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KEY PO INTS

� In children with AIC,
IMs are associated with
a lower splenectomy
FFS.

� IMs are associated with
a higher risk of
recurrent or severe
bacterial infections and
thrombosis.

Splenectomy is effective in ~70% to 80% of pediatric chronic immune thrombocytopenia
(cITP) cases, and few data exist about it in autoimmune hemolytic anemia (AIHA) and
Evans syndrome (ES). Because of the irreversibility of the procedure and the lack of
predictions regarding long-term outcomes, the decision to undertake splenectomy is
difficult in children. We report here factors associated with splenectomy outcomes from
the OBS’CEREVANCE cohort, which prospectively includes French children with
autoimmune cytopenia (AIC) since 2004. The primary outcome was failure-free survival
(FFS), defined as the time from splenectomy to the initiation of a second-line treatment
(other than steroids and intravenous immunoglobulins) or death. We included 161 patients
(cITP, n 5 120; AIHA, n 5 19; ES, n 5 22) with a median (minimum-maximum) follow-up of
6.8 years (1.0-33.3) after splenectomy. AIC subtype was not associated with FFS. We

found that immunopathological manifestations (IMs) were strongly associated with unfavorable outcomes. Diagnosis
of an IM before splenectomy was associated with a lower FFS (hazard ratio [HR], 0.39; 95% confidence interval [CI],
0.21-0.72, P 5 .003, adjusted for AIC subtype). Diagnosis of an IM at any timepoint during follow-up was associated
with an even lower FFS (HR, 0.22; 95% CI, 0.12-0.39; P 5 2.8 3 1027, adjusted for AIC subtype) as well as with higher
risk of recurrent or severe bacterial infections and thrombosis. In conclusion, our results support the search for
associated IMs when considering a splenectomy to refine the risk-benefit ratio. After the procedure, monitoring IMs
helps to identify patients with higher risk of unfavorable outcomes.

Introduction
Chronic immune thrombocytopenia (cITP) and autoimmune
hemolytic anemia (AIHA) are rare diseases in children consisting
of autoimmune destruction of platelets and erythrocytes, respec-
tively. They can be associated within an even rarer entity, Evans

syndrome (ES). These 3 conditions are referred to here as auto-
immune cytopenia (AIC). Associated with AIC, patients can pre-
sent with various immunopathological manifestations (IMs) such
as lymphoproliferation, autoimmune/autoinflammatory organ
diseases, and hypogammaglobulinemia.1,2 These IMs can be
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absent at AIC diagnosis and develop during follow-up.1,2 In a
subset of patients with IMs, an underlying condition is diag-
nosed and the AIC is considered as secondary.3 Systemic lupus
erythematosus (SLE) and primary immunodeficiencies (PIDs) are
the most frequent diagnosis of secondary AIC in children.1-4 If
no underlying condition is identified, AIC is considered primary.

All AICs can evolve toward chronic evolution and need for first-
and second-line treatments.5 The spleen is a predilection site of
platelet and/or erythrocyte phagocytosis and splenectomy is a
classic second-line treatment in adults and children with cITP.6-8

Nevertheless, studies addressing splenectomy efficacy in pediatric
AIHA and ES are scarce, consisting of retrospective series with a
limited number of patients.9-12 Splenectomy is effective in �70%
to 80% of pediatric cITP.6,8,13-17 Long-term follow-up suggests sus-
tained responses, but exclusively pediatric data are limited.13,16,17

Despite being one of the most effective cITP treatments, splenec-
tomy use has decreased over time.6,8 This is in part from the emer-
gence of alternative therapies (such as anti-CD20 antibodies and
thrombopoietin receptor agonists) and from infectious risk associ-
ated with asplenia.6,18 Splenectomy is irreversible and thus ques-
tionable, especially in children. Pediatricians lack validated
predictive factors to identify children who may benefit from the
procedure or who are at risk of treatment failure and/or
complications.

Here, we report the long-term splenectomy outcomes of the
French nationwide OBS’CEREVANCE cohort for the 3 AICs and
the factors associated with splenectomy failure, severe or recur-
rent bacterial infections, thrombosis, and death.

Material and methods
OBS’CEREVANCE cohort
Since 2004, all French patients with cITP, AIHA, and ES diag-
nosed before age 18 years have been included in the pro-
spective OBS’CEREVANCE cohort led by the CEREVANCE
group.19 Inclusion and exclusion criteria of the cohort are
detailed in supplemental Table 1. Some patients underwent
genetic analyses, as previously described.2 Written informed
consent was obtained from parents and eligible patients. The
cohort study was approved by the institutional ethics commit-
tee (CPPRB-A; Bordeaux, France) and the database was regis-
tered with the national data protection authority (CNIL,
1396823V0).

For patient surveillance and data collection, the CEREVANCE
group uses the term IM to include predefined immune mani-
festations associated with AIC. IMs comprise clinical IM,
defined as lymphoproliferation and/or autoimmune/autoin-
flammatory organ disease, and biological IM, defined as
hypogammaglobulinemia, SLE biomarkers, and/or autoim-
mune lymphoproliferative syndrome (ALPS) biomarkers;
detailed definitions are given in supplemental Table 1. SLE
diagnosis is based on Systemic Lupus International Collabo-
rating Clinics Classification criteria.20 PID diagnoses are based
on international classification,21 and eventual criteria when
existing, such as for ALPS.22 The CEREVANCE group recom-
mends scheduling clinical and biological follow-up at least
every 6 to 12 months (supplemental Table 2). French recom-
mendations for immunizations before splenectomy include

mainly pneumococcal and meningococcal vaccinations but
have varied with time and were not precisely recorded in the
database.

Patients’ selection
Patients registered in the database on March 3, 2021, were
included if they underwent a splenectomy before the age of 18
years and had more than 1 year of follow-up. Exclusion criteria
were as follows: (1) AIC known to be secondary to transplanta-
tion, SLE, or PID at splenectomy date; and (2) missing data for
outcome. Patients with SLE or a PID diagnosed before splenec-
tomy were excluded because the aim of the study was to
describe the clinical situation in which no underlying etiology of
AIC is known to help the physician in the splenectomy decision.

Outcomes and variables associated
The primary outcome was splenectomy failure-free survival
(FFS), defined as the time from splenectomy to the initiation of a
second-line treatment (ie, other than steroids and intravenous
immunoglobulins) or death from any cause, whichever came
first.

Secondary outcomes were severe (grade $3 according to Com-
mon Terminology Criteria for Adverse Events v5.0) or recurrent
($2 episodes) bacterial infections, thrombosis, and death.

The following variables were tested for all outcomes: AIC sub-
type at splenectomy, sex, age at first AIC, rituximab before
splenectomy, number of treatments before splenectomy,
time from first AIC to splenectomy, age at splenectomy, IM
diagnosed before splenectomy, and IM diagnosed at any
timepoint during follow-up. New second-line treatment after
splenectomy and total number of second-line treatments
received (before and after splenectomy) were also tested for
severe or recurrent bacterial infections, thrombosis, and
death outcomes (for severe or recurrent bacterial infections,
only second-line treatments initiated before infection were
considered). Severe or recurrent bacterial infections variable
was also tested for death outcome.

Statistical analysis
Continuous and categorical variables were compared using non-
parametric Wilcoxon-Mann-Whitney and Fisher exact tests,
respectively. The splenectomy FFS rate estimates were based
on the Kaplan-Meier method and curves reported were com-
pared using log-rank test. The Cox proportional hazards method
was used to identify factors associated with splenectomy FFS,
thrombosis, and death. Proportionality of hazard was assessed
for each variable. Logistic regression was used to analyze factors
associated with severe or recurrent bacterial infections. For each
outcome investigated, univariate analyses were performed in
the whole cohort. Multivariate models were then fitted with all
variables with a P value , .20 in univariate analysis as well as
AIC subtype at splenectomy, whatever its P value. Two distinct
models were fitted for IM diagnosed before splenectomy and
IM diagnosed at any timepoint during follow-up. In a sensitivity
analysis for the association between IM and splenectomy FFS,
clinical and biological IMs were separately tested. In 2 other sen-
sitivity analyses, the effect of splenectomy year on FFS was
assessed using 2 approaches: (1) splenectomy year was added
as a covariate and (2) the cohort was split in 2 groups based on
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splenectomy year (,2004 and $2004) and each group was ana-
lyzed separately.

The association between splenectomy and thrombosis incidence
was assessed by using nonsplenectomized patients of the
OBS’CEREVANCE cohort as a comparator. A Cox proportional
hazards model was fitted with splenectomy and AIC subtype at
last follow-up as covariates. To avoid bias from postoperative
thrombosis risk carried by surgical procedure, only late thrombo-
sis events (.30 days after splenectomy) were considered for
splenectomized patients in this analysis. All tests were 2-sided
and a P value , .05 was considered statistically significant. Sta-
tistical analyses were performed using R (ver. 4.0, R Develop-
ment Core Team) and GraphPad Prism (ver. 9.1, GraphPad
Software, Inc., San Diego, CA) software.

Role of the funding sources
The funding sources provided financial support to CEREVANCE
database and functioning without any involvement in data col-
lection, analysis, interpretation, or publication.

Results
Population
Out of 1736 patients included in OBS’CEREVANCE, 210 (12.1%)
underwent a splenectomy and 161 (76.7%) fulfilled the prespeci-
fied inclusion criteria from 23 different centers (supplemental
Figure 1). Eighty-nine patients (55%) underwent splenectomy in
2004 or after (supplemental Figure 2). AIC subtype at splenectomy
was cITP, AIHA, and ES in 120, 19, and 22 cases, respectively
(Table 1). For patients with ES, the indication for splenectomy was
cITP, AIHA, and both in 7, 3, and 12 cases, respectively. Three
patients (2%) underwent emergent splenectomy for bleeding. The
median (minimum-maximum) age at splenectomy was 11.2 years
(0.8-17.7). The median number of second-line treatments before
splenectomy was 1 (0-8). Only 1 grade 4 perioperative hemor-
rhage related to procedure was reported. Median follow-up after
the procedure was 6.8 years (1.0-33.3).

Fifty-two patients (32%) had at least 1 IM, either before or after
splenectomy, 35 had both clinical and biological IMs, 8 had clini-
cal IM only, and 9 had biological IM only (supplemental Table 3).

Table 1. Characteristics of patients

AIC at splenectomy

Total cITP AIHA ES

Patients, no. (%) 161 120 (74) 19 (12) 22 (14)

Sex ratio (male/female) 1.1 (83/78) 1.0 (59/61) 0.9 (9/10) 2.1 (15/7)

IM in first-degree relative, n (%) 25 (16) 13 (11) 4 (21) 8 (36)

Cancer in first-degree relative, n (%) 5 (3) 2 (2) 2 (11) 1 (5)

Age, y

First AIC, median (min-max) 7.3 (0.6-17.4) 8.4 (0.7-14.1) 3.9 (0.6-17.4) 5.3 (1.7-15.8)

Second AIC, median (min-max) 7.0 (1.8-16.6) NA NA 7.0 (1.8-16.6)

IM at any time point during follow-up, n (%) 52 (32) 25 (21) 8 (42) 19 (86)

First IM before splenectomy, n (%) 34 (21) 14 (12) 3 (16) 17 (85)

First IM after splenectomy, n (%) 18 (11) 11 (9) 5 (26) 2 (1)

Splenectomy as first second-line treatment,
n (%)*

80 (50) 66 (55) 8 (42) 6 (27)

Number of second-line treatments before
splenectomy, median (min-max)

1 (0-8) 0 (0-8) 1 (0-3) 1 (0-5)

Time from first AIC to splenectomy, median
(min-max), y

2.3 (0.1-13.5) 2.3 (0.1-13.5) 1.3 (0.1-10.0) 4.5 (0.1-12.1)

Age at splenectomy, median (min-max), y† 11.2 (0.8-17.7) 11.8 (2.0-17.7) 4.9 (0.8-17.6) 10.6 (4.1-17.7)

Second AIC (ie, diagnosis of ES) after
splenectomy, n (%)

8/139 (6) 5 (4) 3 (16) NA

Duration of follow-up, y

After splenectomy, median (min-max)‡ 6.8 (1.0-33.3) 6.0 (1.0-28.1) 9.9 (3.6-16.7) 12.4 (1.1-33.3)

After first AIC, median (min-max) 11.0 (1.7-38.6) 9.3 (1.7-29.3) 12.7 (4.2-16.8) 18.1 (5.1-38.6)

NA, not applicable; SD, standard deviation.

*Rate has evolved with splenectomy year: before 2000, 12/22 (55%), 2000-2009, 61/108 (56%), from 2010, 7/31 (23%).

†Patients who underwent splenectomy for an AIHA were younger than the rest of the cohort, P 5 .0005.

‡Patients with cITP had a shorter postsplenectomy follow-up than the rest of the cohort, P 5 4.7 3 10-6.
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The 4 most frequent IMs were antinuclear antibodies (n 5 24),
lymphoproliferation (n 5 20), hypogammaglobulinemia (n 5 14),
and granulomatous-lymphocytic interstitial lung disease (n 5 8).
A diagnosis of secondary AIC was established after splenectomy
for 16 of the 43 patients with a clinical IM (37%; SLE, n 5 8 or
PID, n 5 8). Eight patients diagnosed with isolated cITP or AIHA
at splenectomy developed ES during the follow-up.

Splenectomy FFS
Sixty-one patients (38%) had a splenectomy failure, from the ini-
tiation of a second-line treatment in all cases. Four patients (2%;
cITP, n 5 1; AIHA, n 5 1; ES, n 5 2) required a second-line
treatment within 30 days after splenectomy. For 7 patients (4%;
cITP, n 5 4; ES, n 5 3), the splenectomy failure occurred more
than 10 years after the procedure (longest delay, 28 years).
Overall, 4 patients (2%) presented a total of 7 severe hemor-
rhage episodes during follow-up (median delay to first episode,
7.2 years [2.2-30.2]): intracranial hemorrhage (n 5 3, leading to
death in 1 patient), gastrointestinal bleeding (n 5 3 episodes in
the same patient), and hemoperitoneum (n 5 1 with a sus-
pected underlying endometriosis).

Splenectomy FFS rates (95% confidence interval [CI]) at 1, 2,
and 5 years were 88.3% (81.1-92.9), 84.0% (76.1-89.5), and
76.5% (67.3-83.5) for cITP; 80.0% (55.1-92.0), 75.0% (50.0-88.8),
and 59.6% (35.1-77.4) for AIHA; and 85.7% (62.0-95.2), 80.7%
(56.3-92.3), and 65.5% (40.9-81.9) for ES, respectively
(Figure 1A-C). After splenectomy failure, the median number of
second-line treatments was 2 (1-10).

Factors associated with FFS
In multivariate analysis, IMs diagnosed before splenectomy were
associated with a lower FFS (hazard ratio [HR], 0.39; 95% CI,
0.21-0.72; P 5 .003, adjusted for AIC subtype; Table 2). IMs
diagnosed at any timepoint during follow-up were more strongly
associated with a lower FFS (HR, 0.22; 95% CI, 0.12-0.39; P 5

2.8 3 1027, adjusted for AIC subtype). AIC subtype at splenec-
tomy was not significantly associated with FFS.

Patients with and without IMs diagnosed at any timepoint during
follow-up had an FFS rate (95% CI) of 66.7% (51.9-77.8) and
88.1% (80.3-92.9) at 2 years, and 43.7% (29.6-56.9) and
83.2% (74.1-89.3) at 5 years after splenectomy, respectively
(Figure 2A-B).

Considering each AIC subtype separately, IMs diagnosed at any
timepoint during follow-up were associated with a lower FFS in
cITP and AIHA and had a statistically nonsignificant trend in ES
(Figure 2C-E).

As a sensitivity analysis, IMs were then divided in 2 categories:
clinical IM and biological IM. Patients with clinical IM only had a
lower FFS compared with patients without any IM (HR, 0.23;
95% CI, 0.07-0.77; P 5 .02, adjusted for AIC subtype). As well,
patients with biological IM only had a lower FFS compared with
patients without any IM (HR, 0.27; 95% CI, 0.10-0.73; P 5 .01,
adjusted for AIC subtype).

Finally, the effect of splenectomy year was investigated to con-
sider the long timespan covered by the cohort. In a first analysis,
splenectomy year was incorporated as covariate in the model. In
a second analysis, the cohort was split in 2 groups based on
splenectomy year (before 2004 and 2004 or after). In each case,
IM was independently associated with a lower FFS (supplemen-
tal Table 4).

Severe or recurrent bacterial infections
Nineteen patients (12%) presented recurrent or severe bacterial
infections, including 14 (9%) with grade $ 3 infection. Infection
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Figure 1. Outcomes after splenectomy across the autoimmune cytopenias.
Splenectomy failure-free survival curves and 95 CIs for 10 years of follow-up in
patients with (A) cITP, (B) AIHA, and (C) ES.
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types were pneumonia (n 5 15, including 2 with septic shock),
pneumococcal meningitis (n 5 2), Staphylococcus aureus bacter-
emia (n 5 2), pneumococcal septic shock (n 5 1), angiocholitis
(n 5 1), and gram-negative bacteriemia (n 5 1). A microorgan-
ism was identified in 7 cases and was an encapsuled germ in 3
patients.

Median age at splenectomy of patients with recurrent or severe
bacterial infection was 9.4 years (2.0-17.7), and infections occurred
after a median delay of 3.3 years (8 days-11.4 years) after proce-
dure. Among patients with severe or recurrent bacterial infection,
15 (79%) received new second-line treatment and 15 (79%) had
IM diagnosed before infection. Four (21%) had a PID diagnosed
at last follow-up (ALPS [n 5 2], CTLA4 deficiency [n 5 1], RAS-
associated autoimmune leukoproliferative disorder [n 5 1]).

In multivariate analyses, IMs diagnosed before splenectomy, IMs
diagnosed at any timepoint during follow-up and new second-
line treatment after splenectomy were associated with a higher
risk of severe or recurrent bacterial infections (Table 3).

The infection rate was 10-fold higher in the subgroup with IM
and/or new second-line treatment after splenectomy com-
pared with those without IM nor new second-line treatment
after splenectomy: 17/76 (22%) vs 2/85 (2% [including 1 pneu-
mococcal septic shock caused by nonvaccine serotype], P 5

.0001). Excluding the 13 pneumonias without septic shock
from the infections considered, the infection rate was ninefold
higher in the subgroup with IM and/or new second-line

treatment after splenectomy compared with those without IM
nor splenectomy failure: 8/76 (11%) vs 1/85 (1%, P 5 .01).

Thrombosis
Eleven patients (7%) were diagnosed with a thrombosis after
splenectomy. Three patients (2%) presented postoperative
thrombosis (diagnosed , 30 days after procedure), including 2
portal vein thrombosis and 1 cerebral venous thrombosis (sup-
plemental Table 5).

Nine patients (6%) presented a total of 12 late thrombosis (diag-
nosed . 30 days after procedure), including deep vein throm-
bosis (n 5 8), pulmonary embolism (n 5 1), cerebral venous
thrombosis (n 5 2), and pulmonary hypertension (n 5 1). In 5
patients, a potential additional pro-thrombotic factor was identi-
fied, the most frequent was corticosteroid-induced hypertension
(n 5 3). One patient was diagnosed with an antiphospholipid
syndrome upon thrombosis.

In multivariate analysis, AIC subtype at splenectomy and IMs
diagnosed at any timepoint during follow-up were indepen-
dently associated with thrombosis: HR, 0.11; 95% CI, 0.02-0.65;
P 5 .015 for cITP; HR, 0.21; 95% CI, 0.05-0.90; P 5 .035 for ES;
and HR, 10.36; 95% CI, 1.21-88.41; P 5 .033 for IMs diagnosed
at any timepoint during follow-up (supplemental Table 6).

To assess whether splenectomy by itself augments the risk of
thrombosis in children with AIC, the entire OBS’CEREVANCE

Table 2. Factors associated with splenectomy failure-free survival in Cox proportional hazards models

HR 95% CI P

Univariate analysis

AIC at splenectomy (ES)* 0.71 0.31-1.61 .41

AIC at splenectomy (cITP)* 1.35 0.65-2.86 .42

Sex 1.03 0.62-1.72 .90

Age at first AIC 1.04 0.98-1.10 .23

Rituximab before splenectomy 1.04 0.55-1.96 .89

Number of treatments before splenectomy 0.95 0.79-1.15 .62

Time from first AIC to splenectomy 1.00 0.92-1.10 .96

Age at splenectomy 1.03 0.98-1.10 .23

IM diagnosed before splenectomy 0.38 0.22-0.65 .0004

IM at any timepoint during follow-up 0.24 0.14-0.41 1.4 3 1027

Multivariate analysis, model with IM diagnosed
before splenectomy

AIC at splenectomy (ES)* 1.22 0.50-2.94 .67

AIC at splenectomy (cITP)* 1.35 0.64-2.86 .43

IM diagnosed before splenectomy 0.39 0.21-0.72 .003

Multivariate analysis, model with IM diagnosed at
any timepoint during follow-up

AIC at splenectomy (ES)* 1.47 0.63-3.45 .37

AIC at splenectomy (cITP)* 1.10 0.52-2.33 .80

IM at any timepoint during follow-up 0.22 0.12-0.39 2.8 3 1027

Boldfaced numbers are statistically significant associations.

*Autoimmune hemolytic anemia used as the reference group for this categorical variable.
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cohort was analyzed, including nonsplenectomized patients
(n 5 1523 children with available data, of which 11 had a throm-
bosis). In multivariate analysis, splenectomy was associated
with a higher risk of thrombosis (HR, 4.70; 95% CI, 1.76-12.53;
P 5 .002), whereas cITP was associated with a lower risk
(HR, 0.12; 95% CI, 0.03-0.46; P 5 .002).

Survival
Seven (4%) patients died in the follow-up (supplemental Table
7). Median age at splenectomy and at death was 8.3 (4.9-12.5)
and 18.6 (12.7-28.1) years, respectively. The median delay
between splenectomy and death was 11.6 years (4.4-21.2). The
cause of death was sepsis (n 5 5), cerebral hemorrhage (n 5 1),
and RAS-associated autoimmune leukoproliferative disorder
(n 5 1). All deceased patients were diagnosed with ES pre- or
postsplenectomy and had received second-line treatments after
splenectomy. All had IM excepted the 1 who died with hemor-
rhage. Four had presented several pneumonias.

In univariate analysis, recurrent or severe bacterial infections
were marginally associated with death (HR, 4.50; 95% CI,
1.00-20.46; P 5 .0495; supplemental Table 8) but no factor was
found to be statistically significant in multivariate analysis.

Discussion
Based on a postsplenectomy follow-up of 1375 patients-years
and including the 3 AIC subtypes, these data confirmed the

favorable results of splenectomy in pediatric cITP and showed
that it may also be effective in AIHA and ES. This study allows
us to establish IM as a major factor for several unfavorable out-
comes: FFS, recurrent or severe bacterial infections, and
thrombosis.

Since the first report in 1916, splenectomy has been widely
used in cITP.6 The largest studies come from adult patients, and
a recent meta-analysis found a response rate of �70%.7,16 Exclu-
sively pediatric and mixed adolescent-adult studies reported
similar results.6,13-17 However, not all the adult patients’ experi-
ences can be transposed to children. Despite similar disease
mechanisms, potential underlying causes of secondary AIC differ
between these 2 populations. Pediatric secondary AICs are
mainly the result of PID and SLE, whereas malignancies are
uncommon.4 As a result, disease courses may differ,1 and some
treatments may have different results in children and in adults.

cITP failure rate observed in our cohort is similar to previously
published reports, although we used patient-centered criteria
for splenectomy failure.6,13-15,17 The smaller number of
patients with AIHA and ES in our study prevent definitive con-
clusions for these AICs. Our results suggest, however, that
splenectomy outcome is relatively comparable to cITP and
that the presence of IM is a stronger risk factor for splenec-
tomy failure than AIC subtype. However, splenectomy deci-
sion should be carefully balanced in patients with ES. These
patients present an age-increasing prevalence of IM1 and
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Figure 2. Outcomes after splenectomy according to immunopathological manifestations (IMs). (A,B) Splenectomy failure-free survival curves and 95 CIs concerning
the whole cohort according to the diagnosis of IM (A) before splenectomy or (B) at any timepoint during follow-up. (C-E) Splenectomy failure-free survival curves and
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therefore, P values can be slightly different than in univariate Cox proportional hazards models.

258 blood® 21 JULY 2022 | VOLUME 140, NUMBER 3 PINCEZ et al

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/140/3/253/1909164/bloodbld2022015508.pdf by guest on 08 M

ay 2024



frequent underlying PID.2 In addition, all deceased patients
within our study were diagnosed with ES.

Our study identified a broad range of IM with prevalence that
differed between patients splenectomized for cITP, AIHA, and
ES: 22%, 42%, and 86%, respectively. Despite IM in the context
of AIC being suggestive of secondary AIC (ie, SLE and PID),2,3,23

70% of patients with IM reported here had no underlying diag-
nosis identified at last follow-up. Thus, IM is a common feature
of heterogenous individual conditions, and our data suggest
that it is an effective surrogate marker for unfavorable splenec-
tomy outcomes. Even without a definite diagnosis of PID or SLE,
the presence of IM should be integrated for splenectomy deci-
sion. The impact on splenectomy outcomes probably differs
across the individual IMs and possibly between clinical and bio-
logical IM categories. Larger studies are needed to precisely
determine the effect of each IM and combinations. In addition
to IM research, the CEREVANCE group also suggest genetic

analyses to search for a PID before splenectomy for an AIC
(supplemental Table 2).

Infection is the main concern in splenectomized patients, espe-
cially for children younger than age 6 years. The risk of over-
whelming postsplenectomy infection (OPSI) because of
encapsulated bacteria exists lifelong in every patient.24 It may
nevertheless be affected by underlying conditions. For instance,
patients with ALPS have been shown to carry a particularly high
risk of OPSI.25 Our data suggest that most postsplenectomy
severe bacterial infections occurred in patients with an additional
risk factor, with new second-line treatment and/or IM both being
independently associated. Although OPSI should be a concern
for every splenectomized patient, these factors may be consid-
ered a marker of increased infectious risk that may not be pre-
ventable by standard measures (ie, vaccinations and oral
penicillin). Of note, despite French pediatricians following
national and international guidelines to prevent OPSI, we could

Table 3. Factors associated with severe or recurrent bacterial infections in logistic regression models

OR 95% CI P

Univariate analysis

AIC at splenectomy (ES)* 1.31 0.34-5.34 .70

AIC at splenectomy (cITP)* 0.17 0.05-0.65 .007

Sex 0.58 0.21-1.54 .29

Age at first AIC 0.87 0.75-0.98 .029

Rituximab before splenectomy 0.73 0.16-2.38 .64

Number of treatments before splenectomy 0.98 0.64-1.36 .93

Time from first AIC to splenectomy 0.99 0.83-1.15 .91

Age at splenectomy 0.87 0.82-0.93 .021

IM diagnosed before splenectomy 7.11 2.61-20.30 .0002

IM at any timepoint during follow-up 10.64 3.60-39.20 6.9 3 1025

New second-line treatment after splenectomy† 12.7 3.98-56.7 .0001

Number of second-line treatment† 0.99 0.77-1.19 .90

Multivariate analysis, model with IM diagnosed
before splenectomy

AIC at splenectomy (ES)* 0.47 0.07-2.83 .42

AIC at splenectomy (cITP)* 0.27 0.06-1.26 .088

Age at first AIC 1.00 0.80-1.26 1.00

Age at splenectomy 0.93 0.75-1.13 .49

IM diagnosed before splenectomy 3.96 1.001-17.23 .049

New second-line treatment after splenectomy† 7.19 2.00-34.1 .0048

Multivariate analysis, model with IM diagnosed at
any timepoint during follow-up

AIC at splenectomy (ES)* 0.67 0.13-3.41 .63

AIC at splenectomy (cITP)* 0.34 0.08-1.53 .15

Age at first AIC 0.99 0.79-1.25 .91

Age at splenectomy 0.89 0.72-1.09 .29

IM at any timepoint during follow-up 5.43 1.31-26.89 .026

New second-line treatment after splenectomy† 4.73 1.19-24.00 .037

Boldfaced numbers are statistically significant associations.

OR, odds ratio.

*Autoimmune hemolytic anemia used as the reference group for this categorical variable.

†Only second-line treatments initiated before severe or recurrent infection were considered.
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not confirm that immunization status and antibiotic prophylaxis
were adequate at infection occurrence. Despite this limitation,
we suggest an intensified follow-up for patients with IM and/or
subsequent second-line treatment. Based on individual clinical
condition, additional anti-infectious approaches, such as intensi-
fied prophylactic antibiotics or immunoglobulin replacements,
could be considered in some of these patients.

Splenectomy has been associated with an increased thrombosis
risk in adult patients, specifically in patients with cITP, who spon-
taneously bear an increased risk.18,24,26,27 We confirm here that
thrombosis risk is increased in children after splenectomy com-
pared with nonsplenectomized children with AIC. Additionally,
we found that among children with AIC, those with cITP had a
lower risk of thrombosis, independent of splenectomy. Patients
with AIHA or ES in the entire OBS’CEREVANCE cohort or only
those with AIHA in the splenectomy group seem to be at higher
risk. Further data are needed to detail this point and to eluci-
date the mechanism of this previously unknown risk. Chronic
hemolysis may contribute to this increased risk. Independent of
AIC subtype, our data also suggest that thrombosis is another
unfavorable postsplenectomy outcome associated with IM.

Death in our study occurred exclusively in patients with several
common features: (1) ES, diagnosed either before or after sple-
nectomy, which is known to be associated with a much higher
risk of death than isolated cITP and AIHA1; (2) new second-line
treatment; and (3) IMs, present in all nonhemorrhagic deaths. As
in nonsplenectomized patients with ES,1 infection was the main
cause of death. Therefore, broader infection prevention and
close follow-up should be considered in these patients, as dis-
cussed previously.

In conclusion, IM should be investigated and integrated when
evaluating risks and benefits of splenectomy in patients with
AIC. In splenectomized patients, the presence of IM indicated
higher risk for second-line treatment, severe or recurrent bacte-
rial infections, and thrombosis. Therefore, this subgroup requires
careful follow-up, especially in the context of transition to adult
medical departments. Additional infection prophylaxis warrants
consideration and further evaluation in these patients. Given the
increasing prevalence of IM with age in ES, splenectomy indica-
tion is still a matter of discussion in this population. Finally, sys-
tematic genetic analysis looking for a PID should be discussed
before splenectomy for an AIC.
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