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Abstract
Crohn’s disease (CD) is a complex disorder with important incidence in North America. Perianal
fistulas occur in about 20% of patients with CD and are almost always classified as complex fistulas.
Conventional treatment options have shown different success rates, yet there are data indicating
that these approaches cannot achieve total cure and may not improve quality of life of these patients.
Fibrin glue, fistula plug, topical tacrolimus, local injection of infliximab and use of hematopoietic
stem cells (HSC) and mesenchymal stem cells (MSC) are newly suggested therapies with variable
success rates. Here, we aim to review these novel therapies for the treatment of complex fistulizing
CD. Although initial results are promising, randomized studies are needed to prove efficacy of these
approaches in curing fistulizing perianal CD.
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Crohn’s disease (CD) is a complex disorder of uncertain etiology characterized by chronic
recurrent inflammation of the bowel. The disease incidence in North America ranged from 3.1 to
20.2 cases per 100,000 persons per year in published epidemiological studies [1,2]. Perianal fistulas
occur in about 20% of patients with CD and are almost always classified as complex fistulas [3]. The
ideal outcome from treatment of these fistulas is complete closure with prevention of infection and
abscess formation. However, intensive medical and surgical therapy has only success rates ranging
from 30 to 80%. In view of incomplete fistula closure, treatment strategies have shifted from cure
to reduction of fistula drainage and quality life improvement until more effective therapies become
available.

Conventional Medical Treatments
Antibiotics, immunosuppressive drugs such as thiopurines, oral tacrolimus and antiTNF alpha’s role in the management of fistulizing CD have been reported with variable success
rates when used as single agents or in combination. Antibiotics use in uncontrolled studies of
fistulizing CD report symptom reduction but fail to result in fistula closure [4,5]. There was no
significant difference between antibiotics and placebo in achieving complete fistula closure or/and
improvement of fistula in a small sampled, randomized, double blinded, placebo control trail [6].
Effectiveness of thiopurines, including 6-metacaptopirine and azathioprine, studied by Pearson
et al., [7] has been investigated in a meta-analysis of 5 controlled trials reporting complete fistula
closure or reduction in fistula drainage in 54% of patients. Multiple randomized controlled trials
showed that anti-TNF alpha treatments including infliximab, adalimumab and certolizumab are
superior to placebo in induction treatment and maintenance therapy for perianal fistulas in CD [813]. However, development of antibodies against these agents has been reported and can result in
loss of clinical response [14]. In addition, anti-TNF agents have been associated with opportunistic
infections, serum sickness like reaction, autoimmune disorders and sepsis [15]. In a randomized
control trial, although oral tacrolimus was effective in closure of 50% of CD fistulas, there was no
difference in complete closure of all fistulas when compared to placebo [16].

Surgical Options
Fistulotomy with sphincterotomy is the preferred management for simple fistulas that results
in high cure rates without fecal incontinence in non-CD fistulas. In CD fistulas with any degree
of diarrhea, seton placement, advancement flaps and ligation of the intersphincteric fistula tract
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(LIFT) are surgical options that have higher recurrence rates in an
attempt to avoid fistulotomy with sphincterotomy that could result
in incontinence. Seton placement for chronic drainage does not
cure fistulas but limits recurring perianal sepsis and is the standard
surgical option for CD fistulas that is meant to improve quality of
life in patients living with chronic disease [17-21]. Advancement flaps
have healing rates from 60 to 70% but have increased complications
over seton drains [17,22,23]. Data regarding effectiveness of the LIFT
procedure in CD patients are lacking [24-26]. Best practice guidelines
recommend that surgical interventions apart form seton placement
to allow continuous drainage should be avoided [27,28].

Multiple local injections of infliximab have been placed into
the fistulous tract, internal opening and external opening. Two
uncontrolled small sampled studies were published with healing
rates around 70% [38,39]. Asteria et al. [39] excluded patients who
received previous treatment with infliximab systemically or had rectal
or perianal complications like proctitis or abscess. Local injections
of infliximab was effective in 72.7% showing reduction in fistula
drainage higher or equal to 50% and 36.4% achieving complete
cessation of drainage for a minimum of 4 weeks. Alessandroni et al.
[40] combined repeated peri-fistular infliximab injection with coreout fistulectomies as a treatment for refractory complex perianal
fistulas in CD. Fistula closure at 12 months was observed in 7 out of 8
patients (87.5%) who completed the treatments. These are promising
initial data and controlled randomized studies are needed to prove
efficacy [40].

Current combined medical and surgical management are
reported to have better outcomes in the treatment of perianal fistulas
in CD [29-31]. Yet, these approaches do not achieve cure and fail
to sufficiently improve quality of life of these patients such that
there is need for new and improved treatments. Fibrin glue, fistula
plug, topical tacrolimus, local injection of infliximab and the use of
hematopoietic stem cells (HSC) and mesenchymal stem cells (MSC)
are newly suggested therapies for these fistulas.

Stem Cell Therapy
Use of HSC and MSC in treatment of fistulizing CD was proposed
after the serendipity of discovery using stem cells in treatment of CD
in 1993. The first report of stem cells’ ability to treat IBD patients
was on a 41-year-old female who underwent an autologous HSC
transplantation for non-Hodgkin’s lymphoma [41]. The patient had
also suffered from Crohn’s disease since 1970, had partial colectomy
in 1985 and developed rectovaginal fistula in 1986. After receiving a
total of 3.07 x 108/kg nucleated viable CD34+ HSCs transplanted, for
6 consecutive months being followed up in the outpatient clinic, she
was surprisingly asymptomatic and needing no treatment for Crohn’s
disease. Another case of successful long-term control of Crohn’s
disease was subsequently reported in a 20-year-old male with nonHodgkin’s lymphoma who also developed a CD perianal fistula. The
CD fistula was in stable condition for 7 years following autologous
bone marrow transplantation. There was no clinical or laboratory
evidence of recurrence of either Crohn’s disease or non-Hodgkin’s
lymphoma in this patient [42].

Fibrin Glue
Fibrin glue is a mixture of fibrinogen, calcium ions and thrombin
that gets injected using a catheter into the fistulas tract and clot
within 60 seconds. Preservation of anal sphincter function is a main
advantage of this procedure, but early extravasation of the mixture
from the fistulous tract and failure of exact identification of all
fistula branches results in high recurrence rate. Data on fibrin glue
effectiveness in CD is very limited. In a randomized control trial
assessing fibrin glue effectiveness in CD patients, clinical remission
was reported in 38% of the study group compared to 16% in the
control group [32]. Lindsey et al. [33] reported that only two out
of six CD patients treated with fibrin glue (33%) reported healing
defined as no drainage. Longer-term follow-up data for fibrin glue in
CD fistula has not been reported.

Fistula Plug

CD fistulas likely result mainly from a long-term effect of an
autoimmune condition. The concept of re-setting the exaggerated
immune response with a brand new immune system using HSC
transplant is strongly supported by observations of patients after
undergoing HSC transplantation [43]. Before new HSCs are
administered intravenously into the patient, the HSCs need to be
mobilized from the bone marrow into the peripheral blood for
harvest. The patient then needs to go through preparative treatments
that result in ablation of their current immune system. This procedure
will rescue the body from the exaggerated autoimmune condition and
permit the new hematopoietic precursors to generate a new tolerant
T-cell population [44].

Fistula plug is a cone shaped plug synthesized from lyophilized
porcine small intestine mucosa that is threaded through the fistulous
tract and fixed in place with a suture. The strategy of plugs is similar
to fibrin glue in simplicity of use and avoidance of injury to the anal
sphincter muscle but is meant to decrease failure from dislodgement
of glue. Chung et al. [17] reported healing rates of 75% at 12 weeks in
51 inflammatory bowel disease (IBD) patients of which 40 were CD
patients.
However, most failures were reported to be due to early extrusion
of the plug within 1 week after placement. In a systematic review
published in 2012 by O’Riordan et al. [34] healing rates in non-CD
and CD fistulas were reported to be 54.8% and 54.3% respectively.

From 1995 to 2007, 22 out of 25 IBD patients who underwent
autologous HSC transplant for blood and bone marrow cancer
were reported to achieve clinical remission over a median followup for 20 months, only two of which received ongoing treatment
for Crohn’s disease. Even though the original studies were not
aimed to investigate the effect of autologous HSC transplant on IBD
progression, the notion of long-lasting remission from CD and the
potential improvement of related fistulizing disease by resetting new
self-tolerant lymphocytes through chemotherapy was supported [45].

Topical Tacrolimus
Use of topical tacrolimus in CD perianal fistulas was suggested
from its effectiveness in treatment of immune mediated skin diseases
[35] but studies about its usage in CD are very limited. In a recently
published systematic review of tacrolimus use in CD [36], only 1
randomized controlled trial (RCT) was found addressing topical
tacrolimus use in fistulizing perianal CD. Hart et al. [37] tested 12
CD fistulizing patients and concluded that there was no benefit from
topical tacrolimus.
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The phase III ADMIRE-Crohn’s disease study will assess efficacy
of ad-MSCs from healthy donors for the treatment of complex perianal
fistulas in patients with Crohn’s disease over a 24-week period and
extended follow-up period up to 104 weeks (“Adipose derived MSCs
for induction of remission in perianal fistulizing Crohn’s disease”,
ClinicalTrials.gov Identifier: NCT01541579). Patients with perianal
fistulizing Crohn's disease will be treated with 120x106 expanded adMSCs administered by intralesional injection. This study is currently
enrolling patients with estimated completion in 2017. Another phase
I study of autologous mesenchymal stromal cell coated fistula plug
in patients with fistulizing Crohn's disease is recently recruiting
participants (“Stem cell fistula plug in perianal Crohn’s disease”;
ClinicalTrials.gov Identifier: NCT01915927). The primary endpoint
of this study is to determine the safety and feasibility of using adautologous MSC coated Gore Bio-A Fistula Plug as an option for new
treatment.

Crohn’s disease received non-myeloablative hematopoietic stem cell
transplantation. Among these, 19% stayed in remission for 5 years,
57% for 3 years and 91% for 1 year after the transplantation. In
another trial of HSC transplantation in severe CD patients, there was
closure of the fistula tract in three out of four patients [47].
Although T-cell depletion of the graft will result in self-tolerance,
safety with use of HSC transplantation is of significant concern
because of the risks of infectious complication due to prolonged
lymphopenia [48]. As such, all studies to date only focus on severe
refractory Crohn’s disease cases in which the risks are out-weighed by
potential benefits. Because allogeneic HSC transplantation has high
complication and mortality rates, it is not presently recommended
treatment for autoimmune diseases [49]. A phase III trial on allogeneic
HSC transplantation in Crohn’s disease is currently recruiting
participants (“Non-myeloablative allogeneic HSC transplantation
for patients with refractory Crohn’s disease”, ClinicalTrials.gov
Identifier: NCT01288053). This trial aims to evaluate the effects of
allogeneic non-myeloablative HSC transplantation on patients with
high-risk Crohn’s disease.

Local Mesenchymal Stem
Therapy in Fistulizing CD

Cell

Of note, a number of clinical trials have been terminated because
they did not provide a feasible uniform protocol in cell isolation
and selection, and cell expansion technique was not developed. It is
suggested that for higher clinical efficacy robust priming for best MSCs
culture needs to be done in advance together with a careful donor
selection process and identification/isolation of its subpopulation
with enhanced immunosuppressive properties [48]. Further, we do
not yet have a good experiment set up in vivo showing the multiline
age ability of MSCs and how to prevent MSCs from turning into
something undesirable within patients.

(MSC)

A population of bone-marrow-derived mononuclear cells in
culture will adhere to plastic forming colony units of fibroblast
morphology [50]. With the ability to differentiate into various
lineages such as adipocytes, osteocytes and cartilage cells, this
population is identified as mesenchymal stem cells (also called
mesenchymal stromal cells) [51,52]. These cells can self-renew and be
maintained for prolonged periods in ex vivo condition [53]. Adipose
tissue derived MSCs (ad-MSCs) can also be isolated from liposuction
aspirates and have capability of exerting immunosuppressive
functions and are a promising therapy for tissue regeneration in
inflammatory related tissue injury at the local level [54]. With 90%
similarity in the immunophenotypes, bone marrow derived MSCs
(bm-MSCs) and ad-MSCs are alternatively being used for treatment
of IBD. However, most current experiments use ad-MSCs due to their
higher abundance in human adipose tissue [55,56]. Ad-MSCs’ multi
lineage capacity have been reported in in vitro and animal studies
using a colitis mice model have shown ad-MSCs’ ability to inhibit
inflammatory and autoimmune responses [54].

Conclusion
Treatment of CD fistulas remains challenging with persisting
detrimental effect on quality of life in these patients living with
chronic disease. New local treatments including fistula plugs and
local injection of infliximab after abscess drainage report promising
early results but randomized trials of larger patient numbers and
longer term follow-up are required. A handful of clinical studies
using stem cell therapy have shown positive results. HSC and MSC
therapies are not yet fully developed for technical procedure to be
routinely and safely performed. There is a therapeutic gap between
conventional treatments and cure of fistulizing CD until clinical trials
prove efficacy of these novel treatments.

References
1. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff G, et al.
Increasing incidence and prevalence of the inflammatory bowel diseases
with time, based on systematic review. Gastroenterology. 2012; 142: 46-54.

In 2003, a case report was published as one of the first clinical
treatments documented on cell therapy treating IBD using ad-MSCs
[55]. A 33 year-old woman with Crohn’s colitis for 11 years developed
perianal suppurations and rectovaginal fistula. Her symptoms did not
improve with infliximab and seton drainage. After receiving 9x106
adipose tissue derived-MSC local injection, her surgery wound closed
completely within one week (with minor signs of inflammation) and
there was no fecal incontinence or vaginal flatus being observed. The
patient remained asymptomatic with no recurrence of a rectovaginal
fistula within 3 months. In 2007, Ciccocioppo et al. [57] conducted a
clinical trial involving 12 patients with complex perianal fistula and
enterocutaneous fistula. Each patient received two to five intra-fistula
injections with bm-MSCs every 4 weeks. At 12 months after the final
injection, closure of external opening was evident with appearance of
regenerative tissue. In trials performed by Garcia-Olmo et al., [58-60]
ad-MSC therapy for complex perianal fistula had significant efficacy
(more than 70%) versus fibrin glue in both Crohn’s and non-Crohn’s
patients.

Remedy Publications LLC., | http://clinicsinsurgery.com/

2. Loftus EV Jr. Clinical epidemiology of inflammatory bowel disease:
Incidence, prevalence, and environmental influences. Gastroenterology.
2004; 126: 1504-1517.
3. Rankin GB, Watts HD, Melnyk CS, Kelley ML Jr. National Cooperative
Crohn's Disease Study: extraintestinal manifestations and perianal
complications. Gastroenterology. 1979; 77: 914-920.
4. Brandt LJ, Bernstein LH, Boley SJ, Frank MS. Metronidazole therapy for
perineal Crohn's disease: a follow-up study. Gastroenterology. 1982; 83:
383-387.
5. Prantera C, Berto E, Scribano ML, Falasco G. Use of antibiotics in the
treatment of active Crohn's disease: experience with metronidazole and
ciprofloxacin. Ital J Gastroenterol Hepatol. 1998; 30: 602-606.
6. Thia KT, Mahadevan U, Feagan BG, Wong C, Cockeram A, Bitton A, et
al. Ciprofloxacin or metronidazole for the treatment of perianal fistulas
in patients with Crohn's disease: a randomized, double-blind,placebocontrolled pilot study. Inflamm Bowel Dis. 2009; 15: 17-24.

3

2016 | Volume 1 | Article 1214

Phang PT, et al.

Clinics in Surgery - Colon and Rectal Surgery

7. Pearson DC, May GR , Fick GH , Sutherland LR. Azathioprine and
6-mercaptopurine in Crohn disease. A meta-analysis. Ann Intern Med.
1995; 123: 132-142.

25. Shanwani A, Nor A M, Amri N. Ligation of the intersphincteric fistula
tract (LIFT): a sphincter-saving technique for fistula-in-ano. Dis Colon
Rectum. 2010; 26: 39–42.

8. Present DH, Rutgeerts P, Targan S, Hanauer SB, Mayer L, van Hogezand
RA, et al. Infliximab for the treatment of fistulas in patients with Crohn's
disease. N Engl J Med. 1999; 340: 1398-1405.

26. Ooi K, Skinner I, Croxford M, Faragher I, McLaughlin S. Managing fistulain-ano with ligation of the intersphincteric fistula tract procedure: the
Western Hospital experience. Colorectal Dis. 2012; 26: 599–603.

9. Sands BE, Anderson FH, Bernstein CN, Chey WY, Feagan BG, Fedorak
RN, et al. Infliximab maintenance therapy for fistulizing Crohn's disease.
N Engl J Med. 2004; 350: 876-885.

27. BMJ Best Practice. 2015.
28. American college of gastroenterology. <http://gi.org/education-andmeetings/regional-meetings/2014-acg-board-of-governorsasge-bestpractices-course-session-handouts> (Accessed July 30, 2015)

10. Behm BW, Bickston SJ. Tumor necrosis factor-alpha antibody for
maintenance of remission in Crohn's disease. Cochrane Database Syst Rev.
2008; CD006893.

29. Regueiro M, Mardini H. Treatment of perianal fistulizing Crohn's disease
with infliximab alone or as an adjunct to exam under anesthesia with seton
placement. Inflamm Bowel Dis Colon Rectum. 2003; 9: 98-103.

11. Colombel JF, Schwartz DA, Sandborn WJ, Kamm MA, D'Haens G,
Rutgeerts P, et al. Adalimumab for the treatment of fistulas in patients with
Crohn's disease. Gut. 2009; 58: 940-948.

30. Topstad DR, Panaccione R, Heine JA, Johnson DR, MacLean AR, Buie
WD. Combined seton placement, infliximab infusion, and maintenance
immunosuppressives improve healing rate in fistulizing anorectal Crohn's
disease: a single center experience. Dis Colon Rectum. 2003; 46: 577-583.

12. Hinojosa J, Gomollón F, García S, Bastida G, Cabriada JL, Saro C, et
al. Efficacy and safety of short-term adalimumab treatment in patients
with active Crohn's disease who lost response or showed intolerance to
infliximab: a prospective, open-label, multicentre trial. Aliment Pharmacol
Ther. 2007; 25: 409-418.

31. Poritz LS, Rowe WA, Koltun WA. Remicade does not abolish the need for
surgery in fistulizing Crohn's disease. Dis Colon Rectum. 2002; 45: 771775.

13. Schreiber S, Lawrance IC, Thomsen OØ, Hanauer SB, Bloomfield R,
Sandborn WJ. Randomised clinical trial: certolizumab pegol for fistulas
in Crohn's disease - subgroup results from a placebo-controlled study.
Aliment Pharmacol Ther. 2011; 33: 185-193.

32. Grimaud JC, Munoz-Bongrand N, Siproudhis L, Abramowitz L, Sénéjoux
A, Vitton V, et al. Fibrin glue is effective healing perianal fistulas in patients
with Crohn's disease. Gastroenterology. 2010; 138: 2275-2281.
33. Lindsey I, Smilgin-Humphreys MM, Cunningham C, Mortensen NJ,
George BD. A randomized, controlled trial of fibrin glue vs. conventional
treatment for anal fistula. Dis Colon Rectum. 2002; 45: 1608-1615.

14. Nanda KS, Cheifetz AS, Moss AC. Impact of antibodies to infliximab
on clinical outcomes and serum infliximab levels in patients with
inflammatory bowel disease (IBD): a meta-analysis. Am J Gastroenterol.
2013; 108: 40-47.

34. O'Riordan JM, Datta I, Johnston C, Baxter NN. A systematic review of the
anal fistula plug for patients with Crohn's and non-Crohn's related fistulain-ano. Dis Colon Rectum. 2012; 55: 351-358.

15. Colombel JF, Loftus EV Jr, Tremaine WJ, Egan LJ, Harmsen WS, Schleck
CD, et al. The safety profile of infliximab in patients with Crohn's disease:
the Mayo clinic experience in 500 patients. Gastroenterology. 2004; 126:
19-31.

35. Ruzicka T, Bieber T, Schöpf E, Rubins A, Dobozy A, Bos JD, et al. A
short-term trial of tacrolimus ointment for atopic dermatitis. European
Tacrolimus Multicenter Atopic Dermatitis Study Group. N Engl J Med.
1997; 337: 816-821.

16. Sandborn WJ, Present DH, Isaacs KL, Wolf DC, Greenberg E, Hanauer
SB, et al. Tacrolimus for the treatment of fistulas in patients with Crohn's
disease: a randomized, placebo-controlled trial. Gastroenterology. 2003;
125: 380-388.

36. McSharry K, Dalzell AM, Leiper K, El-Matary W. Systematic review:
the role of tacrolimus in the management of Crohn's disease. Aliment
Pharmacol Ther. 2011; 34: 1282-1294.

17. Chung W, Ko D, Sun C, Raval MJ, Brown CJ, Phang PT. Outcomes of anal
fistula surgery in patients with inflammatory bowel disease. Am J Surg.
2010; 199: 609-613.

37. Hart AL, Plamondon S, Kamm MA. Topical tacrolimus in the treatment
of perianal Crohn's disease: exploratory randomized controlled trial.
Inflamm Bowel Dis. 2007; 13: 245-253.

18. Thornton M, Solomon MJ. Long-term indwelling seton for complex anal
fistulas in Crohn's disease. Dis Colon Rectum. 2005; 48: 459-463.

38. Poggioli G, Laureti S, Pierangeli F, Rizzello F, Ugolini F, Gionchetti P, et al.
Local injection of Infliximab for the treatment of perianal Crohn's disease.
Dis Colon Rectum. 2005; 48: 768-774.

19. Faucheron JL, Saint-Marc O, Guibert L, Parc R. Long-term seton drainage
for high anal fistulas in Crohn's disease-a sphincter-saving operation? Dis
Colon Rectum. 1996; 39: 208-211.

39. Asteria CR, Ficari F, Bagnoli S, Milla M, Tonelli F. Treatment of perianal
fistulas in Crohn's disease by local injection of antibody to TNF-alpha
accounts for a favourable clinical response in selected cases: a pilot study.
Scand J Gastroenterol. 2006; 41: 1064-1072.

20. Sangwan YP, Schoetz DJ Jr, Murray JJ, Roberts PL, Coller JA. Perianal
Crohn's disease. Results of local surgical treatment. Dis Colon Rectum.
1996; 39: 529-535.

40. Alessandroni L, Kohn A, Cosintino R, Marrollo M, Papi C, Monterubbianesi
R, et al. Local injection of infliximab in severe fistulating perianal Crohn's
disease: an open uncontrolled study. Tech Coloproctol. 2011; 15: 407-412.

21. Sandborn WJ, Fazio VW, Feagan BG, Hanauer SB; American
Gastroenterological Association Clinical Practice Committee. AGA
technical review on perianal Crohn's disease.Gastroenterology. 2003; 125:
1508-1530.

41. Drakos PE, Nagler A, Or R. Case of Crohn’s disease in bone marrow
transplantation. Am J Hematol. 1993; 43: 157-158.

22. Joo JS, Weiss EG, Nogueras JJ, Wexner SD. Endorectal advancement flap
in perianal Crohn's disease. Am Surg. 1998; 64: 147-150.

42. Kashyap A, Forman SJ. Autologous bone marrow transplantation for nonHodgkin’s lymphoma resulting in long-term remission of coincidental
Crohn’s disease. Br J Haematol. 1998; 103: 651-652.

23. Sonoda T, Hull T, Piedmonte MR, Fazio VW. Outcomes of primary repair
of anorectal and rectovaginal fistulas using the endorectal advancement
flap. Dis Colon Rectum. 2002; 45: 1622-1628.

43. Burt RK, Slavin S, Burns WH, Marmont AM. Induction of tolerance in
autoimmune diseases by hematopoietic stem cell transplantation: getting
closer to a cure? Int J Hematol. 2002; 76: 226-247.

24. Bleier JI, Moloo H, Goldberg SM. Ligation of the intersphincteric fistula
tract: an effective new technique for complex fistulas. Dis Colon Rectum.
2010; 53: 43-46.

Remedy Publications LLC., | http://clinicsinsurgery.com/

44. Copelan EA. Hematopoietic stem-cell transplantation. N Engl J Med.
2006; 354: 1813-1826.

4

2016 | Volume 1 | Article 1214

Phang PT, et al.

Clinics in Surgery - Colon and Rectal Surgery

45. García-Bosch O, Ricart E, Panés J. Review article: stem cell therapies for
inflammatory bowel disease - efficacy and safety. Aliment Pharmacol Ther.
2010; 32: 939-952.

54. González MA, Gonzalez-Rey E, Rico L, Büscher D, Delgado M, et al.
Adipose-Derived Mesenchymal Stem Cells Alleviate Experimental
Colitis by Inhibiting Inflammatory and Autoimmune Responses 2008.
Gastroenterology. 2009; 136: 978-989.

46. Burt RK, Craig RM, Milanetti F, Quigley K, Gozdziak P, Bucha J, et al.
Autologous nonmyeloablative hematopoietic stem cell transplantation in
patients with severe anti-TNF refractory Crohn disease: long-term followup. Blood. 2010; 116: 6123-6132.

55. García-Olmo D, García-Arranz M, García LG, Cuellar ES, Blanco IF,
Prianes LA, et al. Autologous stem cell transplantation for treatment of
rectovaginal fistula in perianal Crohn's disease: a new cell-based therapy.
Int J Colorectal Dis. 2003; 18: 451-454.

47. Cassinotti A, Onida F, Annaloro C, Fociani P, Fichera1 M, Maconi G, et al.
Autologous haematopoietic stem cell transplantation without CD34+ cell
selection for refractory Crohn’s disease: the Milan experience after 5 years.
J Crohn Colitis. 2012; 6: 153-154.

56. Garcia-Olmo D, Garcia-Arranz M, Herreros D. Expanded adipose-derived
stem cells for the treatment of complex perianal fistula including Crohn's
disease. Expert Opin Biol Ther. 2008; 8: 1417-1423.

48. van Deen WK, Oikonomopoulos A, Hommes DW. Stem cell therapy
in inflammatory bowel disease: which, when and how? Curr Opin
Gastroenterol. 2013; 29: 384-390.

57. Ciccocioppo R, Bernardo ME, Sgarella A, Maccario R, Avanzini MA,
Ubezio C, et al. Autologous bone marrow-derived mesenchymal stromal
cells in the treatment of fistulising Crohn's disease. Gut. 2011; 60: 788-798.

49. Snowden JA, Saccardi R, Allez M, Ardizzone S, Arnold R, Cervera R, et al.
Haematopoietic SCT in severe autoimmune diseases: updated guidelines
of the European Group for Blood and Marrow Transplantation. Bone
Marrow Transplant. 2012; 47: 770-790.

58. García-Olmo D, García-Arranz M, Herreros D, Pascual I, Peiro C,
Rodríguez-Montes JA. A phase I trial of the treatment of Crohn’s fistula by
adipose mesenchymal stem cell transplantation. Dis Colon Rectum. 2005;
48: 1416-1423.

50. Friedenstein AJ, Chailakhjan RK, Lalykina KS. The development of
fibroblast colonies in monolayer cultures of guinea-pig bone marrow and
spleen cells. Cell Tissue Kinet. 1970; 3: 393-403.

59. Garcia-Olmo D, Herreros D, Pascual I, Pascual JA, Del-Valle E, Zorrilla
J, et al. Expanded adipose-derived stem cells for the treatment of complex
perianal fistula: a phase II clinical trial. Dis Colon Rectum. 2009; 52: 79-86.

51. Caplan Al. Mesenchymal stem cells. J Orthop Res. 1991; 9: 641-650.

60. Herreros MD, Garcia-Arranz M, Guadalajara H et al. Autologous expanded
adipose-derived stem cells for the treatment of complex cryptoglandular
perianal fistulas: a phase III randomized clinical trial (FATT 1: fistula
Advanced Therapy Trial 1) and long-term evaluation. Dis Colon Rectum.
2012; 55: 762-772.

52. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD, et
al. Multilineage potential of adult human mesenchymal stem cells. Science.
1999; 284: 143-147.
53. García-Gómez I, Elvira G, Zapata AG, Lamana ML, Ramírez M, Castro
JG, et al. Mesenchymal stem cells: biological properties and clinical
applications. Expert Opin Biol Ther. 2010; 10: 1453-1468.

Remedy Publications LLC., | http://clinicsinsurgery.com/

5

2016 | Volume 1 | Article 1214

