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Summary

The association of autoimmune cytopenia (AIC) and inflammatory bowel disease
(IBD) has been reported in small series, but the incidence of and risk factors for IBD
in children with AIC are not known. One thousand six hundred nine children with
chronic immune thrombocytopenic purpura, autoimmune haemolytic anaemia or
Evans syndrome from the prospective OBS'CEREVANCE cohort are included in this
study. Overall, 15 children were diagnosed with IBD, including 14 who developed
IBD after AIC diagnosis (median delay: 21 months). The only risk factor for IBD de-
velopment is age at AIC over 10years. Out of 10 children genetically tested, germline
variants associated with autoimmune disorders were identified in three (CTLA4:
two, DOCKII: one). In children and adolescents monitored for AIC or past history
of AIC, especially children over 10years, gastro-intestinal (GI) symptoms (recurrent
abdominal pains, GI bleeding, chronic diarrhoea, weight loss) should suggest IBD
and deserve specific work-up and genetic studies. Identification of a causal germline
variant will allow targeted therapy.
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INTRODUCTION

Immune thrombocytopenia (ITP), autoimmune hae-
molytic anaemia (AIHA), autoimmune neutropenia
and Evans syndrome (ES) are rare diseases in children.
Autoimmune cytopenia (AIC) may be associated with or
reveal Inborn Errors of Immunity (IEI)." Inflammatory
bowel diseases (IBD), Crohn disease (CD), ulcerative
colitis (UC) and unclassified IBD are also rare in chil-
dren and paediatric onset cases account for 10%-20% of
all IBD patients.”> Both AIC and IBD may be associated
with other immunopathological manifestations (IM).*™
Simultaneous or sequential occurrence of AIC and IBD
has only been reported in case reports or small retrospec-
tive series since 1970, mostly in adults, and comprehen-
sive data on this rare association are scarce in children.”"!
The aim of this study was to describe and analyse patients
with paediatric onset AIC and IBD in the prospective
OBS'CEREVANCE cohort.

METHODS

Since 2004, children <18years old with chronic ITP (cITP),
ATHA and ES have been included in the national prospec-
tive OBS'CEREVANCE cohort and monitored lifelong.>~
CEREVANCE is the French national reference centre for
childhood AIC. OBS'CEREVANCE is a prospective cohort
(NCT05937828). The database is centralysed in Bordeaux.
Overall, 30 paediatric haematological centres, across the
country contribute to the cohort under the coordination
of three leading centres (Bordeaux, Paris-Trousseau and
Paris-Robert-Debré). Long-term follow-up (F.U.) data are
reported to CEREVANCE by adult centres to which pa-
tients have been transitioned. Written informed consent
is obtained for all patients. Institutional Ethic Committee
and the National Data Protection Authority approved the
cohort study. ES is defined by any simultaneous (<1 month)
or sequential bi or tri-autoimmune cytopenia. This data-
base includes a complete description from birth to the last
F.U."* Recorded IM include clinical IM and biological IM
as defined in Table S1.” In this study, a patient with IM may
have clinical IM, biological IM or both. Screening for clini-
cal and biological IM is done annually or when a second-line
therapy is discussed according to CEREVANCE guidelines.
Hypogammaglobulinaemia is considered as transient when
it occurs after rituximab and lasts less than 2years. It is
considered as long-lasting when over 2 years. Patients with
ES were systematically offered genetic studies from 2015
(next-generation sequencing or whole-exome sequencing
[WES]) and from 2019 are included in the ACTION study
(NCT03912129). Other patients with AIC are genetically

screened in a real-life setting when IEI is suspected by
treating physician. Variants are classified according to the
American College of Medical Genetics (ACMG). Class 4 or 5
variants are regarded as causal and class 3 variants are con-
sidered only after functional validation. Our definition of
IEI is based on the identification of a pathogenic variant or
likely pathogenic variant.

All patients who had developed IBD during their F.U.
were included in the present study. Data collection was
stopped on 1 March 2023. IBD diagnosis was based on clini-
cal symptom, radiology, endoscopy and pathology according
to Porto criteria'’; IBD activity indices were not available.
All patients had at least one upper and lower endoscopy.
Pathological reports were reviewed for all patients.

Regarding treatment, second-line treatments (SLTs) were
treatment other than corticosteroids and intravenous im-
munoglobulins (IVIg) for AIC, and other than corticoste-
roids and mesalazine for IBD.

The independent effect of sex, age at AIC diagnosis, AIC
type and associated IM was assessed in patients with IBD
and in controls (patients with AIC and no IBD) through
univariate and multivariate analysis by Cox regression.
Controls were selected in the OBS'CEREVANCE database:
Among 1594 patients, we excluded 700 patients with missing
data or short F.U. We selected 894 patients with the same
period of diagnosis and comparable F.U. Statistical analyses
were performed using RStudio (V1.2.5033) and Prism (V9.1)
software. A p-value <0.05 indicated statistical significance.

RESULTS

Among 1594 patients included in the OBS'CEREVANCE
cohort, 15 patients (10 males and 5 females) developed IBD,
with cITP (n=9), AIHA (n=3) and ES (n=3) (Table 1).
According to the AIC subtype, prevalences are as follows:
9/938 cITP (0.95%), 2/340 ATHA (0.6%) and 3/241 ES (1.25%).

In the IBD cohort, the median age at AIC diagnosis was
13years (1-17) and the median F.U. from AIC diagnosis was
6.4years (0.5-27.7). The median F.U. from IBD diagnosis
was 3.7 years (0-15.4).

Eleven patients had received SLTs for AIC, with a median
delay of 2months (0-15) from diagnosis. At the last visit,
AIC was in complete remission (CR) for 13 patients.

The median age at IBD diagnosis was 16 years (1-28). One
patient was diagnosed with IBD 1year before AIC. For the
remaining patients, IBD occurred with a median delay of
21 months (0-179) after AIC. The timing of AIC and IBD
diagnosis is given in Figure 1. Eleven patients had UC, three
had CD and one had unclassified IBD. Of note, 14 of those
patients had predominant colonic involvement. Overall, 14
patients had only lower gastro-intestinal (GI) involvement
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FIGURE 1 Clinical course of patients with timing for AIC and IBD diagnosis. Each horizontal band represents a single patient, from the age at
diagnosis of AIC to the age at the last follow-up. The grey dot represents the age at diagnosis of IBD. Patient with CTLA4 variants are marked with
a blue square (UPN2 and UPN3); the patient with a DOCKI1I variant is marked with an orange triangle (UPN6). AIC, autoimmune cytopenia; IBD,

inflammatory bowel disease.
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FIGURE 2 IBD-free survival curve in children diagnosed with AIC, according to the age of AIC diagnosis. AIC, autoimmune cytopenia; IBD,

inflammatory bowel disease.

and one patient (UPN4) with UC also presented with non-
specific/non-Helicobacter pylori gastritis at initial evalua-
tion. Overall, pathological findings were classical. At the last
visit, six patients still had active IBD.

Five patients were diagnosed with IBD while on treat-
ment: three were on ongoing corticosteroids (UPN4, 7, 15),
one was on corticosteroids and IVIg (UPN12) and one was
on hydroxychloroquine (UPN14). Two patients had received
prior SLT for AIC. Eleven patients received one to seven
SLTs for IBD, with a median delay of 5 months (0-154) from
IBD diagnosis. Of note, the proportion of patients receiving
second-line therapies in the control group was 50% as re-
ported before."*

Fourteen patients presented one to six other associ-
ated IM, before AIC diagnosis for two (UPN2, 12) and up
to 25years after AIC for other patients. None of those 15
patients presented with non-clonal nor malignant lymph-
oproliferation. Seven patients developed hypogammaglob-
ulinaemia, and three were still on IVIg replacement at the
last F.U. No patient had severe, recurrent or opportunistic
infections.

Ten out of 15 patients had WES. Germline variants in
genes associated with IEI were identified in three patients:
CTLA-4 (UPN2, 3) and DOCKI1 (UPN6). These three
variants were reported as pathogenic in previous pub-
lications."'® The two patients with CTLA4 variant were
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treated with abatacept and had a good clinical outcome for
both AIC and IBD (Table 1). For patients without underly-
ing genetic diagnosis, exome data are regularly reanalysed,
as new pathogenic pathways for autoimmunity are newly
described.

The analysis of the 14 patients who developed IBD post-
AIC diagnosis, and the 894 controls showed that only age
over 10years at AIC diagnosis was significantly associated
with IBD occurrence (Hazard ratio: 14.95, 95% confidence
intervals: 3.32-67.2, p: 0.004) (Figure 2). Sex (p: 0.303), AIC
type (p: 0.23) and history of associated IM (p: 0.496) were not
significantly associated with IBD (Table S2).

DISCUSSION

Identification of immune disorders is an important concern
for haematologists. This comprehensive national long-term
unbiased analysis of the haematological paediatric cohort
demonstrates that children with AIC have an increased risk
of developing IBD if they are older than 10years at diagno-
sis. Among 1594 patients included in the OBSCEREVANCE
cohort, 15 had IBD, giving a prevalence of 0.9%. IBD preva-
lence in Western European paediatric population is esti-
mated to be 58.9-66.3/100000."7 Using this estimation, the
number of expected cases in our cohort would be around
one case only (0.94-1.06). Moreover, we cannot exclude that
some patients with IBD at a younger age who later develop
AIC could be missed, as they are predominantly followed by
gastroenterologists.

Chronic ITP was the main AIC represented in this sub-
group as described in previous reports in children and
adults. In this study, 12 out of 15 patients have cITP, isolated
or part of ES.' Nevertheless, IBD remains a very rare event
in cITP (1% in our cohort) as reported before by our group.'®

As reported in our previous long-term study of ES pa-
tients, the outcome of those patients is ultimately more im-
pacted by IBD and other IM than by AIC itself and most of
the patients were in haematological CR at the last visit.” In
fact, a significant proportion of the cohort had multiple IM,
hypogammaglobulinaemia and several second-line immu-
nosuppressive treatments.

Regarding IBD presentation, a striking point is the UC
type predominance (11/15) and colonic involvement, as in
other series,'>'"'%!* whereas CD is usually more frequent in
children. This predominance of UC in children with AIC
deserves to be validated by further studies.

Of note, hypogammaglobulinaemia was associated with
rituximab in seven out of 15 patients and was classified as
transient in four cases (UPNO9, 11, 13, 15). I'T was long-lasting
and symptomatic in three in whom it was associated with
underlying IEI (UPN2, 3, 11). Secondary long-lasting hy-
pogammaglobulinaemia after rituximab in children with
autoimmune diseases is well reported. It must be seen as a
marker of underlying IEI and lead to genetic studies.’>*'
Patients with hypogammaglobulinaemia have a high preva-
lence of lower GI manifestations.** IBD are known to result

from a complex interaction between environmental and im-
mune factors, likely mediated by the impact of environmen-
tal exposures on the intestinal microbiome in genetically
susceptible individual.”> The benefit of immunoglobulins
replacement to prevent infections has been established in
patients with common variable deficiency** and it has also
been suggested that [VIg replacement may prevent IBD pro-
gression in patients with X-linked agammaglulinaemia.* Its
benefit to prevent IBD in this very context of AIC remains to
be established.

In the present study, six out of 15 have IM in first-degree
relatives and 14 out of 15 patients have other IM including
hypogammaglobulinaemia. Overall, these features and the
combination of AIC and IBD in our patients are suggestive of
an underlying genetic condition. Germline pathogenic vari-
ants were identified in three of those patients. The propor-
tion of informative genetic tests is only 30% in this study. This
low proportion may be due to the fact that we report only on
pathological or likely pathological variants. We cannot ex-
clude that some variants classified as non-significant may
actually be causal. Alternatively, genes may be inactivated
through other mechanisms that change in the sequence. In
previous studies from our group,” AIC was often the first
symptom of immune dysregulation and IEI was identified in
40% of 80 patients with paediatric-onset ES. In fact, AIC and
GI manifestations such as IBD are the two main features of
immune dysregulation known to be associated with IEL They
are reported, respectively, in 31.4% and 24.4% of 2183 patients
with IEI from the French database patients and the risk of
AIC and IBD are estimated to be, respectively, at least 120
times and 80 times higher than in the general population.*

The patient with DOCKI11 deficiency (UPN6) was re-
cently reported: In this new X-linked actinopathy associ-
ated with early onset autoimmunity, ITP was described in
four out of eight patients and GI manifestations in four out
of eight patients.”” Of note, a germline variant may suggest
early autoimmunity onset and severe disease, as reported in a
recent survey of patients affected by activated phosphoinos-
itide 3-kinase delta syndrome, another syndrome associated
with cytopenia and enteropathy. In our cohort, age at AIC
and IBD diagnosis is actually younger for the DOCK11 pa-
tient, a syndrome known to be associated with overall early
and severe autoimmunity."” This is not the case for patients
with CTLA4 variants (Table 1). It is likely that time of onset
and autoimmunity severity are linked to the involved defect.
Additionally, for one defined disease, the phenotype is often
very heterogeneous and may also vary with the type of vari-
ant as reported for CTLA4 syndrome in which enteropathy
is more frequent in patients with a missense mutation than
in patients with nonsense or insertion/deletion frameshift
mutations."®

Of note, there is a growing number of genes associ-
ated with various IM including IBD and with monogenic
IBD.'**”*® More studies are needed to define the full land-
scape of associations between AIC and IBD or other IM and
the clinical benefit associated with early identification of
germline variants.
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The small number of patients and the heterogeneity of
treatments given preclude any analysis on the benefit as-
sociated with one or another second-line therapy or on the
impact of AIC control on IBD outcomes. At the last F.U.,,
AIC was in CR for 13 out of 15 patients, five with ongoing
treatments also used for IBD. In a French study of 40 adults
with AIC and IBD, 25 patients had cITP. Ciclosporin and
anti-Tumor-Necrosis-Factor tended to be efficient on both
diseases." However, it is difficult to compare the series of
adults and children. Moreover, one should also consider the
different referral pathways: local or national level and pre-
dominance of haematology or gastroenterology centres.

The identification of germline pathogenic variants clearly
may prompt targeted therapy, as illustrated in a recent study
from our group: in CTLA4 pathway defect abatacept allowed
a favourable outcome of AIC and other IM including IBD
(Table 1, UPN2, 3).* Lastly, in a case-by-case discussion,
haematopoietic stem cell transplantation could also be con-
sidered in patients with germline variants and severe dis-
ease, as in our patients with DOCKI11 deficiency.

In conclusion, a multidisciplinary approach is warranted
in children with AIC, especially when they are older than
10years at initial diagnosis.

In children and adolescents being monitored for AIC or
past history of AIC, especially children diagnosed with AIC
over the age of 10years, GI symptoms (recurrent abdomi-
nal pains, GI bleeding, chronic diarrhoea and weight loss)
should suggest IBD and lead to a specific work-up including
inflammatory markers and calprotectin, established screen-
ing test for bowel inflammation,*® in order to establish an
indication for endoscopy. Optimally, early identification of
monogenic underlying disease will allow personalized pa-
tient care.
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