MRI at 24 and 52 weeks for the confirmation of absence of collections > 2 cm of the treated peri-
analfistulas.
Starting date March 2020
Contact information JEAN CHARLES GRIMAUD, MD+33491368739 mailto:Jean-charles.GRIMAUD%40ap-hm.fr?subjec-
t=NCT04010526, RCAPHM18_0013, Evaluation of Local Co-administration of Autologous ADIpose
Derived Stromal Vascular Fraction With Microfat for Refractory Perianal CROHN's Fistulas.
Notes Sponsor: Assistance Publique Hopitaux De Marseille
NCT04519671
Study name A Phase IB/IIA Study of Adult Allogeneic Bone Marrow Derived Mesenchymal Stem Cells for the
Treatment of Perianal Fistulizing Crohn's Disease
Methods Phase IB/IIA Study, randomised, Crossover Assignment
Masking: Single (Participant)
Participants 40 participants randomised
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Patients with medically refractory perianal fistulizing Crohn's disease.

18-75 years old

Interventions

Intervention arm: Direct injection of adult allogeneic bone marrow derived mesenchymal stem cell
product, at a dose of 75 million cells into perianal fistula(s)

Direct injection of adult allogeneic bone marrow derived mesenchymal stem cells, at a dose of 75
million cells into perianal fistula(s) at baseline with a possible repeat injection at 3 months if not
completely healed from the first injection.

Placebo arm: Normal saline

Direct injection of normal saline. If not completely healed after 6 months, participants will then
cross over to the treatment group to receive a direct injection of adult allogeneic bone marrow de-
rived mesenchymal stem cells, at a dose of 75 million cells into perianal fistula(s)

Outcomes

Primary outcome:

Treatment related adverse events [ Time Frame: Month 6 ]

Starting date

November 19, 2020

Contact information

Contact: Kavita Elliott, BS216-403-3573 NCT04519671, CCF-Stem Cells IBD-001, Mesenchymal Stem
Cells for the Treatment of Perianal Fistulizing Crohn's Disease" type="EXTERNAL">ibdstemcellther-

apy@ccf.org

Contact: Caroline Matyas, BS216-212-0746 mailto:ibdstemcelltherapy%40ccf.org?subject=NC-
T04519671, CCF-Stem Cells IBD-001, Mesenchymal Stem Cells for the Treatment of Perianal Fistuliz-
ing Crohn's Disease

Notes Locations and recruiting team:
Cleveland, Ohio, United States, 44195
Contact: Kavita Elliott
Contact: Caroline Matyas
NCT04519684
Study name A Phase IB/IIA Study of Allogeneic Bone Marrow Derived Mesenchymal Stem Cells for the Treatment
of Ileal Anal Anastomosis and Ileal Pouch Fistulas in the Setting of Crohn's Disease of the Pouch
Methods Phase IB/IIA Study, RCT,

Participants

40 participants
18 Years to 75 Years

Patients with medically refractory peri-pouch fistulizing disease in the setting of Crohn's disease of
the pouch.

Interventions

Experimental: Mesenchymal stem cells

Direct injection of allogeneic bone marrow derived mesenchymal stem cells at a dose of 75 million
cells into the ileal pouch fistula(s) at baseline with a possible repeat injection at 3 months if not
completely healed from the first injection.

Placebo Comparator: Placebo: Normal saline
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Direct injection of normal saline. If not completely healed after 6 months, participants will then
cross over to the treatment group to receive a direct injection of allogeneic bone marrow derived
mesenchymal stem cells at a dose of 75 million cells into ileal pouch fistula(s).

Outcomes Primary outcome:

Treatment related adverse events [ Time Frame: Month 6 ]

Starting date October 28,2020

Contact information Contact: Kavita Elliott, BS216-403-3573 NCT04519684, CCF-Stem Cells IBD-002, Study of Mesenchy-
mal Stem Cells for the Treatment of Ileal Pouch Fistula's in Participants With Crohn's Disease"
type="EXTERNAL">ibdstemcelltherapy@ccf.org

Contact: Caroline Matyas, BS216-212-0746 mailto:ibdstemcelltherapy%40ccf.org?subject=NC-
T04519684, CCF-Stem Cells IBD-002, Study of Mesenchymal Stem Cells for the Treatment of Ileal
Pouch Fistula's in Participants With Crohn's Disease

Notes Recruiting team: Cleveland, Ohio, United States, 44195, Contact: Kavita Elliott
Principal Investigator:Amy Lightner, MDThe Cleveland Clinic

Estimated completion date: October 2022

NCT04519697

Study name A Phase IB/IIA Study of Adult Allogeneic Bone Marrow Derived Mesenchymal Stem Cells for the
Treatment of Rectovaginal Fistulas in the Setting of Crohn's Disease.

Methods Phase IB/IIA Study, RCT, Crossover Assignment

Masking: Single (Participant)

Participants 40 participants, 18 Years to 75 Years, Females

Patients with rectovaginal fistulas in the setting of Crohn's disease.

Interventions Experimental: Mesenchymal Stem Cells

Direct injection of adult allogeneic bone marrow derived mesenchymal stem cells at a dose of 75
million cells into rectovaginal fistula at baseline with a possible repeat injection at 3 months if not
completely healed from the first injection.

Placebo Comparator: Placebo

Direct injection of normal saline with a possible repeat injection at 3 months if not completely
healed from the first injection. If not completely healed after 6 months, participants will then cross
over to the treatment group to receive a direct injection of adult allogeneic bone marrow derived
mesenchymal stem cells at a dose of 75 million cells into rectovaginal fistula.

Outcomes Primary outcome: Treatment related adverse events [ Time Frame: Month 6 ]

Starting date October 28,2020

Contact information Contact: Caroline Matyas, BSPH216-212-0746NCT04519697, CCF-Stem Cells IBD-003, Mesenchy-
mal Stem Cells for the Treatment of Rectovaginal Fistulas in Participants With Crohn's Disease"
type="EXTERNAL">ibdstemcelltherapy@ccf.org
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Contact: Kavita Elliott, BS216-403-3573mailto:ibdstemcelltherapy%40ccf.org?subject=NC-
T04519697, CCF-Stem Cells IBD-003, Mesenchymal Stem Cells for the Treatment of Rectovaginal
Fistulas in Participants With Crohn's Disease

Notes Estimated completion date: October 2022
Location and recruiting:
Cleveland, Ohio, United States, 44195
Contact: Kavita Elliott
Contact: Caroline Matyas

Principal Investigator:Amy Lightner, MDThe Cleveland Clinic

NCT04548583

Study name Study of Mesenchymal Stem Cells for the Treatment of Medically Refractory Crohn's Colitis
Official title: A Phase IB/IIA Study of Remestemcel-L, an Ex-vivo Culture-expanded Adult Allogene-
ic Bone Marrow Derived Mesenchymal Stem Cell Product for the Treatment of Medically Refractory
Crohn's Colitis

Methods Phase I-Il randomized control trial.

Participants 24 participants are expected to be recruited.
Patients with medically refractory Crohn's colitis: Crohn's colitis of at least 6 months duration with
medically refractory symptoms who has failed one anti-TNF therapy, with a next step of subtotal
colectomy or escalation in medical management.
Included participants' age is from 18 Years to 75 Years

Interventions Intervention arms will receive: adult allogeneic bone marrow derived mesenchymal stem cell
product.
o Experimental arm I: remestemcel-L (150 million cells)
« Experimental arm II: remestemcel-L (300 million cells)
« Both arms with targeted endoscopic delivery of remestemcel-L into the submucosal layer of the

colon wall at baseline.

Placebo Comparator: Placebo (saline). Direct injection of normal saline into the submucosal lay-
er of the colon wall. If not completely healed after 3 months, participants will then cross over to the
treatment group to receive a direct injection of remestemcel-L, at a dose of 150 or 300 million cells
into the submucosal layer of the colon wall.

Outcomes Primary Outcome Measures: Treatment-related adverse events [ Time Frame: 3 Month]
To determine the safety and feasibility of endoscopic injection of remestemcel-L, an ex vivo ex-
panded allogeneic bone marrow-derived mesenchymal stem cell product.
Secondary Outcome measures:
1. Complete clinical healing
2. Clinical response
3. Partial clinical response
4. Lack of response
5. Crohn's disease activity index
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6. Inflammatory bowel disease questionnaire
7. EuroQol 5 Dimensions survey
8. Inflammatory bowel disease patient reported treatment impact survey
9. Short Form 36 health survey

Starting date

November 4, 2020

Contact information

Contact: Kavita Elliott, BS216-403-3573NCT04548583, CCF-Stem Cells IBD-004, Study of Mesenchy-
mal Stem Cells for the Treatment of Medically Refractory Crohn's Colitis" type="EXTERNAL">ibd-
stemcelltherapy@ccf.org

Contact: Caroline Matyas, BSPH216-212-0746mailto:ibdstemcelltherapy%40ccf.org?subject=NC-
T04548583, CCF-Stem Cells IBD-004, Study of Mesenchymal Stem Cells for the Treatment of Med-
ically Refractory Crohn's Colitis

Notes Sponsor: The Cleveland Clinic.
Collaborator: Mesoblast, Inc.
Principal Investigator: Amy Lightner, MD. The Cleveland Clinic.
NCT04612465
Study name Phase 3 Clinical Study to Evaluate Efficacy and Safety of ASC(Autologous Adipose-derived Stem
Cells) and Fibringlue or Fibringlue in Patients With Crohn's Fistula.: A Randomized Study
Methods Phase lll RCT, Open Label, Parallel Assignment

Participants

36 Patient who has one or more Crohn's fistulas.

18 Years and older

Interventions

Experimental: ASC (Autologous Adipose-derived Mesenchymal Stem Cells)

The ASC injection dose is about 1x1077 cells of ASC per 1cm”2 of the surface area of the fistula, and
the additional injection dose is 1.5 times the initial injection dose. and up to 30% of the ASC injec-
tion dose is administered in combination with Fibringlu.

Standard Comparator (control): Fibringlu

Outcomes

Primary outcome: Proportion of subjects who are completely blocked fistula [ Time Frame: In the
8th week after 1st injection | ; complete blockage

Starting date

January 9, 2020

Contact information

Contact: KyuJoo Park, MD. Ph D+82-02-2072-2901 mailto:kjparkmd%40plaza.snu.ac.kr?subjec-
t=NCT04612465, ANTG-ASC-301, Clinical Study to Evaluate Efficacy and Safety of ASC and Fib-
ringlue or Fibringlue in Patients With Crohn's Fistula

Notes

estimated study completion date: December 31,2021
Locations for recruitments:

1- Seoul Natinoal Univetsity Hospital

2- Asan Medical Center

3- Samsung Medical Center
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Sponsors: Anterogen Co., Ltd.

ATG: anti-thymocyte globulin; CD: Crohn'sdisease; IMP: Investigational Medicinal Product; G-CSF: granulocyte-colony stimulating factor;

MRI: magnetic resonance imaging

DATA AND ANALYSES

Comparison 1. Stem cells versus Control

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Stem cell therapy versus placebo or 3 301 Risk Ratio (M-H, Random, 1.88[0.80,4.41]

control, Outcome: Clinical remission 95% Cl)

1.2 CDAI <150 at 24 weeks 4 352 Risk Ratio (M-H, Random, 1.02[0.67, 1.56]
95% Cl)

1.3 Stem cell therapy versus placebo or 4 269 Risk Ratio (M-H, Random, 1.48[1.12,1.96]

control, Outcome: Fistula Closure short- 95% Cl)

term

1.4 Stem cell therapy versus placebo 4 250 Risk Ratio (M-H, Random, 1.42[1.09, 1.87]

or control, Outcome: Fistula closure in 95% Cl)

long-term Follow up of original studies

1.5 PDAI Change at week 12 3 Mean Difference (IV, Ran- Totals not select-
dom, 95% Cl) ed

1.6 PDAI change at week 24 3 247 Mean Difference (IV, Ran- -0.35[-1.57,0.86]
dom, 95% Cl)

1.7 CDAIl change at 24 weeks 5 Mean Difference (IV, Ran- Totals not select-
dom, 95% Cl) ed

1.8 Harvey Bradshow Index (HBI) change 2 124 Mean Difference (IV, Ran- -2.59 [-4.04,

after 12 months dom, 95% Cl) -1.14]

1.9 Endoscopic score change after 12 3 Std. Mean Difference (IV, Totals not select-

weeks Random, 95% Cl) ed

1.10 Total Adverse Events 4 293 Risk Ratio (M-H, Random, 0.99[0.88,1.13]
95% Cl)

1.11 Serious Adverse Events 7 433 Risk Ratio (M-H, Random, 1.22[0.88,1.67]
95% Cl)

1.12 Withdrawal due to adverse events 3 272 Risk Ratio (M-H, Random, 0.78[0.32, 1.89]
95% Cl)

1.13 All cause mortality 7 440 Peto Odds Ratio (Peto, 5.51[0.30,
Fixed, 95% Cl) 101.02]
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.14 Quality of life score (change from 4 292 Std. Mean Difference (IV, 0.25[-0.18, 0.68]

base line) IBDQ Random, 95% Cl)

Analysis 1.1. Comparison 1: Stem cells versus Control, Outcome 1: Stem
cell therapy versus placebo or control, Outcome: Clinical remission

Stem Cell Placebo or control Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hawkey 2015 8 23 2 22 23.9% 3.83[0.91, 16.07] 4 »
Melmed 2015 28 0 16 7.9% 5.28[0.30, 92.10] N
Panes 2016 57 107 43 105 68.2% 1.30[0.97, 1.74] -
Total (95% CI) 158 143 100.0% 1.88[0.80, 4.41]
Total events: 69 45

0507 1
Favors Control or Placebo

Heterogeneity: Tau? = 0.26; Chi? = 3.14, df =2 (P = 0.21); 2 = 36%
Test for overall effect: Z = 1.45 (P =0.15)
Test for subgroup differences: Not applicable

15 2
Favors Stem Cells

Analysis 1.2. Comparison 1: Stem cells versus Control, Outcome 2: CDAI <150 at 24 weeks

Stem Cell Placebo or control Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hawkey 2015 8 23 2 22 7.5% 3.83[0.91, 16.07] 4 -
Molendijk 2015 11 15 6 6  39.5% 0.77[0.54, 1.12] — .
Panes 2016 83 103 78 101 53.0% 1.04[0.91, 1.20] S
Zhang 2018 0 41 0 41 Not estimable
Total (95% CI) 182 170 100.0% 1.02 [0.67 , 1.56]
Total events: 102 86

0507 1
Favors Control or Placebo

Heterogeneity: Tau? = 0.08; Chi? = 6.33, df = 2 (P = 0.04); 1> = 68%
Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Not applicable

152
Favors Stem Cells

Stem cell transplantation for induction of remission in medically refractory Crohn’s disease (Review)
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

54



: Coch rane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
Analysis 1.3. Comparison 1: Stem cells versus Control, Outcome 3: Stem
cell therapy versus placebo or control, Outcome: Fistula Closure short-term
Stem Cell Placebo or control Risk Ratio Risk Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Garcia-Olmo 2009 (1) 5 7 1 7 2.2% 5.00[0.77, 32.57] 4 .
Molendijk 2015 (2) 9 15 2 6 5.4% 1.80[0.54, 6.00] R
Panes 2016 (2) 53 107 36 105 73.7% 1.44[1.04, 2.00] .._
Zhou 2020 (3) 8 11 6 11 18.6% 1.33[0.70, 2.55] —-—
Total (95% CI) 140 129 100.0% 1.48 [1.12, 1.96] ‘
Total events: 75 45

Heterogeneity: Tau? = 0.00; Chi2 = 1.89, df = 3 (P = 0.59); I = 0%
Test for overall effect: Z = 2.74 (P = 0.006)
Test for subgroup differences: Not applicable

Footnotes

(1) At 8 weeks
(2) at 24 weeks
(3) At 24 weeks

0102 05 1 2 5 10

Favors Control or Placebo

Analysis 1.4. Comparison 1: Stem cells versus Control, Outcome 4: Stem cell therapy versus
placebo or control, Outcome: Fistula closure in long-term Follow up of original studies

Favors Stem cells

Stem Cell Placebo or control Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Garcia-Olmo 2009 (1) 2 5 1 3 2.0% 1.20[0.17, 8.24]
Molendijk 2015 (2) 8 13 0 3 1.1% 4.86[0.35, 67.17] N
Panes 2016 (3) 58 103 39 101 82.0% 1.46 [1.08, 1.97] 3
Zhou 2020 (4) 7 11 6 11 14.9% 1.17[0.58, 2.35] R P
Total (95% CI) 132 118 100.0% 1.42[1.09, 1.87] ‘
Total events: 75 46
Heterogeneity: Tau? = 0.00; Chi? = 1.26, df = 3 (P = 0.74); 2= 0% 01 02 05 > 510

Test for overall effect: Z = 2.55 (P = 0.01)
Test for subgroup differences: Not applicable

Footnotes

Favors Control or Placebo

(1) With mean follow up duration 38.0 and 42.6 months. Data from (Guadalajara 2012)
(2) 4 years follow up, data from (Barnhoorn 2020)
(3) Follow up at week 54. Data from (Panes 2018)

Favors Stem Cells

(4) 12 months follow up

Analysis 1.5. Comparison 1: Stem cells versus Control, Outcome 5: PDAI Change at week 12

Stem Cell Placebo or control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Molendijk 2015 (1) -1.88 3.1 15 -0.28 3.1 6 -1.60 [-4.53, 1.33] _—
Panes 2016 -2.9 3.1 103 -1.4 3.1 101 -1.50 [-2.35, -0.65] 4
Zhou 2020 7.3 2 11 6 1.3 11 1.30[-0.11, 2.71] |
-0 5 5 10
Footnotes Control or Placebo Stem Cells

(1) SD as Panes due to similar population characteristics
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Analysis 1.6. Comparison 1: Stem cells versus Control, Outcome 6: PDAI change at week 24

Stem Cell Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Molendijk 2015 -2.01 3.8 15 -1.39 3.5 6 11.1% -0.62 [-4.02, 2.78] 4
Panes 2016 -2.3 3.8 103 -1.3 3.5 101 53.3% -1.00 [-2.00, 0.00]
Zhou 2020 6.8 1.8 11 6.1 1.9 11 35.6% 0.70 [-0.85, 2.25] :
Total (95% CI) 129 118 100.0% -0.35 [-1.57 , 0.86]

Heterogeneity: Tau? = 0.46; Chi2 = 3.27, df = 2 (P = 0.19); I = 39%

-100 -50 50 100

Test for overall effect: Z = 0.57 (P = 0.57)
Test for subgroup differences: Not applicable Control or Placebo Stem Cells

Analysis 1.7. Comparison 1: Stem cells versus Control, Outcome 7: CDAI change at 24 weeks

Stem Cell Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Hawkey 2015 -150.7  191.33 23 -63 114.67 22 -87.70 [-179.41 , 4.01] _
Molendijk 2015 (1) -8 62.2 15 -17.8 65.5 6 9.80 [-51.34 , 70.94] PR PR
Panes 2016 5.7 62.2 103 2.2 65.5 101 3.50 [-14.03 , 21.03] .
Zhang 2018 -62.5 23.2 41 -23.6 124 41  -38.90[-46.95, -30.85] ¥
Zhou 2020 1.7 1.2 11 0.5 0.7 11 1.20[0.38, 2.02]
200 -100 100 200

Footnotes Control or Placebo Stem cells

(1) used the same SD as Panes due to the same population characteristics

Analysis 1.8. Comparison 1: Stem cells versus Control, Outcome
8: Harvey Bradshow Index (HBI) change after 12 months

Stem Cell Placebo or control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hawkey 2015 -6 3.7 21 -2 5.1 21 21.5% -4.00 [-6.69 , -1.31]
Zhang 2018 -34 1.2 41 -1.2 0.58 41 78.5% -2.20 [-2.61, -1.79] [ |
Total (95% CI) 62 62 100.0% -2.59 [-4.04 , -1.14] ‘
Heterogeneity: Tau? = 0.65; Chi2 = 1.68, df = 1 (P = 0.20); I2 = 40%
Test for overall effect: Z = 3.50 (P = 0.0005) 4 2 > 4
Test for subgroup differences: Not applicable Control or Placebo Stem Cells
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Analysis 1.9. Comparison 1: Stem cells versus Control, Outcome 9: Endoscopic score change after 12 weeks

Stem Cell Placebo or control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Hawkey 2015 (1) -7 6.7 21 0 10 19 -0.81[-1.46,-0.17] —+
Molendijk 2015 (2) -1.13 0.34 15 -2.6 15.5 6 0.18[-0.77,1.13] 4
Zhang 2018 (3) -5.8 0.3 41 -1.5 2.51 41 -2.38[-2.95, -1.81] +

G0 ¢4

Footnotes Control or Placebo Stem Cells
(1) SES-CD score
(2) CDEIS

(3) CDEIS score

Analysis 1.10. Comparison 1: Stem cells versus Control, Outcome 10: Total Adverse Events

Stem Cell Placebo or control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hawkey 2015 22 23 20 22 39.3% 1.05[0.90, 1.23]

Molendijk 2015 15 15 6 6 24.5% 1.00[0.80, 1.25]

Panes 2016 68 103 66 102 29.0% 1.02[0.84, 1.25]

Zhou 2020 7 11 11 11 7.3% 0.65[0.41, 1.03]

Total (95% CI) 152 141 100.0% 0.99 [0.88, 1.13]

Total events: 112 103

Heterogeneity: Tau? = 0.00; Chi2 = 3.97, df = 3 (P = 0.26); 12 = 24%
Test for overall effect: Z = 0.08 (P = 0.93)
Test for subgroup differences: Not applicable

0.2

Control or Placebo

05 1 2 5
Stem Cells

Analysis 1.11. Comparison 1: Stem cells versus Control, Outcome 11: Serious Adverse Events

Stem Cell Placebo or control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Garcia-Olmo 2009 1 7 0 7 1.1% 3.00[0.14,63.15] ¢ N
Hawkey 2015 19 23 15 22 87.0% 1.21[0.86, 1.70] _|.._
Melmed 2015 9 28 1 16 2.6% 5.14[0.72, 36.97] R B
Molendijk 2015 1 15 0 6 1.1% 1.31[0.06,28.41] ¢ N
Panes 2016 5 103 7 102 8.2% 0.71[0.23, 2.16] [
Zhang 2018 0 41 0 41 Not estimable
Zhou 2020 0 11 0 11 Not estimable
Total (95% CI) 228 205 100.0% 1.22[0.88,1.67]

Total events: 35 23
Heterogeneity: Tau? = 0.00; Chi2 = 3.50, df = 4 (P = 0.48); I2= 0%
Test for overall effect: Z = 1.21 (P = 0.23)

Test for subgroup differences: Not applicable

0.2 05
Favours Stem cells

Favour Placebo or control
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Analysis 1.12. Comparison 1: Stem cells versus Control, Outcome 12: Withdrawal due to adverse events

Stem Cell Placebo or control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hawkey 2015 (1) 1 23 1 22 10.6% 0.96 [0.06 , 14.37] [ S
Panes 2016 5 103 6 102 58.3% 0.83[0.26, 2.62] ——
Zhou 2020 2 11 3 11 31.1% 0.67[0.14, 3.24] —
Total (95% CI) 137 135 100.0% 0.78 [0.32, 1.89]
Total events: 8 10
Heterogeneity: Tau? = 0.00; Chi2 = 0.07, df =2 (P = 0.97); 2= 0% 0.005 0.1 1 10 200
Test for overall effect: Z = 0.54 (P = 0.59) Favors Stem cells Favors Control or Placebo

Test for subgroup differences: Not applicable

Footnotes
(1) in active group 1 died at 20 days, in the control group 8 withdrew due to treatment failure and underwent subsequent surgery or early transplantation

Analysis 1.13. Comparison 1: Stem cells versus Control, Outcome 13: All cause mortality

Stem Cell Placebo or control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Garcia-Olmo 2009 0 7 0 5 Not estimable
Hawkey 2015 1 23 0 22 55.0% 7.07 [0.14 , 356.89] —
Melmed 2015 0 30 0 16 Not estimable
Molendijk 2015 (1) 1 15 0 6 45.0% 4.06 [0.05, 310.62] =
Panes 2016 0 107 0 105 Not estimable
Zhang 2018 0 41 0 41 Not estimable
Zhou 2020 0 11 0 11 Not estimable
Total (95% CI) 234 206 100.0% 5.51[0.30, 101.02] ?
Total events: 2 0
Heterogeneity: Chi2 = 0.03, df = 1 (P = 0.85); I = 0% 0.001 o1 1 10 1000
Test for overall effect: Z = 1.15 (P = 0.25) Favors Control or Placebo Favors Stem Cells

Test for subgroup differences: Not applicable

Footnotes
(1) one patent died in long term published data
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Analysis 1.14. Comparison 1: Stem cells versus Control,
Outcome 14: Quality of life score (change from base line) IBDQ

Stem Cell Placebo or control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hawkey 2015 (1) 35.5 44.5 23 1 46.3 22 25.5% 0.75[0.14, 1.35] [ E—
Molendijk 2015 (2) -0.13 25.5 15 4 25.6 6 14.7% -0.16 [-1.10, 0.79] JRE S
Panes 2016 (3) 3.8 25.5 103 4 25.6 101 42.6% -0.01[-0.28, 0.27] ——
Zhou 2020 (3) 49.7 16.1 11 36.5 32.1 11 17.1% 0.50 [-0.35, 1.35] R
Total (95% CI) 152 140 100.0% 0.25[-0.18, 0.68]
Heterogeneity: Tau? = 0.09; Chi2 = 6.02, df = 3 (P = 0.11); I> = 50%

Test for overall effect: Z = 1.14 (P = 0.26) _:1 _0:.5 0 0?5 1
Test for subgroup differences: Not applicable Favors Control or Placebo Favors Stem Cells

Footnotes
(1) at 12 weeks

(2) We used in Molindijk study at 24 weeks the same Standard deviation as Panes study because it was not mentioned in the former and the patients had the same criteria as P.
(3) at 24 weeks
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ADDITIONAL TABLES
Table 1. Data Extracted from the included studies:

Study name Garcia-Olmo 2009 Molendijk 2015 Melmed 2015 Panes 2016 Zhang 2018 Hawkey 2015 Zhou 2020
CCC of pa- Age In ALL study Mean age: 38 1 unit: mean I:mean39.0 >18y-70 I: Range from; 12-51
tients Group 1: 35.3SD 14 (13.1) years Median: 34.1
43.33,SD 9.9 Mean: 40.4 IQR: (26.1-41.2)  28.86+10.13
(27-54) 4 units: mean P: mean 1:34.3 p:
I: mean 42.64, SD 10.93 Group 2: 36.2SD11.6 37.6(13.1) (21-44) Median: 30.6 |(§2244491+55.04
P: 43.99, SD 8.97 ?gia‘?? )40.8 Placebo: . IQR:(24.0-37.6)
Group 3: mean 36.5 32.7(20-41)
Mean: 33.4 Sb7.3
(21-48)
Placebo:
Mean: 37.3
(27-49)
sex In all study 24/25 Malein 4 groups: 1 unit:53.3% I: 60/47 I: Women: 1 female
M/F:8/7
M/F 4/5 P:56/49 24/17 1:13/23 21 male
4 units:33.3%
l: 10/14 4/5 5/10 P: P:11/22 (M/F)
Intervention: 11/0
P:14/11 1/5 place- 26/15 Control: 10/1
bo:43.8% 7/9
3/6
M/F: 12/9
Disease du- Not mentioned Inyearsin4 Mean 1:12.1(10.0)  I: 7 (2-15) I:14.9y Not mentioned
ration in groups C:8(3-14)
years lunit:18.5yrs  P:11.3(8.9) P:11.2y
I: 7.6 (5-11) SD13.8 years
II: 16.8 (5-28) 4 units:10.4
yrs SD 10.7
Il: 13.2 (2-23)
placebo: 16.2
Placebo: 6.8 yrs SD9.4
(1-20)
Disease lo- Rectovaginal fistula = Perianal Perianal I/C Intervention:
cation 8/49 Illeum (L1) 1 (9.1%)
I=4,P=4 Group 1: High in- lleal: 14/17 Colon (L2) 4 (36.4%) Ileo-
Suprasphincteric fistu-  L1=1,12=3,13=1 ter-sphinc- ) colon (L3) 6 (54.6%)
lous tract= 30/49 teric, trans- ~ Colonic:18/14
Group 2: sphinc- Upper Gl (L4) 0 (0.0%)
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Table 1. Data Extracted from the included studies: (continued)

I=14,P=16 L1=1,12=2,L3=2 teric, ex- Ileo- Control:
Group 3: tra-sphinc- colonic:9/10 Illeum (L1): 1 (9.1%)
L1=2,12=1,L3=2 teric or
Placebo: supra- Isolated up- Colon (L2): 3 (27.3%)
L1=1,12=2,13=2, sphincteric. ~ Per:6/9
L3+L4=1 Ileocolon (L3): 7 (63.6%)
?
@) Upper Gl (L4) 0 (0.0%)
Previous and concomitant at least one complete Mesalamine, Aminosalicy- concomi- Steroids I/P During the study, all pa-
medications o steroids, anti TNF, lates-corticos- tant but for the last i tients received
course of antibiotics immunosuppres-  teroids-im- refracto- 6 months Prior drugs:
with a seton place- sives munomodula-  ry toim- and as back- ) aminosalicylic acid
ment or conventional tors-biologics  munomod-  ground AZ?th'o' (Mesalazine) and probi-
d . (at least 3m ulatoryand  treatment g”zgeéezM otic treatment.
surgery.(a vancemen before study) anti-TNF 22/ L
flap or fistulectomy), - Anticoasu- One patient in the obser-
and antibi- ! 8 Methotrex- ; dth
at oticsatran-  lation pri- ate:19/18 vation group and three
: domisation ~ ©r to treat- ' patientsin
least one complete in-
, . ment (2,500 anti TNF:23/22
duction course of in- U of low- nti 23/ the control group re-
fliximab, unless ceived immunomodula-
molecu- Other:10/9
) lar-weight tor treatment.
anti-TNF-a treatment i
was contraindicated heparin) One patient in each
group was given antibi-
Concomitant: any otics.
except infliximab,
tacrolimus, or cy-
closporine
Previous bowel surgeries Yes (adv flap or fis- None None None 1:12 1:2/23 Not mentioned
tulectomy)
P:9 P:2/22
Previous fistula
surgery: 39/49 lleostomy:
I=17,P=22
I: 4/23
P:4/22
Funding This clinical trial has This work was the study is The study none men- This study was This work was funded
been sponsored by supported by the  funded by was funded  tioned sponsored by by Key Medical Science
Cellerix S.L. DigestScience Celularity In- by TiGenix the European and Technology Devel-
Foundation. corporated Group for Blood opment
and Marrow
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Transplantation

(EBMT) Autoim-
pean Crohn and

mune Diseases
Colitis

Working Party
and the Euro-
Organisation
(ECCO).

Table 1. Data Extracted from the included studies: (continued)
Data here are not mentioned in the characteristics of the studies
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APPENDICES

Appendix 1. Cochrane CENTRAL search strategy

Crohn Disease/

Inflammatory Bowel Diseases/

(Crohn* or ileitis or regional enteritis or ileocolitis or granulomatous colitis or granulomatous enteritis).tw,kw.
(Inflammatory bowel disease* or IBD).tw,kw.

or/1-4

exp Stem Cell Transplantation/

Stem cell*.tw,kw.

SCT.tw,kw.

exp Stem Cells/

10.exp Hematopoietic Stem Cells/

11.((autologous or autotransfusion or auto-transfus* or autograft* or allogenic) adj3 (hematopoietic or haematopoietic)).tw,kw.
12.exp Bone Marrow Transplantation/

13.(bone marrow adj3 (transplant* or graft* or transfus*)).tw,kw.

14.BMT.tw,kw.

15.((autologous or autotransfusion or auto-transfus* or autograft* or allogenic) adj3 bone marrow).tw,kw.
16.0r/6-15

17.5and 16

W e N WM

Appendix 2. MEDLINE search strategy

Crohn Disease/

Inflammatory Bowel Diseases/

(Crohn* or ileitis or regional enteritis or ileocolitis or granulomatous colitis or granulomatous enteritis).tw,kw.
(Inflammatory bowel disease* or IBD).tw,kw.

or/1-4

exp Stem Cell Transplantation/

Stem cell*.tw,kw.

SCT.tw,kw.

exp Stem Cells/

10.exp Hematopoietic Stem Cells/

11.((autologous or autotransfusion or auto-transfus* or autograft* or allogenic) adj3 (hematopoietic or haematopoietic)).tw,kw.
12.exp Bone Marrow Transplantation/

13.(bone marrow adj3 (transplant* or graft* or transfus*)).tw,kw.

14.BMT.tw,kw.

15.((autologous or autotransfusion or auto-transfus* or autograft* or allogenic) adj3 bone marrow).tw,kw.
16.0r/6-15

17.5and 16

18.randomized controlled trial.pt.

19.controlled clinical trial.pt.

20.randomi?ed.ab.

21.placebo.ab.

22.drug therapy.fs.

23.randomly.ab.

24.trial.ab.

25.groups.ab.

26.0r/18-25

27.exp animals/ not humans/

28.26 not 27

29.17 and 28

W NGO RWN
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Note: lines 18-28. RCT filter: “Cochrane Highly Sensitive Search Strategy for identifying randomized trials in MEDLINE: sensitivity-
maximizing version (2008 revision); Ovid format”.

Appendix 3. Embase search strategy

Crohn disease/

inflammatory bowel disease/

(Crohn* or ileitis or regional enteritis or ileocolitis or granulomatous colitis or granulomatous enteritis).tw,kw.
(Inflammatory bowel disease* or IBD).tw,kw.

or/1-4

exp stem cell transplantation/

Stem cell*.tw,kw.

SCT.tw,kw.

exp stem cell/

10.((autologous or autotransfusion or auto-transfus* or autograft* or allogenic) adj3 (hematopoietic or haematopoietic)).tw,kw.
11.exp bone marrow transplantation/

12.(bone marrow adj3 (transplant* or graft* or transfus®)).tw,kw.

13.BMT.tw,kw.

14.((autologous or autotransfusion or auto-transfus* or autograft* or allogenic) adj3 bone marrow).tw,kw.
15.0r/6-14

16.5and 15

17.random:.tw.

18.placebo:.mp.

19.double-blind:.tw.

20.0r/17-19

21.exp animal/ not human/

22.20 not 21

23.16 and 22

W e N WM

Note: Lines 17-20. RCT filter. Hedge Best balance of sensitivity and specificity filter for identifying randomized trials in Embase. https://
hiru.mcmaster.ca/hiru/HIRU_Hedges_EMBASE_Strategies.aspx

Appendix 4. ClinicalTrials.gov search strategy
Advanced search:

Disease or condition: Crohn or crohn's or crohns
Intervention/treatment: stem cell*

Study type: Interventional studies (clinical trials)
Appendix 5. WHO ICTRP search strategy
Advanced search:

Conditon: Crohn*

Intervention: Stem cell*

Recruitment status: All

Appendix 6. Mathematical conversions done for extracted data according to the Cochrane Handbook

1. IQR was converted to SD by the equation from Handbook (chapter 7 section 7.7.3.5) (IQR range/1.35) assuming normality and using the
median as the mean, in Hawkey 2015 study to calculate SD for all extracted data (CDAI change, HBI, SES-CD score, and IBDQ).

2. Measuring from the graph (using GIMP 2.10 program on Mac OS) to get the mean and SD of PDAI change of Molendijk 2015 (figure no 3),
the change was calculated using the combining of the data of the three intervention groups (dose escalation) versus placebo group in
the study, while in Panes 2016 the data was present in the supplement.

3. In all the data extracted from Molendijk 2015, we converted SEM to SD (chapter 7 in the handbook section 7.7.3.2) , and combined all
the 3 intervention groups' means and SDs using the equations in the Handbook (chapter 7 table 7.7a).
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In Molendijk 2015 the changes (at 12 or 24 weeks) from the baseline in CDAI, IBDQ, and PDAI scores were calculated by subtracting
individual group mean before combining the three groups change in means, then using the SD of a similar study in the patients
characteristic and score ( we mentioned in the figures of the forest plots footnotes). " the appropriateness of using a standard deviation
from another study relies on whether the studies used the same measurement scale, had the same degree of measurement error and
had the same time periods (between baseline and final value measurement)." Handbook chapter 16 section 16.1.3.2

In Molendijk 2015, we combined the outcome (fistula closure) in the 3 intervention groups to one group versus placebo arm. According
to the criteria of combing different study arms of the intervention versus the placebo chapter 16 section 16.5.4 of the Handbook.

We split the patients according to cut-off value pre-specified by the protocol for the primary outcome <150 CDAI (assuming a normal
distribution) in the studies of Molendijk 2015 and Panes 2016, we used the mean and SD of each group (intervention versus control
groups) of the studies were CDAI at 24 weeks was present to calculate the number of patients who will have CDAI <150), we used the
online calculator http://www.onlinestatbook.com/2/calculators/normal_dist.html).

In the case of CDEIS outcome in Molendijk 2015 and Zhang 2018, we calculated the SD of change through calculating the correlation
coefficient (chapter 16 section 16.1.3 in the Handbook) of the experimental and the control groups from the study (Hawkey 2015) which
used SES-CD) reported in considerable detail the SD and mean of the outcome (the baseline, the final, and the change). The CorrE
was used to calculate the SD of the experimental groups while the CorrC was used to calculate the control groups, then used the SMD
between the studies as they used different scales and time frames for the outcome. 12 was >92% so this result was excluded from our
discussion.

Appendix 7. Risk of bias assessment

(1) Random sequence generation (checking for possible selection bias)

We will describe for each included study the method used to generate the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.

We will assess random sequence generation as:

low risk of bias (any truly random process, e.g. random number table; computer random number generator);
high risk of bias (any non-random process, e.g. odd or even date of birth; hospital or clinic record number); or
unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias)

We will describe for each included study the method used to conceal allocation to interventions prior to assignment and will assess whether
intervention allocation could have been foreseen in advance of, or during recruitment, or changed after assignment.

We will assess allocation concealment as:

low risk of bias (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);
high risk of bias (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or
unclear risk of bias.

(3) Blinding of participants and personnel (checking for possible performance bias)

We will describe for each included study the methods used, if any, to blind study participants and personnel from knowledge of which
intervention a participant received. We will consider that studies are at low risk of bias if they were blinded, or if we judge that the lack of
blinding would be unlikely to affect results. We will assess blinding separately for different outcomes or classes of outcomes.

We will assess blinding of participants and personnel as:

low, high or unclear risk of bias for participants; and
low, high or unclear risk of bias for personnel.

(4) Blinding of outcome assessment (checking for possible detection bias)

We will describe for each included study the methods used, if any, to blind outcome assessors from knowledge of which intervention a
participant received. We will assess blinding separately for different outcomes or classes of outcomes.

We will assess methods used to blind outcome assessment as:

low, high or unclear risk of bias.
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(5) Incomplete outcome data (checking for possible attrition bias due to the amount, nature and handling of incomplete outcome
data)

Cochrane Database of Systematic Reviews

We will describe for each included study, and for each outcome or class of outcomes, the completeness of data including attrition and
exclusions from the analysis. We will state whether attrition and exclusions were reported and the numbers included in the analysis at each
stage (compared with the total randomised participants), reasons for attrition or exclusion where reported, and whether missing data were
balanced across groups or were related to outcomes. Where sufficient information is reported, or can be supplied by the trial authors, we
will include missing data in the analyses which we undertake.

We will assess incomplete outcome data as:

« low risk of bias (e.g. no missing outcome data; missing outcome data balanced across groups);

« high risk of bias (e.g. numbers or reasons for missing data imbalanced across groups; ‘as treated’ analysis done with substantial
departure of intervention received from that assigned at randomisation); or

« unclear risk of bias.

(6) Selective reporting (checking for reporting bias)

We will describe for each included study how we investigated the possibility of selective outcome reporting bias and what we found.
We will assess the methods as:

« low risk of bias (where a protocol exists and it is clear that all pre-specified outcomes are reported and where a protocol doesn't exist
and all expected outcomes have been reported);

« high risk of bias (where a protocol exists and not all of the pre-specified outcomes have been reported; where a protocol doesn't exist
and an expected outcome is reported incompletely or the study fails to report key outcomes that would have been expected to have
been reported); or

« unclear risk of bias.

(7) Other bias (checking for bias due to problems not covered by (1) to (5) above)

We will describe for each included study any important concerns we have about other possible sources of bias.
We will assess whether each study was free of other problems that could put it at risk of bias:

« low risk of other bias;
« high risk of other bias; or
« unclear whether there is risk of other bias.

Appendix 8. Senstivity analysis for all the primary outcomes:

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Outcome Random effect Fixed effect With high risk Without high risk
Clinical remis- 1.88[0.80, 4.41] 1.47[1.10,1.95] 1.41[1.06,1.88]
sion
Melmet 2015 (high randon and allocation)
CDAI <150 1.02 [0.67, 1.56] 1.08[0.94,1.24] 1.02[0.67, 1.56]
Zhang 2018 high blinding and detection
unclear allocation
Fistula closure 1.48[1.12,1.96] 1.53[1.15,2.03] 1.47[1.07,2.01]
short
Garcia 2009 and Zhou 2020
unclear allocation and high blinding and detection
Fistula closure 1.42[1.09, 1.87] 1.47[1.12,1.94] 1.48[1.10,1.99]
long
removing Garcia 2009 and Zhou 2020
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HISTORY

Protocol first published: Issue 7, 2018
Review first published: Issue 5, 2022

CONTRIBUTIONS OF AUTHORS

SEN: writing of the review, screening of studies, data extraction, risk of bias assessment, data analysis, read and approved the final version
of the manuscript.

AS: revision of the review and providing an expert clinical and gastrointestinal opinion, read and approved the final version of the
manuscript.

SFA: screening of studies, data extraction, risk of bias assessment, read and approved the final version of the manuscript.

OAL: revision of the review and providing an expert immunological opinion, read and approved the final version of the manuscript.
DECLARATIONS OF INTEREST

SEN: has declared that she has no conflicts of interest.

AS: has declared that she has no conflicts of interest.

SFA: has declared that she has no conflicts of interest.

OAL: has declared that she has no conflicts of interest.

SOURCES OF SUPPORT

Internal sources

« Egyptian Center of Evidence Based Medicine, Egypt
Providing author training

External sources

« No sources of support, Other
No sources of support

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The search strategy was modified by Dr. Tran Nguyen to include more studies. The modified search strategy was used to retrieve studies
in 2018. A second search strategy was modified for the 19th March 2021 update by the Information Specialist Dr. Yuan. The second one is
the one used in the current review (appendices 1, 2, and 3).

INDEX TERMS

Medical Subject Headings (MeSH)

Constriction, Pathologic; *Crohn Disease [drug therapy]; *Hematopoietic Stem Cell Transplantation; Inflammation; Remission
Induction

Stem cell transplantation for induction of remission in medically refractory Crohn’s disease (Review) 67
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Cochra ne Trusted evidence.
. Infi d decisions.
o Library  ceerneatn

MeSH check words

Cochrane Database of Systematic Reviews

Humans

Stem cell transplantation for induction of remission in medically refractory Crohn’s disease (Review) 68
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



