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Abstract

Background: Blockade of tumour necrosis factor (anti-TNF) is
effective in patients with Crohn’s Disease but has been associated with
infection risk and neurological complications such as demyelination.
Niemann-Pick disease Type C1 (NPC1) is a lysosomal storage disorder
presenting in childhood with neurological deterioration, liver damage
and respiratory infections. Some NPC1 patients develop severe
Crohn'’s disease. Our objective was to investigate the safety and
effectiveness of anti-TNF in NPC1 patients with Crohn’s disease.
Methods: Retrospective data on phenotype and therapy response
were collected in 2019-2020 for the time period 2014 to 2020 from
patients in the UK, France, Germany and Canada with genetically
confirmed NPC1 defects and intestinal inflammation. We investigated
TNF secretion in peripheral blood mononuclear cells treated with
NPC1 inhibitor in response to bacterial stimuli.
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Results: NPC1 inhibitor treated peripheral blood mononuclear cells
(PBMCs) show significantly increased TNF production after
lipopolysaccharide or bacterial challenge providing a rationale for
anti-TNF therapy. We identified 4 NPC1 patients with Crohn'’s disease
(CD)-like intestinal inflammation treated using anti-TNF therapy (mean
age of onset 8.1 years, mean treatment length 27.75 months, overall
treatment period 9.25 patient years). Anti-TNF therapy was associated
with reduced gastrointestinal symptoms with no apparent adverse
neurological events. Therapy improved intestinal inflammation in 4
patients.

Conclusions: Anti-TNF therapy appears safe in patients with NPC1 and
is an effective treatment strategy for the management of intestinal
inflammation in these patients.
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Introduction

Niemann-Pick disease Type C (NPC) is an autosomal recessive
lysosomal storage disorder presenting most typically throughout
childhood or adolescence'. Variants in the NPCI gene
account for 95% of the genetic defects in patients with NPC'.
Patients experience progressive neurological impairment with
reduced muscle tone, seizures, speech impairment and early
onset dementia as well as hepatosplenomegaly, interstitial lung
disease with recurrent pneumonia’.

Around 7% of patients with NPC1 develop inflammatory
bowel disease (IBD), in particular Crohn’s disease with weight
loss, diarrhoea, perianal fissures and fistula formation’. The
NPC1 defect disrupts auto-phagosome maturation which impairs
antibacterial responses towards Salmonella typhimurium and
Adherent-invasive E coli (AIEC)’. Mice with NPC1 deficiency can
develop mild intestinal inflammation®.

In paediatric and adult patients with Crohn’s disease anti-TNF
agents (such as infliximab and adalimumab) are standard of care
to induce and maintain remission*’. However, anti-TNF treatment
can cause neurological side effects® such as demyelination”®
and non-demyelinating central nervous system (CNS) inflamma-
tion including vasculitis™'’. Since NPC1 patients could be par-
ticularly vulnerable to adverse neurological events due to their
underlying progressive neurological disease we investigated if
anti-TNF is a safe and effective treatment strategy for intestinal
inflammation in NPC patients.

Methods

Study design

In this retrospective cohort study, we identified patients with
NPC1 and intestinal inflammation by contacting specialist cen-
tres involved in their care. We recruited patients with NPC1 and
intestinal inflammation who had been on anti-TNF agents as part
of their management. Data collection took place in 2019 -2020
with data collection from 2014 until 2020. Selection bias was
reduced by the use of pre-determined inclusion criteria, and
as a consequence, patients with incomplete datasets were
excluded. Data was collected from historical medical records to
calculate wPCDALI scores to reduce memory bias.

Patient cohort

Patients with genetically confirmed NPC1 and confirmed
intestinal inflammation (endoscopically and histologically)
treated with anti-TNF agents were identified by contacting
specialist facilities responsible for their care in Europe and
Canada. We identified 5 patients and retrospective data was
collected. Data was obtained from local hospital notes by the
patients’ lead clinician. Out of five patients, one was excluded
due to incomplete data being available.

De-identified patient information was provided by the clinicians
responsible for their care.

Information on previous treatment and responses (dates of
treatment, reason for stopping treatment and pre and post treat-
ment severity of abdominal pain, stools per day, perianal disease
and presence extraintestinal manifestations) were obtained in
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addition to response to anti-TNF therapy. The mathematically
weighted paediatric Crohn’s disease activity index (wPCDAI)'"
was calculated at baseline, 4 weeks, 10 weeks, 6 months and
a year after starting anti-TNF agents. A change in wPCDAI of
>17.5 was used to indicate a response to treatment with a
wPCDAI <12.5 suggesting remission, wWPCDAI > 40 suggesting
moderate disease and wPCDAI > 57.5 suggesting severe
disease''. Potential side effects including unexpected changes in
neurological function and infectious complications (e.g. increased
frequency of respiratory infections) since starting anti-TNF
therapy were recorded.

In vitro Infection model

Peripheral blood mononuclear cells (PBMCs) from healthy
volunteers supplied from the NHS blood bank as leukocyte
cones were obtained via the Oxford GI biobank.

PBMCs were separated from whole blood by using a Ficoll
gradient. PBMCs (400,000 cells per condition) were either
treated with 2ug/ml U18666A (Sigma Aldrich) drug for 24 hours
or were left untreated. After U18666A treatment, PBMCs
(400,000/well) were either stimulated with lipopolysaccharide
(LPS) (200 ng/ml) orinfected with Salmonella typhimurium
(Multiplicity of infection (MOI): 10) or Adherent invasic E. Coli
(AIEC) (MOI: 10). Supernatant was collected and frozen
at 0, 2, 4 and 6 hours after stimulation. TNF quantification
was performed using an eBioscience ELISA kit (catalogue
number BMS223-4) as per manufacturer’s protocol.

Statistical analysis

Data analysis was performed using GraphPad Prism 9
software (GraphPad software, Inc., San Diego, CA). R is an
open access alternative. Statistical significance was calculated
using a Mann-Whitney U test or ANOVA for multiple test
comparison. P < 0.05 were considered significant (*p < 0.05,
*p < 0.01, #*p < 0.001, ****p < 0.0001).

Ethics

Written informed consent was obtained locally by the
patients’ lead clinician from the patients or their guardians for
deidentified data to be used for research purposes. Patient
data were collected as part of the Oxford IBD cohort study
and a sub-project to investigate rare diseases (The Oxford
Gastrointestinal Illness Biobank IRAS ID 210441). Anony-
mous patient data were analyzed. Healthy donor samples were
obtained via Oxford GI illnesses biobank.

Results

Small molecule inhibition of NPC1 increased TNF levels
We investigated whether pharmacological inhibition of NPCI1
with U18666A” caused a TNF associated inflammatory cytokine
response. Healthy volunteer PBMCs were incubated with
U18666A” before being stimulated with LPS, AIEC or Salmonella.
At baseline (0 hour) we did not observe any significant differ-
ences in TNF levels between U18666A treated and control cells
(Figure 1A)". After stimulation with LPS we found significantly
higher TNF levels at the 4-hour time point only (Figure 1B).
In contrast, stimulation with AIEC and Salmonella resulted
in significantly higher level of TNF production at the 4- and
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Figure 1. Tumour necrosis factor (TNF) quantification after bacterial exposure in U-drug treated or control PBMCs. Peripheral
blood mononuclear cells (PBMCs) (400,000) were either treated with U-drug for 24 hrs or left untreated. A-D: Post U-drug treatment
PBMCs were stimulated with LPS, Salmonella typhimurium and AIEC and supernatants were collected at 0-, 2-, 4- and 6-hour time points
for TNF quantification by ELISA. Statistical significance was determined using two-way ANOVA, multiple comparisons; Bonferroni's multiple

comparisons test (*p<0.01 and **** p<0.0001).

6-hour time points in U18666A treated cells compared to
controls (*p<0.01, **** p<0.0001) (Figure 1C&D). This suggests
increased TNF production in response to LPS and gut bacteria
in patients with NPC1 may contribute to mucosal inflammation.

Anti-TNF treatment of NPC1 patients with Crohn'’s
disease (CD) like intestinal inflammation

We identified 4 patients with NPC1 and Crohn’s disease-like
intestinal inflammation who received anti-TNF therapy. Two
patients presented with complex perianal disease, fistulation,
pain and weight loss (Table 1). Patient numbers 1 and 4 have
been described previously and we provide updated results with
treatment response here’. The mean age of Crohn’s disease onset
was 8.1 years with a mean treatment period of 27.75 months.
Therapy used for control of intestinal inflammation was exclu-
sive enteral nutrition (EEN) (n=1), local steroids (n=1), systemic
steroids (n=4), 5-ASA (n=2), adalimumab (n=2), infliximab
(n=4), methotrexate (n=1), anti-IL12/23p40 targeting usteki-
numab (n=1) and the integrin antagonist vedolizumab (n=1).
Two patients received both infliximab and adalimumab (patients
1 and 4) and patient 3 stopped infliximab and was switched
to ustekinumab due to loss of effect before restarting both
agents on family request. Complete remission was temporar-
ily achieved in one patient (patient 1) using infliximab induction
therapy. All other patients achieved a partial response (patients
2-4) (Table 2). Two patients (patients 1 and 4) received adali-
mumab after loss of response (patient 1). Patient 4 was com-
menced on adalimumab first before switching to infliximab
after loss of response to therapy. Infliximab trough-levels or
anti-drug antibodies were not available. The duration of
anti-TNF treatment ranged from 1.2 year to 5.4 years. The overall
treatment period with anti-TNF was 9.25 patient years (Figure 2).

Anti-TNF therapy appears safe in patients with NPC1
and Crohn's disease like intestinal inflammation

In all 4 patients who received anti-TNF therapy, over the 1 year
of follow up, we did not observe any adverse neurological

events or worsening of neurological function suggesting
anti-TNF therapy does not accelerate neurological decline in
this patient group. Furthermore, there was no increase in res-
piratory complications or other serious infection in patients
reported in this cohort at 1-year of follow up. Neurological
decline was seen in some patients after the first year follow up
period however, clinicians felt this was consistent with NPC1
progression. Patient 2 died whilst on anti-TNF therapy due
to neurological and respiratory complications including inabil-
ity to clear secretions. The clinicians felt this was due to NPC
progression rather than anti-TNF treatment. However, this
patient experienced an initial honeymoon period of improv-
ing motor skills, better respiratory function, nutrition, pain con-
trol (pain due to perianal disease and abscesses) during the first
year of treatment with a significant improvement in quality
of life. Patient 1 had an improvement in both a large perianal
wound pocket and a vaginal fistula and became able to swallow
small amounts again. Unfortunately, the patient did not have
an endoscopy prior to starting treatment so it is unclear if this
was due to improvement in neurological function or upper
gastrointestinal manifestations of Crohn’s disease.

Efficacy of anti-TNF treatment in NPC1 patients with
Crohn’s disease like intestinal inflammation

Four patients had a partial response to infliximab therapy. One
patient had poor disease control on infliximab. Despite this, inf-
liximab appeared to achieve better reported disease control on
clinician global assessment than prior immunosuppression,
steroids and exclusive enteral nutrition.

We assessed patient response to treatment using the wPCDAI
scoring system to indicate severity of intestinal symptoms at
baseline, 4 weeks, 10 weeks, 6 months and a year. Patient 2
initially had severe Crohn’s disease with a wPCDAI of 82.5
and showed a significant improvement in score to 17.5 over the
first 90 days of treatment with anti-TNF therapy (Figure 3A).
This improvement was maintained for a further 125 days
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Table 1. Baseline characteristics of patients.

Patient Sex AgeatIBD Mutation Intestinal
ID diagnosis symptoms
(years)

1 124 ¢.3019C>G Diarrhoea, rectal
(p.P1007A) bleeding, pain
and ¢.3731T7>C on defecation,
(p.L1244P) perianal fissures,

anorectal and
vaginal fistula,
arthritis

2 29 compound Rectal bleeding
heterozygous for  and diarrhoea
€.2678dupT and
c.3107C>T
also heterozygous
for c.29T>G

3 13.6 €.2848G>A and Diarrhoea with
€.423_424dupGA.  blood, weight

loss

4 4.2 p.Ile1061Thrand  Perianal pain,
p.Ser847Pro weight loss

Endoscopic and Paris Extra-intestinal

histological findings Classification = manifestations

Aphthous lesions in A1bL2B1p

the colon + fistulas

Histology -

inflammatory

infiltrates, no

granulomas.

Severe left sided A1aB2B3plL2G1* Respiratory

disease, inflammatory infections, growth

stricture of distal delay, neurological

rectum, severe deterioration

perianal skin tagging. with swallowing
dysfunction

Mild colitis A1bL2B1GO Progressive motor,

endoscopically with speech and bulbar

granulomas on biopsy dysfunction
with swallowing
dysfunction and
moderate OSA (uses
CPAP). Wilms tumour
age 4 (surgery and
chemotherapy)

Perianal skin A1aB1pL1GO Splenomegaly,

tags and fissures,
macroscopically

no neurological
symptoms at

normal colon and
terminal ileum.
Histology - IEL and
granulomas

present

#:unable to have complete assessment at colonoscopy due to disease severity. 1* represents patient 8 in Schwerd et al., 4* patient case report previously

published™
[EL: intraepithelial lymphocytes

whilst continuing anti-TNF therapy. There was also a marked
improvement in perianal disease (Figure 3B). Patient 3 ini-
tially improved wPCDALI scores from 52.5 to 20. However, this
improvement was not maintained and the wPCDAI increased
to 57.5 due to worsening abdominal pain, increased ESR and
weight loss. Patient 4 had an initial score of 40 improving to
15 after 2 weeks before increasing to 22.5 from week 14 to
52 (due to increase in stool frequency).

Discussion

NPCI1 patients can present with severe Crohn’s-like disease in
particular debilitating perianal disease. Anti-TNF therapy in
NPCI-IBD patients results in symptom improvement without
neurological deterioration at 1 year of follow up. We show in
an in-vitro cell model increased levels of TNF upon LPS and
bacterial stimulation suggesting that TNF is a differentially
expressed cytokine in NPC1 and providing a molecular rationale
of the treatment.

Patients with NPC1 suffer from a severe life-limiting
disease, the potential risks of TNF therapy (demyelination and

increased infection susceptibility) must be balanced against the
improvement in quality of life due to effective IBD therapy and
symptom control. Our data has shown improved manage-
ment of Crohn’s-like disease in patients with NPC following
anti-TNF therapy without worsening neurological function or
infectious complications. Our data suggest that anti-TNF is safe
to use in NPC from a neurological perspective. The improve-
ment in IBD activity in NPC1 patients (Figure 3) was associated
with reduced pain, perianal disease and improved nutritional
status. This suggests an improved quality of life for these
patients. The response rate of anti-TNF in NPC1 patients is not
complete and not sustainable (secondary loss of response) but
very similar to patients with classical severe therapy-refractory
Crohn’s disease'*.

TNF can promote neuro-inflammation and neuronal damage as
well as having a protective role in some diseases (such as ADA2
deficiency'”)'®. Elevated levels of TNF within demyelinating
plaques has been associated with the development of multiple
sclerosis (MS)'”. Polymorphism in both TNFR1 and TNFR2
have been linked to an increased risk of MS'®!. Similarly,

Page 6 of 14



Wellcome Open Research 2022, 7:11 Last updated: 06 JUN 2022

"asuodsal ou 1o 3| sem aJa Ji Jood pue Ajaide

g1 Jo [013u0d poob sem a3 4I [ended ‘suoinedlduiod Jo SaJel) OU YIM UOIBWILR|UI [PUIISSIUI JO [0JIUOD SEM 3JaY) JI 912|dUI0d PaNISSP|D SEM JUSWIRS.]) 9dUeURIUIB\ "9SU0dsa. ou Jo a|
se Jood pue AjAlDe 3seas|p Jo Juawaroidwi se [elpaed ‘UoISS|UWRJ JO UORINPUI [NJSS3IINS Se paulap sem uondnpul 33|dwo) ood Jo [eided ‘219/dwod se palyisse|d asuodsay Adeayy
SdUBUSIUIBW = | ‘UONINPUI =] "Sal30Ighue = gy ‘sulindoidedssw 9 = 4N-9 ‘sulidolyieze = 7y '81exaii0yial = XA qewnuwiiepe = gy 'gqewixIjjul = X41 'UONIIINU [I2)Us SAISNPXS = N33

- UlIXapo|pAd-g-jAdoidAxolpAy -z - - |epued ‘N jended o jended ‘N jened ‘N - Jood T |ended ] -y
- (lenued ‘W) gqewnupiRisn  jended ‘- jened - - - lenued '\ Jood ‘T - Jened ] - €
- - lenued ‘i jenued ‘W = = = [enJed ‘i = - enuedT JoodT ¢
sieak gz
J31je asuodsal Jo sso|
- - - - - lended |y ‘lended ‘N ‘@19)dwiod ‘7 Jood T - lenued -

*aseasIp aI[-s,uyol) pue )-dN Yym siuaied g o Juawieaty oy asuodsay 'z a|qeL

Page 7 of 14



Wellcome Open Research 2022, 7:11 Last updated: 06 JUN 2022

Duration of IBD
_ — Infliximab
i — Adalimumab
25]  mm
8 4 - —
& 3 —
1 —] P —
T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I
0 10 20 30

Age (years)

Figure 2. Anti-TNF (tumour necrosis factor) therapy in patients with NPC7 genetic defect and Crohn’s disease (CD). The grey
shaded area represents time from age of IBD diagnosis to age at most recent follow up data. Red line represents duration of infliximab
therapy with green line representing adalimumab therapy. IBD=inflammatory bowel disease.

—_
(=2 ]
= Ia

—e— Patient 3
—a— Patient 4

~
W

—— Patient 5

WPCDAI (0-125)
N W
wn L < |

(=

T T ¥ 1
0 100 200 300 400
Time post anti-TNF (days)

Pre-TNF

Post-TNF

| Patient 3

Figure 3. Clinical experience with anti-TNF (tumour necrosis factor) in Niemann-Pick Type C patients with inflammatory bowel
disease (IBD). A: Disease activity over time in patients 2, 3 and 4. Time points “0” indicated baseline disease activity before start of infliximab.
Disease activity was determined by mathematically weighted Pediatric Crohn's Disease Activity Index (wWPCDAI, range 0-125 points). B: Anti-
TNF therapy results in marked improvement of severe perianal disease in patient 2.

anti-TNF therapies have been linked to CNS demyelination
and increased disease burden in patients with multiple sclero-
sis with a dose-dependent increase in relapse rate found in a
trial of the TNF antagonist lenecept'’. Despite this, anti-TNF
associated demyelination occurs independently to the classical
risk factors for MS’. Cases of anti-TNF associated demyelina-
tion have been described in patients with Crohn’s disease, pso-
riasis, rheumatoid arthritis and ankylosing spondylitis potentially
hinting to a rare but relevant safety signal®*>. For example, in
75 patients starting anti-TNF therapy for rheumatoid arthritis
or spondyloarthropathies, three patients who developed neuro-
logical symptoms demonstrated new cortical lesions consistent
with demyelination on MRI®. Another case series of four patients
with neurological symptoms on anti-TNF therapy demonstrated
MRI changes and CSF oligoclonal bands with three patients
meeting the diagnostic criteria for multiple sclerosis™. However,
pathophysiological mechanisms behind these effects are
not completely understood”. Several mechanisms have been
proposed, including poor cerebral penetration of anti-TNF

agents due to large molecular size” which could prevent
immunosuppressive actions in the brain. Another theory is based
on the multiple forms and receptors for TNE Soluble TNF signals
through TNFR1 which is a wubiquitous receptor whose
signalling can result in both pro and anti-apoptotic effects* but
more commonly results in inflammation and increased apoptosis
through caspase 8 activation”. In contrast, signalling from
transmembrane TNF is largely through TNFR2. TNFR2 is
found on immune cells, endothelial cells and some cells of the
CNS and is thought to be neuroprotective and stimulate cell sur-
vival through phosphatidylinositol 3-kinase (PI3K) activity™.
These opposing responses combined with variable receptor
expression results in complex consequences of TNF manipu-
lation and could explain why TNF may have both beneficial
and deleterious role in multiple sclerosis™.

NPCI is a disorder of hypomyelination®® and is characterised

by progressive neurological decline. It is therefore important
to ensure no worsening of neurological function in patients
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treated with anti-TNF. Unfortunately, it is difficult to formally
assess cognitive function in this patient group in retrospect and
therefore clinician reported outcome was used. In this cohort
none of the patients experienced symptomatic episodes suggestive
of demyelination or unexpected worsening of neurological
function within a year of follow up. Anti-TNF therapy can
also be associated with non-demyelinating neuroinflammation
such as meningoencephalitis and vasculitis'’. Whilst these are
rare events, we did not see any evidence of this in our cohort.
The increased infection risk associated with anti-TNF therapy
is also relevant in NPC1 patients, especially regarding respira-
tory infections, but there was no reported increase in infection
rates (Table 2). The improvement in intestinal disease activ-
ity in NPC1 patients (Figure 3) was associated with reduced
pain, perianal disease and improved nutritional status. This
suggests an improved quality of life for these patients.

Limitations of this study include the small patient cohort and
retrospective data collection from medical notes. Whilst a
randomised, prospective study would be informative this
would be very difficult to achieve given that NPCI is a rare
disease. As data was obtained from medical notes written
before study recruitment, bias in data collection was reduced.
However, as a result of this we had fewer variables that we
could study, and this led to incomplete data collection for one
patient. As a result of this missing data this patient was not
included in data analysis.

References
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Selection criteria included diagnosis of NPC1 with intestinal
inflammation and treatment with anti-TNF agents. As a result, we
did not expect or see changing eligibility over time.

In summary, our data advocates the use of anti-TNF therapy in
the clinic to improve quality of life in patients with severe CD
like intestinal inflammation in the context of NPC1. Our results
in this high-risk group of patients complement previous find-
ings that the incidence of adverse neurological effects associated
with anti-TNF use is low in patients with paediatric IBD®.

Data availability

Zenodo: Anti-TNF therapy for inflammatory bowel disease in
patients with neurodegenerative Niemann-Pick disease Type C.
https://doi.org/10.5281/zenodo.5668321"2.

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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In this report, Williams et al. aim to investigate the safety and effectiveness of anti-TNF therapy in
NPC patients with Crohn's disease symptoms. To do so, they evaluate retrospective data from four
patients with confirmed NPC1 mutations and intestinal inflammation and provide in vitro evidence
suggesting that TNF expression may be inherently higher in NPC.

This is a well-written article, and I agree with the authors' conclusion that anti-TNF therapy
appears to be safe in patients with NPC1 mutations and may be an effective strategy for the
management of intestinal inflammation in these patients.

I have a couple of suggestions:

The authors show that the treatment of PBMCs with U18666A, which is a widely used approach to
generate a chemically-induced in vitro model of NPC, does not increase TNF-alpha by itself (Figure
1A). They then quantify changes in TNF-a expression in response to bacterial exposure (Figures 1C,
D), and show that the response of NPC-like cells is stronger than that of control cells. The authors
suggest that this increase is consistent with an increased TNF production in response to LPS and
gut bacteria contributing to mucosal inflammation in NPC patients. This, of course, would provide
a mechanism for the reported improvement in quality of life in response to anti-TNF in the study
patients. While I agree with the authors' overall interpretation of their data, I would suggest
expanding the discussion to include the article by Iftakhar-E-Khuda et al.” who reported that
another U18666A model does display TNF-a increase in the absence of bacterial challenges, albeit
within a different time frame. How do those findings fit into the authors' conclusions?

The Discussion incorporates published work on the use of anti-TNFa therapies in other diseases. I
think it would also be appropriate to include citations reporting the effects of anti-TNFa therapy on
NPC liver disease (i.e., Rimkunas et al.?, Vincent et al.>), especially in view of the link between liver
dysfunction and Crohn's disease.
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comments

Major

» The authors present a case series of four paediatric patients with Type C1 Niemann-Pick

disease and Crohn’s-like intestinal inflammation diagnosed between 2014 and 2020 treated
with anti-TNF. They address the important question of the safety of anti-TNF treatments in
patients affected by this neuro-disabling condition, in view of previous reports of
demyelinating and non-demyelinating side effects of anti-TNF. The data supports the use of
anti-TNF in patients with NPC1.

o Within the intrinsic limitations of a retrospective series of four cases, the findings described

in this paper are relevant to the rare patients affected by NPC1 and who also present with
IBD phenotype.

o The paper is well written. The introduction provides a good summary of the epidemiology

data available and the pathophysiology underlying NPC1. The literature review is complete,
with only one reference that may benefit from updating (see Minor comments).

> The case series is backed up by in vitro experiments on PBMCs from healthy donors,

including small molecule inhibition of NPC1 and infection models.
Results are described clearly.

Tables and figures are helpful to the reader and complementary to the information
provided in the text.

> The discussion is well articulated and leads to a relevant conclusive message.

o It would be relevant and interesting to examine infliximab level and anti-infliximab antibody

level in the four patients described. Therapeutic drug monitoring would add further insight
into how patients with NPC1 respond to infliximab. Three out of the four patients described
had a partial response to IFX, and it'd be relevant to know whether loss of response was due
to the development of anti-IFX antibody as opposed to low IFX trough levels. Is this data
available and can it be analysed? If not, could the authors discuss whether anti-TNF
therapeutic drug monitoring could/should be evaluated in future studies of patients with
NPC1 and IBD?

Minor comments

Methods, Page 4 - Statistical analysis: “R is an open access alternative” - Can the authors
clarify whether R was utilised or not for data analysis in this specific work?
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These guidelines were updated in 2020 and you may want to add the following updated
version:
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