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Background: Nowadays, there is a clear need tor new viable therapeutic options to face complex perianal Crohn's disease (PCD). Results of our
previous pilot study demonstrated the efficacy and safety of locai injection of autologous microfragmented adipose tissue (MFat) in this setting.
This study aims to evaluate the long-term tollow-up results in the same cohort of patients.

Methods: Data on clinica! and radiologica! remission and surgical recurrence rates were prospectively collected on the 15 patients with complex
fistulizing PCD refractory to combined bio-surgical therapy, originally treated with locai MFat injection, with a mean 6.7 years tollow-up.

Results: In our previous study, at 24-week tollow-up, combined remission was reported in 66.7% of patients, while clinica! remission was
achieved in 93% of cases. At a 6.7-year tollow-up, 9 of the 10 healed patients maintained remission. The patient with recurrence was success-
fully reoperated. Three out of 5 patients who failed primary combined remission were retreated, with 2 obtaining combined remission and 1
failing. One patient refused any subsequent treatment due to good quality of lite. The last patient presented delayed healing at a 1-year follow-up.
Overall success rate alter rescue therapy at the final tollow-up reached 86.6%. Safety was maintained throughout ali follow-up periods.

Conclusions: This is the longest tollow-up published trial on MFat injection tor PCD. Our results show that patients who achieved closure in the
first 24 weeks sustained response at long-term evaluation. h addition, there may be a rationale in repeating treatment as rescue therapy in not
responding to patients.

Lay Summary

Perianal Crohn's disease remains highly debilitating. New regenerative medicine treatments have shown conflicting results tor patients resistant
to conventional therapies. Our study with the combination of microfragmented adipose tissue injection and surgical drainage of sepsis, confirms
the long-term safety and efficacy of this novel therapy.
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Introduction therapeutic strategy in severe PCD. Indeed, since the intro-
duction of anti-TNF-alpha agents changed the treatment al-
gorithm from simple contrai of sepsis to complete closure of
fistulas, systemic, or locai administration of biologica! therapy
combined with surgical sepsis contrai is considered the first-
line treatment for complex PCD, as recommended in many
recent international guidelines.?? However, probably due to
the wide heterogeneity of clinica! pictures and to the lack of
standardized treatment algorithms, data from literature show
success rates widely ranging from 0% to 99%.% In addition,
over 60% ofhealed patients present with relapse after 1 year.6e’

Perianal Crohn's Disease (PCD) is a disabling condition
burdened by significant morbidity, crushing impact on
patients' quality of life, and significantly high direct and in-
direct costs. Although the therapeutic armamentarium has
considerably grown in the last decades, complex fistulizing
disease stili represents a challenge for gastroenterologists and
surgeons. !

Nowadays, although there is no treatment definitely proved
to be the gold standard, bio-surgical approach represents the
main trend emerging from the literature as the most accepted
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2 Autologous Microfragmented AdiposeTissue Injection in Refractory Complex Crohn's Perianal Fistulas

Key Messages

¢ What is already known? Local injection of autologous
microfragmented adipose tissue (MFat) combined with
surgical drainage of sepsis is a valid therapeutic option
for multi-resistant complex perianal Crohn’'s disease.

* Whatis new here? Our results from the longest follow-up
ever-published study on this feature (mean 6.7 years)
confirm the long-term efficacy in terms of combined re-
mission.

¢ How can this study help patient care? This innovative
technique provides a 1-step, non-expanded, ready-to-
use, safe, low-cost, viable, and effective MFat with a
minimal manipulation, compliant with the regulatory
panorama in daily clinical practice.

Finally, the treatment algorithm for patients with unhealed
fistulas after a combined bio-surgical therapy is not well de-
fined yet, but repair surgery, such as endorectal advancement
flap and biological plug placement, could be a valuable rescue
surgical option in patients who obtained mucosal healing of
the rectum.

However, despite optimal surgical and medical manage-
ment, not more than 50%-60% of our patients achieve actual
remission.®? Even worse, it has to be highlighted that the risk
of permanent stoma is still reported as high as 50%, while it
rises up to 90% in patients with active proctitis.'®'?

Based on these assumptions, there is a clear need for inno-
vative and advanced therapeutic options, in order to offer a
rescue treatment to the patients refractory to bio-surgical ap-
proach and/or primary/rescue surgical repair.*

In the last 2 decades, a bunch of studies have demonstrated
the potential of regenerative medicine treatments using mes-
enchymal stem cells (MSCs) due to their well-known ability to
down-regulate the immune reactivity of the mucosa and pro-
mote tissue healing. However, the routine clinical utilization
of such a strategy is strongly limited by the high costs and the
long-time interval required for ex-vivo Good Manufacturing
Practice (GMP) cell expansion and the complex restrictions
related to their extensive manipulation.'*

Lipogems is a commercially available system able to
overcome the complexity of current GMP requirements
since it intraoperatively provides injectable autologous
microfragmented adipose tissue (MFat), preserving the
stromal vascular niche rich in activated cellular elements with
MSCs and pericytes characteristics. Several studies''* show
that pericytes, cells located around blood vessels, express the
same surface markers as MSCs and, upon vascular injury,
they are activated becoming functional MSCs. These cells do
not differentiate into other cell types, but secrete bioactive
molecules with immunomodulatory properties,'” preventing
autoimmune responses, and promoting a regenerative micro-
environment. Once tissue repair is completed, MSCs revert to
their pericyte phenotype, stabilizing the surrounding environ-
ment.?2! Their primary function, then, is not transdifferentia-
tion, but facilitating the tissue’s natural self-healing processes.
Several studies have already proven the ability of MFat in
terms of controlling inflammation, immunomodulation, and
fibrosis, as well as promoting damage repair and tissue re-
generation, both # vitro and in # vivo and ex vrvo models
in different clinical settings,**** including perianal fistulizing
cryptoglandular disease.*

On this basis, in 2016 we performed a clinical study on 13
patients with complex multi-resistant PCD who were treated
by combined surgical drainage of sepsis and injection of
MFat; our results showed a 67% of combined remission and
a 93% of clinical remission at 24-week follow-up.?’

One of the concerns regarding the use of regenerative med-
icine in PCD disease is represented by the sustainability of the
results obtained in the short-term period. To the best of our
knowledge, there are only a few studies reporting outcome
results at long-term follow-up.*$33

Once assessed the feasibility and safety of the technique,
we needed to assess the sustainability of the encouraging
outcomes initially found at 24 weeks. Therefore, the goal of
the present study was to analyze the fate of the 15 originally
treated patients at long-term follow-up, assessing the main-
tenance rate of combined remission and the need for subse-
quent surgical, medical, or regenerative treatment in patients
with recurrence. Finally, we evaluated the success rate of
retreatment with surgery or MFat re-injection in patients who
had failed healing at 24-week follow-up.

Materials and Methods

Study Design and Population

This study is a longitudinal clinical trial and represents the
final follow-up of our previous nonprofit prospective pilot
study with 24 weeks of follow-up (ClinicalTrials.gov number:
NCT01541579), in which 15 adult patients with PCD and
biological treatment-refractory, draining, complex perianal
fistulas were treated with MFat.?” In the first protocol, all
patients were assessed by means of clinical examination at
baseline and at 2, 4, 8, 12, and 24 weeks after treatment,
while magnetic resonance imaging (MRI) evaluation was
performed at baseline and 24 weeks of follow-up. Final
outcomes were determined at a 24-week follow-up assessing
success rate, defined as combined clinical and radiological re-
mission.?” The study was approved by the Ethics Committee of
IRCCS S. Orsola-Malpighi Hospital (prot Lipogems-crohn2,
n°® 4/2016/U/Sper, January 19, 2016), and all the procedures
mentioned in this study were carried out in accordance with
the ethical standards and with the Helsinki Declaration of
1975, as revised in 2000. Patients were informed about risks
and benefits and expressed and signed their informed consent.

In the present study, each patient was evaluated at least 6.5
years after treatment administration.

We reviewed the corresponding medical records of all
patients from the final visit onwards of the previous prospec-
tive pilot study. Patients were then invited to attend a final
follow-up visit, where a detailed clinical history was taken,
Investigators collected information on medical treatments re-
ceived by the patients since the last visit of the previous study
(specifically, whether they had received biological therapy,
antibiotics, immunosuppressants, and other treatments taken
to treat perianal fistulas and Crohn’s disease), and on sur-
gical procedures due to PCD. Finally, clinical outcome of the
treated fistulas was assessed. All patients subsequently under-
went pelvic MRI performed by the same experienced radiol-
ogist (AC).

The primary endpoint of this study was the long-term
efficacy of the treatment in terms of combined remission
(“healing”), defined as the coexistence of closure of all treated
external openings that were draining at baseline clinically
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assessed (absence of drainage upon gentle finger compression)
and absence of residual collections > 3 mm of the treated pe-
rianal fistulas assessed by pelvic MRI.*

“Clinical remission” is defined as the absence of drainage
upon gentle finger compression of the external openings
present at baseline and presence of residual collections >
3 mm at the pelvic MRI.

“Recurrence” was defined as the occurrence of a new fis-
tula or reactivation of the original one in healed patients.

Patients with persistent failure or recurrence who under-
went reoperation represent in this study the “rescue group.”
Outcomes of reoperated patients were assessed by clinical
and radiological measurements.

Adverse events since the final visit of the preceding study
were reported according to standard regulatory definitions
(serious or not, severity, causality).

Surgical Procedures in the “Rescue Group”

MFat preparation

The Lipogems processing kit (Lipogems International Spa,
Milan, Italy) was used to harvest, process, and inject the
autologous tissue under sterile conditions according to
the manufacturer’s Instruction*’during the same surgical
procedure.

Adipose tissue was harvested either from the inferior ab-
domen or from the inner thigh (with the patient placed in
a lithotomy position), depending on the macroscopic avail-
ability of adipose tissue. Before the harvesting, the donor
site was injected with 150-250 cc of modified Klein Solution
(500 cc saline, 1 cc epinephrine 1/1000 TU) using a dispos-
able 17G blunt cannula connected to a 60-cc luer-lock sy-
ringe. The fat was then harvested (50-100 cc) using a 13G
blunt cannula connected to a 20 mL VacLok syringe. This
lipoaspirate was processed in the dedicated adipose tissue—
processing device, rigorously avoiding the presence of air, first
by pushing it through a cluster reduction filter and then by
mechanical emulsification through shaking the lipoaspirate in
the completely closed system with 5 stainless-steel beads. This

separated and washed away oil and blood using the gravity
counterflow of saline solution. Adipocyte clusters collected at
the top of the adipose tissue—processing device underwent a
second adipose cluster reduction by being passed through a
size reduction filter. The resulting MFat was then collected
into 1 mL syringes for subsequent use.

Cone-like fistulectomy and MFat injection

Examination under anesthesia was performed in order to iden-
tify all the fistula tracts and abscesses; eventual purulent ma-
terial was drained and the fistula tracts curetted. Necrotic and
inflamed tissues were excised using a “cone-like” fistulectomy
at each fistula tract.*® After local surgical drainage of the pe-
rianal disease, 15-20 mL of MFat was injected using a 21G
needle circumferentially into the submucosa surrounding the
internal fistula orifice and in the perianal tissue along the re-
sidual fistula tract (Figure 1).>7

Endoanal mucosal flap

After drainage of sepsis, in patients presenting with mucosal
healing, endoanal mucosal flap was performed by closing the
internal orifice of the fistula at the muscular plane by inter-
rupted 2-0 PDS sutures placement; adrenaline 1:100 000 was
then injected in the sub mucosa proximally to the internal
orifice and a U-shaped mucosal flap was lifted, dragged down
to cover the internal orifice, and sutured tension-free to the
muscular plane with interrupted Vycril 3-0 sutures.

Statistical Analysis

Statistical analysis was performed using R Statistical
Software (version 4.0.0; R Foundation for Statistical
Computing) and GraphPad Prism software (v 6.0; GraphPad
Software Inc.). The Shapiro—Wilk normality test was used to
evaluate the normal distribution of the sample. Continuous
variables were expressed as the mean = standard deviation
(SD) and medians and first and third quartiles [Q1-Q3]. The
between-group differences for continuous variables were
evaluated and were evaluated with the unpaired Student #

Figure 1. Digital photographs of surgical procedure: "cone-like” fistulectomy and microfragmented adipose tissue injection in the perianal tissue along
the residual fistula tract (A) and circumferentially into the submucosa surrounding the internal fistula orifice (B); clinical examination in a combined

remission patient (C).
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test or Mann—Whitney test, according to the characteristics
of the data distribution. Categorical variables are expressed
in numbers of cases and frequencies; their differences were
tested using the chi-square test or Fisher’s exact test. For all
analyses, the significance level was set at a 7 value lower
than .05.

Results

Follow-up length ranges from 6.5 to 7.0 years, with a mean
of 6.7 years (SD: 0.22 years). The baseline demographic and
clinical characteristics of patients at the time of index surgery
have been described in the previous article,”” while those re-
lated to the follow-up period are reported in Table 1.

As previously described at 24-week follow-up, 10 out of
15 patients (66.6%) presented combined remission, while a
significantly greater percentage of patients (93.3%) achieved
clinical remission. Neither intraoperative nor post-operative
major complications or adverse events occurred.

At the final follow-up, 9 out of 10 patients (90%) who
reached combined remission at 24 weeks of follow-up
maintained clinically and radiologically assessed healing
(Figures 2 and 3). In 6 of them, stable clinical and endoscopic
remission was observed with no need of biological therapy,
while in 3, biological therapy was restarted for endoscopic
mild/moderate proctitis.

The remaining patient was submitted 2 years after
Lipogems treatment to re-do ileocolic anastomosis for anas-
tomotic recurrence. Three years later, the patient presented
with a recurrent fistula at 1 of the 2 orifices of the previously
healed horse-shoe fistula and needed reoperation. A mucous

Table 1. Patients’ demographics at baseline.

endoanal flap was performed taking advantage of mucosal
healing, so obtaining a new combined remission was assessed
at 6 months after surgery (Figure 3).

One out of the 5 not-responders patients at 24-week
follow-up, a 39-year-old male, with luminal disease in stable
clinical and endoscopic remission (no biological therapy),
presented with clinically healed fistula 6 months later at an
outpatient follow-up visit; closure of fistula was then con-
firmed at pelvic MRL The remaining 4 non-responder patients
still presented with persistence of active fistulous tracts or ab-
scess at 3-year follow-up (Figure 3).

Among them, 1 patient, with substenotic terminal ileitis
treated with mesalazine and antibiotics, refused reoperation
due to paucity of symptoms and satisfactory quality of life.
The remaining 3 patients underwent reoperation (“rescue
group”). Respectively, the first patient, a 39-year-old male,
with luminal disease in stable clinical and endoscopic re-
mission (no biological therapy) was submitted 3 years after
failure to mucosal advancement flap and reached combined
remission, confirmed at 6-month post-operative MRI. The
second patient, a 65-year-old female, with asymptomatic mild
thickening of terminal ileum in treatment with mesalazine,
was reoperated at 3.6 years by means of MFat injection
and mucous endoanal flap with failure characterized by the
persistence of a small residual track. She is now waiting for
re-suture of the flap (Figure 3).

Finally, one patient, a 54-year-old female, with terminal il-
eitis and associate mild proctitis in treatment with biologics,
unsuccessfully underwent reoperation with MFat injection at
4-year follow-up. However, she finally obtained combined re-
mission after a third procedure 2 years later when, in addition

Group Failure at final FU Healing at final FU Overall Pvalue
No. of patients 2 15
Age at FU (years) 51.2+18.8 454 =11.3 46.2+11.8 542
51.2 [44.5-57.8] 40.6 [37.3-53.1] 40.6 [37.6-55.1]
FU (years) 6.5+0.0 6.7+0.2 6.7+0.2 104
6.5 [6.5-6.5] 6.6 6.5-7.0] 6.6 [6.5-6.8]
FU at new surgery (years) 4.8 2.4 57«20 56=2.0 384
4.8 [4.0-5.7] 6.5[6.5-6.6] 6.5 [4.8-6.6]
Gender 919
Female 1(50.0) 7 (53.8) 8(53.3)
Male 1(50.0) 6 (46.2) 7 (46.7)

Data are reported as mean = SD and median [Q1-Q3] or number of patients (percentage).
Abbreviations: FU, follow-up; No.: number; Q1, first quartile; Q3, third quartile; SI, standard deviation.

Figure 2. Clinical case example of a combined remission patient. Pre-operative (A) and 6.5 years after surgery (B) magnetic resonance imaging.
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Figure 3. Fate of the patients. CR, combined remission; FL, failure; yrs, years of follow-up; mos, months of follow-up; N, number.

to MFat re-injection, a mucous flap was performed thanks to
mucosal healing (Figure 3).

Overall success rate after rescue therapy at the final
tollow-up (re-injection = flap) reached 86.6%.

The evaluation of risk factors for failure was conducted
considering all surgeries with MFat (N =18) as single inde-
pendent events, each one performed in patients with different
clinical features potentially influencing the outcome (Table 2).

No statistically significant differences in failure rates were
observed in terms of the presence of stenosis, proctitis, lu-
minal active disease, associated biological therapy, and site of
liposuction at the time of each surgery (Table 2).

Discussion

While up to 60% of patients with complex PCD can achieve
fistula healing with an optimized combination of surgical
drainage and biological therapy and/or endoanal mucosal
flaps, the remaining 40% of patients are obliged to live with
their exhausting condition, which implies a significantly im-
paired quality of life, or having to face a proctectomy with
definitive oostomy.'?12

These patients have been recently identified as class 2b,
2¢, and 3 in a new classification system based on disease se-
verity and outcomes, simultaneously synchronizing patient’s

and expert’s goals.’® To date, the rescue treatment algorithm
to reach in these cases the aim of complete fistula healing
or, at least, improvement of quality of life and prevention
of transition to more advanced classes,*” is not yet well de-
fined. Regenerative medicine can serve as a crucial resource
in this context. Indeed, an increasing number of clinical trials
have recently shown very encouraging results on the safety
and efficacy of local treatment using adipose-derived MSCs
(ADSCs).*® The rationale for this innovative therapeutic
strategy is represented by the potential of these cells to ac-
celerate tissue healing mainly through stimulation of local
cells via a paracrine mechanism and anti-inflammatory and/
or immunomodulatory activity, thus creating a suitable mi-
croenvironment for tissue regeneration.’”

Our Group has recently reported the results of a single
local administration of MFat processed with the 1-step, mini-
mally invasive, non-expanded, ready-to-use, and enzyme-free
Lipogems technology.”” Among 15 patients with persistent
complex fistulizing PCD after bio-surgical approach and
subsequent surgical rescue repair, 10 patients (66.7%) had
combined clinical and radiological remission, 4 patients
(26.6%) showed only clinical remission, and 1 patient (6.7%)
failed at 24 weeks of follow-up. These results are consistent
with others reported in many trials.**** In particular, in a re-
cent meta-analysis on efficacy and safety of MSCs for complex
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Table 2. Risk factors for failure.

Failure Healing Overall r
(N=6) (N=12) (N=18) value
Stenosis .245

No 4(66.7)  11(91.7)  15(83.3)

Yes 2(33.3) 1(8.3) (16
Proctitis 569

No 4 (66.7) 10 (83.3) 14 (77.8)

Yes 2(33.3) 2 (16.7) 4(22.2
Luminal activity 141

No 2(33.3) 9(75.0) 11 (61.1)

Yes 4 (66.7) 3(25.0) 7 (38.9)
Post-operative .245
biologics

No 6 (100.0) 8 (66.7) 14 (77.8)

Yes 0(0.0) 4(33.3) 4(22.2)

Site of liposuction 515

Inferior abdomen 6 (100.0) 9(75.0) 15 (83.3)

Inner thigh 0(0.0) 3(25.0) 3(16.7

Data are reported as number of patients (percentage).
Abbreviations: FU, follow-up; N, number.

fistulizing PCD, authors included only 7 RCTs with an at least
acceptable level of evidence out of 1080 studies found in liter-
ature. However, despite the high risk of bias described, even in
these 7 included trials, the clinical (61.4%) and combined re-
mission (49.3%) rates reported appear to be encouraging.?®*
Actually, several limitations affect the reliability of current lit-
erature, including lack of standardization in inclusion criteria,
patient stratification and definition of healing, together with
absence of control groups, small sample sizes, and high
dropout rates. Other confounding factors are related to the
variability of associated surgical procedures and techniques
for cell harvesting, processing, and injection’?3¢+!4

Finally, most studies report the success of regenerative
medicine treatments by simply analyzing short-term healing
rates, without addressing risk, prevention, and management
of long-term recurrence.* Given that recurrence is a very
common issue in patients with complex PCD with important
implications for the patient’s quality of life and healthcare
costs, a long-term evaluation of efficacy of these regenerative
treatments is apposite.’**

Cho et al. reported long-term results of a previous phase II
study with fistula size-related doses of ADSCs combined with
fibrin glue. Authors retrospectively found a complete healing
rate of 81% and 75% at 12 and 24 months of follow-up, re-
spectively. In the sub-analysis of sustained response, 20 out of
24 patients (83.3%) healed at 2-month follow-up, maintained
complete closure at 24 months after surgery with recurrence
in only 4 patients,*

This persistent efficacy has not been confirmed by other
similar studies. Park et al.*’ reported the results of an open-
label study characterized by injection of increasing doses
of allogeneic ADSCs together with fibrin glue in 6 patients
with complex PCD. Authors described a complete clinical fis-
tula healing in 50% of patients at 8 months after surgery.
Ciccocioppo et al.*® presented the results of monthly (median
4 doses) local administration of bone-marrow-derived MSCs

in 10 patients with refractory complex PCD, with a clinical
healing rate of 70% at 1-year follow-up.

However, during subsequent follow-up, the efficacy of
MSCs treatment declined and the probability of fistula
relapse-free survival (defined as percentage of patients not
presenting clinical evidence of fistula) was 50% at 2 years
and 37% at 4 years of follow-up.*

Lee et al.,”” in a phase 1I study, treated 43 patients with
ADSCs and fibrin glue injection, repeating injection in not-
healed patients at 8 weeks after surgery. They found com-
plete fistula healing in 27 out of 33 patients (82%) at 16-week
follow-up and 23 out of 26 patients, who completed an ad-
ditional observational study (88%, but 53% of all enrolled
patients), had a sustained complete closure with a recurrence
rate of 11.5% at 1-year follow-up.

A phase 1T clinical trial conducted by a Spanish Group
on efficacy of ADSCs on complex PCD fistulas reported
a healing rate of 71%%; however, the long-term retrospec-
tive follow-up study showed that only 7 out of 12 initial
responders maintained complete closure.*!

Efficacy and safety of Darvadstrocel (an “off-the-shelf” ex-
panded allogeneic ADSCs drug) for treating complex PCD
fistulas were extensively evaluated in 3 consecutive multicenter
clinical trials. In the first double-blind RCT ADMIRE-CD**
on 212 refractory complex PCD patients, a clinical remis-
sion was reported in 64%, 80%, and 56% of Darvadstrocel-
treated patients, and in 47%, 47%, and 40% of control arm
patients at 24, 52, and 104 weeks of follow-up, respectively.’
Subsequently, in the retrospective study INSPECT?' on the
same cohort of patients, the long-term efficacy, evaluated
only in terms of clinical remission for up to 156 weeks on
43 Darvadstrocel-treated patients and 46 control patients,
resulted maintained in 53.5% and 45.7%, respectively. In the
third observational retrospective study PRIME,* a combined
clinical and radiological response was observed at 6 months
of follow-up in 63.1% of Darvadstrocel-treated patients.
However, authors themselves highlighted that not all clini-
cally healed patients had radiological closure and vice versa.
This latter unexpected result might be the consequent expres-
sion of a potential bias in radiological healing definition, since
“the persistence of a residual collection up to 2 cm” probably
not always reflect a safe closure of the fistula tract.

A further limitation of the ADMIRE-CD and INSPECT
studies is the loss to follow-up of a significant number of
patients, which reduces the reliability of the results.?-!

Finally, the retrospective evaluation of a pilot study on
10 patients with refractory complex PCD fistulas, treated
with autologous adipose-derived stromal vascular fraction
combined with microfat, in which a combined remission
rate of 60% had been reported at 1-year follow-up, showed
a sustained combined remission in 7 patients (70%) at 3
years of follow-up. In particular, among those healed, 1 pa-
tient relapsed, while 2 patients with primary failure achieved
delayed combined remission.*!

Based on these assumptions, data reported in our study
could clarify some concerns about the real potential of regen-
erative therapy in complex fistulazing PCD. Indeed, our results
represent the very first evidence of a long-lasting effect of the
MPFat innovative procedure as the more than satisfactory suc-
cess rate reported at 1-year follow-up is maintained in terms
of combined remission in almost all patients at a minimum of
6.5 years after surgery, with a very low recurrence rate. One of
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the reasons for this might be found in the proven long-lasting
antinflammatory activity of MFat, whose “stability” might be
associated with its internal structural characteristics. Indeed,
MFat appears to be resistant to environmentally poor tissue
culture conditions (serum free), maintaining the long-term
capability to release cytokines*-*

In addition to the specific action of the transplanted tissue,
other peculiar features of our study design likely contributed
to achieving quite reliable results. One of these factors is the
surgical strategy. In fact, even though some authors still argue
that surgical management “is not recommended for complex
fistulae...because of the high risk of anal incontinence,”*
national and international guidelines ratify that combina-
tion of surgical drainage of sepsis with subsequent biological
therapy significantly enhances healing rate.> However, none of
them clearly define what the gold-standard surgical technique
should be so in clinical practice and protocols authors uti-
lize different interventions even when supported by very low
levels of evidence.**** We strongly believe that the deep san-
itization of perianal spaces, by means of “cone-like” partial
fistulectomy, completely excising all primary and secondary
tracts together with chronic granulation tissues and abscesses,
most enhances the effectiveness of any subsequent strategy,
reducing at the same time the risk of recurrence without
jeopardizing sphincter function, especially when performed
by experienced surgeons.

Another pivotal factor in our protocol is the definition
of healing. The current literature is limited by a lack of
standardized outcome measures. As highlighted above, the
weakness of exclusively clinical criteria as “complete clo-
sure of external opening without any sign of drainage and
inflammation,” has already been demonstrated in different
studies'>** as the most probable reason for high recurrence
rates.‘lf)ﬂﬁ

This aspect is further substantiated by the results of our pro-
tocol which showed the early clinical reactivation of treated
fistula in patient with only clinical remission. Even though
the reliability and responsiveness of radiographic endpoints
for PCD trials require further investigation (Hurt, ma), the
combination of cross-sectional imaging to the physical exam-
ination, especially with the strict parameters we applied in the
protocol (residual collection not greater than 3 mm), appears
to be at present the most reliable definition of success.?**

Another interesting aspect that emerges when analyzing
our results is the potential benefit of re-injection of MFat in
patients who failed the primary treatment, which has been
already investigated for ADSCs with different algorithms,
obtaining good results.*®

However, the success rate reported in our study after
retreatment with MFat injection appears to be primarily
linked to a simultaneous mucosal flap placement. Based on
our experience, the achievement of mucosal healing with a
clear macroscopic amelioration of the tissues surrounding
the internal orifice represents one of the beneficial effects of
local injection of biologic agents, even when the treatment
does not lead to the closure of target fistulae.*® Thanks to
this local recover of damaged and inflamed tissues, failed
patients become suitable for direct reparative surgery.
Similarly, in the present study, 3 originally failed patients,
showing at follow-up with local mucosal healing, were suc-
cessfully treated with U-shaped or vertical mucosal flap
(alone or combined with MFat re-injection). The potential

of the combination of MFat injection and surgical repair
in terms of improving outcomes is evident, and there are
some preliminary results in the literature that strengthen
this hypothesis.’” It is then advisable to explore with fur-
ther RCTs the potential benefits of this combined strategy in
patients with less aggressive disease characteristics (ie, class
2a sec. Gedolf).

As it is a follow-up evaluation of a pilot protocol, our
study presents some limitations such as the retrospective
design, the small number of patients, the lack of a control
group, the procedures performed by the same surgeon. In
particular, this follow-up study was mainly designed as a
proof of concept and safety evaluation,* and the sample size
of 15 patients was considered adequate for this type of in-
vestigation.”” In addition, in the pilot study were enrolled
only patients refractory to combined bio-surgical treatment
and subsequent reparative surgery/ies,’” so that a compar-
ison with long-term results of surgical treatment does not
appear appropriate.

Conclusions

The therapeutic goal in complex fistulizing PCD is to com-
pletely close the fistula without recurrence, or at least to
improve patients’ quality of life as much as possible.’®%
Unfortunately, literature data show that Crohn’s fistula
healing is still hard to achieve, and fistulae often recur after
the initial response to current treatments. The main problem
is probably represented by the lack of a standardized treat-
ment algorithm.

The local injection of autologous MFat combined with
surgical drainage of perianal sepsis represents a simple,
feasible, 1-step, safe, and effective innovative therapeutic
approach for the treatment of multi-resistant complex
fistulizing PCD.%°

Finally, the particular significance of this study, based on
the longest follow-up ever-published data (mean 6.7 years)
in this field, to the best of our knowledge, lies in the pre-
liminary validation of the long-lasting efficacy of this treat-
ment that could potentially represent a new chance of rescue
therapy for patients with no other viable treatment options
left.

Based on these assumptions, the ongoing multicenter
randomized placebo-controlled trial (NCT03555773) has
been designed to confirm these preliminary results and better
define the role of the procedure eventually widening the range
of indications and changing its position in the treatment
algorithm.

Further research is finally required, such as dose-finding
studies, evaluation of scheduled repeated treatments, combi-
nation with other procedures, and obviously high-level RCTs
to allow confirmation of clinical and radiological efficacy.*®%!

Acknowledgments

The authors would like to thank Alba Dorri for his important
support on the revision of the manuscript.

Authors Contributions

A.C., ClI., P.G., G.P, equally contributed to the work.
S.L. contributed to the study concept and design, surgical

¥Z0z Jequeneq (1 Uo Jesn eyosoly Ip edejoldid AQ L#S/L6./E8ZOBZIPAYEE0L 0 L/10P/AI0IIE-80UBAPE/|BUINOIPGYWOD dnoo1Wapese)/:sdpy Wol) pepeojumoq



8 Autologous Microfragmented Adipose Tissue Injection in Refractory Complex Crohn’s Perianal Fistulas

procedure, acquisition of data, statistical analysis, data inter-
pretation, manuscript writing. A.C. contributed to the study
concept and design, MRI examination, data interpretation,
and manuscript writing. P.G. and ER. contributed to the study
concept and design and critical revision of the manuscript.
C.I. and L.G. contributed to surgical procedure, acquisition
of data, and manuscript writing. R.V. and G.S. contributed to
surgical procedure and manuscript writing. A.M. contributed
to the data collection, data analyses, and manuscript writing.
G.P. contributed to the surgical procedure, study supervision,
and critical revision of the manuscript. N.K.D. contributed to
the revision of the manuscript.

Funding

The authors did not receive support (funds, grants, or other)
from any organization for the submitted work.

Conflicts of Interest

All the authors have no conflict of interest, except Alessandra
Menon who is consultant for Lipogems Internationa SpA
and Adler Ortho SpA. The study was approved by the Ethics
Committee of TRCCS S. Orsola-Malpighi Hospital (prot
Lipogems-crohn2, n® 4/2016/U/Sper, January 19, 2016).

References

1. Yzet C, Brazier F, Sabbagh C, Fumery M. Managing complex
perianal disease after anti-TNF failure: where to go next? Curr
Res Pharmacol Drug Discor. 2022;3:100081. doi:10.1016/j.
crphar.2022.100081

2. Gionchetti P, Dignass A, Danese S, et al.; on behalf of ECCO. 3rd
European Evidence-Based Consensus on the Diagnosis and Man-
agement of Crohn’s disease 2016: part 2: surgical management
and special situations. / Crobns Colizis. 2016;11(2):135-149.
doi:10.1093/ecco-jec/jjw169

3. Lichtenstein GR, Loftus EV, Isaacs KL, Regueiro MD, Gerson
LB, Sands BE. ACG clinical guideline: management of Crohn’s
disease in adults. Am / Gastroemterol 2018;113(4):481-517.
d0i:10.1038/ajg.2018.27

4. Uchino M, Ikeuchi H, Bando T, et al. Long-term efficacy of
infliximab maintenance therapy for perianal Crohn’s disease.
World | Gastroenterol. 2011;17(9):1174-1179. doi:10.3748/wjg.
v17.19.1174

5. Yang B-L, Chen Y-G, Gu Y-F, et al. Long-term outcome of
infliximab combined with surgery for perianal fistulizing
Crohn’s disease. World | Gastroenterol. 2015;21(8):2475-2482.
d0i:10.3748/wjg.v21.i8.2475

6. Sands BE, Anderson FH, Bernstein CN, et al. Infliximab main-
tenance therapy for fistulizing Crohn’s discase.. N Engl / Med.
2004;350(9):876-885. doi:10.1056/nejmoa030815

7. Colombel J-F Clinical updates on perianal fistulas in Crohn’s dis-
ease. Expert Rev Gastroenterol Hepatol. 2018;12(6):597-605. doi
:10.1080/17474124.2018.1480936

8. Fung M, Farbod Y, Kankouni H, Singh S, McCurdy JD. Does
combined medical and surgical treatment improve perianal fis-
tula outcomes in patients with Crohn’s disease? A systematic re-
view and meta-analysis. / Crobns Colitis. 2024;18(8):1261-1269.
doi:10.1093/ecco-jccljjae035

9.  Feuerstein JD, Ho EY, Shmidt E, et al.; American Gastroenter-
ological Association Institute Clinical Guidelines Committee.
AGA clinical practice guidelines on the medical management of
moderate to severe luminal and perianal fistulizing Crohn’s dis-
ease. Gastroenterology. 2021;160(7):2496-2508. doi:10.1053/j.
gastro.2021.04.022

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

Mueller MH, Geis M, Glatzle ], et al. Risk of fecal diversion
in complicated perianal Crohn’s disease. / Gastrosutest Surg.
2007;11(4):529-537. doi:10.1007/s11605-006-0029-3

Feuerstein JD, Cheifetz AS. Crohn disease: epidemiology, diag-
nosis, and management. Mayo Clinr Proc. 2017;92(7):1088-1103.
doi:10.1016/j.mayocp.2017.04.010

Galandiuk S, Kimberling ], Al-Mishlab TG, Stromberg AJ. Peri-
anal Crohn disease. An Surg. 2005;241(5):796-801; discussion
801. doi:10.1097/01.51a.0000161030.25860.c1

Schwartz DA, Loftus EV, Tremaine W], et al. The natural his-
tory of fistulizing Crohn’s disease in Olmsted County, Minne-
sota. Gastroenterology. 2002;122(4):875-880. doi:10.1053/
gast.2002.32362

Wang H, et al. Mesenchymal stem cells transplantation for pe-
rianal fistulas: a systematic review and meta-analysis of clinical
trials. Sterz Cell Res Ther. 2023;14(1):26. doi:10.1186/s13287-
023-03331-6.

Hirschi KK, D’Amore PA. Pericytes in the microvasculature.
Cardiovasc  Res. 1996;32(4):687-698. doi: 10.1016/s0008-
6363(96)00063-6

Crisan M, Yap S, Casteilla L, et al. A perivascular origin for mes-
enchymal stem cells in multiple human organs. Cel/ Stern Cell.
2008;3(3):301-313. doi:10.1016/j.stem.2008.07.003

Traktuev DO, Merfeld-Clauss S, Li ], et al. A population of
multipotent CD34-positive adipose stromal cells share pericyte and
mesenchymal surface markers, reside in a periendothelial location,
and stabilize endothelial networks. Cire Res. 2008;102(1):77-85.
doi:10.1161/CIRCRESAHA.107.159475

Dellavalle A, Sampaolesi M, Tonlorenzi R, et al. Pericytes of
human skeletal muscle are myogenic precursors distinct from
satellite cells, Nar Cell Biol 2007;9(3):255-267. doi:10.1038/
ncb1542

Aggarwal S, Pitctenger MF. Human mesenchymal stem cells modu-
late allogeneic immune cell responses. Blood. 2005;105(4):1815-
1822. doi:10.1182/blood-2004-04-1559

Caplan AL All MSCs are pericytes? Cell Stemr Cell. 2008;3(3):229-
230. d0i:10.1016/j.stem.2008.08.008

Caplan Al, Correa D. The MSC: an injury drugstore. Cel/ Sterz
Cell 2011;9(1):11-15. doi:10.1016/j.stem.2011.06.008
Tremolada C, Colombo V, Ventura C. Adipose tissue and mesen-
chymal stem cells: state of the art and Lipogems® technology de-
velopment. Curr Sterr Cell Rep. 2016;2(3):304-312. doi:10.1007/
s40778-016-0053-5

Shoukrie SI, Venugopal S, Dhanoa RK, et al. Safety and efficacy of
injecting mesenchymal stem cells into a human knee joint to treat
osteoarthritis: a systematic review. Curens. 2022;14(5):e24823.
d0i:10.7759/cureus.24823

Liu J, Gao ], Liang Z, et al. Mesenchymal stem cells and their
microenvironment. Stemz  Celf Res Ther. 2022;13(1):429.
doi:10.1186/s13287-022-02985-y

Li W, Guo H, Wang C, Zhang Y, Wang ]. Autologous micro-
fragmented adipose tissue in the treatment of atherosclerosis
patients with knee osteoarthritis in geriatric population: a system-
atic review and meta-analysis.. PLoS Orne. 2023;18(8):e0289610.
doi:10.1371/journal.pone.0289610

Naldini G, Sturiale A, Fabiani B, Giani I, Menconi C. Micro-
fragmented adipose tissue injection for the treatment of complex anal
fistula: a pilot study accessing safety and feasibility. 7ec/ Coloprociol.
2018;22(2):107-113. doi:10.1007/s10151-018-1755-8

Laureti S, Gionchetti P, Cappelli A, et al. Refractory complex
Crohn’s perianal fistulas: a role for autologous microfragmented
adipose tissue injection. {rflarmm Bowel Dis. 2019;26(2):321-330.
doi:10.1093/ibd/izz051

Schwandner O. Stem cell injection for complex anal fistula in
Crohn’s disease: a single-center experience. World | Gastroenterol.
2021;27(24):3643-3653. doi:10.3748/wjg.v27.124.3643

Panés ], Garcia-Olmo D, Van Assche G, et al. Expanded alloge-
neic adipose-derived mesenchymal stem cells (Cx601) for com-
plex perianal fistulas in Crohn’s disease: a phase 3 randomised,

¥Z0z Jequeneq (1 Uo Jesn eyosoly Ip edejoldid AQ L#S/L6./E8ZOBZIPAYEE0L 0 L/10P/AI0IIE-80UBAPE/|BUINOIPGYWOD dnoo1Wapese)/:sdpy Wol) pepeojumoq



Laureti et al

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

double-blind controlled trial. 7he Lamcer. 2016;388(10051):1281-
1290. doi:10.1016/s0140-6736(16)31203-x

Garcia-Olmo D, Gilaberte I, Binek M, et al. Follow-up study to
evaluate the long-term safety and efficacy of darvadstrocel (mes-
enchymal stem cell treatment) in patients with perianal fistulizing
Crohn’s disease. Dis Colon Rectum. 2021; 65(5):713-720.
d0i:10.1097/dcr.0000000000002325

Julidan P, Bouma G, Ferrante M, et al. INSPECT: a retrospec-
tive study to evaluate long-term effectiveness and safety of
darvadstrocel in patients with perianal fistulizing Crohn’s dis-
ease treated in the ADMIRE-CD trial. Zwuflamin: Bowel Dis.
2022;28(11):1737-1745. doi:10.1093/ibd/izab361

Guadalajara H, Herreros D, De-La-Quintana P, Trebol J, Garcia-
Arranz M, Garcia-Olmo D. Long-term follow-up of patients
undergoing adipose-derived adult stem cell administration to treat
complex perianal fistulas. 77 / Colorectal Dis. 2011;27(5):595-
600. doi:10.1007/s00384-011-1350-1

Elorza AT, Izagirre A, Vicuiia M, Rodriguez C, Cabriada JL,
Rodriguez-Lago 1. P390 Efficacy and safety of mesenchymal stem
cell therapy with darvadstrocel for complex perianal fistulizing
Crohn’s disease: multicentric experience in the Basque Country
and Navarre. / Crohns Colitis. 2022;16(Supplement_1):1388-i388.
doi:10.1093/ecco-jec/jjab232.517

Van Assche G, Vanbeckevoort D, Bielen D, et al. Magnetic reso-
nance imaging of the effects of infliximab on perianal fistulizing
Crohn’s disease. Awm [ Gastroenterol. 2003;98(2):332-339.
doi:10.11114.1572-0241.2003.07241.x

Poggioli G, Laureti S, Campieri M, et al. Infliximab in the treat-
ment of Crohn’s disease. 7her Clin Risk Marnag. 2007;3(2):301-
308. doi:10.2147/tcrm.2007.3.2.301

Geldof J, Igbal N, LeBlanc J-F, et al. Classifying perianal fistulising
Crohn’s disease: an expert consensus to guide decision-making in
daily practice and clinical trials. Zancet Gastroentero! Hepatol.
2022;7(6):576-584. doi:10.1016/s2468-1253(22)00007-3
Schroeder MK, Abushamma S, George AT, et al. TOpCLASS ex-
pert consensus classification of perianal fistulizing Crohn’s disease:
a real-world application in a serial fistula MRI cohort. / Crobus
Colitis. 2024518(9):1430-1439. doi:10.1093/ecco-jcc/jjaec056
Cheng F, Huang Z, Li Z. Efficacy and safety of mesenchymal stem
cells in treatment of complex perianal fistulas: a meta-analysis.
Stems Celfs Int. 2020;2020:1-11. doi:10.1155/2020/8816737
Vezzani B, Shaw I, Lesme H, et al. Higher pericyte content and
secretory activity of microfragmented human adipose tissue
compared to enzymatically derived stromal vascular fraction.
Stemnr Cells Transl. Med.. 2018;7(12):876-886. doi:10.1002/
sctm.18-0051

Lee MJ, Heywood N, Adegbola §, et al.; ENiGMA Collaborators.
Systematic review of surgical interventions for Crohn’s anal fis-
tula. B/S Oper. 2017;1(3):55-66. doi:10.1002/bjs5.13

Lee WY, Park KJ, Cho YB, et al. Autologous adipose tissue-derived
stem cells treatment demonstrated favorable and sustainable ther-
apeutic effect for Crohn’s fistula. Sterz Celfs. 2013;31(11):2575-
2581.doi:10.1002/stem.1357

Dolores Herreros M, Ramirez J-M, Otero-Pifieiro AM, et al. Use
of darvadstrocel (allogenic stem cell therapy) for Crohn’s fistulas
in real clinical practice: the national project to implement mes-
enchymal stem cell for the treatment of perianal Crohn’s fistula
(the PRIME Study). Dis Colorn Rectum. 2024;67(7):960-967.
d0i:10.1097/der.0000000000003216

White I, Yanai H, Avni I, et al. Mesenchymal Stem cell therapy for
Crohn’s perianal fistula—a real-world experience. Colorectal Dis.
2023;26(1):102-109. doi:10.1111/codi. 16830

Bianchi F, Maioli M, Leonardi E, et al. A new nonenzymatic
method and device to obtain a fat tissue derivative highly
enriched in pericyte-like elements by mild mechanical forces from
human lipoaspirates. Cel/ Transplant. 2013;22(11):2063-2077.
doi:10.3727/096368912X657855

45.

46.

47.

48.

49,

50.

51.

54.

55.

56.

59.

60.

61.

Garcia-Olmo D, Herreros D, Pascual I, et al. Expanded adipose-
derived stem cells for the treatment of complex perianal fistula:
a phase II clinical trial. Dis Colon Rectum. 2009;52(1):79-86.
doi:10.1007/DCR.0b013e3181973487

Cho YB, Park KJ, Yoon SN, et al. Long-term results of adipose-
derived stem cell therapy for the treatment of Crohn’s fistula. Stesz
Cells Transl, Med. 2015;4(5):532-537. doi:10.5966/sctm.2014-
0199

Park KJ, Ryoo S-B, Kim ]S, et al. Allogeneic adipose-derived stem
cells for the treatment of perianal fistula in Crohn’s disease: a pilot
clinical trial. Colorectal Dis. 2016;18(5):468-476. doi:10.1111/
codi.13223

Ciccocioppo R, Corazza GR. Mesenchymal stem cells for
fistulising Crohn’s disease. Lancer. 2016;388(10051):1251-1252.
doi:10.1016/50140-6736(16)31209-0

Ciccocioppo R, Gallia A, Sgarella A, Kruzliak P, Gobbi PG,
Corazza GR. Long-term follow-up of Crohn disease fistulas
after local injections of bone marrow-derived mesenchymal
stem cells. Mayo Clir Proe. 2015;90(6):747-755. doi:10.1016/;.
mayocp.2015.03.023

Lee M], Heywood N, Sagar PM, Brown SR, Fearnhead NS;
pCD Collaborators. Surgical management of fistulating perianal
Crohn’s disease: a UK survey. Colorectal Dis. 2017;19(3):266-
273. doi:10.1111/codi. 13462

Guillo L, Grimaud F, Houser F, et al. Three-year outcome of
local injection of autologous stromal vascular fraction cells
and microfat in refractory perianal fistulas of Crohn’s disease.
Stemr Cell Res Ther. 2022;13(1):67. doi:10.1186/s13287-022-
02738-x

Manocha E, Consonni A, Baggi F, et al. CD146+ pericytes subset
isolated from human micro-fragmented far tissue display a strong
interaction with endothelial cells: a potential cell target for ther-
apeutic angiogenesis. /mr [ Mol Sci. 2022523(10):5806-5806.
doi:10.3390/1jms23105806

Tyrell S, Lee M]J. A Systematic review of the quality of reporting
of interventions in the surgical treatment of Crohn’s anal fistula:
an assessment using the TIDiER and Blencowe frameworks. 7ech
Coloproctol.  2021;25(4):359-369.  doi:10.1007/s10151-020-
02359-7

Bislenghi G, Wolthuis A, Van Assche G, Vermeire S, Ferrante
M, D'Hoore A. Cx601 (Darvadstrocel) for the treatment of
perianal fistulizing Crohn’s disease. Expers Opin Biol Ther
2019;19(7):607-616. doi:10.1080/14712598.2019.1623876
McCurdy JD, Munir ], Parlow S, et al. Development of an MRI-
based prediction model for anti-TNF treatment failure in perianal
Crohn’s disease: a multicenter study. Chiwr Gastroenterol Hepatol.
2023;22(5):1058-1066.e2. doi:10.1016/j.cgh.2023.12.006
Ciccocioppo R, Klersy C, Leffler DA, Rogers R, Bennett D,
Corazza GR. Systematic review with meta-analysis: safety and ef-
ficacy of local injections of mesenchymal stem cells in perianal
fistulas. /GH Opern. 2019;3(3):249-260. doi:10.1002/jgh3.12141
Fathallah N, Siproudhis L, Akaffou M, et al, Allogenic stem cells
for Crohn’s anal fistulas: treating early improves the deep remis-
sion rate. Colorectal Drs. 2023;25(11):2170-2176. doi:10.1111/
codi. 16782

Soltani A, Kaiser AM. Endorectal advancement flap for
cryptoglandular or Crohn’s fistula-in-ano. Dis Colon Recturn.
2010;53(4):486-495. doi:10.1007/DCR.0b013e3181ce8b01

Lee M]. ‘Optimum’ strategy and outcome in Crohn’s anal fistula.
Colorectal Dis. 2022325(3):495-496. doi:10.1111/codi. 16389
Algeri M, Conforti A, Pitisci A, et al. Mesenchymal stromal
cells and chronic inflammatory bowel disease. fmmmrol Lett.
2015;168(2):191-200. doi:10.1016/j.imlet.2015.06.018
Mohammadi TC, Jazi K, Bolouriyan A, Soleymanitabar A. Stem
cells in treatment of Crohn’s disease: recent advances and fu-
ture directions. Tramspl [mwmunol, 2023;80:101903-101903,
doi:10.1016/5.trim.2023.101903

¥Z0z Jequeneq (1 Uo Jesn eyosoly Ip edejoldid AQ L#S/L6./E8ZOBZIPAYEE0L 0 L/10P/AI0IIE-80UBAPE/|BUINOIPGYWOD dnoo1Wapese)/:sdpy Wol) pepeojumoq





