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Background. Despite improved outcomes in the modern era of targeted immunotherapy, intestinal failure and chronic
parenteral nutrition remains a significant burden for patients with Crohn’s disease (CD) worldwide. Transplantation is a
key component of management when a patient with CD suffers from life-threatening complications of parenteral nutrition.
Nucleotide-binding oligomerization domain 2 (NOD2) mutation is a risk factor for both development of CD and intestinal
allograft rejection. Methods. A retrospective review of a prospectively maintained database of intestinal transplants at
a single center from 2003 to 2015 was conducted. Eleven adult patients with CD were identified and were compared with
103 adult control recipients. A sub-analysis was performed comparing the 11 CD recipients to the 13 NOD2 mutant non-CD
recipients. Results. Patient and allograft characteristics were similar between the CD and control recipients. Although
overall rejection-free survival was not significantly different, patients with CD suffered from more frequent, earlier, and more
severe rejection compared with control patients. The onset, severity, and frequency of rejection was comparable between
patients with CD and NOD2 mutant non-CD patients. There was a trend toward lower 5-year allograft survival for CD com-
pared with control recipients (33% versus 63.3%; P = 0.19) and NOD2 mutant non-CD recipients (33% versus 57.14%;
P = 0.41). Conclusions. Patients with CD remain a challenging population in intestine transplantation, and NOD2
mutant non-CD patients appear to have a similar immunologic phenotype. These high-risk recipients may require specialized

immunosuppression protocols and management at experienced transplant centers.

(Transplantation Direct 2020;6: €556; doi: 10.1097/TXD.0000000000001006. Published online 21 May, 2020.)

rohn’s disease (CD) is a multifactorial disease occurring

in genetically predisposed individuals under the duress
of environmental, microbiome, and autoimmune factors. Up
to 80% of patients with CD will develop a stricturing or pen-
etrating complication over the span of 20 years of disease,
frequently necessitating a surgical intervention. Patients with
CD are also more prone to postoperative complications fol-
lowing intestinal surgery, most radically including significant
enterocutaneous and enteroenteric fistulae that can quickly

Received 28 February 2020. Revision received 13 April 2020.

Accepted 14 April 2020.

" MedStar Georgetown Transplant Institute, MedStar Georgetown University
Hospital and the Center for Translational Transplant Medicine, Georgetown
University Mediical Center, Washington, DC.

2 Department of Surgery, Walter Reed National Military Medical Center,
Bethesda, MD.

3 Children’s National Medical Center, Washington, DC.

L.B. and J.H. designed the study. L.B. gathered and analyzed data. L.B. and
J.H. prepared the article. KK., S.K., S.S., AK, KL., RG., TF, and C.M.
provided critical review.

The authors declare no conflicts of interest.

A.K. acknowledges support from the National Institute of Allergy and Infectious
Diseases (RO1AI132389).

Transplantation 2020

lead to inordinate amounts of small bowel being resected.
Home parenteral nutrition (PN) is required for patients either
unable to tolerate enteral intake or unable to maintain an
adequate amount of hydration and calories. However, when
patients develop life-threatening complications of PN, intes-
tine transplantation is the preferred therapy. Catheter-related
blood stream infections and loss of central venous access are
the most common reasons for patients with CD to require
for intestinal transplantation.'? Alternatively, transplantation
becomes necessary with development of progressive liver dis-
ease, termed intestinal failure-associated liver disease.>*
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Intestinal transplantation involves augmentation of the
native gastrointestinal tract with typically either a combina-
tion of jejunoileum, jejunoileum with colon, or in conjunc-
tion with additional organs including liver, pancreas, stomach,
or duodenum.’ Outcomes in intestinal transplantation have
steadily improved over the last 2 decades because of a variety
of factors, which include innovation in immunosuppressive
regimens that have helped counteract the high rate of cellular
rejection seen in this solid organ transplant group, improved
immunomonitoring with endoscopy protocols, and donor-
specific antibody testing, as well as establishment of highly
specialized centers with intestinal failure programs lead-
ing to earlier referral for evaluation and®® five-year survival
now approaches 66%,’” which is a modest improvement from
around 50% in the previous era.

Patients with CD present a unique population when it
comes to intestinal transplantation because of the pathogen-
esis of their disease and the critical impact the innate immune
system has on their morbidity. A recent retrospective review of
the United Network for Organ Sharing registry revealed com-
parable outcomes in intestinal transplantations performed
after the year 2000, with roughly 60% patient survival rates
at § years.!?

Immunologically, patients with CD possess a dysregulated
immune system with T helper 17-mediated infiltration remi-
niscent of intestinal allograft rejection.!” Furthermore, nucle-
otide-binding oligomerization domain—containing protein 2
(NOD2) mutations are a significant risk factor for both the
development of CD in healthy individuals and for cellular
rejection in intestinal transplantation.'”'* To our knowledge,
an analysis of outcomes in non-CD NOD2 mutants compared
with CD patients has not been performed. Mechanistically,
NOD?2 is involved in the intracellular sensing of bacterial cell
wall products at the mucosal interface, with mutation leading
to a breakdown of the mucosal barrier allowing unrestricted
bacterial stimulation and an inappropriate immunologic
response.'s This parallel and its implications for transplanta-
tion have been described but not fully elucidated. The aim
of our study is to evaluate intestine transplant outcomes in
our patients with CD, as well as in non-CD patients with the
NOD?2 mutation status.

MATERIALS AND METHODS

We identified patients enrolled in our longitudinal clinical
and immune monitoring studies (IRB studies No. 2004-
008 and No. 2017-0365) from 2003 up until 20135, giving
at least 3 years of follow up. In this cohort, we had 222
patients who received either isolated intestinal transplanta-
tion or a multivisceral or modified multivisceral transplant
with or without a liver allograft. Eleven adult patients
received 12 intestinal transplants for complications related
to CD. Pediatric patients were excluded, and 103 adult
patients were selected. Data were obtained through his-
torical chart review, as well as through records kept at the
MedStar Georgetown Transplant Institute.

Study end points included freedom from rejection, onset,
frequency and severity of rejection, and graft loss. Freedom
from rejection was defined as time until development of acute
cellular rejection as diagnosed by intestinal biopsy and expert
histologic and clinical evaluation as is routine at our center.
Rejection episodes were considered discrete if separated by a
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normal biopsy. Graft loss included both explantation, which
primarily occurred in the setting of severe or chronic rejection,
as well as graft loss due to death. Chronic rejection was diag-
nosed when biopsies featured arteriosclerosis and progressive
vascular narrowing; CD recurrence was not definitively diag-
nosed in our patient cohort.

Transplant definitions included either isolated intestinal
graft without liver, which was defined as either a small bowel
transplant or small bowel with inclusion of colon regardless
of length or a multivisceral transplant, which we defined as
the inclusion of a liver graft or other components of the fore-
gut to include the stomach, duodenum, or pancreas.

Induction was performed using either interleukin 2 block-
ade (basiliximab) or thymocyte depletion (thymoglobulin) and
varied depending on transplant (Tables 1 and 2). Our protocol
for postoperative immunosuppression includes a combination
of tacrolimus, sirolimus, and prednisone. Briefly, tacrolimus is
titrated by trough levels daily for the first 30 days posttrans-
plant with goal levels of 20-25 ng/mL. The acceptable trough
levels are decreased to 15-20 ng/mL for postoperative month
2, 12-15ng/mL for postoperative month 3, 8-12ng/mL for
months 4-6, and kept at 5-8ng/mL beyond postoperative
month 6. Sirolimus is similarly titrated on a daily basis with
goal blood levels of 9-11ng/mL for postoperative month 1,
6-8 ng/mL for months 2 and 3, and 4-6 ng/mL for >4 months
postoperatively.

Postoperative care includes regular scheduled ileoscopy,
which is performed through an ileostomy created during
every intestinal transplantation to survey the graft clinically
and histologically. Tleoscopy is performed twice weekly up
until 1.5 months posttransplant, then weekly until 3 months,
biweekly until 5 months, and then monthly up until 1 year
posttransplant or their ileostomy closure. After which point
the patients usually return for ileoscopy annually or as symp-
toms or clinical concern arises.

Statistical analysis was performed using Prism 8 software
(GraphPad). Survival analysis was plotted using a Kaplan—
Meier curve and analyzed using a log-rank (Mantel-Cox) test.
All P values were displayed regardless of significance. Table
statistical analysis was performed in a similar fashion with
either 2-tailed Mann-Whitney U test for nominal data or >
analysis for proportions.

The study did not require ethics board evaluation due to its
retrospective manner and absence of patient contact.

RESULTS

We identified 11 CD patients who received 12 intestinal
transplants. The indication in all cases was intestinal failure
because of short gut syndrome from volumous intestinal
resections and life-threatening PN complications. All of the
patients were adults, with a 75%/25% male to female pre-
dominance, and the majority (84%) received an isolated intes-
tinal transplant with 16% multivisceral grafts (Tables 1 and
2). A comparable cohort of adult patients was identified from
the same registry. Demographics and graft characteristics did
not significantly vary between the 2 groups. Induction method
was similar with 35.9% receiving thymoglobulin and 64.1%
receiving simulect in the control as compared with 41.7% and
58.3% in the CD cohort, respectively (Table 2).

Patients with CD were significantly more likely to need
more biopsies (38 = 17 versus 28 = 13, respectively; P = 0.02)
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General characteristics of the Crohn’s disease patient cohort

Patient Type of Donor NOD2 Recipient  Donor/recipient Induction cMmv

number transplant Age Sex status NOD2 status age ratio method status Rejection Survival

1 SB 35 M Mutant Mutant 0.23 Thymo Grade 1 (d26)  Dead, rejection/sepsis (d 260)
2 SB 53 M WT Mutant 0.25 Simulect  High Risk  Grade 1 (d 206) Dead, rejection/sepsis (d 935)
3 SB 38 M WT Mutant 1.1 Simulect ~ High Risk  Grade 1 (d 153)

4 SB/C 43 M WT Mutant 0.19 Simulect Grade 1 (d97)  Dead, rejection/sepsis (d 1117)
5 SB 27 F WT Mutant 0.48 Thymo No Dead, sepsis (d 602)

6 MVTx 31 F WT Mutant 1.13 Simulect  High Risk No Dead, sepsis (d 1641)

7 SB 48 M Mutant Mutant 0.33 Thymo No Alive

8 SB 49 M WT Mutant 0.22 Thymo Grade 3 (d58)  Dead, liver failure (d 947)

9 SB/C 53 M WT Mutant 0.13 Simulect  High Risk  Grade 3 (d20)  Dead, sepsis (d 143)

10 SB 33 F Mutant Mutant 0.7 Simulect Grade 1 Alive

11 SB 43 M Mutant WT 0.49 Simulect No Alive

12 MVTx 48 M ND Mutant 0.38 Thymo No Alive

Note the total number of patients is 11, with 1 patient receiving 2 isolated intestinal grafts. Rejection grade listed was the initial episode of rejection (not withstanding subsequent episodes).
CMV, cytomegalovirus; MVTx, multivisceral transplant; NOD2, nucleotide-binding oligomerization domain 2; SB/C, small bowel/colon; WT, wild type.

Perioperative characteristics and demographics for the CD and adult cohorts

Adult ITx patients (n = 103) CD patients (n =12) P

Recipient gender (M/F) 55/48 (53.4%/46.6%) 9/3 (75%/25%) 0.15
Primary pathology

Short gut 67 12

Motility/malabsorption 20

Neoplasia 9

Other 7

Retransplant 6
Isolated intestinal graft without liver 79 10 0.6
Multivisceral transplant 24 2
Surgery case time 7:36 (H:M) 7:09 (H:M) 0.67
Donor/recipient age ratio 0.52 (mean) 0.47 (mean) 0.34
Donor/recipient weight ratio 0.9 (mean) 0.72 (mean) 0.23
Recipient NOD2 status <0.0001

Wild type 83 1

Mutant 13 1
Induction method (35.92%/64.08%) (41.67%/58.33%) 0.7
Thymoglobulin 37 5
Simulect 66 7
Follow up (d) 1903 (Mean) 1451 (Mean) 0.41

Statistical significance assessed by y? testing.

CD, Crohn’s disease; IT, intestinal transplant; NOD2, nucleotide-binding oligomerization domain 2.

and had a greater median number of rejection episodes
(3 versus 1; P = 0.01). These rejection episodes were more
likely to be severe (P = 0.04), with 50% of CD patients expe-
riencing grade 3 rejection versus 27.2% of controls. They
also tended to occur earlier although this did not reach sta-
tistical significance (mean 271 = 474 versus 421 = 772 d;
P=0.95)in CD patients as compared to adult controls (Table 3).
Chronic rejection developed in 16.7% of patients with CD
versus 12.8% (P = 0.7), and ultimately 25% of the patients
with CD required explantation versus 13.6% for controls
(P=0.29). Graftsurvival (Figure 1) was 75%,41.6 %,and 33 %
for 1, 3, and 5 years for patients with CD and 85%, 65.8%,
and 60.7% for adult controls (log rank P = 0.45 P = 0.12,
P =0.08).

NOD?2 recipient status, however, was vastly different in our
CD cohort, with 91.7% of patients having a recipient NOD2

mutation as compared with 13.5% in the control cohort
(P < 0.0001). 1-, 3-, and 5-year freedom from rejection was
50%, 50%, and 50% for the CD cohort, with all instances
of rejection occurring within the first year as compared with
62.2%, 56.9%, and 53.5% for the control cohort, respec-
tively (Figure 2).

Given the significant role of NOD2 mutations in epithe-
lial barrier dysfunction and previous works demonstrating
the risk of rejection and other complications,'? we identi-
fied a subset of non-CD recipients with NOD2 mutations.
This included 13 patients who received 11 (78.6%) isolated
intestinal transplants and 3 (21.4%) multivisceral grafts
(P = 0.76). Demographics, graft characteristics, and induc-
tion protocols were not significantly different between these
2 cohorts (Table 4).
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Rejection characteristics of adult ITx patient cohorts vs CD

Adult ITx patients (n = 103) CD patients (n =12) P
Number of Bx 28+13 38+17 0.02
Overall rejection (% of total population) 49 (47.57%) 7 (58.3%) 0.48
Median number of rejection episodes 1 3 0.009
Grade 1 21 8 0.02
Grade 2 18 0 0.21
Grade 3 30 10 0.04
Time to first rejection from transplant (d) 421 = 772 (mean) 271 = 474 (mean) 0.95
Duration of rejection (d) 37 + 31.8 (mean) 28 +13.2 (mean) 0.99
Development of chronic rejection 13 (12.75%) 2 (16.67%) 0.7
Explantation 14 (13.59%) 3 (25%) 0.29

Overall rejection entailed the rate of rejection in that cohort as a percent of the total group. Grade 1-3 categories denote number of episodes total in the cohort, not averaged per patient.
Bx, biopsy; CD, Crohn’s disease; [T, intestinal transplant; NOD2, nucleotide-binding oligomerization domain 2.
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Rejection was common with a rate of 69.2% for NOD2
mutants versus 58.3% for CD patients (P = 0.57), with simi-
lar median numbers of rejection episodes (2 versus 3; P = 0.18;
Table 5). In our cohort 42.9% of NOD2 mutant patients and
50% of CD patients experienced grade 3 rejection (P = 0.72).
Chronic rejection and explantation were rare in both groups.
One-year freedom from rejection was 48.9%, with all instances
of rejection occurring within the first year for the NOD2 mutant
cohort. Graft survival was 85%, 57.14%, 57.14% for 1, 3, and
5 years, respectively, in NOD2 mutants versus 75 %, 41.6 %, and
33% for CD cohort (P = 0.52, P = 0.58, P = 0.41 respectively).

DISCUSSION

Intestinal failure is a chronic disease fraught with a wide
variety of complications,'®!” leading to significant morbidity
and frequently loss of life. When it becomes impossible to rees-
tablish enteral autonomy either through intensive intestinal
rehabilitation'® or surgical lengthening,'” PN remains the only
way of survival. While the vast majority of CD patients never
progress to intestinal failure?® and PN dependence, those who
do will frequently over time develop complications necessitat-
ing discussion of transplantation. Despite having a higher rate
of rejection and complications as compared with other solid
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Perioperative characteristics and demographics for the
adult NOD2 mutant cohorts

NOD2 mutants CD patients
(n=13) (n=12) P

Recipient gender (M/F) 8/6 9/3 0.34
Primary pathology

Short gut 7 12

Motility/malabsorption 4

Neoplasia 2

Other 0

Retransplant
Isolated intestinal graft without liver i 10 0.7587
Multivisceral transplant 3 2
Surgery case time 7:54 (H:M) 7:09 (H:M) 0.6
Donor/recipient age ratio 0.52 (mean) 0.47 (mean)  0.63
Donor/recipient weight ratio 0.79 (mean) 0.72 (mean)  0.37
Recipient NOD2 status 0.2881
Wild type 0 1
Mutant 13 11
Induction method 0.5368
Thymoglobulin 6 5
Simulect 8 7
Follow up (d) 1638 (mean) 1451 (mean)  0.68

Statistical significance assessed by y? testing.
CD, Crohn’s disease; NOD2, nucleotide-binding oligomerization domain 2.

organ transplants, intestinal transplantation remains a lifesav-
ing operation for these patients.

Previous studies of intestinal transplantation in CD have
been relatively small in scale. Desai et al'® highlighted out-
comes of patients with CD from the United Network for
Organ Sharing registry from 1987 to 2009, reporting rates of
patient and graft survival of 85%, 67%, 54% and 85%, 55%,
45% for patients and grafts at 1, 3, and 5 years respectively.
The differences in outcomes reported in this study could be
related to a smaller sample size in our cohort, as well as the
natural tendency of having more challenging cases as a larger
tertiary referral center. Similar to their observation of grad-
ual improvement in outcomes over time, we have also noted
improvements in outcomes due to changes to induction and
immunosuppression strategies over the last decade, as again
rejection and sepsis remain the most common causes of mor-
bidity and patient mortality. Limketkai et al?' performed a
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similar retrospective review, and their reported rates of rejec-
tion at 1 year was 36.9% versus 33.3% for CD patients ver-
sus controls. Risk of death was 50.3% and 59.7% at 5 and 10
years posttransplantation.?!

The role of NOD2 mutations as a predictor of clinical
course in nontransplant CD patients has been debated, as
previous reports of associations between mutations and clini-
cal phenotype*>?* have not been successfully replicated in all
patient groups.?* The worse outcomes observed in our cohorts
as compared with NOD2 wild-type adults could be the result
of several factors. The primary complications hampering
intestinal transplant outcomes are either infectious or immu-
nologic,® and NOD?2 is an intracellular microbial sensor that
is integral to barrier function.

The function of NOD2 occurs through recognition of bac-
terial peptidoglycan conserved motifs in the cytosol, allowing
it to recruit a targeted immune response through nuclear fac-
tor - kappa beta and mitogen activated protein kinase signal-
ing.? Its expression is found on multiple cell types including
lymphocytes, antigen presenting cells, as well as Paneth cells
and enterocytes. A lack of such response can lead to changes
in microbiota toward more pathogenic bacteria that other-
wise would have been culled into smaller populations. NOD2
mutation also leads to reduced expression of specific antimi-
crobial peptides, namely the human defensin 5§ and human
beta defensin defensins by Paneth cells, which creates a larger
opportunity for microbial penetration of the mucosal barrier.
This primes those deficient in NOD2 expression, regardless
of CD status as susceptible to both septic and immunologic
complications.

Our group previously demonstrated this phenomenon in
our intestinal transplant cohort along with the substantial
risk of rejection linked to NOD2 polymorphism.' This study,
however, expands on this critical connection by separating
NOD?2 mutation recipients into both CD and non-CD groups.
Comparing these 2 groups has not been previously studied,
and further supports that barrier integrity as mediated by
NOD?2 is essential for graft protection from microbes and
survival posttransplantation, regardless of underlying clinical
phenotype. This is in line with evolving research in CD target-
ing the microbiome and barrier homeostasis as a key pillar of
pathogenesis and disease propogation.?®

One promising area of future research for improving clini-
cal outcomes of these cohorts is the application of CD-related
therapies in the treatment of both CD and non-CD intestinal

Rejection characteristics of adult NOD2 mutant patient cohorts vs CD

NOD2 mutants (n = 13) CD patients (n =12) P
Number of Bx 31.25+76 37.58 +17 0.25
Overall rejection (% of total population) 9 (69.23%) 7 (58.3%) 0.5706
Median number of rejection episodes 2 3 0.18
Grade 1 3 8 0.17
Grade 2 6 0 0.02
Grade 3 7 10 0.33
Time to first rejection from transplant (d) 356 + 832 (mean) 271 + 474 (mean) 0.68
Duration of rejection (d) 46 + 38.5 (mean) 28 +13.2 (mean) 0.84
Development of chronic rejection 2 (15.38%) 2 (16.67%) 0.9304
Explantation 1(7.69%) 3 (25%) 0.2383

Overall rejection entailed the rate of rejection in that cohort as a percent of the total group. Grade 1-3 categories denote number of episodes total in the cohort, not averaged per patient.

Bx, biopsy; CD, Crohn’s disease; NOD2, nucleotide-binding oligomerization domain 2.
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transplant recipients experiencing severe cellular rejection.
Anti tumor necrosis factor-o therapies have been used in
the treatment of CD for almost 2 decades*”?’ and have been
previously used as a rescue therapy for intestinal transplant
rejection.’® This is thought to be mediated by T lympho-
cyte apoptosis,?” although the mechanism for their efficacy
remains not fully elucidated. Our center has observed a high
response rate to biologic treatment for severe cellular rejec-
tion, and given the bio similarities between CD and non-CD
NOD2 mutants, future studies of effectiveness in this cohort
may improve clinical treatment.

The main limitations of our study relate to underpowered
sample size, as well as the retrospective nature of the study.
At our center, we plan to address these challenges by continu-
ing to expand our intestinal failure program and prospectively
monitoring our CD patients if and when they transition to
becoming transplant recipients.

Immunologic complications remain a significant burden of
disease in the CD transplant population when compared with
non-CD adult recipients. We also identify a novel sub-cohort
of non-CD NOD2 mutant recipient patients as another group
at high risk for immunologic complications. The early and
severe nature of acute cellular rejection in our patients shows
the importance of constant vigilance on the part of the trans-
plant team. Our center routinely genotypes recipients for
NOD2 status as an additional data point in prognosis and
postoperative multidisciplinary monitoring. Further patient
outcome improvement in this cohort of high-risk patient rests
on implementing better treatments for intestinal rejection,
including novel biologic targeted therapy and research in aug-
menting intestinal barrier integrity.

REFERENCES

1.Sudan D. The current state of intestine transplantation: indica-
tions, techniques, outcomes and challenges. Am J Transplant.
2014;14(9):1976-1984.

2. Drastich P, Oliverius M. Crohn’s disease and intestinal transplantation.
Dig Dis. 2017;35(1-2):127-133.

3. Kelly DA, Beath SV. Intestinal failure-associated liver disease. Short
Bowel Syndr Pract Approach to Manag. 2017;23(2):335-348.

4. Hawksworth JS, Desai CS, Khan KM, et al. Visceral transplanta-
tion in patients with intestinal-failure associated liver disease: evolv-
ing indications, graft selection, and outcomes. Am J Transplant.
2018;18(6):1312-1320.

5. Fishbein  TM. Intestinal
2009;361(10):998-1008.
6. Matsumoto CS, Subramanian S, Fishbein TM. Adult intestinal trans-

plantation. Gastroenterol Clin North Am. 2018;47(2):341-354.

7. Hawksworth JS, Rosen-Bronson S, Island E, et al. Successful isolated
intestinal transplantation in sensitized recipients with the use of virtual
crossmatching. Am J Transplant. 2012;12(Suppl 4):S33-S42.

8. Hawksworth JS, Matsumoto CS. Donor-specific antibody manage-
ment in intestine transplantation: hope for improving the long-term
durability of the intestine allograft? Curr Opin Organ Transplant.
2019;24(2):212-218.

transplantation. N Engl J Med.

9.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

283.

24.

25.

26.

27.

28.

29.

30.

www.transplantationdirect.com

Elsabbagh AM, Hawksworth J, Khan KM, et al. Long-term survival in
visceral transplant recipients in the new era: a single-center experi-
ence. Am J Transplant. 2019;19(7):2077-2091.

Desai CS, Khan K, Gruessner A, et al. Outcome of intestinal
transplants for patients with Crohn’s disease. Transplant Proc.
2013;45(9):3356-3360.

Kroemer A, Cosentino C, Kaiser J, et al. Intestinal transplant inflam-
mation: the third inflammatory bowel disease. Curr Gastroenterol Rep.
2016;18(11):56.

Cho JH, Brant SR. Recent insights into the genetics of inflammatory
bowel disease. Gastroenterology. 2011;140(6):1704-1712.

Guerra JF, Zasloff M, Lough D, et al. Nucleotide oligomerization domain
2 polymorphisms in patients with intestinal failure. J Gastroenterol
Hepatol. 2013;28(2):309-313.

Cho JH, Abraham C. Inflammatory bowel disease genetics: Nod2.
Annu Rev Med. 2006;58(1):401-416.

Fishbein T, Novitskiy G, Mishra L, et al. NOD2-expressing bone mar-
row-derived cells appear to regulate epithelial innate immunity of the
transplanted human small intestine. Gut. 2008;57(3):323-330.

Allan P, Lal S. Intestinal failure: a review. F1000Res. 2018;7:85.
Watanabe K, Sasaki |, Fukushima K, et al. Long-term incidence and
characteristics of intestinal failure in Crohn’s disease: a multicenter
study. 2014:231-238.

Molina ME, Bellolio F, Klaassen J, et al. [Intestinal failure due to short
bowel syndrome: impact of a multidisciplinary intestinal rehabilitation
program]. Rev Med Chil. 2016;144(11):1410-1416.

Greig CJ, Oh PS, Gross ER, et al. Retracing our STEPs: four decades
of progress in intestinal lengthening procedures for short bowel syn-
drome. Am J Surg. 2019;217(4):772-782.

Elriz K, Palascak-Juif V, Joly F, et al. Crohn’s disease patients with
chronicintestinalfailure receiving long-term parenteral nutrition: a cross-
national adult study. Aliment Pharmacol Ther. 2011;34(8):931-940.
Limketkai BN, Parian AM, Shah ND. Short bowel syndrome and intes-
tinal failure in Crohn’s disease. 2016;22(5):1209-1218.

Lesage S, Zouali H, Cézard JP, et al; EPWG-IBD Group; EPIMAD
Group; GETAID Group. CARD15/NOD2 mutational analysis and gen-
otype-phenotype correlation in 612 patients with inflammatory bowel
disease. Am J Hum Genet. 2002;70(4):845-857.

Hampe J, Grebe J, Nikolaus S, et al. Association of NOD2 (CARD
15) genotype with clinical course of Crohn’s disease: a cohort study.
Lancet. 2002;359(9318):1661-1665.

Mazor Y, Maza |, Kaufman E, et al. Prediction of disease complication
occurrence in Crohn’s disease using phenotype and genotype param-
eters at diagnosis. J Crohns Colitis. 2011;5(6):592-597.

Al Nabhani Z, Dietrich G, Hugot JP, et al. Nod2: The intestinal gate
keeper. Plos Pathog. 2017;13(3):e1006177.

Khanna S, Raffals LE. The microbiome in Crohn’s disease: role
in pathogenesis and role of microbiome replacement therapies.
Gastroenterol Clin North Am. 2017;46(3):481-492.

Ten Hove T, Van Montfrans C, Peppelenbosch MP, et al. Infliximab
treatment induces apoptosis of lamina propria T lymphocytes in
Crohn’s disease. Gut. 2002;50(2):206-211.

Gajendran M, Loganathan P, Catinella AP, et al. A comprehensive
review and update on Crohn’s disease. Dis Mon. 2018;64(2):20-57.
Inokuchi T, Takahashi S, Hiraoka S, et al. Long-term outcomes
of patients with Crohn’s disease who received infliximab or adali-
mumab as the first-line biologics. J Gastroenterol Hepatol.
2019;34(8):1329-1336.

Gerlach UA, Koch M, Mller HP, et al. Tumor necrosis factor alpha
inhibitors as immunomodulatory antirejection agents after intestinal
transplantation. Am J Transplant. 2011;11(5):1041-1050.



