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Abstract

Pediatric chronic immune thrombocytopenia (cITP) is a heterogeneous condition

in terms of bleeding severity, second-line treatment use, association with clinical

and/or biological immunopathological manifestations (IMs), and progression to

systemic lupus erythematosus (SLE). No risk factors for these outcomes are

known. Specifically, whether age at ITP diagnosis, sex, or IMs impact cITP out-

comes is unknown. We report the outcomes of patients with pediatric cITP from

the French nationwide prospective cohort OBS'CEREVANCE. We used multivari-

ate analyses to investigate the effect of age at ITP diagnosis, sex, and IMs on cITP

outcomes. We included 886 patients with a median (min-max) follow-up duration

of 5.3 (1.0–29.3) years. We identified an age cutoff that dichotomized the risk of

the outcomes and defined two risk groups: patients with ITP diagnosed <10 years

(children) and ≥ 10 years (adolescents). Adolescents had a two to four-fold higher

risk of grade ≥3 bleeding, second-line treatment use, clinical and biological IMs,

and SLE diagnosis. Moreover, female sex and biological IMs were independently

associated with higher risks of biological IMs and SLE diagnosis, second-line

treatment use, and SLE diagnosis, respectively. The combination of these three

risk factors defined outcome-specific risk groups. Finally, we showed that

patients clustered in mild and severe phenotypes, more frequent in children and
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adolescents, respectively. In conclusion, we identified that age at ITP diagnosis,

sex, and biological IMs impacted the long-term outcomes of pediatric cITP. We

defined risk groups for each outcome, which will help clinical management and

further studies.

1 | INTRODUCTION

Pediatric immune thrombocytopenia (ITP) is a rare autoimmune

disorder characterized by a low platelet count (<100 � 109/L) in

the absence of other causes of thrombocytopenia and occurring

before 18 years.1 Chronic ITP (cITP) refers to ITP persisting for

>12 months; �30% of patients with pediatric ITP develop cITP.1,2

Age is a well-known important risk factor for cITP development,

with the risk of cITP development being highest in adolescents

with ITP.3–5

Although bleeding is the main complication of cITP, life-

threatening bleeding is rare.6 Pediatric cITP is associated with poor

health-related quality of life,7,8 and second-line treatments

(i.e., other than corticosteroids and intravenous immunoglobulins)

are required in up to 55% of patients.9 Disease remission is com-

mon and almost 75% of cITP patients with pediatric-onset seem to

undergo spontaneous remission during 5 years of follow-up.6,10,11

Some patients with cITP have associated immunopathological

manifestations (IMs), clinical IMs (such as lymphoproliferative dis-

order and organ autoimmunity), and/or biological IMs (such as

antinuclear antibodies [ANA] and hypogammaglobulinemia).9

However, the prevalence and spectrum of IMs in pediatric cITP are

unknown. As in Evans syndrome,12,13 the occurrence of IMs

suggests an underlying condition, classically systemic lupus erythe-

matosus (SLE) or primary immunodeficiency (PID).13–15 A retro-

spective study identified a high rate of SLE in older female children

at ITP onset.16 However, the incidence of SLE and PID in pediatric

cITP patients has not been prospectively evaluated and can vary

with the inclusion criteria and the follow-up duration. IMs can

occur after ITP onset, and the underlying cause may only be identi-

fied several years afterward.

Thus, pediatric cITP is a heterogeneous condition regarding dis-

ease course in terms of hematological outcomes, second-line treat-

ment use, IM incidence and type, and underlying diagnosis. Critically,

there are no factors currently known to be associated with cITP out-

comes. Whether age impacts cITP outcomes and could allow a risk

stratification is unknown. Likewise, the effect of sex on cITP out-

comes has not been prospectively evaluated, and whether IMs modify

the cITP courses is unknown.

Here, we report a comprehensive long-term evaluation of

886 patients with pediatric cITP from the French nationwide prospec-

tive OBS'CEREVANCE cohort. We investigated whether the age at

ITP diagnosis and sex impacted seven cITP outcomes. Then, we ana-

lyzed whether clinical and biological IMs allow us to refine the risk

models. Finally, we integrated the risk factors identified to define risk

groups for each outcome as well as cITP phenotypes.

2 | METHODS

2.1 | OBS'CEREVANCE cohort

Since 2004, French patients with cITP diagnosed before 18 years of

age have been included in the prospective OBS'CEREVANCE

cohort.9,17 The inclusion and exclusion criteria for the cohort are pre-

sented in Table S1. Written informed consent was obtained from all

participants. The OBS'CEREVANCE cohort was approved by the Insti-

tutional Ethics Committee (CPPRB-A; Bordeaux, France). The data-

base was registered with the National Data Protection Authority

(CNIL, 1396823V0).

2.2 | Patient selection

We included in this study all cohort patients with cITP, defined as ITP

lasting >12 months.1 We excluded patients with cITP secondary to

transplantation, SLE, or PID known at ITP diagnosis, as well as those

who developed Evans syndrome during follow-up. Data collection

was completed on January 15, 2022.

2.3 | Definitions

We assessed bleeding severity (grade) using the Buchanan score.18

Bleeding sites were retrospectively reviewed from the charts of

female adolescents older than 12 years old at ITP diagnosis. Hema-

tological status was categorized as follows: non-remission (platelet

count <30 � 109/L, with or without treatment), partial remission

(platelet count ≥30 � 109/L, with or without treatment), and com-

plete remission (platelet count ≥100 � 109/L, with or without

treatment).1

We predefined the IMs associated with cITP (Table S1) and cate-

gorized them as clinical (lymphoproliferation and/or autoimmune/

autoinflammatory organ disease) or biological (hypogammaglobuline-

mia, SLE biomarker, autoimmune lymphoproliferative syndrome

[ALPS] biomarker and/or isolated autoantibodies). ANA was consid-

ered positive at a titer of ≥1/160. The patients were monitored for

clinical and biological IMs every 6–12 months according to the CERE-

VANCE guidelines.17

We used the Systemic Lupus International Collaborating

Clinics Classification (SLICC) criteria to diagnose SLE.19 We used

international classification criteria to diagnose PID,20 as well as

eventual criteria when existing (e.g., for ALPS).21 Genetics analyses

for PID diagnosis were performed upon evocative IM, a molecular
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technique used varied according to clinical context and date of

analysis.

We defined second-line treatments as those other than cortico-

steroids and intravenous immunoglobulins.

2.4 | Identification of an age cutoff

For each of the seven outcomes analyzed (grade ≥3 bleeding, CR at

5 years after ITP diagnosis, IM, biological IM, clinical IM, SLE, and

second-line treatment use), we fitted 17 multivariate models with age

group (as a categorical variable with two groups) and sex as covari-

ates. We used each entire age from 1 to 17 years as the age cutoff for

age groups. To assess whether an age cutoff was present, we visually

assessed the p-value distribution and required the lowest p-value to

be <.005.

2.5 | Statistical analysis

We compared continuous and categorical variables using non-

parametric Wilcoxon–Mann–Whitney and Fisher's exact tests, respec-

tively. We used the Kaplan–Meier method to calculate the cumulative

incidences and treatment-free estimates. We used the log-rank test to

compare the survival curves.

We used multivariate logistic and Cox regressions to assess the

independent effects of age group and sex. We reported the effects of

age and sex with respect to the adolescent and female categories,

respectively. We used logistic regression to analyze categorical vari-

ables, including bleeding grade ≥3, bleeding grade ≥4, and specific

treatments received. We used Cox proportional hazards method to

analyze time-dependent variables, including the cumulative incidences

of IMs, clinical IMs, biological IMs, SLE diagnosis, and second-line

treatment use. The proportionality of hazards was confirmed for each

variable.

To investigate whether IMs were also associated with out-

comes, we fitted multivariate models with age group, sex, clinical

IMs, and biological IMs as covariates. For second-line treatment

and SLE diagnosis analyses, we included clinical and biological IMs

diagnosis as time-dependent covariates, to consider only IMs diag-

nosed before the first second-line treatment initiation or SLE

diagnosis.

We performed a sensitivity analysis to investigate whether the

year of ITP diagnosis represented a confounding factor of our results,

as cITP management and follow-up evolved during the long timespan

of our study. In each of our models, we added the year of ITP diagno-

sis as a third covariable (with age group and sex) as well as the interac-

tion term between the year of ITP diagnosis and age group as a fourth

covariate in models with a nominal (p < .05) effect of year of ITP

diagnosis.

Statistical analyses were performed using RStudio (version

1.2.5033; R version 4.1.3, R Development Core Team) and Prism (ver.

9.1; GraphPad Software Inc., San Diego, CA) software. We considered

a p-value <.005 as statistically significant to consider multiple testing

performed. All tests were two-sided.

3 | RESULTS

3.1 | Population

We included 886 patients diagnosed with cITP between 1990 and

2020 at 29 different French centers (Figure S1). The study partici-

pants consisted of 388 males (44%) and 498 (56%) females. The

median (min-max) follow-up duration was 5.3 (1.0–29.3) years, which

corresponded to a total of 5901 patient-years of observation. The

number of patients still followed 5 and 10 years after ITP diagnosis

was 481 and 177, respectively (Figure S2). No patient died during the

follow-up. The median age at the final follow-up was 14.6 (1.3–35.3)

years and 208 (23%) patients were >18 years and followed by an

adult team at the last follow-up.

3.2 | cITP outcomes in the 886 patients

The OBS'CEREVANCE cohort allows the collection of prospective

data on bleeding grade, hematological status, IMs, SLE diagnosis,

thrombosis, and second-line treatment use.

Two-hundred thirty-seven (27%) and 21 (2%) patients experi-

enced grade ≥3 and ≥4 bleeding during follow-up, respectively.

Seven patients (0.8%) had grade 5 bleeding (Table S2). For three of

the seven patients, these severe hemorrhages had occurred during

the first 12 months after ITP diagnosis, thus four patients (0.6%)

experienced grade 5 bleeding that occurred more than 12 months

after ITP diagnosis. During the cITP course of the 120 female ado-

lescents ≥12 years old at ITP diagnosis, 109 (91%) had bleeding of

any grade and 95 (79%) had grade ≥3 bleeding. Specifically,

98 (82%) had cutaneous bleeding, 74 (62%) had abnormal uterine

bleeding, 67 (56%) had oral bleeding, 49 (41%) had epistaxis,

6 (5%) had hematuria, and 5 (4%) had gastrointestinal bleeding.

Only four of the 74 patients (5%) with abnormal uterine bleeding

did not have another site of bleeding.

Hematological status at 5 and 10 years after ITP diagnosis is

shown in Table 1. At the last follow-up, 197 patients (23%) were in

CR without second-line treatment for more than 1 year.

IMs were diagnosed in 322 of 886 patients (36%) during

follow-up (Table S3). Clinical IMs were diagnosed in 71 of

886 patients (8%), of whom 54 (76%) also developed a biological

IM. The two most frequent types of clinical IMs were lymphoproli-

feration (n = 27 [3%]) and rheumatologic (n = 25 [3%]; Figure 1A).

Biological IMs were diagnosed in 276 of 886 patients (31%).

Among them, 222 (80%) did not develop any clinical IMs. The two

most frequent biological IMs categories were SLE biomarker posi-

tivity (n = 195 [22%]), including 185 (21%) cases of positive ANA,

and isolated autoantibodies (n = 55 [6.2%]; Figure 1B). None of

the patients developed a malignancy.

PINCEZ ET AL. 859
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SLE (based on SLICC criteria) was diagnosed in 38 of 886 patients

(4%), whereas no patient was diagnosed with a PID during follow-up.

Among patients with SLE, 33 (87%) were females, all developed bio-

logical IMs (all had positive ANA ≥1/160), and 22 (58%) developed

clinical IMs. The median time from ITP to SLE diagnosis was

2.81 (0.1–15.5) years and the median age at SLE diagnosis was 15.40

(5.8–21) years.

Two (0.2%) patients were diagnosed with thrombosis. One

patient had corticosteroid-induced hypertension and was diag-

nosed with leg distal deep vein thrombosis following leg lipoma

surgery and the other had pulmonary arterial hypertension. Both

had undergone splenectomy before thrombosis and were previ-

ously described.17

Second-line treatments were used in 396 of 886 patients (45%).

The median number of treatments received was 2 (1–14) and the

median time to first second-line treatment use was 3.1 (0–27) years.

Two-hundred and three patients (23%) received immunosuppressors

(azathioprine, mycophenolate mofetil, cyclosporine, sirolimus),

129 patients (15%) underwent splenectomy, 127 (14%) received

hydroxychloroquine, 126 (14%) received thrombopoietin receptor

agonists (TPO-RA), and 113 (13%) patients received rituximab.

3.3 | Identification of an age cutoff

We investigated whether we could identify an age at ITP diagnosis

that dichotomized cITP outcomes and allowed us to define two age

groups with different outcomes risks. We reasoned that, if such a

binary category exists, it would provide meaningful insights into cITP

pathophysiology and would be more helpful in a clinical setting than

considering age as a continuous variable. We analyzed seven out-

comes: grade ≥3 bleeding, CR at 5 years after ITP diagnosis, IM, clini-

cal IM, biological IM, SLE, and second-line treatment use.

Among the seven outcomes analyzed, we could identify an age

cutoff for all excepted CR at 5 years after ITP diagnosis (Figure 1C).

The age cutoffs for the six outcomes ranged from 8 to 12 years (mean

9.67 years). The cutoff values being close to each other, we defined

two age categories for all the following analyses: patients aged

<10 years at ITP diagnosis (hereafter named children) and patients

aged ≥10 years at ITP diagnosis (hereafter named adolescents). Of

note, the cutoff age of 10 years corresponds to the beginning of ado-

lescence according to the World Health Organization definition.22

This age threshold was also previously reported by several studies as

predictive of ITP chronicity.4,5,23 The sensitivity analysis confirmed

TABLE 1 Patient characteristics.

Total n = 886

Children

(aged <10 years
at ITP diagnosis)
n = 591 (67%)

Adolescents

(aged ≥10 years
at ITP diagnosis)
n = 295 (33%) p-value

Sex ratio (males/females) 0.78 (388/498) 0.90 (280/311) 0.58 (108/187) .003

IMs in first-degree relative, n (%) 122/311 (39%) 71/186 (38%) 51/125 (41%) .72

Median age at ITP diagnosis, years (min-max) 7.3 (0.03–17.86) 4.3 (0.03–9.99) 13.1 (10.00–17.61) –

First IM before or at ITP diagnosis, n (%) 40/886 (5%) 23/591 (4%) 17/295 (6%) .23

Hematological status at 5 years after ITP diagnosis

NR 113/474 (24%) 86/313 (27%) 27/161 (17%) .01

NR without second-line treatment 55/474 (12%) 42/313 (13%) 13/161 (8%) .1

PR 135/474 (28%) 91/313 (29%) 44/161 (27%) .75

PR without second-line treatment 102/474 (22%) 68/313 (22%) 34/161 (21%) .91

CR 224/474 (47%) 135/313 (43%) 89/161 (55%) .02

CR without second-line treatment 189/474 (40%) 118/313 (37%) 71/161 (44%) .20

Hematological status at 10 years after ITP diagnosis

NR 30/205 (15%) 24/162 (15%) 6/43 (14%) .99

NR without second-line treatment 16/205 (8%) 13/162 (8%) 3/43 (7%) .99

PR 48/205 (23%) 44/162 (27%) 4/43 (9%) .01

PR without second-line treatment 42/205 (20%) 39/162 (24%) 3/43 (7%) .01

CR 129/205 (62%) 95/162 (59%) 34/43 (64%) .01

CR without second-line treatment 114/205 (56%) 84/162 (52%) 30/43 (79%) .04

Continuous complete remission at the last follow-up 197/846 (23%) 135/574 (24%) 62/272 (23%) .86

Median follow-up after ITP diagnosis, years (min-max) 5.3 (1.0–29.3) 5.9 (1.0–29.3) 4.8 (1.0–25.2) 1.1 � 10�5

Median age at last follow-up, years (min-max) 14.6 (1.3–35.3) 11.6 (1.3–33.4) 18.0 (11.8–35.3) 3.0 � 10�62

Note: Denominators include only patients with available data. CR: complete remission (platelet count ≥100 � 109/L, with or without treatment), IMs:

immunopathological manifestations, ITP: immune thrombocytopenia, NR: non-remission (platelet count <30 � 109/L, with or without treatment), PR:

partial remission (platelet count ≥30 � 109/L, with or without treatment).
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F IGURE 1 Immunopathological manifestations (IMs) associated with chronic immune thrombocytopenia (cITP) and identification of age
cutoff across outcomes. (A–B) Distribution of clinical (A) and biological (B) IMs in the entire cohort (n = 886), based on data at the last follow-up.
(C) Identification of age cutoff across outcomes. For each outcome, we modelized the effect of age group (as a categorical variable with two
groups and adjusted for sex) using iteratively all integers ranging from 1 to 17 years as age cutoff. We show the -log10(p-value) for the age group.
Horizontal dotted line represents the multiple-testing corrected p-value threshold of p < .005 and the vertical dotted line represents the cutoff
with the higher p-value. For complete remission (CR) without treatment at 5 years after ITP diagnosis, we could not identify a cut-off reaching

statistical significance. [Color figure can be viewed at wileyonlinelibrary.com]

PINCEZ ET AL. 861

 10968652, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajh.26900 by C

ochrane France, W
iley O

nline L
ibrary on [17/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://wileyonlinelibrary.com


that the potential practice evolution during the follow-up period did

not affect our results (Table S4).

In the entire cohort, 591 (67%) and 295 (33%) patients were aged

<10 (i.e., children) and ≥10 years (i.e., adolescents) at ITP diagnosis,

respectively (Table 1). There were more female than male adolescents

(187/295 [64%] vs. 311/591 [53%]; p = .003). The median follow-up

duration was longer for children than for adolescents (5.9 [1.0–29.3]

vs. 4.8 [1.0–25.2]; p = 1.1 � 10�5).

In summary, we identified that age at ITP diagnosis impacted six

of the seven cITP outcomes and defined two risk groups: patients

aged <10 and those ≥10 years at ITP diagnosis. Having identified that

age dichotomized the outcomes, we then investigated the effect of

age group at ITP diagnosis and sex on these outcomes.

3.4 | Effect of age at ITP diagnosis and sex on cITP
outcomes

For the six outcomes, we investigated the independent effects of age

group and sex in multivariate models (see Methods).

Adolescents were more likely to experience grade ≥3

(aOR = 2.10, 95% CI = 1.54–2.85, p = 2.8 � 10�6, Figure 2A)
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F IGURE 2 Effect of age
group and sex on chronic immune
thrombocytopenia (cITP)
outcomes. (A) Bleeding grade ≥3,
grade ≥4, and grade 5 according
to age group. (B–E) Cumulative
incidence of all
immunopathological
manifestations (IMs, clinical and

biological, (B), clinical IMs (C),
biological IMs (D), and systemic
lupus erythematosus (SLE, E)
according to age group +/� sex.
F) Proportion of patients who did
not receive second-line treatment
(other than corticosteroids or
intravenous immunoglobulins)
according to age group. We only
present the variables associated
with outcomes in multivariate
models. [Color figure can be
viewed at wileyonlinelibrary.com]

862 PINCEZ ET AL.

 10968652, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajh.26900 by C

ochrane France, W
iley O

nline L
ibrary on [17/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://wileyonlinelibrary.com


bleeding, whereas sex was not associated with grade ≥3 bleeding

(aOR = 1.15, 95% CI = 0.84–1.56, p = .39). Of note, the adolescent

group was also nominally (p < .05) associated to grade ≥4 bleeding

but did not reach multiple-testing corrected statistical threshold

(aOR = 3.51, 95% CI = 1.42–9.48, p = .008). We could not investi-

gate the effect of age at diagnosis and sex on grade 5 bleeding

because of the low number of events.

Adolescence and female sex were independently associated with

a higher cumulative incidence of IMs (clinical and/or biological;

adjusted hazard ratio [aHR] = 2.73, 95% CI = 2.18–3.41,

p = 1.2 � 10�18 and aHR = 1.32, 95% CI = 1.05–1.66, p = .018,

respectively). Four risk subgroups were defined based on age and sex,

and age had a greater impact than sex (Figure 2B). At the 5-year

follow-up, the proportions of patients with IMs among female
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no second-line treatment)
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F IGURE 3 Risk groups and phenotypes within the OBS'CEREVANCE cohort. (A) Proportion of patients within each risk group for the six
outcomes. Risk groups are defined based on the variables statistically significant in the multivariate models and percentages are based on data at
the last follow-up. (B) Proportion of patients with mild and severe phenotypes is defined by a combination of outcomes, according to age group
and sex, and based on data at the last follow-up. IMs: immunopathological manifestations, SLE: systemic lupus erythematosus. [Color figure can
be viewed at wileyonlinelibrary.com]
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adolescents, male adolescents, female children, and male children

were 58%, 45%, 26%, and 19%, respectively. The median time from

cITP to first IM diagnosis was longer in children than adolescents (2.2

[0–20.7] vs. 0.3 [0–14.7] years; p = 3 � 10�8).

Adolescents had a higher risk of clinical IMs than children

(aHR = 2.40, 95% CI = 1.60–3.61, p = 2.3 � 10�5), whereas the risk

did not differ between the sexes (aHR = 0.74, 95% CI = 0.49–1.10,

p = .14; Figure 2C). The adolescent and female patients had a higher

risk of biological IMs compared to children and male patients, respec-

tively (aHR = 2.80, 95% CI = 2.21–3.55, p = 1.7 � 10�17 and

aHR = 1.66, 95% CI = 1.23–2.12, p = 7.6 � 10�5, respectively;

Figure 2D).

Adolescents and female patients had a higher risk of underlying

SLE than children and male patients, respectively (aHR = 4.35, 95%

CI = 2.20–8.62, p = 2.5 � 10�5 and aHR = 4.64, 95% CI = 1.81–

11.91, p = .001, respectively). Three risk subgroups were defined

based on age and sex; male adolescents and female children had a

similar cumulative incidence of SLE (aHR = 1.18, 95% CI = 0.31–4.51,

p = .80 for male adolescents; Figure 2E). At the 5-year follow-up, the

proportions of SLE patients among female and male adolescents, and

female and male children were 12%, 4%, 2%, and 1%, respectively.

Adolescents were more likely to receive second-line treatment

than children (aHR = 2.12, 95% CI = 1.72–2.61, p = 9.6 � 10�13),

whereas sex did not influence the likelihood of second-line treatment

use (aHR = 1.19, 95% CI = 0.97–1.46, p = .10, Figure 2F). At the

5-year follow-up, 64% of children and 46% of adolescents had not

received any second-line treatments, respectively. Specifically, adoles-

cents were more often treated with hydroxychloroquine and splenec-

tomy than children (Table S5).

In summary, the adolescent age group had uniformly less favor-

able outcomes with more grade ≥3 bleeding, clinical and biological

IMs, SLE diagnosis, and second-line treatment use. Female sex was

independently associated with more biological IMs and SLE diagnosis.

3.5 | Impact of IMs on cITP outcomes

We then investigated whether clinical and biological IMs also affected

cITP outcomes which allowed us to refine risk modeling in addition to

age group and sex. We fitted multivariate models with age group, sex,

clinical IMs, and biological IMs as covariates (see methods).

Clinical IMs were not associated with any of the three outcomes

analyzed: grade ≥3 bleeding, SLE diagnosis, and second-line treatment

use (Table S6).

Biological IMs were independently associated with an increased

risk of SLE diagnosis (aHR = 3.91, 95% CI = 2.60–5.87,

p = 5.5 � 10�11, adjusted for age at diagnosis, sex, and clinical IM,

Table S6). Female sex, biological IMs, and adolescence conferred a

5-fold, 4-fold, and 3-fold cumulative risk increase of SLE diagnosis,

respectively. Biological IMs were also independently associated with

an increased risk of second-line treatment use of the same magnitude

as adolescents (aHR = 1.95, 95% CI = 1.56–2.43, p = 4.6 � 10�9,

adjusted for age at diagnosis, sex, and clinical IMs). Specifically,

biological IMs were associated with higher use of hydroxychloroquine

but with lower use of splenectomy (Table S5). This result suggests

that hydroxychloroquine allows avoiding subsequent splenectomy in

patients with biological IMs (consisting mainly of patients with ANA).

Of note, biological IMs were also nominally associated with grade ≥3

bleeding but did not reach the multiple-testing corrected statistical

threshold.

Thus, biological IMs were an additional risk factor, independent of

age group and sex, associated with a higher risk of SLE diagnosis and

second-line treatment use.

3.6 | cITP risk groups and phenotypes

Based on the three risk factors identified, we resumed the risk groups

and their outcomes for the OBS'CEREVANCE cohort in Figure 3A.

Risk groups were defined based on risk factors previously identified

as statistically significant. In a clinical setting, the combination of age

group, sex, and biological IMs allows one to estimate the absolute risk

for each outcome. For example, 93/144 (65%) of adolescents with

biological IMs (a group with the highest risk) had received a second-

line treatment while only 164/453 (36%) of children without biologi-

cal IMs (a group with the lowest risk) had received one.

Combining the outcomes, we could define two antagonist cITP

phenotypes, mild and severe cITP, that together included 426 of the

886 patients (46%) reported (Figure 3B). Mild cITP represented

patients without grade ≥3 bleeding nor second-line treatment

received. Mild cITP was more frequent in children than adolescents

(aOR = 2.55, 95% CI = 1.83–3.59, p = 4.4 � 10�8) and was not

affected by sex (aOR = 0.79, 95% CI = 0.59–1.06, p = .11). At the

opposite, severe cITP represented patients with grade ≥3 bleeding

and second-line treatment use (with or without biological IMs). Severe

cITP was more frequent in adolescents than children (aOR = 2.4, 95%

CI = 1.68–3.49, p = 2.0 � 10�6) and was not affected by sex

(aOR = 1.34, 95% CI = 0.93–1.97, p = .12).

4 | DISCUSSION

We reported the comprehensive outcomes of a large prospective

observational national cohort of patients with unselected pediatric

cITP, including the first systematic description of IMs in this popula-

tion. Our data extend the encouraging findings from cohorts with

shorter follow-up as with 5901 patients-years follow-up,2,6,10 only

27% of patients experienced grade ≥3 bleeding, no patient experi-

enced lethal hemorrhage, and 5 years after diagnosis, 40% of the

patients still followed were in CR without any treatment. We showed

that age at ITP diagnosis was a major determinant of several out-

comes and that adolescents had more frequent unfavorable events

such as grade ≥3 bleeding, associated IMs, SLE diagnosis, and second-

line treatment use. Moreover, sex and biological IMs independently

influenced several outcomes. Those data deciphered the heterogene-

ity of pediatric cITP and provided for the first time clinically relevant
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risk factors for almost all the outcomes analyzed. Collectively, these

results have several implications regarding (1) clinical heterogeneity of

patients with cITP, (2) cITP clinical course, (3) underlying etiology,

(4) clinical counseling and management, and (5) design of further clini-

cal and translational studies.

Regarding clinical heterogeneity, our study prospectively quanti-

fied the IMs associated with cITP and suggests that, with sufficient

follow-up, autoimmunity in cITP is broader than the sole autoimmune

thrombocytopenia in 36% of patients. This number greatly varies

according to age at diagnosis and sex. Biological IMs were more fre-

quent (31% of patients) than clinical IMs (8%). SLE biomarkers (22% of

patients), and specifically ANA positivity (21%), were by far the most

frequent IM reported in this study. The other IMs were rarely diag-

nosed. By contrast, clinical and biological IMs occurred in 66% and

67% of the Evans syndrome patients of the same OBS'CEREVANCE

cohort, respectively, and the most common biological IM was hypo-

gammaglobulinemia (36% of patients).13 Of note, these absolute num-

bers are influenced by follow-up duration. Biological IMs in patients

with cITP were associated with clinical IMs in only 20% of cases,

whereas biological IMs were diagnosed in 76% of patients with clinical

IM. This suggests that biological IMs of clinical relevance (ANA, hypo-

gammaglobulinemia, thyroid auto-antibodies…) should be regularly

searched in patients developing a clinical IM.

Regarding cITP clinical course, we could identify a clear cutoff for

six of the seven outcomes investigated regarding age at ITP diagnosis,

suggesting the effect of age is not linear. Moreover, age cutoffs were

remarkably closed (ranging from 8 to 12 years), suggesting that a

change in cITP pathophysiology occurs at these ages. This result is in

line with previous studies that investigated the risk of chronicity in

pediatric ITP and that reported an age cutoff ranging between 8 and

11 years.3–5,23 Our study suggests that older age at ITP diagnosis, in

addition to increase the risk of evolution toward cITP, is also associ-

ated with cITP outcomes. Together, these studies highlight the differ-

ent clinical courses of both acute and chronic ITP in children and

adolescents. Dedicated biological investigations are warranted to

investigate whether the pathogenesis of ITP differed across age

groups.

Regarding underlying etiology, SLE absolute risk was low (4%).

Biological IMs, including ANA, mostly occur without an underlying

SLE diagnosis. However, SLE diagnosis risk greatly differs based on

the three risk factors identified. As it was previously known in individ-

uals without cITP,24 female adolescents, particularly those with

biological IMs, represent a population with a high risk of SLE.

An important finding of our study was the absence of PID diagno-

sis. Importantly, genetic tests for PID were performed in patients with

suggestive clinical presentations at ITP diagnosis, and patients with a

PID diagnosed at or before ITP onset were not included in the present

study. Therefore, we cannot exclude the possibility that some patients

had undiagnosed monogenic PID. Some PIDs can have variable

expressivity and remain paucisymptomatic, such as shown in ALPS,

CTLA4 haploinsufficiency, and LRBA deficiency.25–27 Comprehensive

genetic studies are required to definitively conclude whether an

underlying PID is present. However, our findings suggest that,

contrary to multilineage hematological autoimmunity,13 cITP in isola-

tion rarely precedes PID diagnosis in the routine clinical setting.

Finally, no cases of malignancy were diagnosed in this study,

whereas 3% of patients with pediatric-onset Evans syndrome from

the same cohort developed a hematological malignancy.13

Regarding clinical counseling and management, our results pro-

vide data for several clinical questions in the care of patients with

pediatric cITP. As both children and adolescents in our cohort had

some favorable long-term outcomes and still have a chance of sponta-

neous recovery, therapeutic escalation should be reserved for patients

with clinical severity and/or with impaired quality of life. Clearly, ado-

lescents had a different cITP course than children, with more frequent

unfavorable events, including grade ≥3 bleeding, associated IMs, SLE

diagnosis, and second-line treatment use. Moreover, the female sex

was independently associated with biological IMs and SLE diagnosis,

and biological IMs were independently associated with SLE diagnosis

and second-line treatment use. Our results suggest that patient man-

agement can be tailored based on these three risk factors. Adoles-

cents should deserve closer clinical follow-up and more frequent

biological IM monitoring. It is probably wise to monitor IMs every

3–6 months, especially for at-risk manifestations such as nephrologi-

cal or neurological. As well, intensified education regarding bleeding

risk and early recognition of clinical immunopathological symptoms is

warranted in this population. In presence of biological IMs, 52% of

children and 65% of adolescents had received a second line-treatment

use. Thus, patients with biological IMs, regardless of age group, war-

rant more frequent follow-up regarding IMs, SLE, and second-line

treatment. Inversely, complete work-up for underlying etiology in chil-

dren, especially males, without severe bleeding nor biological IM,

could probably be reduced to every one or 2 years.

Regarding the design of further clinical and translational stud-

ies, our data suggest that age at ITP diagnosis, sex, and IMs are

three risk factors that warrant consideration in study design. These

studies should consider, at least, stratifying the population or

adjusting the results based on age at ITP diagnosis. Furthermore,

adolescents being a subgroup of grade ≥3 bleeding and second-line

treatment use, they represent a population of interest to target

clinical trials, with a cut-off of more than 10 years old at initial

diagnosis of ITP.

To our knowledge, this study represents the largest observational

long-term cohort of patients with pediatric-onset cITP. However, it

has several limitations. The long timespan (30 years), nationwide and

real-life conditions may have led to some heterogeneity in practices.

To limit this bias, the CEREVANCE group developed national guide-

lines in 2004, and specifically in 2009, 2017, 2021.28 As well, individ-

ual case-by-case multidisciplinary and nationwide meetings are

organized by the reference center, and national annual meetings allow

the present harmonization of clinical care and therapeutic strategies.

For this study, the coordinating research team prompted all centers to

update follow-up data and gathered data from adult teams when the

patient had reached adulthood. We acknowledge that the follow-up

length was influenced by age at ITP diagnosis, IMs diagnosis, and

second-line treatment use (Table S7). Specifically, patients with IMs

PINCEZ ET AL. 865

 10968652, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajh.26900 by C

ochrane France, W
iley O

nline L
ibrary on [17/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



had longer follow-up duration than those without any IM. However,

our results are supported by the large number of patients included

and the magnitudes of the differences found. As well, we found more

events in adolescents despite a shorter follow-up than in children.

In conclusion, our data highlight the need for multidisciplinary

care, long-term follow-up, and transition to care by adult special-

ists for patients with pediatric cITP. Particular attention should be

paid to female adolescents; these patients are more likely to

require input from non-hematological specialists, such as gynecol-

ogists, rheumatologists, nephrologists, or clinical immunologists.

The long-term course of adult patients with pediatric-onset cITP is

currently unknown and is under investigation in the OBS'CERE-

VANCE cohort.
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