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ABSTRACT

Objective Persistent villous atrophy (pVA) in coeliac
disease (CD) despite a gluten-free diet (GFD) has unclear
meaning. We aimed to (i) study the relationship between
pVA and long-term outcomes and (ii) develop a score to
identify patients at risk of pVA.

Design This is a multicentre retrospective-prospective
study consisting of a study cohort (cohort 1) and an
external validation cohort (cohort 2) of patients with
biopsy-proven CD diagnosed between 2000 and 2021.
Cohort 1 was used to (i) compare long-term outcomes
between patients with and without pVA (Marsh =3a) at
follow-up biopsy and (ii) to develop a score to evaluate
the risk of pVA, which was validated in cohort 2.
Results Of 2211 patients, 694 (31%) underwent
follow-up duodenal biopsy and were included in the
study cohort (491F, 44+16 years). 157/694 (23%) had
pVA. Risk of complications (HR 9.53, 95% Cl 4.77 to
19.04, p<0.001) and mortality (HR 2.93, 95% CI 1.43
10 6.02, p<0.01) were increased in patients with pVA.
A 5-point score was developed and externally validated
(receiver operating characteristic area under the curve
0.78,95% Cl 0.68 to 0.89) to stratify patients by risk of
pVA: low (0—1 points, 5% pVA), intermediate (2 points,
16% pVA) and high (35 points, 73% pVA). Predictors
for pVA used in the score were age at diagnosis =45
years (OR 2.01, 95% CI 1.21 to 3.34, p<0.01), classical
pattern of CD (OR 2.14, 95% CI 1.28 to 3.58, p<0.01),
lack of clinical response to GFD (OR 2.40, 95% Cl 1.43
t0 4.01, p<0.001) and poor GFD adherence (OR 48.9,
95% Cl 26.1 t0 91.8, p<0.001).

Conclusions Risk of complications and mortality were
increased in patients with pVA. We developed a score to
identify patients at risk of pVA and in need of histological
reassessment and closer follow-up.

INTRODUCTION

Coeliac disease (CD) is a lifelong immune-mediated
enteropathy due to the ingestion of gluten in genet-
ically predisposed individuals.'™ CD is character-
ised by a high prevalence in the general population,

,>° Maria Esteve,>® Daniel Leffler,* Federico Biagj,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Persistent villous atrophy in patients with
coeliac disease despite a gluten-free diet is
a common but still poorly defined clinical
scenario.

= Persistent villous atrophy in coeliac disease has
been associated with a significantly increased
risk of lymphoproliferative disorders and other
comorbidities such as osteoporotic hip fractures,
but not with an increase in mortality.

= The clinical phenotype of patients with coeliac
disease at risk of persistent villous atrophy is
undefined.

WHAT THIS STUDY ADDS

= Based on a multicentre international study, risk
of complications and mortality were increased
in patients with coeliac disease with persistent
villous atrophy.

= A 5-point score to stratify patients
according to their risk of persistent villous
atrophy was developed and validated based
on age at diagnosis =45 years, classical
pattern of coeliac disease, lack of clinical
response to a gluten-free diet and poor
gluten-free diet adherence.

= Up to 40% of patients with persistent villous
atrophy do not have ongoing symptoms.

= Our score allows clinicians to identify these
patients at higher risk even in the absence of
ongoing symptoms.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= We propose a personalised and cost-effective
approach for the follow-up of adult patients
with coeliac disease: follow-up biopsy in
patients at high risk (score =3); avoidance of
follow-up biopsy in those at low risk (score
0-1); case-by-case evaluation in those at
intermediate risk (score 2).
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heterogeneous clinical picture and increased morbidity and
mortality."” A lifelong gluten-free diet (GFD) is the mainstay
for treatment in CD, leading to improvement of symptoms and
intestinal lesions and preventing poor long-term outcomes asso-
ciated with CD.'??#?

However, villous atrophy (VA) can persist in some patients
despite a GFD, usually due to poor dietary adherence or slow
responsiveness to a GFD or hypersensitivity to gluten and, less
commonly, premalignant/malignant complications of CD.'*"®
Current literature provides contrasting data on the relationship
between persistent VA (pVA) and long-term outcomes in patients
with CD. pVA in CD has been associated with a significantly
increased risk of lymphoproliferative disorders'® and other
comorbidities such as osteoporotic hip fractures, but not with
an increased mortality.” 2°* Furthermore, few studies have eval-
uated which factors may be associated with pVA in CD," ** so
the clinical phenotype of patients at higher risk of pVA is still
poorly defined.

Although follow-up duodenal biopsy is not routinely
performed in all patients at most centres, and despite the growing
interest for non-invasive tools to predict mucosal healing,
duodenal histology remains the gold standard for evaluating the
response to a GFD. Major guidelines suggest that histological
reassessment is needed when clinical response to a GFD is unsat-
isfactory,’ 1°% although pVA has also been shown to frequently
occur in asymptomatic patients on a GFD.'* ® Currently, a non-
invasive tool to identify patients at high risk of having pVA and
thus possibly in need of a follow-up duodenal biopsy is not avail-
able. Therefore, we aimed to:

1. Evaluate whether pVA was associated with an increased risk
of complications and mortality.

2. Study clinical predictors of pVA, and develop and validate a
score to identify patients with CD at high risk of pVA.

PATIENTS AND METHODS

Study design and setting

This is a multicentre longitudinal study (partly retrospective
and partly prospective) on adult patients with CD (age at diag-
nosis =18 years) followed-up at the participating centres. The
study consisted of two separate cohorts of patients, as following;:
cohort 1, the study cohort, was used to (i) retrospectively eval-
uate whether a relationship existed between pVA and poor
long-term outcomes (risk of complications and mortality) and
(i) identify clinical predictors of pVA and develop a score to
identify patient at risk of having pVA; cohort 2, the validation
cohort, was used to externally validate the predictive score for
pVA on a separate real-world multicentre cohort.

Study population

Cohort 1

This was a retrospective cohort including all the patients with
CD directly diagnosed at three major referral centres (Shef-
field, UK; Pavia, Italy; Boston, USA) between 2000 and 2020
and followed-up until February 2020, just before the COVID-19
pandemic outbreak. This multicentre dataset has data on >2200
patients with CD. We have previously published a longitu-
dinal study specifically on seronegative CD using datasets from
the Sheffield (UK), Harvard (USA) and Pavia (Italy) centres.?
However, we specify that for the purpose of the present study
only patients with CD directly diagnosed in one of the three
centres were included. This means that patients diagnosed else-
where and referred to one of these centres for confirming the
diagnosis, or subsequent follow-up were excluded in order to

avoid a selection bias. Data about follow-up including devel-
opment of complications and mortality were collected in each
centre, as previously described.?® This cohort was used (i) to
investigate the relationship between persistence of VA and devel-
opment of malignant complications of CD and mortality and
(i) to identify predictors of pVA and develop a score to identify
patients at higher risk of pVA. Patients who did not undergo
follow-up duodenal biopsy were excluded from the study cohort.

Cohort 2

This was a separate real-world multicentre cohort of patients
with CD used for external validation of the score to predict risk
of pVA. This cohort included further patients enrolled prospec-
tively who underwent follow-up biopsy from March 2020 to
October 2022 at the three centres that provided data for cohort
1 (Sheffield, UK; Pavia, Italy; Beth Israel Deaconess Medical
Center-Harvard, USA). To increase the generalisability of our
results, we also enrolled patients from a fourth centre (Terrassa,
Spain) who underwent follow-up duodenal biopsy from 2015 to
August 2022. Moreover, unlike for cohort 1, where only directly
diagnosed patients were enrolled, in cohort 2 we also included
referred patients in addition to patients who were directly diag-
nosed in each participating centre.

Diagnostic criteria for CD
For both cohort 1 and cohort 2, diagnosis of CD was made
in accordance with widely accepted criteria,'™ 2 *” as follows.
Conventional seropositive CD was diagnosed on the basis of VA
(Marsh =3a) on correctly oriented duodenal biopsies taken from
second duodenal portion+positive[gA tissue transglutaminase
antibodies (TTA)/IgA endomysial antibodies (EmA)/IgA-IgG
deamidated gliadin peptide antibodies (DGP) in the absence of
IgA deficiency. In patients with total IgA deficiency (total serum
IgA <8 mg/dL), CD was diagnosed based on VA and positive
IgG TTA/EmA/DGP responding clinically and histologically to
a GFD. Seronegative CD was diagnosed based on VA, nega-
tive TTA/EmA/DGP responding clinically and histologically to
a GFD in the absence of other known causes of VA. For both
seronegative CD and CD+IgA deficiency, HLA-DQ2 and DQ8
typing was necessary.

Patients with potential CD (ie, architecturally normal duodenal
mucosa and positive coeliac serology)'™ were excluded from the
study.

Follow-up and mortality study

Data on follow-up and mortality for cohort 1 were retrieved
from the dataset of the study we previously published on long-
term outcomes in seronegative CD.?® Clinical response to a
GFD was defined as improvement or disappearance of symp-
toms and biochemical abnormalities present at baseline. Patients
with evidence of VA (Marsh =3a) despite a GFD on follow-up
duodenal biopsy were considered as having pVA. Evaluation of
GFD adherence was based on dietetic interview or validated
questionnaires (Coeliac Dietary Adherence Test/Pavia score).*® %’
Data about development of complications, death and cause of
death were obtained from a large and regularly updated local
multidataset at the Royal Hallamshire Hospital, Sheffield,
UK and from a large registry of the Coeliac Centre, Beth
Israel Deaconess Medical Center, Boston, USA, as previously
described.*® For patients belonging to the Italian cohort data
were obtained from clinical notes, and for those not attending
the clinic in the 6 months prior to data collection, information
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about health status were obtained by means of phone contact or
through the Local Council Services.*®*°

Causes of death, when available, were considered related to
CD when they included premalignant/malignant complications
of CD,**3! and unrelated to CD in all the other cases. We consid-
ered as complications of CD malignant and premalignant condi-
tions arising in the abdomen, including refractory CD type 1
and type 2, ulcerative jejuno-ileitis, abdominal lymphomas and
small bowel carcinomas, as previously described.*®*! In partic-
ular, persistence of malabsorption symptoms and VA despite a
strict GFD for at least 12 months in the absence of lymphoma,
malignancies and non-coeliac enteropathies allowed the diag-
nosis of refractory CD (RCD)."™ 32 Distinction between type
1 and type 2 RCD was made on the basis of presence of an aber-
rant immune-phenotype of intraepithelial lymphocytes assessed
by means of flow cytometry, immunohistochemistry and molec-
ular genetics for y-T-cell receptor clonality.'™ 3% Diagnosis of
malignancies (primary lymphomas and carcinomas of the small
bowel) were based on histopathology.?’*

Data collection

The following data were collected for all the patients: age at
diagnosis of CD, sex, clinical pattern of CD at diagnosis,*® type
of CD (conventional seropositive CD, CD+IgA deficiency, sero-
negative CD), degree of adherence to a GFD, clinical response
to a GFD, results of follow-up duodenal biopsy, time from diag-
nosis at which biopsy was performed, duration of follow-up,
development of complications of CD and/or death and cause of
death when available.

STATISTICAL ANALYSIS

Statistical analysis was performed using R V.4.1.2 (R Core
Team (2022). R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. URL  https://www.R-project.org/). Categorical vari-
ables were summarised as total counts and percentages, and
compared among groups with Fisher’s exact test. Continuous
variables were summarised as mean and SD or median and IQR,
for skewed data. Continuous variables were compared among
groups using Student’s t-test or the Mann-Whitney U test, as
appropriate. Patients with missing data were excluded from rele-
vant analyses and no imputation of data was performed.

Complication-free survival and overall survival were compared
among patients with and without pVA by means of Kaplan-
Meier curves and the log-rank test. Multivariate Cox regres-
sion models for complication-free survival and overall survival
were fitted according to recovery/persistence of VA with major
factors known as predictors® '° 2* 3% of developing malignant
complications and mortality in CD considered in the analysis as
covariates. Analyses were stratified by diagnosing centre. HRs
and 95% Cls were calculated. In addition to preplanned anal-
yses, a post hoc Cox regression analysis adjusted for age at diag-
nosis, sex, presenting pattern of CD and stratified by diagnosing
centre was also conducted to further investigate for differences
in mortality between patients who underwent follow-up biopsy
and those who did not.

Logistic regression analysis was performed to identify inde-
pendent predictors of pVA. Variables with p<0.10 on univar-
iate analysis or which were considered clinically relevant on the
basis of data previously reported in the literature were included
in the multivariate analysis.” ' **3° Adjusted ORs and 95% Cls
were calculated. Model discriminatory ability was evaluated
by calculating receiver operating characteristic area under the

curve (ROC-AUC) and 95% CI. Internal validation of the model
was performed by means of 10-fold cross-validation. Based on
predictors identified by logistic regression analysis for pVA, a
weighted 5-point score for predicting risk of pVA was devel-
oped. Score discriminatory ability was evaluated by calculating
ROC-AUC. Youden’s index was used to identify the best cut-off
score for predicting persistence of VA.

External validation of both the logistic regression model
and the 5-point score for predicting persistence of VA were
performed by assessing their discriminatory ability on the vali-
dation cohort by evaluating their respective ROC-AUC and
95% CI. Sensitivity analyses were performed to investigate for
potential biases arising from the inclusion of patients with sero-
negative CD. A two-sided p value <0.05 was considered statisti-
cally significant for all analyses.

RESULTS

Clinical and demographic characteristics of retrospective
cohort 1

Over a 20-year period, 2182 patients (1533 F; mean age at diag-
nosis 42+16 years) were directly diagnosed with CD in three
major centres (2084 conventional seropositive CD, 59 seroneg-
ative CD, 39 CD+IgA deficiency), as previously described.*
The flow chart in online supplemental figure 1 shows patients
included and excluded from the study. Six-hundred and ninety-
four patients with CD (491 F, mean age at diagnosis 44=16
years) underwent follow-up duodenal biopsy after a median
time on a GFD of 32 months (IQR 15-61). The vast majority of
these 694 patients (83.6%) were adherent to a GFD. At time of
follow-up, duodenal biopsy symptoms present at diagnosis had
improved in 65.9% of patients, whereas 34.1% still had ongoing
symptoms; 157/694 (22.6%) had persistence of VA on follow-up
biopsy, whereas the remaining 537 patients (77.4%) had resolu-
tion of VA. In 33/157 patients (21%) with pVA, complications
of CD were diagnosed. None of the remaining 124 patients
(79%) developed complications, and pVA in these patients was
attributed to poor GFD adherence and/or slow responsiveness.
Table 1 shows comparison of clinical characteristics between
patients with and without pVA on follow-up duodenal biopsy.

Table 1 Comparison of clinical and demographic characteristics
between patients with persistent VA and mucosal healing on follow-up
duodenal biopsy

Patients with  Patients with
persistent VA mucosal healing

(n=157) (n=537) P value*
Age at diagnosis 47117 43+15 <0.01
(years, mean=SD)
Gender, F 103 (65.6%) 388 (72.3%) 0.11
Classical pattern of CD 88 (56.1%) 263 (49.0%) 0.12
Clinical response to GFD 63 (40.1%) 394 (73.4%) <0.001
Good GFD adherence 60 (38.2%) 520 (96.8%) <0.001
Family history of CD 17 (10.9%) 74 (13.9%) 0.42
Associated autoimmune diseases 34 (21.7%) 133 (24.8%) 0.46
Seronegative CDt 20 (12.7%) 54 (10.1%) 0.38
Months on a GFD at follow-up 30 32 0.32
duodenal biopsy (median, IQR) (14-60) (16-63)

*P<0.05 for statistical significance.

tincludes both patients with true seronegative CD and patients with CD associated
with total IgA deficiency.

CD, coeliac disease; F, female; GFD, gluten-free diet; IQR, Interquartile range; SD,
Standard Deviation; VA, villous atrophy.
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Figure 1  Kaplan-Meier curves comparing complication-free survival in
patients with persistent villous atrophy (VA) (continuous line) and with
histological recovery (dotted line) on follow-up duodenal biopsy. Five-
year complication-free survival was 84.3% in patients with persistent
VA on follow-up duodenal biopsy and 99.4% in those with mucosal
healing. Ten-year complication-free survival was 77.7% in patients with
persistent VA on follow-up duodenal biopsy and 98.4% in those with
mucosal healing.

Age at diagnosis =45 years (p<0.001), lack of clinical response
to a GFD (p<0.001) and poor GFD adherence (p<0.001) were
associated with pVA at follow-up biopsy, while no significant
association was found with sex or classical presentation of CD.
Duration of a GFD before follow-up biopsy did not differ signifi-
cantly between the two groups.

Long-term outcomes

Median duration of follow-up in the study cohort was 110
months (IQR 74-160). Overall, during follow-up, 44 patients
(6.3%) developed a complication and 32 patients died (4.6%).
Complications of CD included type 1 refractory CD (25 patients),
type 2 refractory CD (9 patients), enteropathy-associated T-cell
lymphoma (4 patients), oesophageal cancer (3 patients), small
bowel carcinoma, B-cell lymphoma and coeliac crisis (1 patient
each). Causes of death were related to complications of CD in 10
patients, unrelated to CD in 12 patients and finally in 10 patients
cause of death could not be ascertained.

Complication-free survival and overall survival according to
persistence of villous atrophy

Kaplan-Meier curves in figure 1 and figure 2 show complication-
free survival and overall survival, respectively, which were both
significantly lower in patients with pVA compared with those
with mucosal recovery (both p<0.001). Table 2 shows results
of multivariate Cox models for complication-free survival and
overall survival, according to age at diagnosis, pattern of clinical
presentation of CD, sex and pVA/mucosal recovery. After strat-
ification by centre and adjustment for age at diagnosis, pattern
of clinical presentation of CD and sex, pVA was found to be
independently predictive of both developing complications (HR
9.53,95%CI1 4.77 to 19.04, p<0.001) and mortality (HR 2.93,
95%CI 1.43 to 6.02, p<0.01).

100

75

Overall survival (%)

25

0 Logrank test p<0.001

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time from diagnosis (months)

Number at risk
Histological recovery { 537 535 524 512 487 456 422 380 329 280 238 202 181 152 122 97 82 65
Persistent VA{ 157 156 155 153 144 136 126 113 100 91 79 69 56 46 34 25 17 13
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Time from diagnosis (menths)

— - Histological rscovery — Persistent VA

Figure 2 Kaplan-Meier curves comparing overall survival in
patients with persistent villous atrophy (VA) (continuous line) and
with histological recovery (dotted line) on follow-up duodenal biopsy.
Five-year overall survival was 97.3% in patients with persistent VA on
follow-up duodenal biopsy and 99.4% in those with mucosal healing.
Ten-year complication-free survival was 93.1% in patients with
persistent VA on follow-up duodenal biopsy and 97.5% in those with
mucosal healing.

Comparison between patients with and without follow-up
duodenal biopsy

Patients who underwent follow-up duodenal biopsy were slightly
older at diagnosis (mean 44+16 vs 41+16 years, p<0.001)
and more frequently had a classical pattern of CD at diagnosis
(50.6% vs 40.3%, p<0.01) than those who did not. There were
no differences in gender. Patients who underwent follow-up
duodenal biopsy developed complications of CD much more
frequently than patients who did not, as shown in online supple-
mental figure 2. As shown in online supplemental figure 3,
overall survival was slightly higher in patients who underwent
follow-up biopsy (p<0.05). However, this difference was no
longer significant (HR 0.70, 95%CI 0.44 to 1.12, p=0.13) at a
post hoc multivariate Cox regression analysis adjusted for age at
diagnosis, sex, presenting pattern of CD and stratified by diag-
nosing centre. Among patients who did not undergo follow-up
duodenal biopsy, only 5 patients developed complications of CD,
while 58 patients died. Causes of death were related to CD in

Table 2 Results of multivariate Cox regression analysis investigating
role of persistent VA in the development of complications and mortality

HR (95% CI) P value*

Development of complications
Persistent VA at follow-up duodenal biopsy
Age at diagnosis =45 years
Classical pattern of CD

9.53 (4.77 to0 19.04) <0.001
217 (1.10 to 4.29) 0.03
3.03 (1.52 t0 6.02) <0.01

Male sex 1.21 (0.65 t0 2.23) 0.55
Mortality

Persistent VA at follow-up duodenal biopsy ~ 2.93 (1.43 to 6.02) <0.01

Age at diagnosis =45 years 9.45 (2.81 to 31.80) <0.001

Classical pattern of CD 1.16 (0.57 to 2.36) 0.68

Male sex 1.24 (0.59 t0 2.62) 0.57

*P<0.05 for statistical significance.
CD, coeliac disease; VA, villous atrophy.
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Table 3 Results of multivariate logistic regression analysis
investigating predictors of persistent villous atrophy at follow-up
duodenal biopsy

Adjusted OR (95% Cl) P value*
Age at diagnosis =45 years 1.99 (1.21 t0 3.27) <0.01
Classical pattern of CD 2.18 (1.31 to 3.64) <0.01
Lack of clinical response to GFD 2.32 (1.42 t0 3.79) <0.001
Poor GFD adherence 49.30 (26.30 to 92.20) <0.001

*P<0.05 for statistical significance.
CD, coeliac disease; GFD, gluten-free diet.

4 patients, unrelated to CD in 42 (12 due to unrelated cancers,
9 due to cardiovascular diseases, 21 due to other heterogeneous
causes) and unknown in 12 patients. Complications of CD in
this group of patients included three B-cell lymphomas, one
enteropathy-associated T-cell lymphoma and one small bowel
carcinoma. Causes of death related to CD were significantly less
frequent in patients who did not undergo follow-up duodenal
biopsy than those who did (p<0.01). Length of follow-up
was also significantly longer among patients who underwent
follow-up biopsy than those who did not (median 110 months
(IQR 74-161) vs 60 (IQR 24-110), p<0.001).

Predictors of persistent VA

Multivariate logistic regression analysis (table 3) identi-
fied predictors of pVA, both at time of diagnosis and during
follow-up. Classical presentation of CD at diagnosis (p<0.01)
and age at diagnosis =435 years (p<0.01) as well as lack of clin-
ical response to a GFD (p<0.001) and poor GFD adherence
(p<0.001) were independent predictors of pVA at follow-up
duodenal biopsy. Model discriminatory ability was very good
(ROC-AUC 0.88, 95%CI 0.85 to 0.92). At internal validation

model, discriminatory ability remained very good after 10-fold
cross-validation (ROC-AUC 0.86, 95% CI 0.83 to 0.89).

Five-point score for predicting persistence of VA

Based on the logistic regression analysis results, we developed
a weighted 5-point score (shown in figure 3) to stratify patients
according to their risk of pVA. Patients could be categorised as
low risk (score 0-1, 5% pVA), intermediate risk (score 2, 16%
pVA) or high risk (score=3, 73% pVA). Youden’s index identi-
fied a score of 3 as the best cut-off point for identifying patients
with and without pVA. On ROC analysis, the score showed very
good predictive ability for pVA (ROC-AUC 0.86, 95%CI 0.82
to 0.89).

External validation of the score on cohort 2

The validation cohort consisted of 144 patients with CD (113 F,
mean age at diagnosis 4014 years) who underwent follow-up
duodenal biopsy after a median of 40 months (IQR 27-77) from
diagnosis. Online supplemental table 1 shows a comparison of
clinical and demographic features between cohort 1 and cohort
2. Twenty-six patients had persistence of VA (18.1%) while the
remaining 118 (81.9%) showed resolution of VA, similarly to
results of cohort 1 (pVA in 18.1% vs 22.6%, p=0.27). Compli-
cations occurred in 5 patients (three type 1 refractory CD, one
small bowel adenocarcinoma, one ampullary adenocarcinoma).
Of these, the three patients with type 1 refractory CD had pVA
while the patients with small bowel adenocarcinoma and ampul-
lary adenocarcinoma did not have pVA. No patients died in
the validation cohort. The logistic regression model to predict
pVA maintained very good discriminatory ability (ROC-AUC
0.77, 95%CI 0.66 to 0.88) on the validation cohort. Likewise,
the 5-point predictive score performed well in discriminating
between patients with and without persistence of VA on the vali-
dation cohort (ROC-AUC 0.78, 95% CI 0.68 to 0.89).

Age at Classical No clinical Poor GFD
diagnosis 245 | presentation response adherence
years ROC
Score 1 point 1 point 1 point 2 points i
points
100% 08
90%
3000 (0.927, 0.656)
80% 06

Persistent VA on follow-up biopsy (%)

Score

T0%
60% 1
50%
02
A%
30%
00
20% T T T T T T
10 08 06 04 02 00
10% Specificity
|
0%
01 2 35

Sensitivity

o
=

Figure 3 A 5-point clinical score to stratify patients according to their risk of having persistent VA at follow-up duodenal biopsy. A score of >3
identifies patients at high risk of persistent VA. The score is calculated by summing the points obtained for each item. Dark grey: patients with
persistent VA; light grey: patients with mucosal healing. GFD, gluten-free diet; ROC, receiver operating characteristic; VA, villous atrophy.
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Sensitivity analyses

To evaluate for a potential bias in our results due to the inclusion
of patients with seronegative CD, for which histological response
to a GFD is crucial for diagnosis,?® we repeated all analyses while
excluding patients with seronegative CD. Results of all analyses
remained substantially unchanged (data not shown).

DISCUSSION

This multicentre study has identified the clinical phenotype of
adult patients with CD at risk of having pVA despite a GFD,
and has shown that persistence of VA predicted development
of malignant complications and mortality in patients with CD.
We have also developed and validated a score based on clinical
data available at time of diagnosis of CD and during follow-up
to identify patients at high risk of pVA, who therefore need
follow-up biopsy. On the contrary, patients with a low score
rarely had pVA, so follow-up biopsy can be avoided in these
patients. Those with an intermediate risk should be evaluated on
a case-by-case basis.

Although we cannot estimate the true prevalence of pVA in the
present study, as not all the patients underwent follow-up biopsy,
our results show that pVA despite a GFD is a common clinical
scenario, occurring in roughly one-fifth of patients in a multi-
centre retrospective cohort spanning >20 years. Similar figures
for pVA despite a GFD were also found in the separate external
validation cohort. Previous estimates on the prevalence of pVA
in the literature have shown variable results, with between 10%
and 50% of patients with CD showing pVA even in the absence
of symptoms while on a GFD.!%18

pVA was due to malignant complications of CD in 20% of
cases, and more commonly due to poor GFD adherence (80%).
Overall, the prevalence of complications in the present study
was higher than previously reported, although comparisons
are difficult to make due to differences in clinical and demo-
graphic aspects, and duration of follow-up.’* ** It should be
noted that roughly half of the complications in our cohort were
due to refractory CD type 1, which is characterised by the best
prognosis among the complications of CD, and for which it has
recently been suggested that hidden gluten exposure may play a
role."®* Unfortunately, in this regard, we cannot provide data on
measurement of minimal traces of gluten given the retrospective
nature of our study. In the present study, follow-up biopsy was
performed after a median time of 32 months (IQR 15-61), and
there was no relationship between time to follow-up biopsy and
persistence of VA, suggesting there was enough time for mucosal
healing to occur. In this regard, previous studies have shown
higher rates of incomplete mucosal recovery when follow-up
biopsies were performed within 1-2 years from diagnosis.'* ¢ 3

The result that pVA is associated with an increased risk
of complications and mortality fills an important gap in the
natural history of CD. In fact, this completes a pathogenetic
sequence of events, in which persistent inflammation and
tissue damage lead to poor long-term outcomes, as is known
to occur in other chronic diseases such as inflammatory bowel
disease.”” *® Previous population-based studies showed an asso-
ciation between pVA and risk of lymphoproliferative disorders
and osteoporotic hip fractures, but although they seemed to
suggest an increased mortality, this last result was not statisti-
cally significant.” 12 ' ¢ 1923 This difference in results may be
related to differences in the study designs and populations under
investigation and it could be hypothesised that in our cohort
patients who underwent a follow-up duodenal biopsy may have
been those with more severe disease (older at diagnosis and

with severe clinical symptoms despite a GFD), thus warranting
a stricter follow-up. However, mortality in patients who under-
went follow-up biopsy in our cohort was similar to those who
did not, as confirmed at multivariate analysis. Despite this, causes
of death related to CD were uncommon in patients without a
follow-up duodenal biopsy. More precisely, the most common
cause of death in patients who did not undergo follow-up biopsy
were cancers unrelated to CD and cardiovascular disease. Unfor-
tunately, a systematic evaluation of cardiovascular and other risk
factors in these patients cannot be provided, as this was beyond
the main aim of the study. Nevertheless, it may be that patients
who underwent follow-up biopsy were more strictly followed
up and this may have improved outcomes. However, we did not
collect data on number of medical consultations to confirm this
hypothesis. This result is in line with a previous Finnish study
showing that patients with CD with more severe disease repeated
a duodenal biopsy more commonly after 1year since diagnosis,
but overall repeating a duodenal biopsy did not impact on long-
term outcomes. "

The association of pVA with other risk factors such as clas-
sical symptoms and advanced age at diagnosis (=45 years)
delineates a specific subgroup of patients with a more severe
disease phenotype, which may impact on the overall mortality
of patients with CD and drive the slightly increase in mortality
found in CD compared with the general population.” ?® Never-
theless, poor GFD adherence was the most significant predictor
of pVA in all analyses. This is not surprising and confirms that
poor GFD adherence is a risk factor for poor outcomes in CD,
including increased mortality.” This underlines the importance
of strictly following a GFD for patients with CD. A personalised
approach to implement and maintain GFD adherence, also over
the long-term, should be part of the standard of care for patients
with CD.” Lack of access to dietitians and personalised care still
represents a major barrier to optimal care of patients with CD.

Our results have important implications for the clinical
management of adult patients with CD, as they demonstrate
that obtaining deep mucosal healing significantly impact disease
progression and long-term outcomes. Noteworthy, the identifi-
cation of a subgroup of patients at higher risk of pVA and poor
long-term outcomes introduces the concept of a cost-effective
and personalised follow-up of patients with CD based on specific
disease phenotypes. This aspect is even more important if we
consider that modalities for the follow-up of adult patients with
CD are not standardised. Follow-up duodenal biopsy is usually
not offered routinely to all patients at most centres and the deci-
sion on whether or not to repeat a duodenal biopsy is usually
taken on a clinical basis, particularly when there is persistence of
symptoms despite adherence to a GFD,!=3 103940

Identification of potential clinical targets in the follow-up of
patients with CD is a crucial requirement for clinicians. Based on
our results, this includes implementing strategies for obtaining
and maintaining over time strict adherence to a GFD,’ control
of persistent symptoms despite a GFD'' ** ** and obtaining deep
mucosal healing. A substantial degree of overlap between these
aspects is likely to exist. Our results also confirm the findings of
a prior study on smaller sample size that GFD adherence and
clinical response to a GFD can be used to stratify patients who
may need to repeat duodenal biopsy.*' However, by identifying
patients at risk of pVA our score allows clinicians to discriminate
between patients likely to have underlying pVA and those with
persistent symptoms likely unrelated to histological damage.
Moreover, up to 40% of patients with pVA did not have ongoing
symptoms. Our score also allows clinicians to identify these
patients, who may nevertheless be at higher risk. Patients with
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confirmed pVA may also be in need of more in-depth investi-
gation, including capsule endoscopy and abdominal imaging to
exclude ongoing complications and require closer clinical and
dietetic follow-up to improve outcomes.

This study has some limitations, which possibly include lack
of uniformity in methods used for diagnosis, evaluation of GFD
adherence and follow-up modalities across different centres over
>20 years. First, histological evaluation of duodenal architec-
ture may have differed between centres, as some studies have
suggested.*? ¥ Although analyses were stratified by centre, it was
not logistically feasible to share pathology material across centres
to completely exclude potential biases in histological interpreta-
tion. Second, follow-up duodenal biopsies were not routinely
performed in all patients, but only in those where it was clinically
warranted as part of clinical care, thus not allowing a precise
estimation of the prevalence of pVA. However, this reflects the
real-world clinical practice and does not significantly limit the
generalisability of our results. Thirdy, the inclusion of patients
with seronegative CD in the present study may be of concern as
histological recovery is one of the criteria for diagnosis of sero-
negative CD. However, we believe their inclusion increases the
generalisability of our results, which also remained unchanged
when analyses were repeated excluding seronegative patients.
Finally, we could not evaluate the role of serology in predicting
persistence of VA because we did not have standardised and
centralised serological assessment due to the retrospective nature
of cohort 1, with some participating centres mainly performing
EmA while others mainly using TTA and/or DGP. Moreover, a
recent meta-analysis showed low sensitivity of serology for iden-
tifying pvVA.**

In conclusion, we have shown that patients with pVA have an
increased risk of complications and mortality. Our score allows
early identification of patients with CD at high risk of pVA who
may require targeted interventions and personalised follow-up
modalities to contrast poor long-term outcomes.
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