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Background: Partial enteral nutrition (PEN) is a well-established treatment for children with Crohn’s disease (CD). However, its efficacy in adults
with CD remains uncertain. We aimed to assess the effectiveness of PEN as an add-on to escalated biological therapy in adults with CD who
have lost response to biologics.

Methods: \We conducted a retrospective observational study including patients who had lost response to biologics and received PEN in com-
bination with escalated treatment, compared to those treated only with escalated therapy. The primary endpoint was steroid-free clinical remis-
sion (CR) at 24 weeks. Secondary endpoints included transmural healing (TH) and response (TR) rates along with selected clinical outcomes.

Results: Forty-two patients were screened; 12 (28.6%) were excluded for complicated disease and 30 (71.4%) were included in the final anal-
ysis. Fourteen (46.7%) patients completed PEN treatment at 8 weeks, while 16 patients (53.3%) discontinued treatment due to intolerance
and continued with escalation of biologic (BT group). At 24 weeks, 9 patients (64.3%) in the PEN group achieved CR, compared to 4 patients
(25%) in the BT group (P =.03). The TR rate was 64.9% in the PEN group and 25% in the BT group (P = .03). Patients receiving PEN exhibited
an increase in albumin levels compared to those in the BT group (A = 0.5; P=.02). A higher rate of therapy changes (68.7%) was observed in
the BT group compared to 14.2% in the PEN group (P = .004). Prior failure to 2 lines of biological therapy was associated with adherence to
PEN (OR = 1.583; Cl = 1.06-2.36; P = .01).

Conclusions: In patients who had lost response to biologics, PEN in combination with escalated biologics was associated with CR and TR and
improved nutritional status. Hence, the addition of PEN should be considered for patients with difficult-to-treat CD.

Lay Summary

This pilot study shows that the use of partial enteral nutrition, along with biologics, is effective for inducing clinical remission and transmural
response, along with improved nutritional status in patients with refractory and difficult-to-treat Crohn'’s disease.
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Introduction IBD can be defined by the failure of biologics and advanced
small molecules with at least two different mechanisms of
action.** In this context, combination therapy with immune
modulators and dose escalation has shown to be effective in
recapturing clinical response and achieving higher rates of re-
mission in some patients with signs of loss of response.”*
Nutritional therapies represent an additional treatment
strategy for Crohn’s disease (CD) due to the implications on
inflammatory pathways, gut mucosal immune responses, and
gut microbiota.”!® Enteral nutrition has been traditionally
used for induction of remission in pediatric patients with ac-
tive (luminal) mild-to-moderate CD and it is usually used for
6-8 weeks.!" The mode of action of exclusive enteral nutri-
tion (EEN) involves anti-inflammatory functions of the gut
microbiota, a mere reduction of (dietary or microbial) antigen
load or a reduction of nutrient-induced immune responses.’

Inflammatory bowel diseases (IBD) arise from a persistent al-
teration in mucosal immune responses, determined by genetic
variations and environmental factors, including diet and gut mi-
crobiota.! Despite the recent advancement in the management of
IBD and the increased wealth of treatment options, a substantial
percentage of patients with IBD do not reach or maintain the
response, representing a crucial unmet need.* Much effort has
been made to find predictors of clinical relapse and therapeutic
response, but the biological mechanisms of these diseases remain
uncertain. Indeed, the more biologics patients are exposed to, the
greater the difficulty in choosing a new treatment and the lower
the likelihood that they will respond to the next therapy.*

Based on arecent survey with the support of the International
Organization for Inflammatory Bowel Disease (IOIBD) al-
most all (96%) respondents agreed that difficult-to-treat
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In recent years, there have been several attempts to imple-
ment partial enteral nutrition (PEN) in the adult population.
A recent pilot trial'? has demonstrated the feasibility of using
dietary monotherapy with the Crohn’s disease exclusion diet
(CDED), both with and without PEN, to induce clinical and
endoscopic remission in adults with CD.

However, despite PEN’s effectiveness, compliance among
adults has been low, primarily due to unpalatable formulas
and a lack of motivation.'>'* Due to tolerability and compli-
ance concerns, the use of PEN could be best suited for limited
time periods as an add-on treatment to standard-of-care med-
ical management.

In the current study, we aimed to assess the effectiveness and
tolerability of PEN in combination with escalated biological
therapy in adults with CD who had experienced a secondary
loss of response to biologics compared to escalated treat-
ment alone. We further assess the benefit of PEN on clinical
outcomes such as nutritional status, rate of hospitalizations,
changes in therapy and surgery at 24 weeks.

Methods

We performed an observational analysis of patients with CD
aged > 18 years in follow-up between January 2019 and May
2022 atour tertiary center who had a secondary loss of response
to biological therapy. The primary endpoint was steroid-free
clinical remission (CR) at 24 weeks. Secondary endpoints in-
cluded transmural healing (TH)/response (TR) rate and clin-
ical outcomes. All patients had initiated biological therapy
more than 6 months before the study started. In accordance
with the European Crohn’s and Colitis Organization (ECCO)
and the European Society of Gastrointestinal and Abdominal
Radiology (ESGAR) guidelines,'” responses to treatment were
determined by a combination of clinical parameters, endos-
copy, cross-sectional imaging and laboratory markers such as
fecal calprotectin (FC) and C-reactive protein (CRP).

Secondary loss of response was defined as clinical/ul-
trasound relapse after a response period longer than 3
months on stable dose biological therapy without the use
of corticosteroids. Drug compliance was assessed through
questioning by physicians.

Patients considered eligible for biological dose escalation
and PEN were clinically screened according to the Harvey—
Bradshaw Index (HBI), and inflammatory biomarkers such
as FC and CRP. Exclusion criteria included positive stool
cultures, stool tests for parasites, or Clostridioides difficile
and positive blood-based test for Cytomegalovirus (CMV). At
baseline assessment, patients underwent ultrasound evalua-
tion including the assessment of bowel wall thickness (BWT),
bowel wall vascularization (BWF) for each intestinal segment
and the exclusion of complications (strictures, abscesses,
and fistula). The entire abdomen was scanned systematically
starting from the right iliac fossa. BWT was measured in lon-
gitudinal and transverse sections, from the interface between
the mucosa and the lumen to the interface between the serosa
and the muscle layer. A mean of 2 measurements for each
section was calculated and the worst segment was taken into
account. A BWT > 3 mm and/or positive Doppler signal was
considered an ultrasound relapse.

Dose escalation included interval reduction [infliximab
(IFX) to every 4 weeks; adalimumab (ADA) to 40 mg weekly,
vedolizumab (VDZ) to 4 weeks, ustekinumab (UST) to 4
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weeks]. Patients were excluded if they had received any new
medication [antibiotics, steroids, and immunomodulators].

CD patients were nutritionally assessed and received an
8-week regimen of 1 kcal/l mL enteral nutrition formula
(Modulen, Nestlé) with a maximum dosage of 1000 kcal/day,
depending on BMI and bioelectrical impedance analysis (BIA)
in combination with a low insoluble fiber diet. The nutritional
status of patients was assessed based on the Global Leadership
Initiative on Malnutrition (GLIM) criteria.!'® Patients were
considered adherent to PEN if they completed at least 8 weeks
of therapy, whereas they were considered not adherent if they
stopped or did not tolerate it. Subsequently, they transitioned
to a healthy mediterranean-style diet, limiting, or eliminating
foods known to induce inflammation, such as dairy, animal
fat, processed meats, products containing emulsifiers, canned
goods, and packaged products.'”” Compliance was assessed
by physicians or dieticians at follow-up visits or fortnightly
phone calls. Of note, nutritional monitoring, including calorie
intake, was conducted throughout the follow-up period.

Steroid-free clinical remission was defined as an HBI score
of <5 and not receiving steroids at the assessment timepoint
or for 230 days before, while clinical response was defined
as a decrease of >3 points in the HBI and clinical relapse as
HBI > 5. Baseline endoscopic disease activity was assessed
using the simplified endoscopic activity score for Crohn’s dis-
ease (SES-CD) and Rutgeerts score for post-operative CD.

Based on previous study'®?° and expert consensus?! trans-
mural healing (TH) was defined as BWT < 3 mm without
signs of hypervascularization, evaluated by using intestinal
ultrasound. Transmural response (TR) was defined as a BWT
decrease 225% from baseline and transmural activity was
considered as BWT > 3 mm with signs of hypervascularisation.

Furthermore, we assessed selected clinical outcomes such as
nutritional status, changes in therapy, rate of hospitalizations
and surgery at 24 weeks.

All patients provided written informed consent to be in-
cluded in the study. The study received a favorable opinion
from our local ethical committee and was conducted in ac-
cordance wot the Helsinki Declaration (28516).

The current study protocol was conducted following the
item from the STROBE statements checklist (Supplementary
Table 1).

Statistical Analysis

Descriptive statistics, such as mean values with SD or me-
dian with interquartile ranges (IQR), were calculated for con-
tinuous variables, while percentages and proportions were
calculated for categorical variables. Student’s #-test and chi-
square test were applied for statistical analysis. A model to
predict adherence to PEN was realized using continuous lo-
gistic regression (multivariate analysis) with stepwise selec-
tion criteria on significant parameters. All data were collected
into an Excel spreadsheet, and statistical analysis was exe-
cuted with IBM SPSS 26 software.

Results

Baseline Characteristics

Forty-two CD patients with moderate-severe clinical ac-
tivity of disease were initially screened, 30 (71.4%) being
considered eligible for PEN and escalated biologics, while 12
(28.6%) patients had disease complications.
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Specifically, 8 (66.6%) had symptomatic strictures and 4
(33.3%) penetrating complications that required surgery.
Consequently, they were excluded from the final analysis. The
flow diagram of patients is presented in Figure 1.

The patient population had a median age of 35.5 (23.7-
44.0) and included 19 (63.3%) males. The median duration
of the disease was 121.0 (36-216) months. Twenty-four
(80.0%) patients had an ileocolonic disease location and 15
(50.0%) patients had previously received surgery for CD.
The median BMI was 19.4 kg/m? (IQR: 18.7-21.5) and 19
(63.3%) patients met the GLIM criteria for malnutrition. The
median BWT was 6.0 mm (IQR: 5-7) at baseline.

Overall, 15 (50.0%) patients had previously failed the first
line of biologic treatment, and 6 (20.0%) were multi-failure
(having failed 2 or more lines of treatment). At the time of
loss of response, 17 (56.6%) were under treatment with anti-
TNF-alpha, 5 (16.7%) on VDZ therapy and 8 (26.7%) on
UST.

Adherence to PEN

At the end of the follow-up [median 24 weeks (22-26)], 14
(46.7%) patients completed 8-week therapy with PEN (PEN
group) along with a low insoluble fiber diet, while 16 (53.3%)
patients interrupted PEN (average PEN duration of 5 =2
days) and maintained only therapy with escalated biologic
agents (BT group). Demographic and clinical characteristics
of the PEN group and BT group at baseline are summarized
in Table 1

The most common reasons of interruption were nausea or
vomiting, abdominal pain and lack of palatability, which re-
spectively occurred in 5 (31.2%), 9 (56.2%), and 2 (12.5%)
cases. Noteworthy, multivariate analysis showed that prior
failure to 2 lines of biological therapy was associated with
adherence to PEN (OR = 1.583; CI = 1.06-2.36; P = .01).

Outcomes at the End of Follow-Up

At 24 weeks, steroid-free clinical remission was achieved by
9 patients (64.3%) in the PEN group, with a median HBI of
4 (IQR: 3.7-6.3), compared to 4 patients (25.0%) in the BT
group (P =.03), in whom the median HBI was 6.5 (IQR: 5-9)
(A=2.5; P =.01). [Table 2 and —Figure 2].
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|
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Figure 1. Study flow.

All 14 patients in the PEN group achieved a clinical re-
sponse, while only 11 individuals (68.7%) in the BT group
exhibited such a response (P = .02).

Nine patients (64.3%) in the PEN group reached a TR,
with a median BWT of 4.4 mm (IQR: 3.9-5.0), whereas only
4 patients (25.0%) treated with escalated biologics achieved
the same outcome (P = .03) with a median BWT of 5.5 (IQR:
5.0-6.5). Among the patients who achieved TR, 92.3% were
also in steroid-free clinical remission. However, none of the
patients reached TH in either group. [Figure 3].

Median FC and CRP values were lower in the PEN group
compared to the BT group, though the differences were
not statistically significant (FC A =5 mcg/g; P =.63) (CRP
A=1.6 mg/L; P=.6). The mean BMI value was slightly
higher in the PEN group (A = 0.8 kg/m?; P = .16) compared to
the BT group, although this difference did not reach statistical
significance. Yet, the albumin value in the PEN group was
significantly higher (A = 0.5; P =.02) than in the BT group.

At the end of the follow-up, 3 patients (18.7%) treated
with solely escalated biologics, required surgical intervention,
while none of the patients treated with PEN required surgery
(P =.14). Additionally, 11 (68.7%) patients in the BT group
changed their treatment at 24 weeks, compared to only 2
patients (14.2%) among those receiving PEN (P =.004). All
outcomes were summarized in Table 3.

Discussion

The treatment response rate in IBD and specifically in CD
varies widely, ranging between 30 and 60% depending on the
population considered. A possible explanation for this het-
erogeneity resides in the multitude and complexity of the in-
flammatory pathways involved in IBD.2 As the unmet needs
of patient’s refractory to therapy become more pressing, new
therapeutic approaches are evaluated including a combina-
tion of advanced therapies, microbiota modulation and die-
tary approaches.???

In the current study, our cohort included complex patients
with challenging disease characteristics. These individuals
had previously undergone surgery, exhibiting perianal dis-
ease, extraintestinal manifestations, and had experienced
treatment failures with current biological therapies, hence dif-
ficult to treat.® Most patients (70.0%) had experienced treat-
ment failure with at least 1 line of biologics, while 20.0%
had encountered failure with multiple lines. Dose escalation is
a well-established approach to regain response after LOR.”$
However, it might not be sufficient on its own.

The effect of diet has been already established in children
with CD.?* Yet, there are limited studies in adults and none
testing PEN effectiveness in recapturing and maintaining
clinical remission and TH/TR in adults with CD who had
failed different classes of biological therapies. Our pilot study
was the first to show how dietary therapy can be a valuable
adjunct to optimized biological therapy for regaining re-
sponse in patients with CD including difficult-to-treat CD.
Remarkably, we found that PEN in addition to escalated
biologics can induce clinical remission and TR more sig-
nificantly than escalated biologics alone. Despite the small
number of patients, the effect size of PEN addition (around
40% difference in both clinical and ultrasonographic
endpoints) was considerable and statistically significant for



Table 1. Baseline disease characteristics of PEN group and BT group.
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PEN group (1 = 14) BT group (n=16) P-value

Female sex, 7 (%) 5(35.7%) 6 (37.5) 61
Age, median (IQR) 31 (23.7-39.8) 39.5 (24.5-56.5) 22
Smoking status, 72 (%) 3(21.4%) 4 (25.0%) .81
Disease duration, median (IQR) 60 (20-132) 154 (72-252) 47
BMLI, kg/m? (IQR) 19.5 (17.4-22.1) 19.4 (19.0-20.6) 95
Malnutrition according to GLIM, 7 (%) 8 (57.1%) 1(68.7%) .39
CD Montreal disease localization, 7 (%)

Tleal 4 (28.6%) 2 (12.5%) 27

Colonic 0 0 -

Ileocolonic 10 (71.4%) 14 (87.5%) 27
CD Montreal disease behaviour, 7 (%)

Inflammatory 3(21.4%) 4(25.0%) .84

Stricturing 6 (42.9%) 6 (37.5%) 77

Penetrating 5(35.7%) 6 (37.5%) .92
Perianal disease, 7 (%) 2 (14.3%) 1(6.3%) 46
SES-CD, median (IQR) 10 (6-24) 12 (4-14) 95
Rutgeerts score, median (IQR) 3 (0.5-4) 4 (2.5-4) 48
Median BWT (mm), median (IQR) 5.5(4.7-6.3) 6 (5-7) A7
Previous surgery for IBD, n (%) 6 (42.9%) 9 (56.3%) 71
Extraintestinal manifestations, 7 (%) 5(35.6%) 2 (12.6%) 13
Current biological therapy, 7 (%)

Anti-TNF-alpha 8 (57.1%) 9 (56.3%) .96

Vedolizumab 2 (14.3%) 3 (18.8%) 74

Ustekinumab 4 (28.6%) 4 (25.0%) .82
Time under biological therapy, median (IQR) 14 (14-15.5) 12.5 (12.5-16) .98
Treatment failed
First-line biologic therapy, 7 (%) 6 (42.9%) 9(56.25%) 46
Multiple lines of biologics, 7 (%) 2 (14.3%) 4 (25.0%) 46

Abbreviations: BWT, bowel wall thickness; CD, Crohn’s disease; GI, gastrointestinal tract; GLIM, global leadership initiative on malnutrition; IBD,
inflammatory bowel disease; PEN, partial enteral nutrition; SES-CD, simple endoscopic score for Crohn’s disease.

Table 2. Differences in CD clinical activity at T and T, between the PEN
group and the BT group.

T, T, P-value
HBI PEN group (n = 14), 7.5 (6.0-9.8) 4 (3.8-6.3) .001
median (IQR)
HBI BT group (n = 16), 7.5 (5.0-10.0) 6.5 (5,0-9.9) 25
median (IQR)
P-value .69 .001

all analyses except calprotectin and CRP. These results are
even more noteworthy taking into account the refractoriness
of the population.

Although no patient achieved TH, this is considered a
very stringent endpoint, challenging to reach, and probably
requiring longer follow-up, particularly given the baseline
characteristics of the disease and its long duration. It is worth
noting that among the patients who achieved TR, 92.3% were
also in steroid-free clinical remission. This data is consistent
with the results of our previous study? in which patients who
reached TH had a higher rate of steroid-free clinical remission
and better clinical outcomes 2 years after anti-TNF treatment.

Hence, PEN could potentially contribute to delaying the need
for surgery.

The improvement in nutritional status, and particularly
albumin concentration, observed in our pilot study deserves
attention. Nutritional status is strongly correlated with post-
surgical clinical outcomes,? frailty, risk of infection and other
metrics. In particular, albumin levels are known to be directly
correlated with response to biological treatments. Because
the majority of our patients (63.3%) were malnourished at
baseline, it is possible that some of the response recaptures
observed were due to restored albumin levels and improved
nutrition, rather than a direct anti-inflammatory effect of the
diet per se.

At the end of the follow-up, no patients in the PEN group
underwent surgery. Notably, most patients (68.7%) were treated
with biologics and PEN maintained the treatment with escalated
biologics. This implies that PEN could improve the persist-
ence of maintenance treatment with biologics. Consistently, a
meta-analysis by Nguyen et al.,”” found that IFX coupled with
PEN and low-fat or regular diet was more likely to have better-
sustained remission at 1 year than biological therapy alone.
Yet, no data is available concerning different types of biological
therapies.
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Figure 2. Clinical activity changes between the PEN group and the BT
group over a 24-week follow-up period.

Despite the promising efficacy results, compliance and ad-
herence pose challenges for dietary therapies. Data on adults
utilizing enteral nutrition are contradictory, and some studies
suggest that poor compliance might contribute to an inad-
equate response.’®3* We found that adherence to PEN was
achieved in 46.6% of patients who completed the follow-up,
while the remaining discontinued it after an average du-
ration of 5 =2 days due to intolerable side effects such as
nausea, vomiting, and palatability issues. In accordance with
the existing literature, our data highlight the challenges in
completing a full therapy cycle with PEN and provide in-
sight into the reasons for its limited utilization. Achieving ef-
ficacy with PEN typically requires more than just a few days.
Therefore, the relatively short duration of PEN is unlikely
to have a significant impact on outcomes. A previous anal-
ysis®! demonstrated that patients who received exclusive en-
teral nutrition (EEN) for less than 4 weeks experienced lower

Selected outcomes at the end of follow-up

16

14

12

p= 0,03 ¥
10 !

i Steroid free clinical
; remission a
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Clinical response

p= 0,03

Transmural response
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Figure 3. Twenty-four weeks outcomes in PEN group vs. BT group. A, Primary outcome: steroid-free clinical remission. B, Secondary outcomes: clinical

response and transmural response.

Table 3. Clinical outcomes at 24 weeks in patients treated with PEN plus fiberfree diet combined with escalated biological therapy (PEN group) vs.
patients who interrupted PEN and maintained escalated biological therapy plus fiberfree diet (BT group).

PEN group (n=14) BT group (n=16) P-value

HBI, median (IQR) 4(3.7-6.3) 6.5(5-9) .01
FC (pg/g), median (IQR) 152 (82-245) 157 (103-541) .63
CRP (mg/L), median (IQR) 5.4 (3.7-9.0) 7.0 (3.3-14.3) .6
Albumin (g/L), median (IQR) 3.9 (3.6-4.2) 3.4 (3.0-4.0) .02
BMI (kg/m?), median (IQR) 20.9 (18,8-22,0) 19,7 (17,9-21,0) 17
Clinical response, 7 (%) 14 (100%) 11 (68.7%) .02
Steroid-free clinical remission, 7 (%) 9 (64.3%) 4(25.0%) .03
Transmural response, 7 (%) 9 (64.3%) 4 (25.0%) .03
Surgery, 1 (%) 0 3 (18.7%) .14
Change in therapy 7 (%) 2 (14.2%) 11 (68.7%) .004

Abbreviations: BMI, body mass index; CRP, C-reactive Protein; FC, faecal calprotectin; HBI, Harvey-Bradshaw Index; PEN, partial enteral nutrition.



rates of clinical remission and response compared to those
treated for over 6 weeks. However, at multivariate analysis,
multiple previous failures with biological therapy were asso-
ciated with better adherence to PEN. This finding suggests
that multi-failure patients might have been more motivated
to tolerate PEN as they are likely aware of the limited thera-
peutic options available.

To the best of our knowledge, this is the first experience
evaluating the effect of PEN as an add-on to optimized
biologics on TR/TH in difficult-to-treat CD patients.
Although this was only a pilot study, our findings suggest
that PEN combined with biologics could be used in adults
with CD and represent a valid and safe therapeutic alterna-
tive for steroids in patients with secondary loss of response.
It is also important to stress how adverse events related to
PEN were all mild and self-limiting, with no serious safety
concerns recorded.

Consistently, a recent pediatric study has shown an
emerging trend toward EEN combined with biologics as in-
duction treatment without any significant differences in remis-
sion or response rates between the first and repeated courses
with a favorable side effect profile.> Therefore, combination
treatment may represent a valid strategy, providing additional
benefits for enhancing long-term responses to biologics and
improving disease outcomes.

The primary limitations of our study include its retrospec-
tive design and the relatively limited patient cohort. However,
we selected complex patients with a long-standing and
disabling course of the disease, the majority of whom had pre-
viously undergone surgery. Although there was a difference in
disease duration observed between the PEN and BT groups, it
did not reach statistical significance, which may be attributed
to the small sample size. A further limitation is that we did
not have trough levels and antibodies for most of the patients
who lost response to biologics, as this was not covered by
our Institution. Besides, the clinical application of TDM can
be challenging due to heterogeneity in settings for drug level
measurements, and therapeutic ranges vary. A recent paper3?
has also suggested that TDM should be performed following
dose intensification, rather than at the time of secondary loss
of response.

Finally, given the retrospective nature of the study, we
lacked endoscopic follow-up data. Yet, TH is now acknowl-
edged as an important adjunctive treatment measure in
CD?* associated with better long-term clinical outcomes
than MH? despite it may be more challenging to achieve
and might necessitate a more extended therapy duration.
However, TR can be observed as early as 4 weeks after the
initiation of treatment, with sustained improvement over
the long term.>* In this context ultrasound bowel sonog-
raphy can be a valuable non-invasive objective tool for
detecting early treatment response, thereby potentially
allowing for early treatment optimization and potential
therapy modification.

In conclusion, the promising results of our pilot study en-
courage to implementation of the use of PEN in adults with
refractory CD disease. We believe that PEN could represent
a new tool for strengthening the therapeutic equipment for
IBD patients and might hold the potential to reduce the use of
steroids. However, randomized-control trials are awaited to
assess the effectiveness of PEN on large numbers of patients
with difficult-to-treat CD.
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