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Abstract

Background: Exclusive enteral nutrition is an established treatment for active Crohn’s disease but the role of partial enteral nutrition (PEN) in
the broader management of the disease is less clear. This systematic review and meta-analysis reviewed the literature on the role of PEN in
Crohn’s disease management.

Methods: This review was conducted following Cochrane recommendations. The protocol was registered on PROSPERO. Findings were re-
ported following the PRISMA guidelines.

Results: Sixty-four articles were identified, of which 11 reported data from randomized control trials. Good quality evidence suggests that PEN
may be used as a maintenance and induction therapy, particularly at high dosages and/or alongside exclusion diets. A higher dosage of PEN is
associated with a lower risk of subsequent disease relapse, with benefits observed at intakes above 35% of energy requirements (35%-50%
PEN: OR [95% confidence intervals (Cl)]: 0.42 [0.27-0.65]; > 50% PEN: OR [95% CI]: 0.27 [0.08-0.88]). Low-quality evidence suggests that
postoperative use of PEN may prevent disease recurrence or enhance treatment outcomes when used as adjunct therapy to biologics. PEN can
improve nutritional parameters, showing efficacy comparable to EEN in pediatric patients (weight: OR [95% Cl]: —0.04 [-0.32, 0.25]). The effect
of PEN on improving patients’ quality of life is comparable to that of EEN and anti-tumor necrosis factor alpha therapies.

Conclusions: Partial enteral nutrition may help in various aspects of Crohn’s disease management but much of the current evidence is of low
quality. Well-designed randomized control trials are required to confirm findings from current literature and before clinical recommendations can
be made.
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1. Introduction However, the exact dosage of PEN needed to be effective re-
mains to be established. Previous and recent research has also
explored the efficacy of PEN as a sole or adjunct induction
therapy alongside unrestricted diet, conventional medical treat-
ments, and/or coupled with dietary modification.’-1°

The present systematic review and meta-analysis investi-
gated the role of PEN in the broader management of CD. We
evaluated the efficacy of PEN either as a stand-alone therapy
or in combination with other treatments in induction of re-
mission in active disease and maintenance of remission in pa-
tients of all ages. Additionally, we assessed the effect of PEN
on secondary outcomes, including nutritional status param-
eters, quality of life, and other relevant factors identified
during the literature search.

In Crohn’s disease (CD), mainstream induction treatments
like corticosteroids and advanced therapies are effective but
their use is often associated with significant side effects,’
modest primary response rates,> or subsequent loss of re-
sponse (LOR).? Exclusive enteral nutrition (EEN), commonly
used in the management of pediatric active CD, involves the
exclusive consumption of a proprietary nutritional formula
for 6-12 weeks.* In children, EEN demonstrates efficacy rates
comparable to oral corticosteroids but with a superior safety
profile and the additional benefits of nutritional rehabilitation
and mucosal healing.’ Despite its effectiveness, EEN is less
commonly used in adults due to palatability and the impact
of treatment on lifestyle.®

Partial enteral nutrition (PEN) is often used as maintenance
treatment, involving the replacement of a portion of a person’s 2. Methods
habitual diet with the same proprietary formula used in EEN, but
with the flexibility of incorporating regular table foods. Societal
guidelines from the European Crohn’s and Colitis Organisation
and the European Society of Paediatric Gastroenterology
Hepatology and Nutrition endorse PEN as an effective main-
tenance treatment for CD if provided in appropriate dosages.”

The review protocol was registered on the international
database of prospectively registered systematic reviews
(PROSPERO, protocol ID: CRD42021239325), and the find-
ings were reported following the preferred reporting items for
systematic reviews and meta-analyses guidelines.!!
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2.1. Eligibility criteria

Eligible studies included randomized control trials (RCTs),
non-RCTs,  prospective  observational, retrospective,
cross-sectional, and case-control studies, which used PEN in
CD either as a stand-alone treatment or in conjunction with
other drug therapies or exclusion diets. Studies including pa-
tients with active CD and those in remission were eligible.
There were no age or other demographic restrictions, and
no limitations on the duration or dosage of PEN. Exclusion
criteria included patients with inflammatory bowel disease
(IBD) subtypes other than CD, studies reporting combined
results for different IBD subtypes, non-English studies, and
research in animals or in vitro. Treatment groups for com-
parisons with PEN comprised drug therapies, dietary ther-
apies, and unrestricted diet. Studies without a comparator
group were also eligible. All eligible studies, meeting the
above criteria and evaluating at least one of the following
efficacy outcomes, were included: Clinical, endoscopic, histo-
logical, radiological, postoperative remission/relapse rates,
systemic and intestinal inflammatory biomarkers, nutritional
status parameters, quality of life, healthcare costs, and hos-
pitalization rates.

For the purposes of this review, supplementary PEN is de-
fined as PEN provided in addition to a patient’s usual diet and
is a modality more commonly used in patients with malnutri-
tion. In contrast, PEN that replaces a person’s habitual diet
is used more commonly as a disease-modifying therapeutic
strategy, with its dosage often expressed as a percentage of
total energy requirements or intake.

2.2. Search strategy

PubMed, Ovid Embase, Cochrane Controlled Register of
Trials, and Cumulative Index to Nursing and Allied Health
Literature databases were searched in March 2021, and the
search was repeated again in November 2023 prior to final-
izing the manuscript for submission. Reference lists of identi-
fied articles were screened for additional studies. The search
strategy used the following keywords:

Crohn* [Title/Abstract]
Enteral Nutrition
Enteral Feeding

Diet

Diets

Nutrition* Therap*
Diet* Therap*
Elemental Diet

Enteric Feeding

Liquid Diet

Tube Feeding
20R30OR40ORS50OR60OR7ORS8ORY9OR 10
OR 11

13. 1AND 12

O RNA AW

—_ e
D= o

2.3. Data collection

Two reviewers (A] and BW) independently conducted data-
base searches, removing duplicates with EndNote 20. Titles,
abstracts, and full texts of articles were independently screened
by the same 2 reviewers according to predetermined eligibility
criteria. In case of disagreement, a third senior reviewer (KG)
independently assessed full texts to reach a consensus.
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The methodological quality of the included studies was
evaluated by the 2 reviewers using the Critical Appraisal Skills
Programme (CASP) tool.'>" In instances of disagreement, the
third senior reviewer was consulted. An evidence table was
created to provide an overview of the included studies and
report on the risk of bias. Indicators of quality of evidence for
each subtheme included an RCT study design, inclusion of a
comparator group, assessment of study bias, compliance as-
sessment, and reporting of objective outcome measures.

2.4. Meta-analysis

Meta-analysis was conducted using RevMan$,'* pooling data
from studies assessing similar outcomes and comparing PEN
against similar comparator groups. Data were analyzed with
random-effects meta-analysis, considering anticipated hetero-
geneity in the included studies. Dichotomous data were ana-
lyzed using the Mantel-Haenszel method to calculate odds
ratios (ORs). Continuous data were analyzed with mean differ-
ences when studies used the same outcome measure, or stand-
ardized mean differences when different outcome measures
were reported. In cases where mean or standard deviation (SD)
values were not provided, these were imputed from other avail-
able descriptive statistics using the equations and estimations
recommended by the Cochrane Handbook (https:/training.
cochrane.org/handbook/current). Likewise, changes from base-
line and post-treatment values were combined into a single ana-
lysis following the same recommendations. To stratify studies
by PEN dosage, values expressed in kcal/day were converted
to a percentage of the recommended daily intake, assuming an
average daily energy requirement of 2000 kcal/day. In instances
where the energy content of the formula was not specified, a
standard energy content of 1 kcal/mL was assumed.

3. Results

Figure 1 describes the screening process. A total of 12,778
records were identified, with an additional 3 articles'>-'7 iden-
tified through screening reference lists. From the excluded
records, 10 initially showed discrepancies between the 2 re-
viewers, prompting further evaluation by a third, independent
reviewer (Supplementary Table 1). Sixty-four articles were in-
cluded in the final review.

Most articles originated from Japan (25 of 64, 39%), fol-
lowed by the United Kingdom (8 of 64, 13%). Almost half
of the included articles (30 of 64,47%) used PEN in patients
with CD in remission, while 39% (25 of 64) in those with
active disease. Among the latter, most articles used clinical
disease activity indices or a combination of clinical, biochem-
ical, and endoscopic criteria to define active disease. Two re-
cent studies used fecal calprotectin (FC) values to define the
active disease.'®!” In 3 articles, disease status was unclear,
and another 6 included patients with both active disease and
those in remission. In 2 of these 6 studies, the majority of pa-
tients had active disease, and these studies were included in
the theme focusing on the use of PEN in active CD,?*?! while
one mostly included patients in remission?* and was included
in the theme looking at the use of PEN as maintenance treat-
ment. Notably, 56% of the articles (36 of 64) included adult
patients, 39% included children and adolescents (25 of 64),
3% included both adults and children, and 2% did not spe-
cify patient age. The use of polymeric formulas was the most
common (27 of 64, 42%), followed by elemental formulas
(21 of 64, 33%).
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Figure 1 PRISMA flow diagram of the review process. PRISMA, preferred reporting items for systematic reviews and meta-analyses.

Compliance with PEN was assessed in most articles (41 of
64, 64%), primarily using self-reported measures and conven-
tional dietary assessment methodology, with a single study
objectively assessing compliance to PEN formula enriched
with fish oil by measuring plasma phospholipids.?® Sixty-
three percent of articles (40 of 64) had a comparator group,
20% did not have a comparator group (13 of 64), and 17%
categorized patients into PEN and non-PEN groups based on
PEN intakes (11 of 64, 17%). However, as both groups in-
cluded patients receiving PEN, they were treated as 2 PEN
groups. Almost half (29 of 64, 45%) were of retrospective
study design and 13 reported findings from 11 distinct RCTs.
Detailed information and study characteristics of the 64 art-
icles are presented in Supplementary Table 2.

Following the literature search, 4 primary themes emerged,
each with subthemes, and each subtheme included at least 3
articles: (1) PEN as induction treatment, (2) PEN as main-
tenance treatment, (3) PEN and nutritional outcomes, and
(4) PEN and quality of life. A fifth theme explored additional
outcomes, which could not form their own themes due to
scarce literature or a limited number of available studies. The
sixth and final theme explored associations between residual
dietary intake and disease outcomes during PEN.

3.1. PEN as induction treatment

Twenty-seven articles investigated the role of PEN in the
treatment of active CD,%1018-21.2343 and were categorized into
3 subthemes depending on the type of concomitant medical
or dietary treatments used.

3.1.1. PEN alongside unrestricted diet

Twelve articles (12 of 27, 44%) used PEN alongside an un-
restricted diet in patients with active CD (Supplementary

Table 3).820:2326:28-31,3335:422 Of these, 6 studies included chil-
dren, 82026293034 and the other 6 included adults.?328:31:33,3542
One study was an RCT,® and another one a pragmatic RCT.?
Eight articles reported clinical remission rates,%20-26:28,30,31,34:42
9 reported changes in systemic inflammatory biomark
ers,$20:23:263133-3542 9 in FC,3%% and 1 study described endo-
scopic findings.*

Clinical remission rates varied widely across studies, ran-
ging from 15% to 72%, but with the majority (6 of 8, 75%)
reporting > 50% remission rates.2026:30313442 The lowest re-
mission rate (15%) was observed in an RCT involving pedi-
atric patients, where 50% PEN was less effective than EEN
(42% remission rate) after 6 weeks of both (p =0.035).5
Low efficacy rates, including patients receiving EEN, may
be attributed to high dropout rates, poor compliance likely
due to the use of less palatable elemental formula, and
overcompensation of the habitual diet (median energy in-
take: 126% of estimated average requirements [EARs]).®
Conversely, the highest remission rate of 72% was reported
in a study involving malnourished adults who received 12
weeks of supplementary PEN at 200-600 kcal/day, along-
side initiation of medical induction therapy with corticoster-
oids or biologics; hence, the net effect of PEN on remission
rates could not be determined.** The second-highest remis-
sion rate of 68% was reported in a study using the highest
dosage of PEN (~1500 kcal/day).3! Of note, 1 retrospective
study observed a higher remission rate of 57% with 35%-
50% PEN using the Modulen IBD formula, compared to
22% with the same dosage and duration of PEN but using
the Ensure Plus formula (p = 0.03).2° Nonetheless, it is im-
portant to note that the retrospective study design may have
introduced sample selection bias.

Regarding the effect of treatment with PEN on systemic in-
flammatory biomarkers, the majority of articles (6 of 9, 67%)
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reported improvements.?%26:31:343542 Among these 6 articles, 2
provided different PEN formulas and observed improvements
only in patients receiving the Modulen IBD formula, but not
in those receiving the Ensure Plus?* or Nutren formulas.® It
is noteworthy that 2 of 3 studies that did not observe im-
provements in systemic inflammatory biomarkers involved
patients with normal C-reactive protein (CRP) levels at PEN
initiation.”*3% In the only RCT available, improvements in
ESR, albumin, platelet count, and hemoglobin were observed
only with EEN but not with PEN, yet neither treatment im-
proved CRP levels.® In a study involving malnourished adults
receiving supplementary PEN for purposes of nutritional re-
habilitation, only those who received higher PEN dosages and
were compliant with the treatment had improvements in al-
bumin levels.*

In an observational study, 8 weeks of 50% PEN reduced FC
levels in pediatric patients.’® However, only 14% of patients
achieved FC levels < 250 pg/g, which was lower compared to
both treatment with EEN (45 %, p = 0.04) and anti-tumor ne-
crosis factor alpha (TNFa) agents (62%, p = 0.02). In another
open-label controlled trial, 6 weeks of PEN did not further
reduce FC levels in adults after the initial reduction observed
with 2 weeks of EEN. This trend was also noted in the par-
allel group that continued EEN, suggesting a possible decline
in treatment compliance over time.>* At treatment comple-
tion, 22% of patients in the PEN group and 36% in the EEN
group had FC levels below 500 pg/g.

A single open-label controlled trial reported both endo-
scopic and histological findings.>® The authors of this study
reported that patients receiving 3 months of 50% PEN with
the Modulen IBD formula experienced significant histological
improvements (p <0.01). In contrast, patients using the
Nutren formula did not show similar histological improve-
ments. Regarding endoscopic scoring, none of the groups
demonstrated improvements. Importantly, both groups in-
creased their residual energy intake from their habitual diet
and reported consuming 30-35% of their daily energy intake
from PEN, below the prescribed target of 50%.

Collectively, there is poor-quality evidence to suggest that
PEN used alongside unrestricted diet may improve disease ac-
tivity outcomes in patients with active CD.

3.1.2. PEN alongside exclusion diets

Twelve out of the 27 articles (44 %) used PEN in combination
withexclusiondietsinpatientswithactive CD!%18:19:21,27,32,36-4043
(Table 1). The majority of these studies (7 of 12, 58%) re-
ported results from studies including children,!%:18:19,36-38.43 3
included adults,>*° and 2 included both age groups.?”3?
Notably, 5 articles (5 of 12, 42%), including 3'0364° re-
porting findings from 2 distinct RCTs, were affiliated with
the research group that developed the Crohn’s disease exclu-
sion diet (CDED).!0:27:32:36:40 In short, CDED limits processed
foods, food additives, animal fat, sugar, dairy products, and
gluten, and mandates daily consumption of § specific foods
alongside PEN. Seven of the remaining studies (7 of 12,
58%), including 1 RCT," were conducted by independent
research groups assessing the effect of PEN coupled with
CDED or other exclusion diets resembling CDED, !8:19:21:37-39:43
with 2 of these studies presenting combined results for pa-
tients receiving PEN alongside CDED and those on CDED
alone.?** Remission rates and changes in systemic inflam-
matory biomarkers were reported in all 12 articles in this

,,,,,,,

subtheme. Eight studies measured FC levels,
while 2 described endoscopic findings.3”4

Clinical remission rates following 6 weeks of treatment
ranged from 59% to 100%. The highest remission rate of
100% was observed in a retrospective study without a control
group, which used PEN with CDED in 15 treatment-naive
children who also received azathioprine concurrently.* Two
studies reported remission rates after 12 weeks of treatment
based on a subset of patients with active disease (FC used to
define active CD), with one showing a 55% remission rate'®
and the other reporting 100%, albeit based on only 4 partici-
pants.' Interestingly, 2 other small-sized studies, including 1
RCT, found no difference in efficacy rates between patients re-
ceiving PEN with CDED and those receiving CDED alone.?!#

The majority of these 12 articles (10 of 12, 83%) reported
some improvements in systemic inflammatory biomarkers.
Two articles'”* that did not report any improvements, either
included patients that had normal baseline biomarker levels®
or did not have active symptoms.” Four articles, including
2 reports from the same RCT, found no difference between
PEN alongside exclusion diets and compared with EEN,!0:36-38
albeit the studies were not powered to show non-inferiority.
This was also the case in another RCT, where no differences
were found between CDED with PEN and CDED alone.
However, PEN was used at lower doses compared to previous
research by the same authors.*

All 7 articles measuring FC levels reported significant
decreases after treatment with PEN alongside exclusion
diets.118:19.21.37.394043 Tnterestingly, 2 articles, including 1 RCT,
comparing PEN with exclusion diets against EEN found no
differences in the median baseline FC change!'® or levels®”
after 6 weeks between the 2 groups. Nonetheless, in an RCT
comparing PEN with CDED to EEN, median FC levels re-
mained high in both groups, indicating ongoing intestinal in-
flammation,'® and were higher than those reported by other
independent studies using EEN.** In the only study where
CDED + PEN was compared to CDED alone, as mentioned
above, similar reductions and levels of FC at intervention com-
pletion were observed between the 2 groups, although almost
half of the patients had normal FC levels at study enrollment.*

Two studies assessing endoscopic outcomes reported
similar outcomes with PEN alongside exclusion diets com-
pared to EEN or exclusion diet alone. In 1 study, a 46 % endo-
scopic remission rate was observed in patients with moderate
baseline endoscopic activity after 6 weeks of 75% PEN with
an exclusion diet resembling CDED, which was not different
from treatment with EEN alone (46%).>” There were also no
differences in endoscopic remission rates observed between
the 2 groups treated with PEN alongside CDED and CDED
alone after 24 weeks, in patients with mild baseline endo-
scopic activity: 53% after PEN with CDED and 46% after
CDED alone (p = 0.705).#° The authors did not present paired
comparisons (before vs after treatment) in endoscopic scores
within each study group. In all 22 patients with paired colon-
oscopies at baseline and week 24, median SES-CD decreased
by 5-0 points (IQR -6-2 to —=1-0); p = 0.0025. It is noteworthy
though that the criteria used to define endoscopic remission
differed between the 2 studies (Table 1).

In contrast to using PEN alongside unrestricted diet, there
is suggestive evidence to indicate that combining high-dosage
PEN with specific exclusion diets can be effective in treating
active CD, with comparable efficacy to EEN.



10

3.1.3 PEN combined with biological treatment

Three studies (3 of 27, 11%) combined PEN with anti-TNFa
agents (infliximab [IFX]) in patients with active CD; all in
adults®?*? (Table 2). One study was an RCT,’ and the other
2 were of retrospective design.?*? Two reported clinical re-
mission rates,”?* but none assessed changes in inflammatory
biomarkers or in endoscopic findings.

Clinical remission rates with PEN and IFX combination
therapy ranged from 31% to 73%. The lowest rate was ob-
served with a 2-week regimen of IFX and PEN at > 1500
kcal/day, with no differences in efficacy when compared to
IFX monotherapy or a combination therapy of IFX with
total parenteral nutrition (TPN) also at > 1500 kcal/day.?*
The highest remission rate was reported in an RCT, after
16 weeks of PEN at 900-1200 kcal/day combined with IFX
dose escalation, showing significant improvements com-
pared to IFX dose escalation monotherapy.” Nonetheless,
this study had a small sample size and was terminated pre-
maturely due to ethical concerns of not offering PEN to the
monotherapy group. One study, while not reporting remis-
sion rates, observed a higher clinical response rate of 68%
after 16 weeks of IFX combined with PEN at > 900 kcal/
day, compared to a 32% response rate with IFX with lower

A. Jatkowska et al.

PEN dosages, or no PEN, particularly in patients with in-
flammatory disease behavior (p = 0.007), but not in those
with fistulizing disease.?

There is currently low-quality evidence to suggest that con-
comitant PEN may improve response and remission rates to [FX
therapy and IFX dose escalation therapy in patients with inflam-
matory, but most likely not in patients with fistulizing CD.

3.1.4. Meta-analysis of PEN as induction treatment

A meta-analysis examining the efficacy of PEN in active CD
was performed using data from 27 articles described in the
first theme of this review (Tables 1 and 2, and Supplementary
Table 3). The analysis focused on clinical remission rates,
the most frequently reported outcome within this theme.
Among these, 8 studies included a comparison group of
patients on an unrestricted diet alongside standard of care
treatments,”!?202428.29.3435 with 6 of them reporting clinical
remission rates, and subsequently included in the
meta-analysis. Of these, 2 studies used PEN with IFX,>** 1
study alongside CDED,' while the remaining 3 used PEN
alongside unrestricted diet and standard of care treatments. A
study that reported outcomes separately for 2 different types
of PEN formula?® was treated as 2 independent studies.

9,19,20,24,28,34

Table 2 Summary of study results investigating the clinical efficacy of partial enteral nutrition combined with biological treatments as induction

treatment in patients with active Crohn’s disease.

Study Intervention Comparison Duration® Response/remission criteria Results
reference description description
Matsumoto  PEN at > 1500 TPN at > 1500 kcal/ 2 weeks Response: |CDAI = 70 Response rates: 46.9% (23/49) PEN
et al.?* kcal/day + IFX day + IFX (5 mg/ Remission: CDAI < 150 group, 44.4% (16/36) TPN group,
Retro- (5 mg/kg) kg) (n=36) 58.3% (7/12) control group (between-
spective (n=49) Unrestricted group: NS)
diet + IFX (5 mg/ Remission rates: 30.6% (15/49) PEN
kg) (n=12) (con- group, 47.2% (17/36) TPN group,
trol group) 33.3% (4/12) control group (between-
group: NS)
Tanaka et PEN at > 900 X 16 weeks  Response: |HBI*>3 (in- Response rates: 68.4% > 900 kcal/day
al.® kcal/day + IFX flammatory CD)/50% of PEN group, 32.4% < 900 kcal/day
Retro- (5 mg/kg at the number of previously PEN group in patients with inflamma-
spective weeks 0, 2, described draining fistulas tory CD (= 900 kcal/day vs < 900 keal/
and 6) (n=51) (fistulizing CD) day: p = 0.0026), values not presented
PEN at < 900 *Only 1 point allocated for | for patients with fistulizing CD (= 900
kcal/day)/no in number of liquid stools kcal/day vs < 900 kcal/day: NS)
PEN + IFX
(5 mg/kg at
weeks 0, 2,
and 6) (7 =159)
Hisamatsu ~ PEN at 900- IFX dose escalation 16 weeks ~ Response: [CDAI > 50 Response rates: 63.6% (7/11)
et al.’ 1200 kcal/ (10 mg/kg every 8 Remission: CDAI < 150 PEN + IFX group, 20% (1/5) IFX
RCT day + IFX weeks) (7 = 6) group after 8 weeks (PEN + IFX vs
dose escalation IFX: NS); 72.7% (8/11) PEN + IFX
(10 mg/kg group, 0% (0/5) IFX group after 16
every 8 weeks) weeks (PEN + IFX vs IFX: p = 0.0256)
(n=14) Remission rates: 54.5% (6/11)

PEN + IFX group, 20% (1/5) IFX
group after 8 weeks (PEN + IFX vs
IFX: NS); 72.7% (8/11) PEN + IFX
group, 0% (0/5) IFX group after 16
weeks (PEN + IFX vs IFX: p = 0.0256)

“Duration is presented for the duration of intervention unless stated otherwise.

Results are presented at the end of intervention/follow-up duration unless stated otherwise. Values in bold represent data for patients receiving partial

enteral nutrition.

Abbreviations: CDAI, Crohn’s Disease Activity Index; HBI, Harvey-Bradshaw Index; IFX, infliximab; NS, not significant; PEN, partial enteral nutrition;

RCT, randomized control trial; TPN, total parenteral nutrition.
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Six other articles compared PEN against EEN in this
theme.%10:30:33:37.38 Clinical remission rates were reported in 5
of them,®103%37:38 and these studies were included in a second
meta-analysis comparing PEN against EEN. Of these, 3 used
PEN with exclusion diets,'®7*% and 2 with an unrestricted
diet.®3

The meta-analysis comparing PEN against an unrestricted
diet in patients with active CD revealed a trend toward higher
remission rates in patients receiving PEN, although this did
not reach statistical significance (p =0.07), and significant
heterogeneity was also observed, likely attributed to vari-
able study designs, variations in PEN dosage and duration,
and differences in background treatments (p = 0.05) (Figure
2A). Likewise, the meta-analysis comparing PEN against
EEN showed that PEN alongside an unrestricted diet was
less effective than EEN alone for 6-8 weeks but was equally
effective as EEN when used alongside exclusion diets (OR
[95% CI]: 1.81 [0.78-4.19], p = 0.17) (Figure 2B).

The findings of the meta-analysis showed that PEN, along-
side an unrestricted diet, was less effective as induction
therapy than treatment with EEN for 6-8 weeks (Figure 2).
However, when PEN was used alongside exclusion diets, it
was equally effective as EEN.

3.2. PEN as maintenance treatment

Thirty articles (30 of 64, 47%) studied the use of PEN as
maintenance treatment.'’"17:224-6> Articles were categorized
based on the treatments used to achieve remission including
non-biological treatments, biological treatments, and surgical
gut resection.

3.2.1. PEN in the maintenance of remission in CD achieved
with non-biological treatments

Nineteen articles (19 of 30, 63%) explored the role of PEN
as maintenance therapy in patients who achieved remission
with non-biological drug treatments including EEN and
PEN]S,16,22,4548,50752,56,57,61,63,64,66,67,69,70 (Supplementary Table 4).
Among these, 17 used PEN alongside an unrestricted diet, 1
with a low-fat diet (20-30 g/day),’> and another one with a
low-residue and low-fat diet (<20 g/day).® Eleven studies
included Children,]5’16’22’45’46’6]’63’64’66’67’70 7 adults’47,48,50—52,56,57
and 1 all age patients.®” Four studies were RCTs,*791:56:57
while the majority (10 of 19, 53%) were of retrospective de-
sign,15:16:46,506163,64.66.69.70 Among these 19 studies, 17 reported
Clinical relapse rates,15,16,22,46—48,50—52,56,57,61,63,64,66,67,69 5 reported
changes in systemic inflammatory biomarkers,*#%526%70 2 in
FC,%7% and 1 described endoscopic findings and changes in
mucosal inflammatory biomarkers.*?

Within the available body of literature, clinical relapse
rates varied across studies, ranging from 0% to 89%. The
lowest relapse rate was observed in a retrospective study
where 4 patients received daily PEN dosages of 500-1000 mL
without additional drug treatments over a mean duration of
15 months.' In contrast, the highest relapse rate, reaching
89%, was reported in a prospective observational study
where patients received low-dosage PEN at 20%-25% of
energy requirements for 1 year, showing no difference com-
pared to those on an unrestricted diet.®” An RCT also using
low-dosage PEN reported a 31% relapse rate after 6 months
of PEN at 500 kcal/day, which was equal to treatment with
mesalamine (800 mg 3 times/day), a drug that has now been
demonstrated to be ineffective in the treatment of CD.*¢ Three
RCTs using higher dosages of PEN, ranging from 35% to

n

50% of energy requirements (35%-50%,* 50% [900-1200
kcal/day],*! > 900 kcal/day®’), reported relapse rates of up to
58%.1In one of these studies, no difference in relapse rates was
found between patients receiving PEN with either elemental
or polymeric formula,*” and in another study, PEN use was
associated with lower relapse rates compared to unrestricted
diet.’! In the last study, PEN showed superior effectiveness
to no treatment (p = 0.035) and comparable effectiveness to
6-Mercaptopurine at doses of 0.5-1.5 mg/kg/day.’”

Articles in this theme focused on patients in remission
primarily defined by disease activity indices, although in 4
out of § studies, several patients had abnormal disease bio-
markers.¥7486%70 Of these, only 1 reported improvements in
CRP levels over time with PEN, provided at 35%-50% of
energy requirements, with no such changes seen in a group
of patients following an unrestricted diet.** Similarly, another
study found no differences in albumin, white blood cell count,
hemoglobin, CRP, and ESR between PEN and thiopurines or
methotrexate at 6- and 12-month follow-up.®” This is in con-
trast to findings from a retrospective study, which observed
lower albumin levels among patients receiving 3 months
of 50% PEN compared to those on an unrestricted diet
(p = 0.007).7° However, children who received PEN had lower
weight, body mass index (BMI), and albumin levels at EEN
initiation (prior to PEN use).”’ In an open-label controlled
trial where patients had normal baseline values of albumin,
1 year of PEN at 1200-1800 kcal/day administered overnight
via a nasogastric tube with a low-fat diet prevented a drop
in albumin (p =0.04), deterioration of endoscopic scores
(p = 0.04), and rise in mucosal inflammatory biomarkers (IL-
1B, IL-6, and TNFa) compared to a group of patients on an
unrestricted diet.*

Two studies in this subtheme measured FC levels. In a pro-
spective observational study, children who adhered to the
prescribed PEN formula had lower FC levels 17 days after
completing EEN compared to patients who did not adhere
to PEN (p = 0.049).¢” No significant differences in FC levels
were seen in another study between patients receiving PEN
and those receiving thiopurines or methotrexate after 6 and
12 months of treatment.®’

On the basis of the literature above, it can be concluded
that there is some evidence to suggest that PEN at>35%
of energy requirements may prolong remission achieved
with conventional, non-biological treatments including ster-
oids, EEN, PEN, and TPN. However, most studies relied
solely on subjective disease activity indices, whereas assess-
ment of disease activity using inflammatory biomarkers and
endoscopic findings was limited. It is also important to ac-
knowledge that pharmacological treatment paradigms have
shifted away from the traditional use of the less effective
immunomodulator monotherapy to maintain disease remis-
sion to biologics and other advanced agents that offer better
efficacy.”! Against these new potent agents, there is currently
no literature to compare the effectiveness of PEN as mainten-
ance therapy.

3.2.2. PEN in the maintenance of remission in CD achieved
with biological treatments

Six articles (6 of 30, 20%), all involving adults, investigated
the adjunctive role of PEN in maintaining disease remission
achieved with anti-TNFa agents!7558-6062 (Table 3). The ma-
jority of these studies (4 of 6, 67%) used IFX as the anti-
TNFa agent**8:062; 1 study used adalimumab,'” and another
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PEN Control Odds Ratio Odds Ratio
A Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Matsumoto 2005 (75% PEN) 15 49 4 12 19.7% 0.88[0.23, 3.39] 2005 D B
Hartman 2008a (35-50% PEN) 16 28 4 18 19.7% 4.67[1.22,17.82] 2008 L
Hartman 2008b (35-50% PEN) 4 18 4 18 17.6% 1.00 [0.21, 4.81] 2008 - T
Soktlmez 2014 (25% PEN) 2 6 4 7 12.3% 0.38 [0.04, 3.61] 2014 - 1
Hisamatsu 2018 (45-60% PEN) 8 11 0 5 7.9% 26.71[1.14, 624.23] 2018 - -
Agin 2019 (50% PEN) 14 16 8 19 16.1% 9.63 [1.69, 54.79] 2019 - =
Arcucci 2023 (50% PEN) 4 4 1 3 6.6% 15.00 [0.43, 524.53] 2023
Total (95% CI) 132 82 100.0% 2.62[0.93, 7.43] -
Total events 63 25
Heterogeneity: Tau? = 0.96; Chi2 = 12.62, df = 6 (P = 0.05); 1 = 52% f f ; f
Test fo‘;g oveerl effect: Z = 1.82 (P = 0.07) ( ) 0.002 0.1 ! 10 300
Favours control  Favours PEN
PEN EEN Odds Ratio Odds Ratio
B Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
2.1.1 PEN with unrestricted diet
Johnson 2006 (60% PEN) 4 26 10 24 23.1% 0.25[0.07, 0.97] 2006 I E—
Lee 2015 (50% PEN) 8 16 17 22 222% 0.29[0.07, 1.19] 2015 - &
Subtotal (95% CI) 42 46 453% 0.27 [0.10, 0.72] -~
Total events 12
Heterogeneity: Tau? = 0.00; Chi2 = 0.02,df = 1 (P = 0.88); 2= 0%
Test for overall effect: Z = 2.63 (P = 0.008)
2.1.2 PEN with exclusion diet
Levine 2019 (50% PEN) 30 40 20 34 28.2% 2.10[0.78, 5.65] 2019 T
Urlep 2019 (75% PEN) 9 11 9 11 14.0% 1.00 [0.11, 8.73] 2019
Niseteo 2021 (50% PEN) 3 4 27 41 12.5% 1.56 [0.15, 16.37] 2021
Subtotal (95% CI) 55 86 54.7% 1.81[0.78, 4.19] e
Total events 42 56
Heterogeneity: Tau? = 0.00; Chi2 = 0.39, df =2 (P = 0.82); 2= 0%
Test for overall effect: Z = 1.38 (P = 0.17)
Total (95% CI) 97 132 100.0% 0.72 [0.26, 1.99]
Total events 54 83
ity: 2 - . Chi2 = - - L2 = 549 I t t t {
Heterogeneity: Tau? = 0.69; Chi? = 8.78, df =4 (P = 0.07); 12 = 54% 0.01 o1 i 10 100

Test for overall effect: Z = 0.63 (P = 0.53)
Test for subgroup differences: Chi2 = 8.37, df = 1 (P = 0.004); I = 88.0%

Favours EEN  Favours PEN

Figure 2 Forest plots of clinical remission rates in patients with active Crohn's disease after treatment with partial enteral nutrition in comparison to: (A)
an unrestricted diet, (B) exclusive enteral nutrition. PEN, partial enteral nutrition; EEN, exclusive enteral nutrition.

study used either agent.’” Most of the studies (4 of 6, 67%)
were retrospective,!”*%062 with none reporting results from
RCTs. All 6 articles assessed LOR rates,!75+58-6062 2 reported
changes in systemic inflammatory biomarkers,'”** and 1 study
reported on changes in serum TNFa levels.!” None of the art-
icles provided data on intestinal inflammatory biomarkers or
endoscopic findings.

Within the available literature, LOR rates with combin-
ation treatment of PEN and anti-TNFa agents ranged from
4% to 58%. Two open-label controlled trials found no benefit
of concomitant PEN in reducing chances of LOR in com-
parison to anti-TNFa monotherapy. In the first trial, PEN at
1200-1500 kcal/day administered via a nasogastric tube for
56 weeks alongside a low-fat diet (20-30 g/day) did not re-
duce the risk of LOR.** Similarly, the second trial, where pa-
tients received 2 years of PEN at > 900 kcal/day alongside an
unrestricted diet, also found no benefit of PEN.*° In contrast,
the results of the remaining 4 articles showed a significant
benefit of concomitant PEN for patients prescribed higher
dosages (> 600 kcal/day,’® > 900 kcal/day'7¢62) compared to
those receiving lower dosages or no PEN.

These findings were not confirmed when using objective
biomarkers, as both studies measuring systemic inflamma-
tory biomarkers did not observe differences between groups
on PEN at > 900 kcal/day compared to lower dosages or no
PEN.'7%? One of these 2 studies also found that serum TNFa
levels were significantly lower in patients prescribed higher

PEN dosages.'” None of the studies assessed anti-TNFa drug
levels or anti-drug antibodies, which are frequent causes of
LOR.

The available literature of the benefit of PEN in the main-
tenance of remission in CD achieved with biological treat-
ment is of low quality. However, there is a suggestion in some
studies that PEN may reduce the risk of LOR to anti-TNF
agents.

3.2.3. PEN for maintenance of CD in remission after
surgical gut resection

Five articles (5 of 30, 17%), all including adult patients, in-
vestigated the efficacy of postoperative PEN in maintaining
remission after gut resection in patients with CD, the ma-
jority of which (3 of §) were of retrospective design**-33:55:65:68
(Supplementary Table 5). Clinical relapse rates were reported
in 4 studies,*33%¢5 endoscopic relapse rates in 3,°35%% and
surgical relapse rates in 2,°% with none measuring systemic
or intestinal inflammatory biomarkers.

In one small (7 = 40) open-label controlled trial, 1 year of
PEN at 1200-1800 kcal/day administered overnight via naso-
gastric tube alongside a low-fat (20-30 g/day) diet reduced
clinical and endoscopic relapse rates when compared to an
unrestricted diet. In this previous study, no patients were
given biologics post-operatively.” Nonetheless, this effect
was not sustained at the S-year follow-up, with no differ-
ences observed in clinical, endoscopic, and surgical relapse
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rates between patients on PEN and those on an unrestricted
diet.*%> Three other articles retrospectively categorized pa-
tients into 2 groups based on their PEN intakes and found
that patients receiving higher PEN dosages (> 1200 kcal/
day,* or > 900 kcal/day®>*®) had lower clinical relapse rates,*
and longer clinical,* endoscopic,” and surgical®® remission
intervals than patients prescribed lower dosages or no PEN.
The mean patient follow-up times in these studies were ap-
proximately 2.6,% 4.3,% and 4.7 years.

Taken together, the findings from the studies discussed
above show that there is some low-quality evidence to sug-
gest that postoperative PEN may reduce the rates of clinical,
endoscopic, and surgical recurrence in patients with CD.

3.2.4. Meta-analysis of PEN for maintenance of CD in
remission

A meta-analysis investigating the efficacy of PEN as a main-
tenance treatment in CD was conducted using data from 30
articles (Table 3, and Supplementary Tables 4 and 5), and fo-
cusing on clinical relapse rates, the most commonly reported
outcome measure. Among these, 19 articles compared PEN to
an unrestricted diet with or without other background ther-
apies15,16,22,45,46,43,51—57,59,61,66,67,69,70 Wlth 17 reporting on Clil’lical
relapse rates.!516:22:46,48,51-57.59,61,66.67.69 We analyzed clinical re-
lapse rates up to 1-year follow-up, aligning with the reporting
timeframe in most studies. A follow-up study from the same
cohort of patients reporting data after 5 years was excluded.’
From these 16 studies, PEN was combined with a low-fat diet
in 2 studies’”>* and with anti-TNFa agents in a third one.”

The meta-analysis revealed a dose-dependent effect of
PEN in preventing disease relapse, with benefits detectable
at dosages of at least 35%. Conversely, PEN at dosages of
less than 35% did not have similar benefits, with none of the
6 studies reporting statistically significant effects (Figure 3).
Collectively, there is low-quality evidence to suggest that the
use of PEN at intake > 35% of energy requirements can pre-
vent disease relapses (35%-50% PEN: OR [95% CI]: 0.42
[0.27-0.65], p = 0.0001; > 50% PEN: OR [95% CI]: 0.27
[0.08-0.88], p = 0.03).

3.3. PEN and nutritional outcomes

Twenty-nine articles (29 of 64, 45%) investigated, mainly
as secondary outcomes, the effect of PEN on nutritional
outcomes in patients Wlth CD‘8,10,20,22,23,26,29—31,33—35,37-40,42,43,
45-48,52,56,66,70.72-74 Agsessed nutritional outcomes included an-
thropometric measures, body composition, malnutrition risk,
handgrip strength, blood biomarkers of nutritional status,
and pubertal staging. The literature is presented separately
for adult and pediatric patients.

3.3.1. PEN on nutritional outcomes of children
Fifteen of the articles (15 of 29, 52%) included chil-

dren8,10,20,22,26,29,30,34,37,38,43,45,46,66,70 (Supplementary Table 6),
with the majority (8 of 15, 53%) having a retrospective study
design,20:26:34:38:43:46.66.70 yhereas 2 presented findings from
RCTs.%1° All 15 articles reported changes in anthropometric
measures (eg weight, height, and BMI), 2 in body compos-
ition,>?? 3 in blood biomarkers of nutritional status,?34
1 in Tanner staging,* and another one assessed handgrip
strength.??

Out of the 10 articles examining changes in body weight,
7, including 2 RCTs, reported significant weight gain with
PEN,10:2629.303845 while 3 found no significant effects.2374
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Among the 6 articles assessing BMI changes, 3 reported in-
creases,?>3% with 1 observing changes only in patients re-
ceiving Modulen IBD formula but not with Nutren formula,
potentially indicating sample selection bias or lower tolerance
with the latter supplement.?’ Selection bias may have influ-
enced the outcomes of at least 5 articles, as children assigned
to receive PEN had lower baseline weight z-scores compared
to those in comparator groups.??3%:3466.70

Among the 6 articles assessing changes in height, 4 reported
increases, either in all participants?®*# or specifically in those
with Tanner Stage 1-3 pubertal development.?? Increased
height velocity was also observed in a retrospective study
after 1 year of 50%-60% PEN compared to an unrestricted
diet.* In another open-label controlled trial, more children
receiving PEN reached a height velocity of > 4 cm/year com-
pared to children following an unrestricted diet, although
statistical significance was not reported.*

In terms of body composition changes, 1 RCT observed an
increase in skinfold thickness but not in mid-upper arm cir-
cumference with 6 weeks of 50% PEN, with no differences
between PEN and EEN.? In contrast, no significant changes
in body composition or bone geometry, assessed with periph-
eral quantitative computed tomography, were observed after
1 year of 25% PEN when compared to an unrestricted diet.>

Two out of 3 articles assessing changes in blood biomarkers
of nutritional status during PEN reported improvements.?**
Four weeks of PEN providing 20 kcal/kg/day improved sev-
eral nutritional biomarkers in blood at the 1-year follow-up,
including micronutrient levels, although the reason for meas-
urements at such a late stage is unclear.”” One study found
that 24-week CDED regime coupled with PEN increased
serum iron levels,* contrasting with another study reporting
no improvements to total blood protein levels with 8 weeks
of 50% PEN.3*

A study that assessed Tanner staging found that 25% (2 of
8) of children progressed from Stage 1 to Stage 2 after 1 year
of PEN at 1000-1500 kcal/day compared to no children (0
of 6) on an unrestricted diet.* No improvement in handgrip
strength was observed after 1 year of 25% PEN in another
study.??

There is evidence to suggest that PEN may improve an-
thropometry in children with CD. However, there is cur-
rently insufficient evidence to confirm the benefits of PEN on
body composition, blood biomarkers of nutritional status,
pubertal development, and handgrip strength in this patient

group.

3.3.2. PEN on nutritional outcomes of adults

Fourteen articles (14 0f 29,48 %) explored the effect of PEN on
nutritional outcomes in adult patients?3:31:33:35:39,40,42,47,48,52,56,72-74
(Supplementary Table 7) with 5 of them presenting findings
from RCTs.*047567273 Among these, 12 reported changes
in body weight or BMI,2313335.39404247.48.525672 4 in body
composition,?»3%72 8 in blood biomarkers of nutritional
status,?*31333%:56.7274 3 in malnutrition risk assessed with the
Subjective Global Assessment,’*? and 1 reported changes in
handgrip strength.?*

The majority of articles (7 of 12, 58%) that examined
changes to body weight or BMI, including 2 RCTs, re-
ported increases in these parameters after treatment with
PEN.23:31:35,42.52,56.72 Gelection bias may have occurred in some
studies such as where patients who were assigned to receive
50% PEN had lower body weight and were at higher risk of
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Figure 3 Forest plot of clinical relapse rates in patients with Crohn’s disease in remission after treatment with partial enteral nutrition in comparison to

an unrestricted diet. PEN, partial enteral nutrition.

undernutrition at study enrollment compared to patients as-
signed to follow an unrestricted diet.?

All 4 articles that assessed body composition reported
an increase in at least one body composition compart-
ment,?3%%%72 including mid-arm circumference,**7> mid-
arm muscle circumference,’>”> skinfold thickness,?%¢72
abdominal circumference,’ fat-free mass,” and fat mass,?
although in this last study, no effect on body fat percentage
was observed.?

Among the 8 articles that measured nutritional blood bio-
markers, 5 reported improvements in at least one of them
following treatment with PEN.23313%5672 These included
increases in serum prealbumin,” folic acid,*¢ ferritin,*
high-density lipoprotein,*® vitamin D3,>%* vitamin B12,%
calcium,® total protein,’' histidine,®" tryptophan,’' as well
as a decrease in low-density lipoprotein.’® In 1 study, im-
provement in serum vitamin B12 achieved with 6-week 50%
PEN with CDED was lost after another 6 weeks of 25%
PEN with CDED.* While most studies observed similar
findings, 2 reported no improvements in nutritional blood

biomarkers with PEN,3*7® and in a single cross-sectional
study, PEN use was associated with lower serum selenium
concentrations.”

The conflicting findings were reported by 2 studies that
assessed the risk of malnutrition; both using the Subjective
Global Assessment nutrition tool. In an open-label uncon-
trolled trial including malnourished adults, a 12-week sup-
plementary PEN at 200-600 kcal/day alongside standard
of care induction treatments reduced the risk of malnutri-
tion.* However, in a second open-label controlled trial, no
improvement was observed in patients receiving 50% PEN,
although the majority of patients were not malnourished at
study enrollment.? Additionally, no effect of PEN on hand-
grip strength was observed in the same study.?

Overall, there is good quality evidence to suggest that
PEN improves anthropometry, body composition, and
blood biomarkers of nutritional status in adults with CD.
Nonetheless, its effect on the risk of malnutrition and hand-
grip strength in this patient population requires further
research.
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3.3.3. Meta-analysis of PEN on nutritional outcomes

A meta-analysis investigating the effect of PEN on nu-
tritional outcomes in patients with CD was conducted
using data extracted from 29 articles (15 including chil-
dren and 14 adults) described in the third theme of this
review (Supplementary Tables 6 and 7).%10:20:22.23,26,29-31,33-
35.37-404243,45-48.52.56.6670.7274  The meta-analysis, conducted
separately for pediatric and adult patients, focused on an-
thropometric parameters, the most commonly reported nu-
tritional outcome.

3.3.3.1.
children

Out of the 15 articles involving children, 8 compared PEN
against unrestricted diet alongside standard of care treat-
ments.20-22:29:34:45:46.66.70 Three of these studies were excluded
due to either reporting outcomes after 1 year, while PEN was
used for only for 4 weeks,? or reporting data with ranges,
precluding calculations of SD.*%¢ The remaining 5 articles
were included in the meta-analysis.??>3*4670 Hartman et al.,
reported results separately for 2 groups of patients receiving
PEN with different formulas, and these were considered as
2 independent studies.”” Three out of the 5 articles reported
changes in weight SD scores (z-scores) or weight,?>370 3 in
BMI z-scores or BML2*227% and all § in height z-scores, height
or height velocity,?0-22:3446.70

Five other articles compared PEN against EEN,%10:30:37:38 byt
1 study was excluded as data were reported only with value
ranges.*® All 4 studies included in the meta-analysis, reported
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SD Total Mean

Control

Mean SD Total

A Study or Subgroup

Weight
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changes in weight z-scores or weight,®1%3037 2 in BMI z-scores
or BMI,**¥ while none reported changes in height z-scores
or height.

The meta-analysis comparing PEN against an unrestricted
diet in children with CD showed lower weight z-scores or weight
in the PEN group (Figure 4A); albeit this effect was primarily
driven by a large size retrospective study where children who
received PEN had lower weight and BMI at study enrollment
compared to those on an unrestricted diet.”” No significant dif-
ferences were found in BMI z-scores or BMI (Figure 4B) and
height z-scores or height (Figure 4C) between the 2 groups. It is
also important to note significant heterogeneity in studies when
BMI was the outcome measure assessed (Figure 4B). No differ-
ences were found between PEN and EEN in weight z-scores or
weight (Figure 5A) and BMI z-scores or BMI (Figure 5B).

3.3.3.2.  Meta-analysis of PEN on nutritional outcomes of
adults

Out of the 14 articles involving adults, 7 compared PEN
against an unrestricted diet®>#8-°256727% of which 5 assessed
weight changes.?>#%5256.72 Two articles were excluded as nei-
ther post-treatment values nor changes from baseline were
reported.*®>? The remaining 3 articles included in the meta-
analysis comprised of a parallel design RCT?*® and a crossover
RCT,”> as well as an open-label controlled trial.s Harries et al.
used PEN as a supplement in malnourished patients aiming to
reach a total intake of 3000 kcal/day, and PEN dosage was
not reported.”> Another study reported results separately for
2 groups of patients receiving PEN: One using the Nutren
formula (Ferreira 2020a) and the other using the Modulen
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Figure 4 Forest plots of: (A) weight zscores or weight, (B) BMI zscores or BMI, (C) height zscores or height, in children with Crohn's disease after
treatment with partial enteral nutrition in comparison to an unrestricted diet. PEN, partial enteral nutrition.
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IBD formula (Ferreira 2020b). These 2 groups were treated as
2 independent studies.’

The meta-analysis, with a significant level of heterogen-
eity (p = 0.0002), revealed no benefit of PEN, compared to
unrestricted diet, in improving weight in adults with CD
(Figure 6). A high risk of selection bias in the available litera-
ture was identified. For instance, in the study by Ferreira et
al., patients allocated to PEN had a lower weight than those
allocated to the unrestricted diet group, potentially indicating
that PEN may have been used to correct nutritional deficits in
patients at risk of malnutrition.?

3.4. PEN and quality of life

Five articles (5 of 64, 8%) examined the effects of PEN on
quality of life scores of patients with CD, with 4 involving adults
and using the Inflammatory Bowel Disease Questionnaire
(IBDQ),>*3757¢ and a single study in children with CD using
the IMPACT-III questionnaire®® (Supplementary Table 8).
Among these, 2 were open-label uncontrolled trials,>*»* and
1 was an RCT,”® 3 included patients with active CD,?3%% 1
with CD in remission,’® and 1 with a combination of both.”

Collectively, the majority (4 of 5, 80%) of studies reported
improvements in patients’ quality of life with PEN, whether
prescribed alongside CDED¥ or an unrestricted diet.?33%75 A
prospective observational study reported that 50% PEN was
as effective as EEN and anti-TNFa agents in improving the
overall quality of life of children with active CD,*® while an
RCT using PEN at 900-1,200 kcal/day did not show improve-
ments compared to an unrestricted diet, although patients
had high IBDQ scores, indicating good quality of life at study
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enrollment.”® Based on the available evidence, it appears that
treatment with PEN may maintain quality of life in patients
with CD who are in remission, as well as improving this in
those with active disease.

3.5. The effect of PEN on additional outcomes

Four articles (4 of 64, 6%) investigated the effect of PEN
on other outcomes, which could not form their own distinct
themes,”>7%78 including hospitalization rates, healthcare costs,
and surgical rates. Among these, 2 studies in adults assessed
hospitalization rates.”>”® In the first of these studies, PEN at
500-750 kcal/day did not reduce hospitalization rates when
compared to an unrestricted diet, although it decreased hos-
pitalization days.”> However, compliance with PEN was low,
with a significant proportion of patients discontinuing their
treatment and showing poor adherence to the prescribed PEN
dosage. In contrast, a retrospective study found that patients
prescribed PEN at > 900 kcal/day had a 36 % lower likelihood
of hospitalization compared to those receiving lower dosages
of PEN or no PEN (hospitalization rates: 50% [76/153] > 900
kecal/day PEN; 61% [70/115] < 900 kcal/day PEN).”8

PEN providing 900-1200 kcal/day did not influence healthcare
costs when compared to an unrestricted diet in an RCT of adults
with CD.”¢ In contrast, the use of PEN reduced the likelihood of
gastrointestinal surgery in 2 studies.””” An RCT reported a 13%
decrease in surgery rates with PEN provided at 500-750 kcal/
day compared to an unrestricted diet,”® and a retrospective study
reported a 45% decrease in surgery rates with PEN at > 900
kcal/day compared to lower dosages of PEN or no PEN (Hazard
Ratio [95%] of 0.55 [0.32-0.94], p = 0.029).7
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Figure 5 Forest plots of: (A) weight zscores or weight, (B) BMI zscores or BMI, in children with Crohn’s disease after treatment with partial enteral
nutrition in comparison to exclusive enteral nutrition. PEN, partial enteral nutrition; EEN, exclusive enteral nutrition.
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Figure 6 Forest plot of weight changes in adults with Crohn’s disease after treatment with partial enteral nutrition in comparison to an unrestricted diet.
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3.6. Associations between residual dietary intake
and disease outcomes during PEN

In this final theme, we explored the relationship between re-
sidual dietary intake during PEN and disease outcomes. In
only 1 study addressing this aspect, patients achieving > 50%
reduction in baseline FC levels consumed fewer servings of
red meat (mean [SD] servings/day: 0.4 [0.4] vs 1.7 [1.1]; un-
adjusted p = 0.01; adjusted for symptoms p = 0.03).3° This
association was not observed when clinical remission rates
defined by PCDAI were used to assess changes in disease ac-
tivity. There is currently scarce data to suggest that a certain
dietary pattern or nutrient intake is associated with better
disease outcomes in patients with CD who receive treatment
with PEN.

4. Discussion

In this systematic review and meta-analysis of 64 articles, we
provided a comprehensive overview of the current literature
exploring the role of PEN in patients with CD. While most
research focused on PEN as a maintenance treatment, our
analysis also suggests efficacy in treating active disease and
improving nutritional status parameters and quality of life.
We also identified limited literature addressing its effects on
hospitalization rates, healthcare costs, and the likelihood of
future risk of gastrointestinal surgery. Notably, the evidence
predominantly comprises low-quality retrospective and ob-
servational studies, with only 11 distinct RCTs.

Current evidence suggests the effectiveness of 50% PEN as
induction therapy, particularly when combined with exclu-
sion diets like CDED, showing comparable efficacy to EEN.
However, further research is warranted to evaluate the effi-
cacy of PEN as an induction therapy at various dosages and
also without exclusion diets, especially considering indica-
tions that high-dosage PEN (~80%) alongside an unrestricted
diet can effectively manage active CD, as demonstrated in a
previous study.?® Although encouraging, these findings require
confirmation through well-designed RCTs. The single avail-
able RCT, investigating 50% PEN with an unrestricted diet
in active CD, had several limitations, including high dropout
rates, warranting caution when interpreting its findings.® The
question also remains unanswered as to whether the observed
improvements in studies using PEN with exclusion diets were
due to PEN itself, its combination with the daily mandatory
foods covering the majority of patients’ energy requirements
(>90%), or the dietary elimination. A single RCT suggested
that CDED alone may be as effective as CDED with PEN.*
However, the study’s methodology differed from previous
studies by the same group, with lower PEN doses, most pa-
tients having normal baseline FC levels and only mild endo-
scopic activity, and, importantly, the lack of statistical power
for non-inferiority comparisons.

When studying PEN as a maintenance treatment through
a formal meta-analysis, a dose-response relationship was in-
dicated. PEN, provided at dosages equivalent to or exceeding
35% of energy requirements, effectively prevented relapse; a
finding which was reported elsewhere.””® It is noteworthy,
though, that these observations are predominantly derived
from retrospective or observational study designs, with most
studies using clinical disease activity indices rather than
objective biomarkers to assess disease activity. In the same
theme, preliminary evidence supports the use of postoperative
PEN to prevent clinical, endoscopic, and surgical relapse,

A. Jatkowska et al.

with effects observed after 1 year of treatment, though likely
not sustained at 5 years.

A critical aspect of managing CD in the era of biologics and
advanced therapies is improving primary response rates and
preventing LOR. Preliminary evidence in patients with active
CD indicated that PEN exceeding 900 kcal/day may improve
response rates to anti-TNFo agents either as initial treatment®
or as dose escalation when used for 16 weeks.” Interestingly,
these benefits were not observed after 2 weeks of PEN,** and
in patients with fistulizing disease.?’ Several studies also sug-
gest that PEN at dosages exceeding 600-900 kcal/day may be
effective in preventing LOR to anti-TNFa agents in patients
in remission.!”%6%62 While the conventional approach in-
volves combining anti-TNFa agents with immunomodulators
to prevent LOR, a strategy with associated increased risk
of side effects,® PEN may be a potentially safer alternative.
The evidence supporting PEN as a combination therapy with
anti-TNFo agents is promising but currently limited and of
low quality, lacking well-controlled and adequately powered
studies, all originating from a single country, thus limiting the
generalizability of the findings.

The benefits of PEN extend beyond disease management,
with some evidence supporting its positive effect on various
nutritional parameters and the quality of life of both pediatric
and adult patients. In the pediatric population, PEN and EEN
demonstrated comparable effects on anthropometry and body
composition, but evidence on pubertal development, blood
biomarkers of nutritional status, and functional parameters is
limited. In adult patients, current evidence suggests that PEN
improves nutritional outcomes, including anthropometric
measures, body composition, blood biomarkers of nutritional
status, and reducing malnutrition risk. However, research on
its effects on functional parameters is also limited in this pa-
tient population. Additionally, a significant amount of data
supports the positive effect of PEN on quality of life. Although
there is limited and poor-quality evidence, there are also indi-
cations of broader potential benefits of PEN, including lower
hospital admission rates, reduced length of hospitalization,
and a lower risk of gastrointestinal surgery.

This study identified critical gaps and outlined key consid-
erations for future investigations into the role of PEN in CD.
The majority of low-quality evidence highlights the need for
well-designed RCTs reporting results with objective disease
biomarkers and mechanistic investigations. Clinical disease
activity indices, often subjective and prone to reporting bias
and placebo effects, present challenges, particularly in pa-
tients with mild-to-moderate disease activity.®* Recurring
limitations of the current research include the use of arbitrary
cutoffs to categorize patients’ PEN intake and selection bias,
leading to differences between groups at study enrollment,
either as a result of offering PEN to patients with more severe
disease or malnutrition, or allowing patients to choose their
group assignment. Treatment compliance, mostly assessed
with self-reported measures, requires careful consideration
for future studies. A more accurate assessment of compliance
assessment would involve objective biomarkers, as exempli-
fied by a single study measuring plasma phospholipids in pa-
tients receiving formula enriched with fish o0il.?* Furthermore,
to ensure the effectiveness of PEN in managing CD, its con-
sumption as a replacement rather than a supplement to the
habitual diet may be imperative. Studies, including the RCT
by Johnson et al., observed overconsumption of the habitual
diet during PEN by 26% of EAR,® potentially contributing
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to the lowest remission rate of only 15% reported across all
studies. Similarly, the observed low rates of patients achieving
FC levels indicative of endoscopic remission after 8 weeks
of 50% PEN reported by another observational study may
also be explained by overconsumption of the habitual diet,
with a median energy intake of 151% of EAR.* Limited data
on dietary intakes prevented us from conducting a subset
meta-analysis, highlighting the need for further investiga-
tion and confirmation through meta-analysis as more data
become available. Although it is plausible that the efficacy
of both EEN and PEN is due to limited exposure to dietary
triggers, this aspect has only been studied in a single study,
which found lower red meat consumption in children with
better improvements to FC.3° Future research in this area is
needed to gain insights into the mechanisms of action of PEN
in managing CD and to propose strategies to improve its ef-
fectiveness. It is important to note that the present study did
not include literature on the effect of PEN on postoperative
outcomes and complication rates, such as anastomotic leaks
and stoma formation.

In conclusion, the current evidence suggests that high-
dosage PEN can effectively prevent relapse in patients with
CD in remission, improve disease outcomes in those with ac-
tive disease, especially when used alongside exclusion diets,
and enhance nutritional status and quality of life. While
limited and low-quality data also suggest potential benefits
of PEN to prevent postoperative relapse, and in combination
with anti-TNFa agents, further high-quality research is war-
ranted before recommendations can be made.
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