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Background/Aims: Exclusive enteral nutrition (EEN) is recommended for induction of remission in pediatric Crohn’s disease
(CD). However, it is not currently recommended for inducing remission in adults. This report describes the use of 12-week EEN
for induction of remission in anti-tumor necrosis factor (anti-TNF) refractory adult CD. Methods: This is a retrospective analy-
sis of adults with moderate to severe active (Crohn’s Disease Activity Index [CDAI] >220) anti-TNF refractory CD, who received
EEN for 12 weeks between April 2018 and March 2019 at Dayanand Medical College and Hospital, Ludhiana, India. Primary
outcomes included achievement of clinical remission and fistula healing at 12 weeks. Improvement in inflammatory markers
and nutritional status were the secondary end points. Results: Out of 23 patients who received anti-TNF agents, 7 (30.4%) were
refractory and were offered EEN as a salvage therapy. Six patients (66.7% females, mean age 25.6+6.5 years) consented. Four
patients (66.6%) achieved clinical remission (CDAI <150). Mean CDAI of patients decreased significantly after 12 weeks of
EEN (388.8+74.8 vs. 160.0+25.2, P<0.001). Perianal fistulas showed clinical response (drainage decreased by >50%), though
none achieved remission. Entero-enteric fistulae showed complete healing. Mean body mass index improved from 15.6+3.1
to 18.9+1.9 kg/m” at week 12 (P=0.003). Hemoglobin and serum albumin also improved from 8.2+1.1 g/dL and 2.8 +0.3 g/dL
at baseline to 12.6+0.6 g/dL and 3.6 +0.5 g/dL post-EEN respectively (P<0.001 and P=0.006 respectively). Conclusions: EEN
appears to be an effective and well tolerated therapy for induction of remission in anti-TNF refractory adult CD. More data from
prospective trials with larger number of patients is required. (Intest Res 2020;18:184-191)

Key Words: Exclusive enteral nutrition; Adult Crohn’s disease; Inflammatory bowel disease; Fistulizing Crohn’s disease

INTRODUCTION another one-third are secondary nonresponders.”® Therapeu-

tic options in these patients are limited to newer biologics like

Crohn’s disease (CD) is a chronic and progressive transmural
inflammatory disease of the digestive tract characterized by a
relapsing-remitting clinical course. Therapeutic options for ac-
tive CD include corticosteroids, immunomodulators and bio-
logics including anti-TNF agents.' However, about one-third of
patients are primary nonresponders to anti-TNF agents and
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vedolizumab (anti-integrin) and ustekinumab (antagonizes
interleukin 12 and interleukin 23 through their common p40
subunit),’ leucocytapheresis,” granulocyte and monocyte ad-
sorptive apheresis,” or surgery. However, data concerning
their efficacy for inducing remission are scant and conflict-
ing.** The spectrum of therapeutic arsenal is further narrowed
in patients with complicated (fistulizing/stricturing) disease as
majority of these patients are unfit for surgical interventions in
view of poor nutritional status.'"""

Historically, supplementation of nutrition has been an ad-
junctive therapy for management of IBD. More recently how-
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ever, nutrition has been evaluated as a primary therapeutic
option for management of IBD in the form of exclusive or par-
tial enteral nutrition."” Exclusive enteral nutrition (EEN) in-
volves the use of a complete liquid diet, with exclusion of nor-
mal dietary components for a defined period of time, as a ther-
apeutic measure and has an accepted role in induction of re-

315 EEN however is not recom-

mission in active pediatric CD.
mended currently for induction of remission in adults as it has
not been found superior to corticosteroids and other pharma-
cological agents. Most of the initial studies evaluating the eftfi-
cacy of EEN in adult CD excluded patients with stricturing/fis-

16-18 . . .
" However, recent cohort studies in steroid

tulizing disease.
nonresponsive patients have provided evidence for efficacy of
EEN for induction as well as maintenance of remission in adults
19-24

with complicated CD.™™ Despite promising initial results of
EEN in management of adult CD, there is no data on use of
EEN in refractory CD from India. We report our experience on

use of 12-week EEN in adult CD refractory to anti-TNF agents.

METHODS

1. Study Design

This is a retrospective analysis of adult patients (age > 18 years)
with anti-TNF refractory CD who received EEN for induction
of remission at Dayanand Medical College and Hospital, Lud-
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hiana, India, between April 2018 and March 2019. The study
was approved by the Institutional Review Board of Dayanand
Medical College and Hospital (IRB No. DMCH/R&D/2020-
455) and performed in accordance with the principles of the
Declaration of Helsinki. Written informed consent was ob-
tained from all the participants.

2. Study Population
Adult patients (age > 18 years) with moderate to severe active
(CDAI >220), refractory (i.e, primary or secondary nonresponse
and/or intolerance to anti-TNF agents [infliximab or adalim-
umab biosimilar], Supplementary Material 1)° CD, and on sta-
ble dose of 5-ASA (5-aminosalicylic acid; 3-4.8 g/day) and/or
azathioprine (1.5-2 mg/kg/day) for 12 weeks with a 4- to 8-week
interval between last dose of anti-TNF and study enrolment,
were offered EEN. The diagnosis and classification of CD had
been made as per established international criteria based on
combination of clinical, endoscopic, histological, radiological,
and/or biochemical investigations.”>** Presence of fistula, if
any, was confirmed by physical examination, colonoscopy, ex-
amination under anesthesia, CT and/or magnetic resonance
(MR) enterography.

A commercially available preparation (Ensure Plus Peptide;
Abbott Laboratories, Zwolle, the Netherlands) (Supplementa-
ry Table 1) was used for EEN, targeting 35 kcal/kg ideal body

Total patients of adult CD attending gastroenterology clinic between
April 2018 and March 2019 (n=130)

Received anti-TNF agents (infliximab, adalimumab biosimilar)
(n=23)

‘ Refractory CD (n=7) ‘

\ Did not consent for EEN (n=1)

P

‘ Patients enrolled in current study (n=6) ‘

Followed up at 8 wk (n=6)
Clinical remission (n = nil)
Clinical response (n=5, 83.33%)
Fistula healing remission (n=nil)
Fistula healing response (n =2, 50%)

Followed up at 12 wk (n=6)
Clinical remission (n =4, 66.67%)
Clinical response (n =6, 100%)
Fistula healing remission (n=2, 50%)
Fistula healing response (n=4, 100%)

Fig. 1. Flow of patients in current study. EEN, exclusive enteral nutrition.

www.irjournal.org

185



Ajit Sood, et al. * EEN in refractory adult CD

weight (IBW) and 1.5 g protein/kg IBW, divided into 7-8 oral
meals per day for 12 weeks. No table food was allowed except
for drinking water. Standard of care treatment including 5-ASA,
thiopurines and biologics (except in primary nonresponders
and intolerants) were continued and corticosteroids were ta-
pered as scheduled. An IBD counsellor frequently contacted
the patients to ensure adherence to both pharmacological agents
as well as EEN.

3. Outcomes

Primary outcomes included achievement of clinical remission
and fistula healing at 12 weeks (in patients who had a docu-
mented fistula). Disease activity was assessed by CDAI and
Perianal Crohn’s Disease Activity Index (PDAI) at baseline,
week 8, and week 12. CDAI <150 was defined as clinical re-
mission, whereas an improvement of >100 points was taken
as response.”’ Efficacy in fistula healing was measured by Fis-
tula Drainage Assessment in terms of response (a reduction
in fistula drainage of 50% or more) and remission (complete
cessation of fistula drainage for at least 4 weeks). Percentage
reduction of the fistula drainage was indirectly measured by
the frequency of having to change sanitary pads or dressing
gauzes. Loss of response was defined by the recrudescence of
the draining fistula.” Improvement in inflammatory markers
(high sensitivity CRP [hs-CRP] and and ESR) and nutritional
status (BMI, serum albumin, and hemoglobin) were the sec-
ondary end points.

4. Statistical Analysis

All analyses were performed using SPSS version 21.0 software
(IBM Corp, Armonk, NY, USA). Quantitative data were expressed
as mean = SD. Proportionate data was expressed in percentag-
es. The Student #-test or Pearson chi-square test was used to
compare values of index before and after EEN. P<0.05 was
considered statistically significant.

RESULTS

A total of 130 adult patients with CD attended gastroenterology
clinic between April 2018 and March 2019 and 23 received anti-
TNF (infliximab [n=9] and adalimumab biosimilar [n=14]). Out
of these 7 patients (30.4%) had anti-TNF refractory CD and were
offered EEN. Six patients (66.7% of females; mean age, 25.6+6.5
years) consented and were included in the study (Fig. 1). The
median interval between reception of last dose of anti-TNF agent
and study enrolment were 4 weeks. Calorie and protein require-
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ments were calculated for each patient and EEN formulation and
dosage was individualized (Supplementary Table 2). Baseline
demographics of these patients are outlined in Table 1.

Table 1. Baseline Demographics of the Enrolled Patients (n=6)

Variable Value
Sex
Female 4(66.7)
Male 2(33.3)
Age at onset of disease (yr) 224492
Age at the time of enrolment (yr) 25.6+6.5
Disease characteristics
Location
L1 0
2 0
13 6 (100)
L4 0
Behavior
B1 0
B2 2(33.3)
B3 4 (66.7)
Perianal disease 2(33.3)
Site of fistula
Perianal 2(33.3)
Entero-enteric 2(33.3)
Duration of fistula (mon)® 10.5+14.9
Previous exposure to biologics 6 (100)
Previous exposure to azathioprine 6 (100)
Prior surgery for perianal fistula 2(33.3)
Non-cutting seton 2
Diversion stoma 0
Refractory CD criteria
Primary nonresponse 1(16.7)
Secondary nonresponse 4(83.3)
Intolerance to anti-TNF agents 1(16.7)
Concomitant medications
5-ASA 6 (100)
Azathioprine” 6 (100)
Anti-TNF agents 4 (66.7)
Corticosteroids in tapering dose 3 (50.0)

Values are presented as number (%) or mean +SD.

‘(n=4).

*The median dose at enrolment was 62.5 mg/day (range, 50-100 mg/day).
5-ASA, 5-aminosalicylic acid.
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1. Clinical Remission and Fistula Healing at 8 and

12 Weeks
1) Week 8
Clinical response (CDAI decreased by >100) was seen in 5
patients (83.3%) at week 8, though none achieved clinical re-
mission (Table 2). Assessment of perianal fistula showed a re-
duction in fistula drainage of 50% or more (clinical response)
in both the patients with perianal disease. Entero-enteric fistu-
las (n=2) were not assessed at week 8.

2) Week 12
All patients (100%) completed 12-week EEN and achieved
clinical response. Four patients (66.6%) achieved primary end
point of clinical remission (CDAI <150). Mean CDAI of pati-
ents decreased significantly after 12 weeks of EEN (388.8 + 74.8
vs. 160.0+25.2, P<0.001).

PDAI decreased to <10 in both the patients with perianal

Table 2. Disease Activity Parameters on EEN (n=6)
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fistula (Table 2). Fistula disease assessment for perianal fistu-
las showed persistent clinical response in both the patients,
though none achieved remission. Two patients had entero-
enteric fistulae at baseline. Follow up MR enterography at 12
weeks showed complete healing of fistula in both the patients.

2. Assessment of Inflammatory and Nutritional
Parameters at 8 and 12 Weeks

1) Week 8

We observed a significant decline in both mean hs-CRP (26.2 +
13.8 mg/Lvs. 19.7+10.3 mg/L) and mean ESR (45.5+10.9 mm/
hrvs.31.2+7.9 mm/hr) after EEN at week 8 (P=0.01 and P=0.003,
respectively). The average BMI also improved after EEN (15.6 +
3.1 kg/m® vs. 18.1 +2.4 kg/m* P=0.002). Other nutritional indi-
ces (hemoglobin: 8.2+1.1 g/dL vs. 10.6 +0.8 g/dL and serum
albumin: 2.8+0.3 g/dL vs. 3.1+0.2 g/dL) also showed signifi-
cant improvement after EEN at week 8 (P=0.006 and P=0.02,

. CDAI PDAI Fistula Drainage Assessment

Patient Montreal

e
1 A1L3B3P 458 256 148 13 9 5 Clinical response Clinical response
2 A213B3P 338 217 188 11 10 5 Clinical response Clinical response
3 A2L3B3 283 170 139 - - - Not assessed No fistula on MRE
4 A213B3 361 265 140 - - - Not assessed No fistula on MRE
5 A2(3B2 415 263 149 - - - - -
6 A2L3B2 478 358 196 = = = = =

EEN, exclusive enteral nutrition; PDAI, Perianal Crohn's Disease Activity Index; MRE, magnetic resonance enterography.

(A a

80

(B

CJ

a a 25 600 -
a b
60 - 20 - é .
b
L 400
Ewr : = £
= Z 0 = ’
200
- = =
5 -
- - | =]
0 | | | | | 0 | | | | | | | | 0 | |
Q ‘b Q) ) \Z O @ & O % O O » ) &
(_g\\“\g (_323‘3{‘ Q\“\\O% - R - Q > \*3{. \$\{— 4*\.(\&.(\& @Q.Q&.Q& N N \g& $"\
v e \\5& o s’Q\ e S &,60\ 0\,60\ \5&(\@’6\\ @‘6\\ &i\\(\ S (,QV\
XN SHFSER NN
L& 0 V‘
I ¥ \2@6\

Fig. 2. Trends in inflammatory markers (A), nutritional status with exclusive enteral nutrition (B), and CDAI (C). °P<0.05; *P<0.001. hs-

CRP, high sensitivity CRP.
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Table 3. Inflammatory Markers and Nutritional Status on EEN
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respectively) (Table 3, Fig. 2).

2) Week 12

The improvement in inflammatory markers (hs-CRP and ESR)
persisted in all the patients till week 12. The mean BMI improved
from 15.6+3.1 kg/m” at baseline to 189+ 1.9 kg/m’ post 12-week
EEN. Similarly, hemoglobin and serum albumin also improved
significantly from 8.2+ 1.1 g/dL and 2.8+ 0.3 g/dL at baseline to
12.6+0.6 g/dL and 3.6 + 0.5 g/dL post-EEN respectively (P<0.001
and P=0.006, respectively) (Table 3, Fig. 2).

3. Tolerability and Adverse Events
All 6 patients (100%) completed 12 weeks of EEN. None of the
patients were intolerant to EEN and none had worsening of
disease activity or needed emergency surgical intervention.
There were no withdrawals due to adverse events though
mild nausea, vomiting, heartburn, flatulence and abdominal
bloating were complained by all the patients. However, these
were transient, observed in first 2 weeks of EEN, and improved
subsequently. No serious adverse events were noted.

DISCUSSION

Globally, few studies have reported therapeutic benefit of EEN
for induction of remission in adults with inflammatory/stric-
turing/fistulizing CD but none of these have evaluated its role
in refractory CD.""*"* This is the first account of effects of EEN,
used as a salvage therapy, in adults with anti-TNF refractory
CD from India.

EEN could induce remission in 66.67% patients at week 12.
Disease activity indices (CDAI and PDAI) and inflammatory
markers (ESR and hs-CRP) improved in all the 6 patients (Fig.
2). Entero-enteric fistulae showed complete radiologic remis-
sion at 12 weeks whereas refractory perianal fistulae showed
improvement in Fistula Drainage Assessment as drainage de-
creased by >50% in both the patients, though none achieved
complete remission. Nutritional status (BMI, hemoglobin, and
serum albumin) also improved in all the patients post-EEN
(Fig. 2B).

Interactions between diet and gut microbiota shape host
immune responses. By eliminating various dietary compo-
nents that can potentially compromise intestinal epithelial
barrier and increase bacterial penetration to facilitate pro-in-
flammatory cascade, EEN confers a therapeutic benefit.” Its
prebiotic properties also alter the metabolism of colonic mi-
crobiota.” The anti-inflammatory effects exerted by EEN could

www.irjournal.org
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be attributed to the direct immunosuppressive effect or to mod-
ification of intracellular signaling pathways influencing the
pro-inflammatory gene expression.”** The attenuated pro-
duction of cytokines decreases the mucosal inflammatory cy-
tokine burden and promotes mucosal healing. It is also plausi-
ble that these immunomodulatory effects are mediated through
the nutritional components (notably amino acids and vitamin
D) of enteral formulae.” Decreased intensity of the inflamma-
tion as well as improved energy intake contributed to the ob-
served increase in weight, BMI and other nutritional parame-
ters.

Disease location is considered an important factor deter-

mining response to EEN.*

Because all patients in the current
study had ileo-colonic disease (L3), location specific effects
with EEN could not be discerned. Encouraging rates of achieve-
ment of clinical remission in current study could also be as-
cribed to concomitant use of immunomodulators in all (100%)
the patients. Moreover, 75% (n=3) of the patients who achieved
clinical remission (n=4) received anti-TNF agents in combi-
nation with EEN. This is in synchrony with previously published
data that demonstrates superiority of enteral nutrition therapy
in combination with infliximab at not only inducing but also
maintaining clinical remission in patients with CD as compared
to infliximab monotherapy.” " The combination therapy might
act via magnifying the immunomodulatory effects of either of
the agents. We did not assess EEN for maintenance of remis-
sion, though all patients enrolled in the current study are be-
ing continued on partial enteral nutrition after 12 weeks of
EEN. We used a semi-elemental formula in the current study.
The sources of proteins, fats and carbohydrates were whey
protein concentrate, medium chain triglyceride oil and malto-
dextrins/sucrose respectively. A Cochrane review of 13 trials
compared different formulations of enteral nutrition and found
no difference in remission rates between different formulations.
Similarly, source of proteins and fat in the formulae were un-
likely to influence the therapeutic efficacy."

Despite the evidence for EEN being an effective strategy for
inducing remission and promoting fistula closure in adult CD,
itis underutilized in India. The main reasons for not using EEN
remain high cost of therapy, availability and palatability of EEN
formulations and limited availability of trained nutritionists.
The cost of therapy in India is approximately INR 1,500-3,000
per day. Therefore a 12-week induction regimen with EEN will
cost approximately INR 120,000 and 240,000 (USD, 1,700-3,500)
depending on the nutritional requirements.

We acknowledge the limitations of our study. It is a retro-

www.irjournal.org
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spective, single-center study with small number of patients
and lacks gut microbiome analysis. Also, we did not examine
endoscopic findings, cross sectional imaging and fecal calpro-
tectin. Nevertheless, EEN appears to be an attractive, effective
and well tolerated therapy for induction of remission and im-
proving nutritional status in anti-TNF refractory adult CD. More
data from prospective trials with larger number of patients is
required.
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See “Exclusive enteral nutrition for induction of remission in anti-tumor necrosis factor refractory adult Crohn’s dis-
ease: the Indian experience” on page 184-191.

Supplementary Material 1. Refractory CD criteria.

1. Primary Nonresponse Criteria
Patients who had received induction doses of infliximab (3 doses of >5 mg/kg) or adalimumab (160 mg followed by >80 mg) and
did not respond to these induction doses, as evidenced by at least 1 of the following signs or symptoms >2 weeks after receiving
the last induction dose.

« Lack of improvement or worsening in stool frequency.

« Lack of improvement or worsening in daily abdominal pain.

« Occurrence, lack of improvement, or worsening of fever related to CD.

« Persistent drainage of fistula or drainage from a previously non-draining fistula or development of a new fistula.

« Lack of improvement or worsening in rectal bleeding.

2. Secondary Nonresponse Criteria
Initially responded to induction therapy and received at least 2 maintenance doses of infliximab (at a dose of >5 mg/kg) or adali-
mumab (at a dose of >40 mg) and had at least 1 of the following signs or symptoms >2 weeks after receiving the last maintenance
dose.

« Lack of improvement or worsening in stool frequency.

« Lack of improvement or worsening in daily abdominal pain.

« Occurrence, lack of improvement, or worsening of fever related to CD.

« Persistent drainage of fistula or drainage from a previously non-draining fistula or development of a new fistula.

« Lack of improvement or worsening in rectal bleeding.

3. Intolerance Criteria
Eligible patients must have had an adverse reaction that met 1 of the following 3 criteria that precluded continued use of the therapy.

1) A significant acute infusion/administration reaction characterized by
a. Fever >100°F (37.8°C) with or without chills or rigors
b. Itching
c. Cutaneous rash
d. Flushing
e. Angioedema
f. Dyspnea, chest pain or tightness, wheezing, stridor
g. Diaphoresis
h. Syncope
i. Blood pressure less than 90 mmHg systolic and 60 mmHg diastolic

2) A significant delayed infusion/administration reaction defined as an adverse reaction that occurred >24 hours and <2 weeks
after infusion/administration, was considered related, and was manifested through
a. Myalgias
b. Arthralgias
c. Fever >100°F (37.8°C)
d. Malaise
e. Cutaneous rash
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Supplementary Table 1. Ingredients of Commercially Available Preparation Used as Exclusive Enteral Nutrition

Ensure Plus Peptide (Abbott Laboratories Zwolle, ~ Water, hydrolyzed whey protein concentrate, vegetable oil (medium chain triglycerides oil, canola
The Netherlands) oil), sucrose, hydrolyzed sodium caseinate, minerals; flavoring, emulsifiers, stabilizers vitamins,’
I-carnitine, taurine, sweetener (sucralose), maltodextrin

*Minerals: sodium, potassium, chloride, calcium, phosphorus, magnesium, iron, zinc, manganese, copper, iodine, selenium, chromium, molybdenum.
®itamins: vitamin A, vitamin D, vitamin E, vitamin K, vitamin C, folic acid, vitamin B,, vitamin B,, vitamin By, vitamin B,,, pantothenic acid, biotin.

Supplementary Table 2. Nutritional Value of Exclusive Enteral Nutrition (per Day)

. . Carbo- Vitamin Mineral
Patient Energy Protein Fat — : = :
— (keal) () hydrates ) A C D E Folic acid  Potassium Phosphorous Zinc Calcium

(9) (kg RE) (mg) (ng) (mgTE) (ug) (mg) (mg)  (mg) (mg)

1 1,102.5 50.6 138.0 41.2 1,125 135 7.5 14.3 225 1,500 750 135 750

2 2,058.0 94.5 257.6 770 2,100 252 14.0 26.6 420 2,800 1,400 25.2 1,400

3 1,984.5 91.1 248.4 743 2025 243 13.5 25.6 405 2,700 1,350 243 1,350

4 1,911.0 87.7 239.2 71.5 1,950 234 13.0 24.7 390 2,600 1,300 234 1,300

5 1,984.5 91.1 248.4 74.3 2,025 243 13.5 25.6 405 2,700 1,350 24.3 1,350

6 2,205.0 101.3 276.0 825 2250 270 15.0 285 450 3,000 1,500 27.0 1,500

RE, retinol equivalent; TE, tocopherol equivalent.
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