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Immune thrombocytopenia (ITP) is the most common
acquired thrombocytopenia in children and is caused by
immune-mediated decreased platelet production and
increased platelet destruction. In the absence of a
diagnostic test, ITP must be differentiated from
other thrombocytopenic disorders, including inherited
platelet disorders. In addition, a diagnosis of secondary
ITP due to a primary immune deficiency with immune
dysregulation may not be apparent at diagnosis but can
alter management and should be considered in an
expanding number of clinical scenarios. The diagnostic
evaluation of children with thrombocytopenia will vary
based on the clinical history and laboratory features.

Access to genotyping has broadened the ability to
specify the etiology of thrombocytopenia, whereas
increasing access to immunophenotyping, functional
immunologic and platelet assays, and biochemical
markers has allowed for more in-depth evaluation of
patients. With this greater availability of testing,
diagnostic algorithms in patients with thrombocytopenia
have become complex. In this article, we highlight the
diagnostic evaluation of thrombocytopenia in children
with a focus on ITP, including consideration of underlying
genetic and immune disorders, and use hypothetical
patient cases to describe disease manifestations and
strategies for treatment of pediatric ITP.

Introduction

Although thrombocytopenia is one of the most common hema-
tologic conditions in pediatric patients, differentiating between
immune thrombocytopenia (ITP) and other causes of low platelet
counts, such as an inherited platelet disorder (IPD), can be chal-
lenging." Although ITP is rare, it is the most common cause of
acquired thrombocytopenia in childhood, occurring in 2 to 5 per
100000 children.? In ~20% of adults, ITP is secondary to an
underlying primary disorder of immune dysregulation or immune
deficiency, rheumatologic condition, transplant, or inciting medi-
cation or infection.® Although primary ITP is typical in pediatric
patients, secondary ITP is not uncommon, especially with very
early—onset disease when the likelihood of underlying immuno-
deficiency is higher.*® There is no diagnostic test for ITP; there-
fore, when a pediatric patient presents with thrombocytopenia,
the clinician must consider whether the diagnosis is most likely
to be ITP (primary or secondary), an IPD, or one of the many
other etiologies of thrombocytopenia (Figure 1). The symptoms,
monitoring, treatments, and approaches to secondary ITP and
IPD are distinct from primary ITP. Therefore, a thoughtful and
comprehensive approach to the diagnostic evaluation is impera-
tive for optimal care.

The important role of underlying immune dysregulation in ITP
has been elucidated in recent years, expanding the historical
understanding of immune-mediated clearance of antibody-
coated platelets to a more heterogeneous and complex immune
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pathophysiology including deficiency in T-cell and B-cell regula-
tory activity, effects on megakaryocyte function, and cytotoxic
T-cell activity."* Current laboratory testing remains suboptimal
to identify individual biologic profiles that influence a patient’s
natural history. In patients with underlying primary immunodefi-
ciency disorders (PIDs), understanding the pathophysiology of
immune dysfunction allows for targeted treatment. However, in
most children with primary ITP, the individual pathophysiology is
not clear, and treatments are trialed and assessed for effect
because of limitations in predicting outcomes and adequately
characterizing immune dysfunction.

Despite these limitations, over the last 10 years there has been
an exciting expansion of available diagnostic tools for evaluation
of thrombocytopenia and approved therapies for children with
ITP. Access to genotyping and functional immunologic and
platelet assays has broadened the ability to specify the etiology
of thrombocytopenia. With these tools, diagnostic algorithms in
patients with thrombocytopenia have become complex. Once a
diagnosis of ITP is established, initial ITP-directed therapies con-
tinue to be limited, despite an expanding armamentarium of
treatments for children with chronic disease. If a sustained plate-
let increase is desired because of bleeding or health-related
quality-of-life (HRQol) implications, newer treatment options,
the thrombopoietin receptor agonists (TPO-RAs), are approved
for children and are considered along with older options of oral
immunosuppressants, anti-CD20 biologics, and splenectomy.
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This article, intended for hematologists, highlights findings and
outcomes in childhood thrombocytopenia with a focus on ITP
(excluding neonatal thrombocytopenia) using select hypothetical
patient cases to describe the diagnostic evaluation and to out-
line strategies for management.

Evaluation of thrombocytopenia
in children

Case 1: A 3-year-old female presents with 1 day of petechiae in
the setting of a febrile respiratory infection 2 weeks earlier. She
is otherwise healthy, with no recent medications or vaccinations.
She has no family history of thrombocytopenia or autoimmunity
and is well appearing. She has diffuse petechiae with bruises on
her extremities. She has no lymphadenopathy or hepatospleno-
megaly. Her blood counts are normal, with the exception of a
platelet count of 3 X 107/L with a peripheral blood film with
rare large granulated platelets.

This case, representing newly diagnosed primary ITP by history,
examination, and laboratory features, demonstrates many typical
features: peak age of onset between 1 and 5 years, preceding
viral infection (reported in up to 55% of children), and normal
examination, with the exception of skin or mucosal bleeding
symptoms (generally without lymphadenopathy, hepatospleno-
megaly, or congenital anomalies). A previously normal platelet
count > 150 X 10%/L is useful but not often available in healthy
children. The onset of ITP is generally after the age of 6 months
and is a diagnosis of exclusion. Therefore, the full differential
diagnosis of thrombocytopenia must be considered (Figure 1).
In young children with a personal and family history and exami-
nation features consistent with primary ITP, a complete blood
count with differential and expert analysis of the peripheral
blood film are the only required laboratory tests per the most
recent guidelines."® The immature platelet fraction (IPF) and
mean platelet volume (MPV), if available, have been evaluated
as potential additional markers of ITP because they are typically
elevated; however, MPV may be unreliable at platelet counts
< 10 X 10%/L. Significantly elevated or markedly depressed IPF
and MPV may be suggestive of an IPD or underlying bone
marrow pathology.””"? In children who require pharmacologic
therapy, an increase in platelet count with ITP-directed treat-
ment can be diagnostically informative. Bone marrow evaluation
is not necessary in newly diagnosed ITP with typical presenta-
tions regardless of the management strategy used.'®?° There-
fore, in this patient with a typical presentation, no additional
testing is required for the initial diagnosis of ITP.

However, there are many unanswered questions for the family
and patient, and there is still a critical need for ongoing research
in these areas. Recent studies suggest that certain laboratory
studies may be useful in discerning the risk of chronicity, includ-
ing the direct antiglobulin test and quantitative immunoglobu-
lins.?" Infectious testing, including Helicobacter pylori and viral
testing (HIV, hepatitis B/C, SARS-CoV-2), may vary by risk, expo-
sure, and geographic region.???* Anti-platelet antibodies are
not routinely recommended in children, but their role in prog-
nosticating the clinical course is an area of active study, and
newer assays, such as monoclonal antibody immobilization of
platelet antigens, have better sensitivity and specificity for the
diagnosis of ITP than do older assays.>*?’ Immunoglobulin M
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(IgM) antiplatelet antibodies are positive in 62% of newly diag-
nosed children and 10% are positive for IgG; although current
measurement of anti-platelet antibodies may not be sensitive
enough for diagnosis, detecting specific antibodies may be use-
ful in predicting bleeding risk, response to treatments, and time
to remission.?®

Finally, before initiating immunosuppressive medications or when
systemic autoimmunity or immune deficiency is contemplated
(based on family or personal history), an expanded evaluation
must be considered (Figure 1). Importantly, reconsideration and
re-evaluation of the diagnosis should be pursued periodically in
children with ongoing thrombocytopenia.

Case 2: A 12-year-old male arrives in clinic for evaluation of
thrombocytopenia. Last year, a complete blood count, evalu-
ated in the context of a report of a maternal family member
with ITP, demonstrated a platelet count of 90 x 107/L. His
mother has a history of abnormal uterine bleeding and easy
bruising. During her pregnancy, she could not have an epidural
because of thrombocytopenia. His recent repeat assessment
demonstrated a platelet count of 82 X 10%/L. His other blood
counts and physical examination are normal. Peripheral blood
film reveals normal platelet morphology.

In patients presenting with isolated thrombocytopenia,
acquired and congenital causes should be considered.
This case was selected to underline several features that
are highly suggestive of a congenital thrombocytopenia,
including a “family history of ITP” and moderate thrombocy-
topenia at first presentation. Chronic moderate thrombocy-
topenia or failure to respond to typical ITP therapy, in other
cases, are also suggestive of an IPD.?® A diagnosis of ITP in
other family members suggests an IPD or inherited immune
dysregulation. Reports of genetic evaluation of patients with
a presumed diagnosis of chronic ITP demonstrate that up to
40% may have a diagnosis of an IPD.?’ Although IPDs are
congenital, variability in bleeding symptoms may lead to a
diagnosis across the age continuum.>°

Evaluation for this patient must include assessment for an IPD
(Figure 1; Tables 1 and 2). Next-generation sequencing has
become a major clinical tool for the diagnosis of IPDs leading to
a broader understanding of their phenotypic spectrum. The abil-
ity to identify the molecular cause of IPDs allows for more
precise management strategies and appropriate genetic
counseling.®®3" Differentiating between IPDs and ITP is critical;
prognosis, associated medical issues, testing, management, and
family planning differ significantly. Prior to undertaking genetic
testing, appropriate consent must be obtained for testing,
including disclosure of secondary findings and potential implica-
tions of any cancer-predisposition diagnosis, and genetic
counseling is recommended.®? Alternative avenues of establish-
ing a suspected diagnosis may be pursued if a family opts out
of genetic testing, if insurance reimbursement is a barrier to
genetic testing, or if initial genetic testing is unrevealing, but the
availability of these, including platelet electron microscopy,
immunofluorescence and flow cytometry, may be limited.

Case 3: A 16-year-old female with a history of anemia at age

3 years is referred with a new diagnosis of thrombocytopenia in
the setting of recent onset of petechiae and epistaxis. She had
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Macrocytosis
Dysplasia
Other cytopenias
Microthrombocytes
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i
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Moderate thrombocytopenia
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Abnormal platelet granulation
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Flow Cytometry
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***Genetic testing: Targeted, exome sequencing, genome sequencing

Splenomegaly
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Hypersplenism
Liver Disease

——————————————— - GeneticTesting***  -———————————————

*Immunoglobulin (IgG, IgA, IgM, IgE) levels, T/B/NK subsets including double negative T cells (CD3+CD4-CD8-)
**Polysaccharide vaccine titers, Cytokines and Soluble markers (ex, sCD163 (marker of macrophage activation), sCD25 (elevated in CTLA-4 and LRBA deficiencies))

New medication
or Supplements

New severe thrombocytopenia
Macrothrombocytopenia

Drug-Induced

[T Immune Thrombocytopenia

Evans Syndrome
Refractory ITP
Multiple Autoimmunity
Chronic ITP diagnosis for >2 years
Family history of immune cytopenias

Consider PIDD/PIRD
Immunophenotyping*
Functional Testing**

Figure 1. Algorithm for the diagnostic evaluation of thrombocytopenia in children. CBC, complete blood count; MDS, myelodysplastic syndrome; PIDD, primary

immune deficiency disorder; PIRD, primary immune regulatory disease.

been followed at another institution; her family does not recall
the diagnosis, but she did take a medication for several months.
Her examination reveals a palpable spleen. On laboratory evalu-
ation, she has isolated thrombocytopenia with a platelet count
of 8 X 107/L. She has a normal hemoglobin, reticulocyte count,
and total bilirubin, but her direct antiglobulin test is IgG positive.
She was observed initially, but after development of recurrent
epistaxis, menorrhagia, and oral purpura, she was treated pred-
nisone for 5 days. Her platelet count responded, but thrombocy-
topenia recurred upon completion of treatment.

Evidence-based guidelines detailing the clinical indications for
pursuing immunophenotyping in patients with ITP are not avail-
able. This patient’s presentation of ITP was selected to underline
the important history of anemia, which upon review of the out-
side records, was autoimmune hemolytic anemia. The presence
of 2 autoimmune cytopenias increases the likelihood of a mono-
genic immune disorder, because children with Evans syndrome
(autoimmune hemolytic anemia, ITP, and/or immune neutrope-
nia concurrently or historically) have a high frequency (up to
65%) of monogenic immune disorders.®> Although PIDs were
classically thought to present with frequent or severe infections,
emerging evidence demonstrates that, in ~30% of patients,
autoimmune cytopenias are the first presentation of immune
dysregulation, which can be later associated with other autoim-
munity, autoinflammation, lymphoproliferation, and malig-
nancy.**® Therefore, Evans syndrome is a manifestation of
systemic abnormal immune regulation from multiple immune
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disorders and requires immunologic evaluation (Figure 1).
Immunophenotyping may include immunoglobulin levels for
evaluation for hypo- and hypergammaglobulinemia and polysac-
charide vaccine response, as well as lymphocyte flow cytometry
to quantify and assess function of the T-cell, B-cell, and natural
killer cell compartments. Genetic evaluation can include tar-
geted next-generation sequencing panels, exome sequencing,
or genome sequencing; targeted panels may offer an advantage
because the human phenotype ontogeny terms used to help
narrow variants in exome sequencing are still limited for immune
dysregulation disorders.3* Recent reviews have outlined recom-
mendations for specific testing of the immune system, when
indicated, in immune cytopenias.®**°

A partnership between a pediatric immunologist and hematolo-
gist is optimal in evaluating these children because of the grow-
ing complexity of immunologic testing and the potential need
for specialized testing to confirm suspected immune dysfunction.
The identification of any underlying immunodeficiency is critical
because it may alter recommended monitoring or treatment,
including targeted therapies, that may not be typical for ITP.3¢37

Although immune testing in patients with Evans syndrome is the
standard of care, the decision to pursue this testing in chronic
and/or refractory ITP is less straightforward. Emerging data sug-
gest that some patients have an increased likelihood of underly-
ing immune dysregulation, including those who fail to respond
to typical ITP therapies, have a family history of immune
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Table 1. Genes associated with IPDs

Inherited condition Gene (location) Inheritance Key features
Microthrombocytic
Wiskott-Aldrich syndrome WAS (Xp11) X-linked Thrombocytopenia, eczema,
severe immunodeficiency,
small platelets

X-linked thrombocytopenia WAS (Xp11-exon2) X-linked Small platelets,

thrombocytopenia, mild
immunodeficiency

FYB-related thrombocytopenia FYB (5p13.1) AR Small platelets and mild to

moderate bleeding

ARCP1B-related ARCP1B(7922.1) AR Microthrombocytopenia,
thrombocytopenia eosinophilia, inflammatory

disease
Normothrombocytic

Congenital amegakaryocytic MPL (1p34) AR Hypomegakaryocytic

thrombocytopenia thrombocytopenia with
eventual development of bone
marrow failure

Thrombocytopenia with absent RBMS8A (1921.1) AR Thrombocytopenia that improves
radii with age, limb anomalies

(normal thumbs)

Radio-ulnar synostosis with HOXA11 (7p15), MECOM AD Severe thrombocytopenia that
amegakaryocytic (3926.2) improves with age, skeletal
thrombocytopenia abnormalities (radio-ulnar

synostosis, clinodactyly,
syndactyly, hip dysplasia),
hearing loss

Familial platelet disorder with RUNXT (21922) AD Thrombocytopenia,
predisposition to AML myelodysplasia or AML,

platelet dysfunction

Paris-Trousseau/Jacobsen FLIT (11p24.3) AR Thrombocytopenia with large
syndrome granules and, depending on

size of deletion, other
symptoms arising from
deletion of other genes

Familial thrombocytopenia 2 ANKRD26 (10p12.1) AD Mild to moderate

thrombocytopenia with mild
bleeding symptoms, cancer
predisposition with risk of
myeloid malignancy and MDS

ETVé6-related ETVé6 (12p13.2) AD Mild to moderate
thrombocytopenia thrombocytopenia, increased

risk of hematologic
malignancy, including ALL,
AML, and MDS

Monoallelic THPO mutation THPO (3g27.1) AD Minimal to no bleeding with low

platelet count

CYCS-related CYCS (7p15) AD Thrombocytopenia without
thrombocytopenia significant bleeding due to

abnormal platelet release
Macrothrombocytic
Bernard-Soulier syndrome GPIBA (17p13), GPIBB (22q11), AR, AD Platelet dysfunction with large
GPIX (3921) platelets
Velocardiofacial syndrome 22q11 AD Cardiac anomalies, cleft palate,

hypocalcemia, thymic aplasia,
and typical facies. BSS-like
thrombocytopenia with or
without autoimmune etiology

Reprinted from Lambert®' with permission.

AD, autosomal dominant; ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; AR, autosomal recessive; BSS, Bernard-Soulier syndrome; EM, electron microscopy; MDS,

myelodysplastic syndrome; VWF, von Willebrand factor.
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Table 1. (continued)

Inherited condition Gene (location) Inheritance Key features
Platelet-type von Willebrand GPIBA (17p13) AD Decreased high molecular weight
disease VWF multimers with
thrombocytopenia (increased
platelet affinity for VWF)
MYH?9-related disease MYH$ (22911.2) AD Large platelets, leukocyte
inclusions; may have
sensorineural hearing loss,
cataracts, glomerulonephritis,
or renal failure
Gray platelet syndrome NBEAL2 (3p21) AD, AR Large, pale platelets with
absence of a granules
GATA-1 mutation of X-linked GATAT (Xp11.23) X-linked Thrombocytopenia with variable
thrombocytopenia with anemia
thalassemia
SLFN14-related SLFN14 (17912) AD Variable platelet size with mild to
thrombocytopenia severe bleeding and impaired
platelet function
Stormorken syndrome/York STIM1 (11p15) or ORAI1 AD Tubular aggregate myopathy and
platelet syndrome (12q24.31) platelet disorder with
decreased a granules,
thrombocytopenia, abnormal
function, and mild to
moderate bleeding
TUBB1-related TUBBT (20913.32) AD Spherocytic platelets and
thrombocytopenia decreased cardiovascular
disease in males
Macrothrombocytopenia with FLNA (Xg28) X-Linked Abnormal granule distribution on
filamin A mutations EM, mild to moderate
thrombocytopenia, impaired
aggregation to collagen
GFl1b-related GFl1b (9924) AD Moderate to severe bleeding
thrombocytopenia with gray platelet-like
phenotype with absent a
granules and variable red cell
anisocytosis
TRPM7-related TRPM?7 (15921.2) AD Large platelets with aberrant
thrombocytopenia granule distribution and mild
bleeding
ACTN1-related ACTNT1 (14924) AD Large platelets with absent to
thrombocytopenia mild bleeding
PRKACG-related PRKACG (9921) AR Large platelets with aberrant
thrombocytopenia FLNA expression and impaired
function
TPM4-related TPM4 (19p13.1) AD Large platelets with mild
thrombocytopenia bleeding
DIAPH1-related DIAPH1 (5931.3) AD Sensorineural hearing loss, large
thrombocytopenia platelets
SRC-related thrombocytopenia SRC (20911.23) AD Moderate to severe bleeding
with hypogranular platelets
and impaired platelet function
and juvenile onset
myelofibrosis, osteoporosis
ITGA2B/ITGB3-related ITGA2B (17921) or ITGB3 AD Moderate bleeding, large

thrombocytopenia

(17921)

platelets, and abnormal
function with gain-of-function
variants

Reprinted from Lambert®' with permission.

AD, autosomal dominant; ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; AR, autosomal recessive; BSS, Bernard-Soulier syndrome; EM, electron microscopy; MDS,
myelodysplastic syndrome; VWF, von Willebrand factor.
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Table 2. Findings that raise suspicion for ITP vs an IPD

Characteristics

Personal medical history

ITP

Sudden onset of new bruising, petechiae, or

IPD

Presenting at age <6 mo

other bleeding symptoms
Secondary ITP: other autoimmunity or
immune cytopenias

Longstanding history of easy bruising or
other bleeding symptoms

Bleeding disproportionate to severity of
thrombocytopenia

Family history

lymphoma

Primary ITP: no relevant history
Secondary ITP: family history of immune
cytopenias, other autoimmunity,

Family members with thrombocytopenia
(AD or X-linked)

Laboratory findings

Isolated thrombocytopenia
Moderately elevated MPV* and IPF

Normal platelet countt or persistent
moderately low platelet countt

Significantly elevated or markedly depressed
MPV* or IPF

Physical examination findings
findings

lymphadenopathy

Primary ITP: skin and/or mucosal bleeding

Secondary ITP: splenomegaly,

Syndromic features

AD, autosomal dominant.
*MPV may be unreliable at platelet counts <10 X 109/L.

TPatients with IPDs with platelet function defects can have normal platelet counts associated with mucocutaneous bleeding.

fPlatelet counts 30 to <150 X 10%/L.

cytopenias or autoimmunity, or have longstanding chronic ITP.
In these patients, immune testing should be considered, if possi-
ble, when the patient is off immune-modifying therapies but
also without major delays in those who are on immune-directed
treatment. Adolescent females with lupus often present with
thrombocytopenia; therefore, ongoing evaluation is important in
this population.® Additionally, patients with ITP and a second
autoimmune disease (thyroid disease, type 1 diabetes, inflam-
matory bowel disease, or others) may warrant additional evalua-
tion based on the association of some monogenic disorders
with specific autoimmunity and immune dysregulation.

Thrombocytopenia management

in children

General management considerations in ITP
Providers, children, and caregivers are often focused on the
platelet count as a measure of disease course in ITP. Symptoms
and findings associated with ITP include bleeding, anxiety about
risk of bleeding, impact on everyday HRQol, and fatigue.
Although many of these findings correlate with the platelet
count, the relationship between these measures is inconsistent,
and many prospective clinical trials have not independently
examined these outcomes.*”

Platelet count Typically, newly diagnosed pediatric patients
with ITP present with isolated severe thrombocytopenia.*® By 6
months from diagnosis, most children will recover with complete
normalization of counts. The platelet count also tends to sponta-
neously rise over time, with only 20%, 9%, and 6% of children
having a platelet count < 20 x 107/L at 2, 6, and 12 months,
respectively, after initial diagnosis.*! Although severe bleeding
is most likely to occur with a platelet count < 20 X 10%/L, most
children with this platelet count will not have significant

IMMUNE THROMBOCYTOPENIA IN CHILDREN

bleeding. In clinical practice, treatment response typically
reflects a specific clinical goal (eg, fewer bleeding symptoms or
improved fatigue) or a particular platelet count that permits
removal of activity restrictions; it may not be accurately reflected
by platelet count alone. In most children, the platelet count only
requires infrequent measurement. Remission, a platelet count
>150 X 10%/L on 2 occasions in the absence of ongoing or
long-acting platelet-directed therapy, occurs in ~60% of chil-
dren with ITP by é months from diagnosis and in another 10%
of children between 6 and 12 months from diagnosis.**%2 In
the 30% of children who have chronic ITP, the possibility of
remission remains for many years after diagnosis.**** This is
an important consideration when deciding between manage-
ment options.

Bleeding Most children with ITP present with bleeding symp-
toms isolated to the skin, including petechiae and ecchymoses.
Approximately 20% will present with moderate skin or mucosal
bleeding, and up to 3% present with severe bleeding.***” Men-
orrhagia can be a presenting symptom or a new bleeding symp-
tom at menarche. Less than 2% of children will have severe
bleeding in the first month after diagnosis.*” Intracranial hemor-
rhage is the most feared complication of ITP; fortunately, it is
rare and reported to occur in 0.15% to 0.4% of children.*’-*?
Predictors of future severe bleeding may include trauma, history
of severe bleeding, presence of secondary ITP, another underly-
ing bleeding predisposition, use of anticoagulation or medica-
tions causing platelet dysfunction, and/or platelet antibodies
that interfere with platelet function.*” Bleeding scales have been
developed to quantitate bleeding symptoms and provide an
objective outcome.>® Using a bleeding score in clinical practice
can guide treatment decisions, track symptoms over time, and
assist families in quantitating changes in bleeding symptoms.’
Notably, bleeding symptoms can improve in response to ther-
apy without a change in the platelet count.
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HRQoL and fatigue Studies of HRQoL in pediatric ITP have
demonstrated significant disease burden on children and care-
givers, likely related to anxiety about bleeding risk and negative
impact on daily activities.>> HRQoL scores in children with ITP
are comparable to those reported by patients with serious or
life-threatening illnesses, including cancer.>**° A significant pro-
portion of children with ITP suffer from fatigue, with severe
fatigue occurring in 12.5% to 22%, similar to other chronic
diseases, and in 50% prior to starting second-line therapies.>*>®
Causes of fatigue are likely multifactorial and are related to
immune activation and proinflammatory state, toxicity of therapy,
activity restrictions, and comorbidities.>” Although fatigue often
correlates with the severity of thrombocytopenia, it does not con-
sistently improve across ITP-directed therapies.®®

Management considerations in newly
diagnosed ITP

Many children with ITP, even with severe thrombocytopenia, will
not exhibit bleeding symptoms beyond skin manifestations; for
these patients, active observation until the time of spontaneous
remission is appropriate.'®?%4 The patient in case 1, a 3-year-
old with primary ITP, was managed with active re-evaluation by
her hematologist without pharmacologic intervention, according
to current guidelines. She had an improvement in skin manifes-
tations over the course of several weeks and complete sponta-
neous resolution of ITP within 3 months of diagnosis.

ITP-directed pharmacologic therapy is prescribed to children
with mucosal bleeding, impact of thrombocytopenia on HRQoL,
and/or trauma or planned surgery. Newly diagnosed children
with bleeding symptoms should not be observed. In these chil-
dren, upfront treatment options include corticosteroids, IV
immunoglobulin (IVIG), and anti-D globulin. Each of these thera-
pies is effective in most, but not all, patients, raises the platelet
count transiently, and is associated with potential side effects,
including black box US Food and Drug Administration (FDA)
warnings (Table 3). A randomized trial of IVIG vs active observa-
tion in newly diagnosed children did not demonstrate any differ-
ence in the rate of remission at 6 or 12 months from diagnosis,
although there was a decrease in severe bleeding in patients
who had moderate bleeding symptoms at study enrollment.®°
Studies have not shown that upfront management modifies the
likelihood of remission.®” In pediatric patients with ITP and
active mucosal bleeding (menorrhagia or epistaxis), antifibrino-
lytics may be beneficial, in addition to platelet-raising therapy;
hormonal therapy may also be useful for menorrhagia. In
patients with life-threatening bleeding, combination strategies
are used, including standard treatment (IVIG and steroids) often
combined with platelet transfusions, TPO-RAs, immunosuppres-
sion, and/or consideration of splenectomy.®?

Management considerations in persistent/
chronic ITP

Case 4: A 17-year-old male was diagnosed with primary ITP and
had a complete, but transient, response to a 5-day course of
prednisone and, more recently, to IVIG. He is now 6 months from
initial diagnosis, and his platelet count is 8 X 107/L. He is the cap-
tain of his ice hockey team and is depressed about his inability to
participate. He reports fatigue, and his grades, previously excel-
lent, are worsening because of lack of consistent interest.

IMMUNE THROMBOCYTOPENIA IN CHILDREN

This patient with persistent ITP requires second-line treatment
because of the impact of ITP on his HRQoL and mental health.
Recurrent or long courses of steroids must be avoided in chil-
dren with ITP because of the known short- and long-term toxic-
ity and because alternative therapies with more optimal side
effect profiles are available.’ Because of the paucity of trials
comparing second-line treatments, these therapies are most
often selected based on patient and family preferences.®® These
options include TPO-RAs, rituximab and other anti-CD20 anti-
bodies, oral immunosuppressants, and splenectomy (Table 3).
As treatment options expand, selecting treatment will continue
to be a challenging aspect of providing ITP care.

Considerations for treatment of newly diagnosed vs persistent/
chronic ITP overlap but may be impacted by the higher likeli-
hood of remission earlier in disease. In some patients, observa-
tion and short-acting therapies may be optimal, whereas for
patients with persistent/chronic disease or some patients with
significant bleeding symptoms, longer-acting treatments, includ-
ing anti-CD20 antibody therapy or splenectomy, may be the
best option. TPO-RAs and oral immunosuppressants, both short
acting, are considered early and late in the ITP course. Although
TPO-RAs are not approved for newly diagnosed ITP in children,
they are of clinical interest given their efficacy and safety profile
compared with standard therapies, and there is an ongoing clini-
cal trial in newly diagnosed patients (NCT03939637). Shared
decision making is critical given that all therapies vary with
regard to efficacy, availability, cost, ease of administration, and
potential side effects. Consideration among second-line treat-
ment options is the topic of multiple recent reviews, guidelines,
and consensus documents, 1620556465

The patient in case 4 was started on a TPO-RA with no response,
including to maximal dosing for several weeks. Given the differ-
ences in the mechanism of action and data supporting efficacy
after changing TPO-RAs, he was switched to the other approved
TPO-RA with a complete and sustained platelet response allow-
ing participation in his high-risk sport with improvement in his
mood, grades, and fatigue, as well as his reports of well-being.®®

Management considerations in refractory ITP

A subset of children with ITP do not respond to typical treat-
ments. In these patients, the diagnosis of ITP should be
re-evaluated with consideration for secondary ITP, IPDs, and
other diagnoses, including bone marrow failure disorders.
Although the definition of refractory ITP varies among studies,
management of such patients has been reviewed recently.®’ In
these children, first-line treatments have typically been tried, as
well as second-line treatment with TPO-RAs.'® Often, combina-
tion therapies with TPO-RAs/oral immunosuppressants are con-
sidered. Although a full review of the management of these
patients is beyond the scope of this article, several key points
for management could be considered in patients for whom an
alternative diagnosis is pursued.

As an example, for the patient in case 3 with Evans syndrome
with recurrent bleeding, her initial response to prednisone was
suboptimal, with only a transient increase in platelet count and
temporary resolution of bleeding symptoms. She was prescribed
tranexamic acid to decrease epistaxis and menstrual bleeding.
Given that her ITP was the only active cytopenia, she was started
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on a TPO-RA but had no effect with maximal dosing. Mycophe-
nolate was added to the TPO-RA with improvement in her plate-
let count and resolution of her bleeding symptoms after 4
weeks of combined therapy. She was managed without hospital-
ization according to current guidelines, which recommend
avoiding hospitalization in children with ITP, even with severe
thrombocytopenia, unless there is a need for emergency man-
agement of bleeding."®

Evaluation of case 3 demonstrated elevated CD3"CD8 CD4~
(double-negative) T cells. Her genetic testing returned without
any pathologic variants in genes associated with PIDs, including
autoimmune lymphoproliferative syndrome and related disor-
ders. In children with Evans syndrome, detailed immune evalua-
tion may be helpful in guiding therapy but may not always
reveal a clear underlying immune defect.®® Many monogenic
PIDs with immune dysregulation have targeted therapies, includ-
ing LRBA deficiency and CTLA-4 haploinsufficiency (abatacept),
PIK3CD variants (leniolisib), FAS and FASLG and CASP10 var-
iants (sirolimus), and STAT1 and STAT3 gain-of-function variants
(jakinibs), among others. For some PIDs, bone marrow transplant
is the treatment of choice, and outcomes are better before
widespread evidence of organ damage due to immune dysregu-
lation is evident. Targeted therapies should be considered along
with more standard agents, and treatment decisions should be
made within the clinical context of current symptoms in collabo-
ration with an immunologist.*’

For the patient in case 3, referral to immunology and further
testing 1 year later allowed identification of a somatic variant in
FAS-L by sequencing double-negative T cells. This has been
described in 10% of patients with autoimmune lymphoprolifera-
tive syndrome and can easily be missed with routine testing,
requiring collaborative evaluation.”® This case demonstrates the
importance of continuing to pursue the underlying cause of
thrombocytopenia, even when initial testing is nondiagnostic.

Management of other thrombocytopenias

The management of IPDs has been comprehensively
reviewed.®"”" The management of case 2 demonstrates the
complexity of childhood thrombocytopenia. Evaluation of
this patient led to a diagnosis of an IPD with a pathologic
variant in RUNXT identified on a thrombocytopenia gene
panel and later confirmed in multiple maternal family mem-
bers. After further questioning, there was only one identi-
fied family member with leukemia, a maternal great-uncle
who developed fatal acute myelogenous leukemia in his
60s. However, the patient’s mother (platelet count 121 X
10%/L), maternal uncle (platelet count 172 X 10%/L), and 27-
year-old sister (platelet count 100 X 10%/L) all shared the
variant. Bone marrow examination was performed per rec-
ommendations for patients with newly diagnosed familial
platelet disorder with associated myeloid malignancy and
demonstrated mildly dysmorphic megakaryocytes without
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clonal abnormalities. The patient and his family were seen
by the hereditary cancer predisposition program to discuss
the risk of cancer. In addition, they were counseled on the
risk of platelet dysfunction and increased risk of procedural
bleeding.

This case demonstrates the importance of making the correct
diagnosis. Of patients with RUNX1 variants, 18% are misdiag-
nosed with ITP (L. Cunningham et al, manuscript in preparation).
Patients with IPDs require different education about their disor-
der and, in comparison with TP management, platelet transfu-
sions are an important therapeutic agent for significant bleeding
or in preparation for surgery, although this must be balanced
with the risk of alloimmunization with platelet exposure in some
disorders. Differentiating IPDs from ITP and precise diagnosis
among IPDs is particularly important as targeted therapies and
trials expand (Table 2).

Conclusions

In the last decade, the evaluation of children with thrombocyto-
penia has markedly evolved. Our understanding of the pathobi-
ology of ITP and the expanding role of genetic testing for IPDs
and PIDs in a growing number of children with low platelet
counts has significantly altered our approach to children with
chronic thrombocytopenia. Treatment options for ITP have
increased at an exciting pace, allowing for steroid-sparing
approaches and targeted immunomodulation in a larger propor-
tion of patients. Even with the many advances in the last
decade, opportunities to improve the diagnostic evaluation,
such as the ability to make a more conclusive diagnosis and pre-
dict future course and therapy response, and to prospectively
compare treatment options would improve future ITP care.

Authorship

Contribution: R.F.G. and M.P.L. wrote the manuscript.

Conflict-of-interest disclosure: R.F.G. has served on the advisory
board for Dova and Principia and has received research funding from
Novartis, Agios Pharmaceuticals, and Dova. M.P.L. has served on
advisory boards for Octapharma and Shionogi; has acted as a consul-
tant for Amgen, Novartis, Shionogi, Dova, Principia, Argenx, Rigel,
and Bayer; and has received research funding from Sysmex, Novartis,
Rigel, and Astra Zeneca.

ORCID profiles: R.F.G., 0000-0001-7302-0449; M.P.L., 0000-0003-
0439-402X.

Correspondence: Rachael F. Grace, Dana-Farber/Boston Children’s
Cancer and Blood Disorders Center, 450 Brookline Ave, D3-106, Bos-
ton, MA 02215; e-mail: rachael.grace@childrens.harvard.edu.

Footnote

Submitted 14 January 2021; accepted 20 April 2021; prepublished
online on Blood First Edition 3 September 2021. DOl 10.1182/
blood.2020006480.

GRACE and LAMBERT

20z aunr G0 uo 3senb Aq Jpd'008%900020ZPIAPO0IA/698Z L6 1/Z1S/9/0¥ | /#Pd-ajo1e/poojqieu-suoneoligndyse/:dpy woly papeojumog


http://orcid.org/0000-0001-7302-0449
http://orcid.org/0000-0003-0439-402X
http://orcid.org/0000-0003-0439-402X
mailto:rachael.grace@childrens.harvard.edu

REFERENCES

1.

10.

11.

12.

13.

Buchanan GR. Thrombocytopenia

during childhood: what the pediatrician
needs to know. Pediatr Rev. 2005;26(11):
401-409.

Terrell DR, Beebe LA, Vesely SK, Neas BR,
Segal JB, George JN. The incidence of
immune thrombocytopenic purpura in
children and adults: a critical review of
published reports. Am J Hematol. 2010;
85(3):174-180.

Cines DB, Bussel JB, Liebman HA, Luning
Prak ET. The ITP syndrome: pathogenic and
clinical diversity. Blood. 2009;113(26):
6511-6521.

Fischer A, Provot J, Jais JP,

Alcais A, Mahlaoui N; members of the
CEREDIH French PID study group.
Autoimmune and inflammatory
manifestations occur frequently in
patients with primary immunodeficiencies.
J Allergy Clin Immunol. 2017;140(5):
1388-1393.e8.

Hadjadj J, Aladjidi N, Fernandes H, et al;
members of the French Reference Center for
Pediatric Autoimmune Cytopenia
(CEREVANCE). Pediatric Evans syndrome is
associated with a high frequency of
potentially damaging variants in immune
genes. Blood. 2019;134(1):9-21.

Cines DB, Cuker A, Semple JW.
Pathogenesis of immune thrombocytopenia.
Presse Med. 2014;43(4 Pt 2):e49-e59.

Semple JW, Rebetz J, Maouia A, Kapur R.
An update on the pathophysiology of
immune thrombocytopenia. Curr Opin
Hematol. 2020;27(6):423-429.

Harrington WJ, Minnich V,

Hollingsworth JW, Moore CV.
Demonstration of a thrombocytopenic
factor in the blood of patients with
thrombocytopenic purpura. J Lab Clin Med.
1951;38(1):1-10.

Najaoui A, Bakchoul T, Stoy J, et al.
Autoantibody-mediated complement
activation on platelets is a common finding
in patients with immune thrombocytopenic
purpura (ITP). Eur J Haematol. 2012;88(2):
167-174.

Sakakura M, Wada H, Tawara |, et al.
Reduced Cd4+Cd25+ T cells in

patients with idiopathic thrombocytopenic
purpura. Thromb Res. 2007;120(2):
187-193.

Li X, Zhong H, Bao W, et al. Defective
regulatory B-cell compartment in patients
with immune thrombocytopenia. Blood.
2012;120(16):3318-3325.

Li S, Wang L, Zhao C, Li L, Peng J, Hou M.
CD8+ T cells suppress autologous
megakaryocyte apoptosis in idiopathic
thrombocytopenic purpura. Br J Haematol.
2007;139(4):605-611.

Vrbensky JR, Nazy |, Toltl LJ, et al.
Megakaryocyte apoptosis in immune
thrombocytopenia. Platelets. 2018;29(7):
729-732.

IMMUNE THROMBOCYTOPENIA IN CHILDREN

20.

21.

22.

23.

24.

25.

. Olsson B, Andersson PO, Jernas M, et al.

T-cell-mediated cytotoxicity toward
platelets in chronic idiopathic
thrombocytopenic purpura. Nat Med. 2003;
9(9):1123-1124.

. Kihne T, Buchanan GR, Zimmerman S, et al;

Intercontinental Childhood ITP Study Group.
A prospective comparative study of 2540
infants and children with newly diagnosed
idiopathic thrombocytopenic purpura (ITP)
from the Intercontinental Childhood ITP
Study Group. J Pediatr. 2003;143(5):
605-608.

. Neunert C, Terrell DR, Arnold DM, et al.

American Society of Hematology 2019
guidelines for immune thrombocytopenia
[published correction appears in Blood Adv.
2020;4(2):252). Blood Adv. 2019;3(23):
3829-3866.

. Adly AA, Ragab IA, Ismail EA, Farahat MM.

Evaluation of the immature platelet fraction
in the diagnosis and prognosis of childhood
immune thrombocytopenia. Platelets. 2015;
26(7):645-650.

. Noris P, Klersy C, Zecca M, et al. Platelet

size distinguishes between inherited
macrothrombocytopenias and immune
thrombocytopenia. J Thromb Haemost.
2009;7(12):2131-2136.

. Noris P, Klersy C, Gresele P, et al; Italian

Gruppo di Studio delle Piastrine. Platelet
size for distinguishing between inherited
thrombocytopenias and immune
thrombocytopenia: a multicentric,

real life study. Br J Haematol. 2013;162(1):
112-119.

Provan D, Arnold DM, Bussel JB, et al.
Updated international consensus
report on the investigation and
management of primary immune
thrombocytopenia. Blood Adv. 2019;
3(22):3780-3817.

Kim TO, Grimes AB, Kirk S, et al. Association
of a positive direct antiglobulin test with
chronic immune thrombocytopenia and use
of second line therapies in children: a multi-
institutional review. Am J Hematol. 2019;
94(4):461-466.

Vishnu P, Duncan J, Connell N, et al;
Platelet Immunology Scientific,
Standardization Committee. International
survey on Helicobacter pylori testing in
patients with immune thrombocytopenia:
Communication of the Platelet Immunology
Scientific and Standardization Committee.
J Thromb Haemost. 2021;19(1):

287-296.

Elalfy MS, Nugent D. Viruses, anti-viral ther-
apy, and viral vaccines in children with
immune thrombocytopenia. Semin Hematol.
2016;53(suppl 1):570-S72.

Nielsen OH, Tuckuviene R, Nielsen KR,
Rosthgj S. Flow cytometric measurement of
platelet-associated immunoglobulin in children
with newly diagnosed immune thrombocyto-
penia. Eur J Haematol. 2016;96(4):397-403.

Schmidt DE, Lakerveld AJ, Heitink-Pollé
KMJ, et al. Anti-platelet antibody

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

immunoassays in childhood immune
thrombocytopenia: a systematic review. Vox
Sang. 2020;115(4):323-333.

Schmidt DE, Heitink-Polle KMJ, Porcelijn L,
et al. Anti-platelet antibodies in childhood
immune thrombocytopenia: prevalence and
prognostic implications. J Thromb Haemost.
2020;18(5):1210-1220.

Fu L, Ma J, Cheng Z, Gu H, Ma J, Wu R.
Platelet-specific antibodies and differences
in their expression in childhood immune
thrombocytopenic purpura predicts clinical
progression. Pediatr Investig. 2019;2(4):230-
235.

Lambert MP. What to do when you suspect
an inherited platelet disorder. Hematology
(Am Soc Hematol Educ Program). 2011;
2011(1):377-383.

Fiore M, Pillois X, Lorrain S, et al. A
diagnostic approach that may help to
discriminate inherited thrombocytopenia
from chronic immune thrombocytopenia in
adult patients. Platelets. 2016;27(6):
555-562.

Lambert MP. Updates in diagnosis of the
inherited platelet disorders. Curr Opin
Hematol. 2020;27(5):333-340.

Lambert MP. Inherited platelet disorders: a
modern approach to evaluation and
treatment. Hematol Oncol Clin North Am.
2019;33(3):471-487.

Downes K, Borry P, Ericson K, et al;
Subcommittee on Genomics in Thrombosis,
Hemostasis. Clinical management, ethics
and informed consent related to multi-gene
panel-based high throughput sequencing
testing for platelet disorders: Communica-
tion from the SSC of the ISTH. J Thromb
Haemost. 2020;18(10):2751-2758.

Abraham RS. How to evaluate for
immunodeficiency in patients with
autoimmune cytopenias: laboratory
evaluation for the diagnosis of inborn errors
of immunity associated with immune
dysregulation. Hematology (Am Soc
Hematol Educ Program). 2020;2020(1):
661-672.

Chinn IK, Orange JSA. A 2020 update on
the use of genetic testing for patients with
primary immunodeficiency. Expert Rev Clin
Immunol. 2020;16(9):897-909.

Delmonte OM, Castagnoli R, Calzoni E,
Notarangelo LD. Inborn errors of immunity
with immune dysregulation: from bench to
bedside. Front Pediatr. 2019;7:353.

Notarangelo LD, Fleisher TA. Targeted
strategies directed at the molecular defect:
toward precision medicine for select primary
immunodeficiency disorders. J Allergy Clin
Immunol. 2017;139(3):715-723.

Delmonte OM, Notarangelo LD. Targeted
therapy with biologicals and small molecules
in primary immunodeficiencies. Med Princ
Pract. 2020;29(2):101-112.

Hazzan R, Mukamel M, Yacobovich J, Yaniv
|, Tamary H. Risk factors for future

€ blood” 11 AUGUST 2022 | VOLUME 140, NUMBER 6 553

20z aunr G0 uo 3senb Aq Jpd'008%900020ZPIAPO0IA/698Z L6 1/Z1S/9/0¥ | /#Pd-ajo1e/poojqieu-suoneoligndyse/:dpy woly papeojumog



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

development of systemic lupus
erythematosus in children with idiopathic
thrombocytopenic purpura. Pediatr Blood
Cancer. 2006;47(5 suppl):657-659.

Neunert CE, Buchanan GR, Blanchette V,

et al. Relationships among bleeding severity,
health-related quality of life, and platelet
count in children with immune thrombocyto-
penic purpura. Pediatr Blood Cancer. 2009;
53(4):652-654.

Kihne T, Imbach P, Bolton-Maggs PH,
Berchtold W, Blanchette V, Buchanan GR;
Intercontinental Childhood ITP Study
Group. Newly diagnosed idiopathic
thrombocytopenic purpura in childhood: an
observational study. Lancet. 2001;358(9299):
2122-2125.

Imbach P, Akatsuka J, Blanchette V, et al.
Immunthrombocytopenic purpura as a
model for pathogenesis and treatment of
autoimmunity. Eur J Pediatr. 1995;

154(9 suppl 4):560-564.

Imbach P, Kiihne T, Mdiller D, et al.
Childhood ITP: 12 months follow-up data
from the prospective registry | of the Inter-
continental Childhood ITP Study Group
(ICIS). Pediatr Blood Cancer. 2006;46(3):
351-356.

Rosthgj S, Rajantie J, Treutiger |, Zeller B,
Tedgard U, Henter JI; NOPHO ITP Working
Group. Duration and morbidity of chronic
immune thrombocytopenic purpura in
children: five-year follow-up of a Nordic
cohort. Acta Paediatr. 2012;101(7):761-766.

Chotsampancharoen T, Sripornsawan P,
Duangchoo S, Wongchanchailert M, McNeil
E. Clinical outcome of childhood chronic
immune thrombocytopenia: a 38-year expe-
rience from a single tertiary center in Thai-
land. Pediatr Blood Cancer. 2017,64(11):
e26598.

Ducassou S, Gourdonneau A, Fernandes H,
et al; Centre de Référence National des
Cytopénies Auto-immunes de |'Enfant
(CEREVANCE). Second-line treatment trends
and long-term outcomes of 392 children
with chronic immune thrombocytopenic
purpura: the French experience over the
past 25 years. Br J Haematol. 2020;189(5):
931-942.

Neunert CE, Buchanan GR, Imbach P, et al;
Intercontinental Cooperative ITP Study
Group Registry Il Participants. Bleeding
manifestations and management of children
with persistent and chronic immune
thrombocytopenia: data from the
Intercontinental Cooperative ITP Study
Group (ICIS). Blood. 2013;121(22):
4457-4462.

Neunert CE, Buchanan GR, Imbach P, et al;
Intercontinental Childhood ITP Study Group
Registry Il Participants. Severe hemorrhage
in children with newly diagnosed immune
thrombocytopenic purpura. Blood. 2008;
112(10):4003-4008.

Neunert C, Noroozi N, Norman G, et al.
Severe bleeding events in adults and
children with primary immune
thrombocytopenia: a systematic review.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

J Thromb Haemost. 2015;13(3):
457-464.

Psaila B, Petrovic A, Page LK, Menell J,
Schonholz M, Bussel JB. Intracranial
hemorrhage (ICH) in children with immune
thrombocytopenia (ITP): study of 40 cases.
Blood. 2009;114(23):4777-4783.

Neunert CE. Evaluating bleeding severity in
immune thrombocytopenia (ITP). Ann
Hematol. 2010;89(suppl 1):47-50.

Schoettler ML, Graham D, Tao W, et al.
Increasing observation rates in low-risk pedi-
atric immune thrombocytopenia using a
standardized clinical assessment and man-
agement plan (SCAM P®). Pediatr Blood
Cancer. 2017;64(5):e26303.

Trotter P, Hill QA. Immune
thrombocytopenia: improving quality of life
and patient outcomes. Patient Relat
Outcome Meas. 2018;9:369-384.

Heitink-Pollé KM, Haverman L, Annink KV,
Schep SJ, de Haas M, Bruin MC. Health-
related quality of life in children with newly
diagnosed immune thrombocytopenia.
Haematologica. 2014;99(9):1525-1531.

McMillan R, Bussel JB, George JN, Lalla D,
Nichol JL. Self-reported health-related qual-
ity of life in adults with chronic immune
thrombocytopenic purpura. Am J Hematol.
2008;83(2):150-154.

Grace RF, Shimano KA, Bhat R, et al.
Second-line treatments in children with
immune thrombocytopenia: effect on
platelet count and patient-centered out-
comes. Am J Hematol. 2019;94(7):
741-750.

Blatt J, Weston B, Gold S. Fatigue as marker
of thrombocytopenia in childhood idiopathic
thrombocytopenic purpura. Pediatr Hematol
Oncol. 2010;27(1):65-67.

Sarpatwari A, Watson S, Erqou S, et al.
Health-related lifestyle in adults and children
with primary immune thrombocytopenia
(ITP). Br J Haematol. 2010;151(2):189-191.

Grace RF, Klaassen RJ, Shimano KA, et al.
Fatigue in children and adolescents with
immune thrombocytopenia. Br J Haematol.
2020;191(1):98-106.

Hill QA, Newland AC. Fatigue in immune
thrombocytopenia. Br J Haematol. 2015;
170(2):141-149.

Heitink-Pollé KMJ, Uiterwaal CSPM,
Porcelijn L, et al; TIKI Investigators.
Intravenous immunoglobulin vs observation
in childhood immune thrombocytopenia: a
randomized controlled trial. Blood. 2018;
132(9):883-891.

Cuker A, Cines DB, Neunert CE.
Controversies in the treatment of immune
thrombocytopenia. Curr Opin Hematol.
2016;23(5):479-485.

Arnold DM. Bleeding complications in
immune thrombocytopenia. Hematology
(Am Soc Hematol Educ Program). 2015;
2015(1):237-242.

554 & blood” 11 AUGUST 2022 | VOLUME 140, NUMBER 6

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Grace RF, Despotovic JM, Bennett CM,

et al. Physician decision making in selection
of second-line treatments in immune throm-
bocytopenia in children. Am

J Hematol. 2018;93(7):882-888.

Cooper N. State of the art - how | manage
immune thrombocytopenia. Br J Haematol.
2017;177(1):39-54.

Cuker A, Neunert CE. How | treat refractory
immune thrombocytopenia. Blood. 2016;
128(12):1547-1554.

Kuter DJ, Macahilig C, Grotzinger KM, et al.
Treatment patterns and clinical outcomes in
patients with chronic immune
thrombocytopenia (ITP) switched to
eltrombopag or romiplostim. Int J Hematol.
2015;101(3):255-263.

Miltiadous O, Hou M, Bussel JB. Identifying
and treating refractory ITP: difficulty in
diagnosis and role of combination treatment
[published correction appears in Blood.
2020;135(25):2325]. Blood. 2020;135(7):
472-490.

Chan AY, Leiding JW, Liu X, et al.
Hematopoietic cell transplantation in
patients with primary immune regulatory
disorders (PIRD): a Primary Immune
Deficiency Treatment Consortium (PIDTC)
Survey. Front Immunol. 2020;11:239.

Seidel MG. Treatment of immune-mediated
cytopenias in patients with primary immuno-
deficiencies and immune regulatory disor-
ders (PIRDs). Hematology (Am Soc Hematol
Educ Program). 2020;2020(1):673-679.

Dowdell KC, Niemela JE, Price S, et al.
Somatic FAS mutations are common in
patients with genetically undefined
autoimmune lymphoproliferative syndrome.
Blood. 2010;115(25):5164-5169.

Al-Huniti A, Kahr WH. Inherited platelet
disorders: diagnosis and management.
Transfus Med Rev. 2020,34(4):277-285.

Blanchette VS, Luke B, Andrew M, et al. A
prospective, randomized trial of high-dose
intravenous immune globulin G therapy,
oral prednisone therapy, and no therapy in
childhood acute immune thrombocytopenic
purpura. J Pediatr. 1993;123(6):989-995.

Acero-Garces DO, Garcia-Perdomo HA. First
line treatments for newly diagnosed primary
immune thrombocytopenia in children: a
systematic review and network meta-
analysis. Curr Pediatr Rev. 2020;16(1):61-70.

Buchanan GR, Holtkamp CA. Prednisone
therapy for children with newly diagnosed
idiopathic thrombocytopenic purpura. A
randomized clinical trial. Am J Pediatr
Hematol Oncol. 1984;6(4):355-361.

Kihne T, Berchtold W, Michaels LA, et al;
Intercontinental Cooperative ITP Study
Group. Newly diagnosed immune
thrombocytopenia in children and adults:

a comparative prospective observational
registry of the Intercontinental Cooperative
Immune Thrombocytopenia Study

Group. Haematologica. 2011;96(12):
1831-1837.

GRACE and LAMBERT

20z aunr G0 uo 3senb Aq Jpd'008%900020ZPIAPO0IA/698Z L6 1/Z1S/9/0¥ | /#Pd-ajo1e/poojqieu-suoneoligndyse/:dpy woly papeojumog



76.

77.

78.

79.

80.

81.

82.

Ma J, Fu L, Chen Z, Gu H, Ma J, Wu R.
High-dose dexamethasone as a replacement
for traditional prednisone as the first-line
treatment in children with previously
untreated primary immune thrombocytope-
nia: a prospective, randomized single-
center study. Int J Hematol. 2020;112(6):
773-779.

Blanchette V, Imbach P, Andrew M, et al.
Randomised trial of intravenous
immunoglobulin G, intravenous anti-D, and
oral prednisone in childhood acute immune
thrombocytopenic purpura. Lancet. 1994;
344(8924):703-707.

Albayrak D, Islek I, Kalayci AG, Giirses N.
Acute immune thrombocytopenic purpura: a
comparative study of very high oral doses of
methylprednisolone and intravenously
administered immune globulin. J Pediatr.
1994:125(6 Pt 1):1004-1007.

Tarantino MD, Young G, Bertolone SJ, et al;
Acute ITP Study Group. Single dose of anti-
D immune globulin at 75 microg/kg is as
effective as intravenous immune globulin at
rapidly raising the platelet count in newly
diagnosed immune thrombocytopenic
purpura in children. J Pediatr. 2006;148(4):
489-494.

Lioger B, Maillot F, Ternant D, Passot C,
Paintaud G, Bejan-Angoulvant T. Efficacy
and safety of anti-D immunoglobulins ver-
sus intravenous immunoglobulins for
immune thrombocytopenia in children: sys-
tematic review and meta-analysis of ran-
domized controlled trials. J Pediatr. 2019;
204:225-233.e8.

Bussel JB, Buchanan GR, Nugent DJ, et al. A
randomized, double-blind study of romiplos-
tim to determine its safety and efficacy in
children with immune thrombocytopenia.
Blood. 2011;118(1):28-36.

Tarantino MD, Bussel JB, Blanchette VS,
et al. Romiplostim in children with immune
thrombocytopenia: a phase 3, randomised,
double-blind, placebo-controlled study.
Lancet. 2016;388(10039):45-54.

IMMUNE THROMBOCYTOPENIA IN CHILDREN

83.

84.

85.

86.

87.

88.

89.

90.

Al-Samkari H, Grace RF, Kuter DJ. The role
of romiplostim for pediatric patients with
immune thrombocytopenia. Ther

Adv Hematol. 2020;11:2040620720912992.

Bussel JB, de Miguel PG, Despotovic JM,
et al. Eltrombopag for the treatment of
children with persistent and chronic
immune thrombocytopenia (PETIT): a
randomised, multicentre, placebo-
controlled study. Lancet Haematol. 2015;
2(8):e315-e325.

Grainger JD, Locatelli F,
Chotsampancharoen T, et al. Eltrombopag
for children with chronic immune
thrombocytopenia (PETIT2): a randomised,
multicentre, placebo-controlled trial. Lancet.
2015;386(10004):1649-1658.

Wong RSM, Saleh MN, Khelif A, et al. Safety
and efficacy of long-term treatment of
chronic/persistent ITP with eltrombopag:
final results of the EXTEND study [published
correction appears in Blood.
2018;131(6):709]. Blood. 2017;130(23):
2527-2536.

Kim TO, Despotovic J, Lambert MP.
Eltrombopag for use in children

with immune thrombocytopenia. Blood
Adv. 2018;2(4):454-461.

Patel VL, Mahévas M, Lee SY, et al.
Outcomes 5 years after response to
rituximab therapy in children and adults with
immune thrombocytopenia. Blood. 2012;
119(25):5989-5995.

Hou M, Peng J, Shi Y, et al. Mycophenolate
mofetil (MMF) for the treatment of
steroid-resistant idiopathic thrombocytope-
nic purpura. Eur J Haematol. 2003;70(6):
353-357.

Miano M, Ramenghi U, Russo G, et al.
Mycophenolate mofetil for the treatment of
children with immune thrombocytopenia and
Evans syndrome. A retrospective data review
from the Italian association of paediatric
haematology/oncology. Br J Haematol.
2016;175(3):490-495.

€ blood” 11 AUGUST 2022 | VOLUME 140, NUMBER 6 555

91

92.

93.

94.

95.

96.

97.

. Li J, Wang Z, Dai L, et al. Effects of

rapamycin combined with low dose
prednisone in patients with chronic immune
thrombocytopenia. Clin Dev Immunol. 2013;
2013:548085.

Bride KL, Vincent T, Smith-Whitley K, et al.
Sirolimus is effective in relapsed/refractory
autoimmune cytopenias: results of a
prospective multi-institutional trial. Blood.
2016;127(1):17-28.

Miano M, Rotulo GA, Palmisani E, et al.
Sirolimus as a rescue therapy in

children with immune thrombocytopenia
refractory to mycophenolate mofetil.
Am J Hematol. 2018;93(7):E175-E177.

Jasinski S, Weinblatt ME, Glasser CL.
Sirolimus as an effective agent in

the treatment of immune thrombocytopenia
(ITP) and Evans syndrome (ES): a

single institution’s experience.

J Pediatr Hematol Oncol. 2017;39(6):
420-424.

Kihne T, Blanchette V, Buchanan GR, et al;
Intercontinental Childhood ITP Study
Group. Splenectomy in children

with idiopathic thrombocytopenic

purpura: A prospective study of 134
children from the Intercontinental
Childhood ITP Study Group. Pediatr

Blood Cancer. 2007;49(6):

829-834.

Avila ML, Amiri N, Pullenayegum E, et al.
Long-term outcomes after splenectomy in
children with immune thrombocytopenia: an
update on the registry data from the
Intercontinental Cooperative ITP Study
Group. Haematologica. 2020;105(11):
2682-2685.

Ahmed R, Devasia AJ, Viswabandya A, et al.
Long-term outcome following splenectomy
for chronic and persistent immune
thrombocytopenia (ITP) in adults and
children: splenectomy in ITP. Ann Hematol.
2016;95(9):1429-1434.

© 2022 by The American Society of Hematology

20z aunr G0 uo 3senb Aq Jpd'008%900020ZPIAPO0IA/698Z L6 1/Z1S/9/0¥ | /#Pd-ajo1e/poojqieu-suoneoligndyse/:dpy woly papeojumog



	TF1
	TF2
	TF3
	TF4
	TF5
	TF6
	TF7
	TF8
	TF9
	TF10
	TF11

