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Abstract

Purpose Adipose-derived stem cell (ADSC) transplanta-
tion is expected to be a minimally invasive, but effective,
treatment for postoperative enterocutaneous fistulas associ-
ated with poor blood flow and chronic inflammation. The
aim of this study was to assess the safety and efficacy of a
novel ADSC therapy for this condition.

Methods We conducted an open-label, single-arm explor-
atory phase I study to assess the safety and efficacy of a
novel ADSC therapy. Using the Celution system, we iso-
lated adipose-derived regenerative cells (ADRCs) contain-
ing abundant ADSCs from liposuction-obtained gluteal
adipose tissue. A mixture of ADRCs and fibrin glue was
subsequently transplanted into the fistula, and ADRCs
were percutaneously and endoscopically injected around
the fistula. We evaluated the safety and feasibility of
ADRC transplantation and fistula closure in six patients
(UMINO000007316).

Results ADRC transplantation was completed in all
patients. The fistula closure rates were 83.3 % at 4 and
12 weeks and 100 % at 24 weeks. All patients had grade 1
pain and subcutaneous hemorrhage at the liposuction sites,
but no serious adverse events related to this procedure were
observed.

Conclusions Transplantation of autologous ADRCs is
safe, feasible and advantageous, as it can secure a suffi-
cient cell count without culture or multiple passages, and
will likely be effective for a postoperative enterocutaneous
fistula.
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Introduction

Gastrointestinal surgery can cause infectious complica-
tions at surgical sites, such as the body surface, organs, or
body cavity, and anastomotic leakage in some cases [1-3].
To treat these complications, antibiotic administration,
drainage, irrigation, and curettage are performed; decom-
pression of the gastrointestinal tract using a drainage tube
or ileostomy is also performed in some cases. Since these
infections are often accompanied by a poor blood flow,
achieving healing by unassisted tissue regeneration is dif-
ficult. Moreover, tissue restoration is often protracted in
patients with concurrent inflammatory disease. The process
results in a slow, long-term formation of a refractory fis-
tula between the body cavity and the intestinal tract, mark-
edly impairing the patient’s quality of life (QOL) [4-6]. In
several cases, resection of the diseased intestine with an
enteric fistula and reconstruction should be considered and
might be effective. However, some enterocutaneous fistulas
secondary to diffuse peritonitis require abundant intestinal
resection and might result in short bowel syndrome. More-
over, resection of the fistula related to anastomotic leakage
at the lower rectum requires a permanent stoma. Thus, the
resection of an enterocutaneous fistula is not always avail-
able in all patients. Approaches using tissue transplantation
(e.g., omental flap or musculocutaneous flap transplanta-
tion) have been performed to treat enterocutaneous fistulas
[7]; however, the surgery is invasive, and enterocutaneous
fistulas often recur after tissue transplantation. Accordingly,
tissue transplantation cannot be considered to be an estab-
lished therapeutic method [8].
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Recently, tissue regenerative medicine for refractory dis-
eases using stem cells has become more promising; how-
ever, ethical and safety hurdles regarding the use of embry-
onic stem cells (ES cells) derived from fertilized eggs and
induced pluripotent stem cells (iPS cells) remain. Somatic
stem cells play a primary role in tissue regeneration in
organs such as the skin, intestinal epithelia, bone marrow,
and blood by maintaining tissue homeostasis through con-
stant cell division and differentiation. Although somatic
cells do not have a differentiation ability as varied as that
of ES cells and iPS cells, they are nevertheless being put to
practical use in various fields. Mesenchymal stem cells are
the most frequently clinically applied somatic stem cells.
In addition to their differentiation ability, mesenchymal
stem cells have angiogenetic and immunoregulatory capa-
bilities. Accordingly, they are attracting attention as a new
therapeutic method [9]. While bone marrow-derived stem
cells (BMDSC) have a rich history of use among mesen-
chymal stem cells, Zuk et al. reported in 2001 that adipose
tissues also contain a large amount of mesenchymal stem
cells [10]. Adipose-derived stem cells (ADSCs), which
are mesenchymal stem cells like BMDSCs, have been
revealed to possess pluripotent capability to differentiate
into not only fat cells, but also cells of the cardiac muscle,
bones, cartilages, nerves, and liver [9, 11-13]. Adipose tis-
sues are more advantageous than bone marrow, as tissues
can be harvested from patients in a less invasive manner.
Similar to other mesenchymal stem cells, ADSCs have also
been reported to have angiogenetic and anti-inflammatory
actions; thus, treatment applications for pathologies accom-
panied by blood flow disturbance and inflammation are
expected [14, 15].

In this study, we demonstrated that treatment with
ADSCs could be a novel, safe, and effective therapeutic
method for refractory enterocutaneous fistulas.

Methods
Patients

The study included patients who had received, but not
responded to, treatment such as antibiotic administration,
drainage, irrigation, and ileostomy for an enterocutaneous
fistula that developed after gastrointestinal surgery and per-
sisted for at least 1 month. The fistula did not exceed 10 mL
in volume and had to be evaluable with computed tomog-
raphy (CT), magnetic resonance imaging (MRI), contrast
imaging, or endoscopy. Other eligibility criteria included
age between 20 and 75 years; body weight more than
40 kg; an Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0 or 1; a normal cardiac func-
tion; adequate baseline bone marrow function (hemoglobin

@ Springer

more than 9.0 g/dL, white blood cell count more than 4000/
mm?, and platelet count more than 100,000/mm?>); an ade-
quate hepatic function [serum total bilirubin (T. Bil) less
than 1.5 mg/dL; serum aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) less than 100 IU/L];
and an adequate renal function (serum creatinine less than
1.5 mg/dL).

The following were exclusion criteria: cancer or treat-
ment with anticancer drugs; any gastrointestinal passage
disorder; any active infectious disease; serious comorbidi-
ties (e.g., heart disease, lung disease, liver disease, renal
disease, hemorrhagic tendency, inadequately controlled
diabetes, or hypertension); oral anticoagulants or antiplate-
lets; a history of hypersensitivity to drugs; pregnancy, lacta-
tion, or the potential to become pregnant during the study.
Written informed consent was obtained from all patients
participating in this study.

Treatment

Fat tissue specimens were harvested from the patients’ glu-
teal subcutaneous tissues under general anesthesia in oper-
ating rooms. To suppress bleeding associated with harvest-
ing fat tissue, epinephrine diluted to 0.25-1.5 mg/L was
subcutaneously injected. In total, approximately 360 mL
of fat tissue was harvested using standard sterile liposuc-
tion techniques. After harvesting, a concentrated ADRC
solution containing a large amount of ADSCs was prepared
using the Celution system (Cytori Therapeutics, San Diego,
CA, USA). Briefly, adipose tissue was introduced into
the Celution system, which automatically and aseptically
extracts and concentrates the mononuclear fraction of adi-
pose tissue and removes unwarranted or deleterious cells
and matrix fragments. Cells were counted using a Countess
Automated Cell Counter (Invitrogen), and the average cell
count was calculated. The release criteria included a cell
count of 3.5 x 10° or greater, viability of more than 60 %,
and acceptable morphology. Phenotypic surface markers
were also examined. Part of the concentrated ADRC solu-
tion was submitted for mycoplasma and bacterial testing,
while part of it was frozen and stored.

After curettage and irrigation of the fistula, the concen-
trated ADRC solution was transplanted from the body sur-
face and gastrointestinal tract. Using an injection needle, a
fourth of the concentrated cell solution’s volume was per-
cutaneously injected into tissues around the fistula, and a
fourth of the volume was endoscopically injected into the
submucosal tissue around the fistula. The remaining half
was mixed with thrombin solution and injected with fibrin-
ogen solution (Bolheal; Kaketsuken, Kumamoto, Japan).
Finally, the fistula was filled with fibrin glue containing
ADRC:s and the skin was sutured closed. Oral intake was
resumed on the first postoperative day in except one patient
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without ileostomy who experienced a transient exacerba-
tion of Crohn’s disease and therefore fasted for 20 days
after the operation.

Assessments

Patients underwent laboratory testing, fistulography, CT,
and endoscopy at enrollment. Observations of the clini-
cal symptoms, laboratory tests, CT results, and endoscopy
assessments were performed at 1, 2, 4, 12, and 24 weeks
after ADRC transplantation. Enterocutaneous fistula clo-
sure was considered to be achieved when fistula drainage
disappeared, and no recurrence of an abscess or fistula
was observed on the images. Upon diagnosis, the rate of
enterocutaneous fistula closure was evaluated. All adverse
events were graded according to the Common Terminology
Criteria for Adverse Events, version 4.0.

Ethical considerations

This study’s protocol was based on the Japanese guidelines
for clinical research using human stem cells. The study was
approved by the National Committee on Clinical Research
Using Human Stem Cells and our institutional review
board. This clinical trial was registered in the University
Hospital Medical Information Network Clinical Trials Reg-
istry (UMIN-CTR) (UMINO00007316).

Results
Patient characteristics

The subjects included 4 men and 2 women (median age
36.5 years, range 27-55 years). The median BMI was
20.6 kg/m? (17.9-27.6 kg/m?). The primary diseases
were ulcerative colitis in 4 patients (including 1 with a
rectal carcinoid) and Crohn’s disease in 2. One patient
with rectal carcinoid and ulcerative colitis experienced
moderate to severe colitis in the remaining colon while
being treated for anastomotic leakage following low
anterior resection for the rectal carcinoid. One patient
with Crohn’s disease experienced an enterocutaneous
fistula extending from leakage at the anastomosis site
to the drain insertion site following ileocecal resection.
The other patient with Crohn’s disease experienced an
enterocutaneous fistula extending from the site of anas-
tomotic leakage to the drain insertion site following
ileocecal resection and anterior resection. Of 4 patients
with ulcerative colitis, 3 had an enterocutaneous fis-
tula extending from the pouch following total procto-
colectomy and ileal pouch-anal anastomosis, and 1 had
a fistula extending from the site of anastomotic leakage

following lower anterior resection for a rectal carcinoid.
Prophylactic ileostomy was placed in one patient with
ulcerative colitis after low anterior resection for the rec-
tal carcinoid (Case 3). Diverting ileostomy was placed
in 4 patients soon after the occurrence of enterocuta-
neous fistula (Cases 2, 4, 5 and 6), excluding 1 patient
with Crohn’s disease who had an enterocutaneous fistula
extending from leakage at the anastomosis site following
ileocecal resection to the drain insertion site. The median
duration between the occurrences of enterocutaneous fis-
tula and the transplantation of ADRCs was 23 months
(5-44 months). The median fistula volume evaluated
by fistulography was 1.5 mL (1.0-2.0 mL). The median
level of preoperative C-reactive protein was 0.32 mg/dL
(0.05-6.52 mg/dL). Although CRP was elevated up to
6.52 mg/dL in one patient complicated with a peristomal
abscess (Case 2), there was no active inflammation in the
fistularized intestine in all patients (Table 1).

Feasibility

All 6 patients successfully underwent fat tissue har-
vesting, concentrated ADRC solution preparation, and
transplantation.

The median volume of the harvested fat tissue was
334 mL (range 290-359 mL). The subjects’ body weight
and BMI ranges were 45.9-75.5 kg and 17.9-27.6 kg/m?,
respectively. Fat tissues required for treatment could be
harvested in all patients.

The median ADRC value in the concentrated cell solu-
tions was 7.59 x 107 (range 9.60 x 10°-1.42 x 10%), and
the median viability of ADRCs was 89.2 % (range 84.3—
93.0 %). The median percentage of CD45-CD31-CD34"
cells was 24.2 % (range 1.9-49.7 %). No correlation was
observed between the subjects’ body weight or BMI and
the amount of harvested fat tissues, ADRC count, ADRC
viability, or the proportion of CD45 CD31 CD34"
cells. One-quarter of the concentrated ADRC cell solu-
tion was percutaneously injected into tissues around
the fistula, and one-quarter was endoscopically injected
into submucosal tissue around the fistula. After the ini-
tial 2 injections, the remaining half of the ADRC solu-
tion was mixed with thrombin solution, injected into the
fistula with fibrinogen solution, and the fistula was filled
with fibrin glue containing ADRCs. The median opera-
tion time was 236.5 min (range 204-297 min), including
the time to prepare the concentrated ADRC solution. The
median time for liposuction and ADRCs transplantation
was 68 min (range 59—105 min). The median blood loss
was 20 mL (range 0—-65 mL), including bleeding asso-
ciated with curettage of the fistula. No complications
associated with fat harvesting or transplantation were
observed (Table 2).
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Table 1 Patient characteristics

Cases 1 2 3 4 5 6
Age (years) 27 42 43 31 55 29
Gender Male Female Male Female Male Male
Height (cm) 170 151 167 165 166 165
Weight (kg) 51.8 459 61.0 55.3 57.6 75.5
BMI (kg/m?) 17.9 20.1 22.0 20.4 20.8 27.6
Primary disease CD ucC Rectal carcinoid UC CD ucC ucC
Previous operation ~ ICR TP + IPAA LAR ICR + AR TP 4 IPAA TP 4 IPAA
Duration (months) 14 44 17 29 43 5
Therapeutic Drainage Drainage + ileos-  Drainage + ileos-  Drainage + ileos-  Drainage + ileos-  Drainage + ileos-
approach to tomy tomy tomy tomy tomy
enterocutaneous
fistula
Fistula volume (mL) 2.0 1.0 1.5 2.0 1.5 1.5
Preoperative CRP 0.47 6.52 0.12 0.16 0.05 1.24
(mg/dL)

CD Crohn’s disease, UC ulcerative colitis, /CR ileocecal resection, TP total proctocolectomy, IPAA ileal pouch-anal anastomosis, LAR low ante-

rior resection, AR anterior resection, CRP C-reactive protein

Table 2 Separation, purification and transplantation of adipose-derived regenerative cells

Cases 1 2 3 4 5 6
Amount of fat removed by liposuction (mL) 290 333 335 359 324 355
Number of ADRCs 1.16 x 10 6.48 x 10" 5.20 x 10’ 8.70 x 107 9.60 x 10° 1.42 x 108
Viability of ADRCs (%) 93.0 88.8 84.3 88.3 89.6 92.1
Proportion of CD45-CD31~CD34™" Cells (%) 18.0 30.3 49.7 10.0 1.9 44.8
Filling with fibrin glue (mL) 2.5 2.5 25 25 2.5 2.5
Percutaneous injection (mL) 1.25 1.25 1.25 1.25 1.25 1.25
Submucosal injection (mL) 1.25 1.25 1.25 1.25 1.25 1.25
Total operation time (min) 206 248 250 225 297 204
Time for liposuction (min) 41 31 55 32 83 21
Time for ADRCs transplantation (min) 32 41 9 27 22 17
Blood loss (mL) 20 20 20 20 0 65
ADRC:s adipose-derived regenerative cells
Table 3 Clinical outcomes Cases 1 5 3 4 5 6
Fistula closure
At 4 weeks + + + + + -
At 12 weeks + + + + + -
At 24 weeks + + + + + +

Efficacy

The fistula closure rates were 83.3 % (5 of 6 patients) at
4 and 12 weeks and 100 % (6 of 6) at 24 weeks (Table 3).
Fistula closure and epithelialization were achieved in Cases
1-5 at 4, 12, and 24 weeks (final observation) after the
transplantation of ADRCs. Case 1 resumed oral intake and
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Cases 2-5 achieved ileostomy closure. At 4 and 12 weeks
after ADRC transplantation, Case 6 had not achieved com-
plete epithelialization despite decreases in fistula drain-
age; however, at the final observation 24 weeks after the
procedure, drainage disappeared and epithelialization
was observed. The patient had a recurrent fistula result-
ing from pouchitis relapse 10 months after the operation,
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Table 4 Adverse events Cases 1 5 3 4 5 6
Liposuction-related pain Grade | Gradel Gradel Gradel Grade!l Grade 1
Liposuction-related subcutaneous hemorrhage Grade | Grade 1 Grade 1 Gradel Gradel Gradel
Transplantation-related pain - - - Grade 1 - Grade 1
Fever - Grade | Gradel Gradel - Grade 1
Dehydration - - - Grade | - -
Vomiting Grade 1 - - - - -
Diarrhea - - - - - Grade 1
Gastroesophageal reflux disease - Grade2 - - - -
Mucositis Grade 1 - - - - -
Anal pain - - Grade | - - -
Anal hemorrhage - - - - Grade 1 -
Stoma complications - Grade 3 - - - Grade 2
Hematuria - - - Grade 1 - -
Maculopapular rash - - - Grade 1| - -
Paronychia - - Grade | - - -
Exacerbation of Crohn’s disease Grade 3 - - - - -
Anemia Grade 3 Grade3 - - - Grade 1
AST Grade 1 - - - Grade 1 -
ALT Grade3 - Grade 1 Gradel - Grade 1
ALP Grade 1 - - - - Grade 1
T.Bil - - - - Grade 3 -
D.Bil Grade 1 - - - - -
Hyponatremia Grade | - - Grade | - -
Hyperkalemia - - - - Grade2 -
Hypokalemia Grade | - - - - -
Hypoproteinemia Grade | - - - - -
Hypoalbuminemia Grade | - - Grade 1 - Grade 1
Hyperuricemia Grade 1 Grade2 - Grade 1 - Grade 1
Hypercreatininemia Grade 1 - - Grade 1 - -
Proteinuria - - - Grade 1 - -
Increased levels of serum C-reactive protein Grade 1 - Grade 1 Grade2 Gradel -

however, a small amount of drainage continued to the time
of publication.

Safety

Only 2 cases of serious adverse events were observed
throughout each procedure stage, including the ADRC
transplantation and observation period. The events included
an extended hospitalization period resulting from exacerba-
tion of Crohn’s disease (Case 1) and hospitalization due to
a parastomal hernia (Case 6). Grade 3 or greater adverse
events were anemia in 33.3 % (2 of 6 patients) and stoma-
related complications, increased ALT, and increased bili-
rubin in 16.7 % (1 of 6 patients) each; however, none of
these adverse events were considered to be associated with
fat tissue harvesting or ADRC transplantation. Although all
patients experienced pain and subcutaneous hemorrhage at

the liposuction sites, all events were grade 1 and resolved or
disappeared with the administration of analgesics (Table 4).

Discussion

In this study, we demonstrated the advantages of trans-
planting autologous ADRCs containing a large amount of
stem cells from the adipose tissues for treating postopera-
tive enterocutaneous fistulas. This method can secure a suf-
ficient number of cells without excessive culture or passage
requirements and is a safe and feasible treatment for further
consideration.

This study’s strength lay primarily in its novel use of
noncultured, nonpassaged ADSCs. Prior to clinical applica-
tion, we verified the effect and mechanism of ADSC trans-
plantation and demonstrated that ADSCs were involved in
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angiogenesis, suggesting a potential mechanism for this
study’s therapeutic findings regarding fistula healing [16].
The limitations were the lack of a control group and a sin-
gle-institution, nonrandomized design with a small sample
size. Accordingly, while our results do not bear statistical
significance, we believe the clinical results to be well worth
further investigation on a large, multicenter scale.

The incidence of surgical site infection following colo-
rectal cancer operation reportedly ranges from 10 to 30 %,
and the incidences of anastomotic leakage are 3-6 % in
colon cancer and 3—-15 % in rectal cancer [17-22]. Despite
declining rates of occurrence due to advances in the opera-
tive procedures and equipment, these complications are not
rare [23]. In inflammatory bowel diseases such as ulcera-
tive colitis and Crohn’s disease, the incidences of postoper-
ative infectious complications such as anastomotic leakage
are even higher due to preoperative malnutrition and the
effect of immunoregulatory agents [24-27] In addition, it
is not uncommon for postoperative complications to lead to
an enterocutaneous fistula in patients with Crohn’s disease,
for short bowel syndrome from polysurgery to result in any
patient, or for pouch failure from pouch-related compli-
cation resulting in a permanent stoma to occur in patients
with ulcerative colitis [5, 25]. Despite therapeutic tech-
niques such as musculocutaneous flap surgery and filling
using fibrin glue, to date there is no definitive, gold-stand-
ard therapeutic procedure. The development of a less inva-
sive and highly effective therapeutic method thus remains
desirable.

By treating fat tissues with enzymes and then centrifug-
ing them, ADSCs, specific mesenchymal stem cells, can be
fairly easily obtained. Fat tissues, which consist mostly of
fat by volume, also contain vascular endothelial cells, vas-
cular pericytes, macrophages, and ADSCs in their matrices
[28]. After harvested fat tissues are treated with enzymes,
these components, collectively known as the stromal vascu-
lar fraction (SVF), can be isolated by centrifugation. When
the SVF is cultured, cells other than ADSCs die, estab-
lishing ADSCs as the primary component. Using multiple
passages, even more cells can be obtained. There are other
methods to secure mesenchymal cells; however, they tend
to be less efficient. The ratio of the number of BMDSCs,
mesenchymal stem cells like ADSCs, contained in the bone
marrow is considered to be very low at 0.001-0.01 % of the
total number of nucleated cells. Although it is not definite,
harvested BMDSCs reportedly proliferate slower as they
age following harvest [29]. On the other hand, approxi-
mately 5 x 10° cells per gram of fat tissue can reportedly
be harvested from ADSCs, 500 times greater than obtain-
able ADSCs from the same amount of bone marrow tissues
[30]. Furthermore, large amounts of fat tissues are present
near the body surface and can be harvested more easily and
safely than bone marrow tissue. The clinical applications
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are likely to favor the ability to secure a large number of
ADSCs over relatively few BMDSCs. The clinical applica-
tions of ADSCs in various diseases are currently underway.
If a sufficient amount of ADSCs can be initially secured
through fat tissue harvesting and preparation, then cultiva-
tion and the use of multiple passages to increase the num-
ber of cells will become unnecessary, making it possible to
provide treatment without a cell processing center, one of
the current hurdles in cell therapy. This would be a highly
convenient advantage. At present, the target diseases of
treatment with ADSCs are wide-ranging, including fistulas,
ischemic heart disease, peripheral artery disease, inflamma-
tory bowel disease, urinary incontinence, and plastic recon-
structive surgery [31-36]. Cultured or passaged ADSCs are
used to treat some of these diseases [31, 32, 35]; in other
cases, purified ADSCs with noncultured or passaged SVF
are administered, as in this study, which used a Celution
system [33, 34, 36]. The results of phase II and III stud-
ies of complex anal fistulas, pathologically similar to the
enterocutaneous fistulas examined in this study, treated
with cultured ADSCs have already been reported [31, 32].
Our novel study, based on our previous clinical findings of
angiogenesis with ADSCs in experimental mice with intra-
peritoneal dead space, confirmed and expanded based on
the results of the other fistula studies [16].

All 6 patients in this study had inflammatory bowel
disease, ulcerative colitis, or Crohn’s disease. Various
treatment types were administered for enterocutaneous
fistulas that had remained for more than a year. Local
inflammation was controlled by drainage. Anti-TNF-a
antibodies were administered to 2 patients with Crohn’s
disease and 1 patient with ulcerative colitis (after rec-
tal carcinoid surgery), and intestinal tract inflammation
was well controlled. Following ADRC transplantation,
fistula closure was rapidly achieved in 5 patients. Case
6 required 4 months to achieve fistula closure, largely
due to poorly controlled pouchitis after transplantation;
10 months later, an enterocutaneous fistula recurred from
pouchitis relapse. Of 5 patients with temporary stoma
placement, 4 patients experienced stoma closure. Case 6,
with recurrent enterocutaneous fistula, did not experience
stoma closure.

Using ADRC transplantation for refractory enterocuta-
neous fistula is thus considered to be a safe, novel thera-
peutic method and expected to be effective. The angioge-
netic influence we observed in our experimental mice is a
likely contributing mechanism. Favorable fistula closure
was achieved in patients with controlled intestinal tract
inflammation, although complete fistula closure could not
be achieved in patients with inadequately controlled pouch-
itis after transplantation. This result may indicate that the
amount of ADSCs contained in ADRCs locally adminis-
tered in this study was inadequate for the sustained control
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of intestinal inflammation. Further study of ADSC inflam-
mation control and immunoregulation is required.
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