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diagnosed SAA.
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1 | INTRODUCTION

Severe aplastic anemia (SAA) is an acquired bone marrow failure
disorder caused by immune-mediated destruction of hematopoietic
cells. It is characterized by pancytopenia and bone marrow hypopla-
sia as defined using the modified Camitta criteria, without evidence
of underlying inherited bone marrow failure or myelodysplastic syn-
drome (MDS) (Table 1).! The North American Pediatric Aplastic Ane-
mia Consortium (NAPAAC) recently published recommendations for
evaluation of children with suspected SAA.2

Aplastic anemia was first described based on the marrow find-
ings at autopsy in a patient by pathologist Paul Ehrlich in 1888.4
Treatments with androgens were reported in the 1960s, but median
survival with supportive care, steroids, and androgens was less than
6 months.> A syngeneic transplant for aplastic anemia was first per-
formed in 1962, and allogeneic transplants were performed starting
in the early 1970s.¢ Based on evidence for an immune-mediated eti-
ology, the use of antilymphocyte globulin (ATG) was trialed in the
late 1970s. Cyclosporine was reported as a successful treatment in
1984.7

Today, for pediatric patients with newly diagnosed SAA, curative
treatment options include hematopoietic stem cell transplant (HSCT)
and immunosuppressive therapy (IST), with excellent overall survival
(OS). NAPAAC previously published survey results from member insti-
tutions regarding diagnosis and management of SAA.8 Areas of contro-
versy included the definition of treatment failure, use of hematopoietic
growth factors, and preferred rescue therapy. The Marrow Failure
Study Group of the Pediatric Haemato-Oncology Italian Association
(AIEOP) published diagnostic and management guidelines in 2015.7
In 2017, UK-based pediatric aplastic anemia (AA) experts amended
the 2016 adult British Society of Hematology AA guidelines.1%11 With
recent changes in treatment approaches for SAA in adults, there is a
need for North American pediatric-specific recommendations.'? This
paper addresses the management of newly diagnosed SAA. A compan-
ion publication addresses the management of relapsed and refractory
SAA.

approach, including differences in treatment between adult and pediatric patients.
Certain aspects of treatment are under active investigation in clinical trials. Because
of the rarity of the disease, some pediatric hematologists may have relatively limited
experience with the complex management of SAA. The following recommendations

reflect an up-to-date evidence-based approach to the treatment of children with newly

aplastic anemia, bone marrow failure, pediatric hematology/oncology

2 | METHODS

NAPAAC membership includes pediatric hematologists, hematopoi-
etic stem cell transplanters, and hematopathologists representing 56
institutions across North America where patients are treated for
bone marrow failure. A subgroup of 19 members (representing 18
institutions) of the NAPAAC Acquired AA Working Group, all with
significant experience caring for patients with SAA, identified impor-
tant treatment issues to be addressed, then conducted a literature
review using PubMed, supplemented with additional relevant sources,
using search terms pertinent to each section of the recommendations.
Summary recommendations using the GRADE process were graded
as “strong” or “weak,” based on “high,” “moderate,” or “low” quality
evidence (Table 2).131% When existing data from the literature were
insufficient, recommendations were based upon available evidence in
combination with expert opinion. An iterative process was used for for-
mulation of recommendations and evidence grading until unanimous
concordance amongst authors was reached. Reflecting the complex-
ity of disease management, multiple areas where evidence is lacking,
and rapidly evolving management approaches, acceptable alternative
options were provided with the recommendations. Table 3 lists the

summary of recommendations.

3 | FIRST-LINE TREATMENT

A retrospective analysis of children undergoing human leukocyte anti-
gens (HLA) matched sibling donor (MSD) HSCT or IST between 1992
and 2009 showed similar OS (92 vs. 88%, no statistical difference)
but with significantly better failure-free survival (FFS) in the MSD
HSCT group (87 vs. 56%, p < .0001).1> The European Group for Blood
and Marrow Transplantation (EBMT) similarly reported lower 3-year
event-free survival (EFS) when IST was compared with MSD HSCT
in both younger children (33% IST vs. 87% HSCT) as well as adoles-
cents (64% IST vs. 83% HSCT).1617 Therefore, MSD SCT remains the

preferred treatment for patients newly diagnosed with SAA.
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TABLE 1 Diagnostic criteria for severe aplastic anemia.

<25%, or
25-50% with <30% residual
hematopoietic cells

Marrow cellularity

Peripheral cytopenias (at least two of three)

Absolute neutrophil <0.5 x 107/L.2
count (ANC)

Platelets <20 x 107/L
Absolute Reticulocyte <60 x 107/L

Count

aANC < 0.2 x 10?/L defines very severe aplastic anemia (VSAA).

TABLE 2 Grading recommendations.

Grade Definition

1A Strong recommendation, high quality
evidence

1B Strong recommendation, moderate
quality evidence

1C Strong recommendation, low quality
evidence

2A Weak recommendation, high quality
evidence

2B Weak recommendation, moderate quality
evidence

2C Weak recommendation, low quality
evidence

Quality of evidence Definition

High quality Well-designed RCTs

Moderate quality RCTs with limitations; large, multiple, or

well-designed observational studies
Few or small observational studies, case

reports; expert opinion weighing

risks/benefits in absence of data

Low quality

RCT, randomized controlled trial.

For patients without an available MSD, IST has historically been
the first-line treatment.181? A recent meta-analysis of five retrospec-
tive studies (four of which included pediatric patients), totaling 343
patients, found pooled 5-year OS favoring up-front alternative-donor
(source other than MSD) HSCT over IST, with a pooled odds ratio of
0.44 (95% confidence interval 0.23-0.85; p = .01).2° However, four of
the five studies included rabbit ATG in their IST comparator arm, so
the IST results may have been suboptimal.21-24 The 5th study, from the
EBMT, compared a pediatric cohort of 29 patients transplanted upfront
with matched unrelated donor (MUD) HSCT to matched historical con-
trols who had undergone either MSD HSCT, IST with horse-ATG, or
HSCT following unsuccessful IST.2> Two-year OS was comparable in
all of the upfront treatment groups (96% MUD, 91% MSD, 94% IST),
and 2-year EFS was better in the upfront MUD cohort compared with
IST (92 vs. 40%, p = .0001), though the 40% 2-year EFS for IST was
lower than would be expected. Some centers now opt for upfront MUD

HSCT. Recent trials have also explored the use of alternative donor
HSCT for initial treatment of SAA.2® However, graft versus host dis-
ease (GVHD), graft rejection, treatment-related mortality, and risk for
infertility remain concerns. NAPAAC is conducting a randomized con-
trolled trial (RCT) comparing the use of upfront MUD transplants to
IST for pediatric patients with SAA (NCT05600426).27 Until data from
this trial are available, the current standard for first-line treatment
for pediatric patients with SAA in North America is MSD HSCT. If no
MSD is available, then the first-line treatment recommended is IST
(Figure 1).

We recommend the use of MSD stem cell transplant for first-line
therapy for pediatric patients with SAA (grade 1A).

Until data from ongoing trials are available, we recommend IST for
first-line therapy for pediatric patients with SAA without an
available MSD (grade 2A).

In some clinical settings, MUD HSCT may be a reasonable alterna-
tive to IST (grade 2C).

3.1 | MSD transplant
Outcomes in the MSD setting are excellent with OS rates approach-
ing 90% or greater.1¢28 Choice of conditioning regimen is dependent
upon donor availability and stem cell source. In the setting of a MSD,
cyclophosphamide (Cy), and antithymocyte globulin (ATG) with or
without fludarabine (Flu) are the most commonly used regimens, with
similar excellent outcomes (91% 5-year 0S).27-31 Alemtuzumab-based
conditioning regimens with Flu and Cy also have excellent OS.52

Bone marrow is the preferred stem cell source for both MSD and
MUD transplant for SAA. Peripheral blood stem cells are associated
with lower survival and increased risk of chronic GVHD.33-3> MSD
umbilical cord blood (UCB) is also not favored, although there are ret-
rospective data supporting its use as well as case reports documenting
successful use of combination of marrow and UCB in settings of size
mismatch.3¢37 Additionally, fresh rather than cryopreserved product
should be used whenever possible due to higher incidence of 1-year
graft failure and mortality in the latter.38 Current standard prophylaxis
for GVHD are calcineurin inhibitor-based regimens that also include

methotrexate or mycophenolate mofetil.

We recommend the use of MSD HSCT with a nonmyeloablative
conditioning regimen (grade 1B).

We recommend the use of bone marrow over other stem cell
sources (grade 1B).

We recommend the use of fresh over cryopreserved stem cell

product (grade 1B).

3.2 | Immunosuppressive therapy

Standard IST for SAA includes ATG in combination with CSA (Table 4).
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TABLE 3 Summary of recommendations.

Recommendation Grade

First-line treatment

We recommend the use of MSD stem cell transplant for first-line therapy for pediatric patients with SAA. 1A

Until data from ongoing trials are available, we recommend IST for first-line therapy for pediatric patients with SAA without 2A
an available MSD.

In some clinical settings, MUD HSCT may be a reasonable alternative to IST. 2C

Matched sibling donor transplant

We recommend the use of MSD HSCT with a nonmyeloablative conditioning regimen. 1B

We recommend the use of bone marrow over other stem cell sources. 1B

We recommend the use of fresh over cryopreserved stem cell product. 1B

Immunosuppressive therapy

We recommend the use of hATG in combination with CSA for first-line immunosuppressive therapy. 1A

rATG may be considered in settings where hATG and HSCT are not available options. 2B

We recommend beginning administration of CSA on day one of ATG treatment. 1B

We recommend a CSA goal trough level of 200-350 ng/mL, monitoring serum creatinine and bilirubin levels, and adjusting 1C
the dose and goal levels based on response and toxicities.

For patients unable to tolerate CSA, we recommend tacrolimus as an alternative. 2C

We recommend use of steroids with ATG for prevention of serum sickness. 1C

We recommend a short (4-14 day) course of 2 mg/kg/day steroids followed by a taper over a minimum of 2 weeks to prevent 2C
serum sickness and other ATG-related reactions.

Thrombopoietin receptor agonists

We do not recommend the routine addition of eltrombopag to IST for pediatric patients with newly diagnosed SAA. Further 2B
research is needed to identify a sub-population who may benefit.

Supportive care

We recommend against the routine use of GCSF. 2A

Tapering calcineurin inhibitor

We recommend tapering after a minimum of 6 months treatment and a CR with stable counts for 3—6 months 1C

For patients who tolerate the CSA taper, we recommend tapering the daily dose at a rate of 5—15% per month, with some 1C
patients requiring a longer taper. The tapering schedule should be adjusted based on the patient’s ongoing blood counts in
response to the taper and CSA toxicity.

Paroxysmal nocturnal hemoglobinuria

For patients without a MSD, we recommend IST for SAA with a PNH clone, regardless of clone size. 2B

In some clinical settings, MUD HSCT may be a reasonable alternative to IST to both treat SAA and eliminate any PNH clone. 2C

We recommend considering the use of complement inhibition concurrently with therapy for SAA in children with large 2C

(> 30%) or symptomatic PNH clone.

ATG, anti-thymocyte globulin; CR, complete response; CSA, cyclosporine; GCSF, granulocyte colony stimulating factor; hATG, horse-ATG; HSCT, hematopoi-
etic stem cell transplant; IST, immunosuppressive therapy; MSD, matched sibling donor; SAA, severe aplastic anemia; MUD, matched unrelated donor; rATG,

rabbit-ATG; PNH, paroxysmal nocturnal hemoglobinuria.

3.2.1 | Antithymocyte globulin

ATG treats the autoimmune T-cell-mediated process underlying SAA.
In 1978, several case reports documented efficacy of ATG in treat-
ing patients with AA, which was then followed by subsequent case
series.3740 An RCT of patients with moderate to severe AA showed
that 11 of 21 patients who received ATG had sustained improvement
in hematopoiesis within 3 months of treatment, compared with no
patients on the control/supportive care arm (p = .0005).4142 Since
these initial studies, ATG has remained the backbone of IST regimens.

ATG is available in two formulations, horse- (hATG) and rabbit-
derived (rATG), which have different immunosuppressive profiles.*3-46
In a large prospective RCT, 120 patients aged 2-77 years were treated
with either upfront hATG/CSA or rATG/CSA.*” hATG led to superior
6-month response rates (68% hATG vs. 37% rATG) and increased OS
(94-96% hATG vs. 70—76% rATG). Findings from additional pediatric
retrospective studies were consistent.*8->0

While a range of doses of hATG were used in these studies
(15 mg/kg x 5d, 15 mg/kg x 8d, 40 mg/kg x 4d), standard dosing in
combination with CSA is 40 mg/kg/dose daily for 4 days.>1-53
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Initial Diagnosis
of SAA

Perform HLA
typing on
patient and
full Siblings

MSD
Available

MSD HSCT

IST"# - -

Early signs

Continue
IST

Yes of response
at 3-4

months

PRor CRat
6 months

Recurrence
or
inadequate

Early referral
to HSCT
physician for
evaluation of
alternative
donor HSCT
options

Alternative
Donor
HSCT

Minimum 6 months
of treatment & CR
with stable counts
for 3-6 months

PR without
further
response”®

Taper CNI

*Earlier HSCT may be indicated in certain circumstances
#Consider enrollment on a clinical trial if available
ATreatment should be individualized based on patient factors including complications, quality of life, and donor

options

FIGURE 1 Treatment algorithm for severe aplastic anemia in children. Recommended treatment for pediatric patients with severe aplastic
anemia, based on availability of donors and the individual patient’s response to therapy. SAA, severe aplastic anemia; HLA, human leukocyte
antigen; HSCT, hematopoietic stem cell transplant; IST, immunosuppressive therapy; PR, partial response; CR, complete response; CNI, calcineurin

inhibitor.

We recommend the use of hATG in combination with CSA for

first-line IST (grade 1A).
rATG may be considered in settings where hATG and HSCT are
not available options (grade 2B).

3.2.2 | Cyclosporine

Cyclosporine is a calcineurin inhibitor that suppresses T-lymphocyte
activation. The combination of CSA and hATG for the treatment of
AA has repeatedly been shown to be superior to treatment with ATG
or CSA alone.®154-58 An RCT in adults and children demonstrated

improvement in median time to response (60 days for hATG + CSA

vs. 82 days for hATG, p = .019), overall response (OR) (65% for hATG
+ CSA vs. 31% for hATG, p = .011), and improved FFS (39% for
hATG + CSA vs. 24% for hATG, p = .04).>° While alternative timing of
cyclosporine with respect to ATG treatment has been evaluated, simul-
taneous administration has been effective, well tolerated, and is widely
accepted.”

CSA is a “critical dosage drug” requiring individual patient dose
adjustments to optimize immunosuppressive effects and avoid
toxicity.”? Achieving therapeutic levels of CSA for patients with SAA
is crucial for maintaining a hematologic response. We recommend a
starting dose of 10—12 mg/kg divided twice daily. That starting dose
may require adjustment if the patient is receiving concomitant medi-

cations, such as azoles for fungal prophylaxis, that interact through the
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TABLE 4 Summary of IST regimen/supportive care.

Drug Dose Administration Duration/comments
Treatment
Antithymocyte globulin 40 mg/kg/dose every 24 h Initial dose: IV over 8—10 h Days 1-4
(horse) Subsequent doses: IV over Patients should be hospitalized during hATG
6-8h infusions and monitored closely for infusion
Rate may be slowed based reactions and/or serum sickness.
on patient tolerance of There is no evidence supporting a role for of
infusion intradermal skin testing prior to ATG
administration.
Monitor platelet count daily during ATG
Methylprednisolone 1 mg/kg/dose every 12 h [\ Days 1-4
One dose can be given daily as hATG
premedication or infused simultaneously
with hATG.
On Day 5, can change to PO prednisone to
complete a 4—14 day course, followed by a
minimum 2-week taper off.
Cyclosporine A Starting dose 5-6 mg/kg every PO Start on Day 1 of ATG and continue until taper
12h indicated or starting alternative treatment
[Lower starting dose if patient on (see Treatment Response section).
concomitant medications Monitor drug levels—adjust dose for goal level
metabolized through CYP3A4 200-350 ng/mL.
pathway, e.g., azoles]
Supportive care
Acetaminophen 15 mg/kg/dose (650 mg max PO/IV Days 1-4
dose) Give daily as hATG premedication then every
4—6 h through infusion and as needed.
H1 antihistamine 1 mg/kg/dose (50 mg max dose) PO/IV Days 1-4
(diphenhydramine or Give daily as hATG premedication then every
hydroxyzine) 6 h through infusion and as needed.
Gl prophylaxis with H2 Standard dosing PO/IV Start on Day 1 of ATG and continue until

blocker or proton pump
inhibitor

CYP3A4 metabolism pathway. Therapeutic range for plasma trough
levels have ranged from 75 to 400 ng/mL.°7% Goal trough levels
of 200-350 ng/mL are most commonly used, although with minimal
supporting data. Goal levels for individual patients may be adjusted
based upon response and drug toxicities such as renal insufficiency.

We recommend beginning administration of CSA on day one of
ATG treatment (grade 1B).

We recommend a CSA goal trough level of 200-350 ng/mL, mon-
itoring serum creatinine and bilirubin levels, and adjusting the
dose and goal levels based on response and toxicities (grade
1C).

3.2.3 | Cyclosporine alternatives

Tacrolimus is increasingly used instead of CSA to prevent rejection and
GVHD in solid organ and HSCT.¢1-6°> While CSA is a nonribosomal pep-
tide that binds cyclophilins, tacrolimus is a macrolide antibiotic that

binds FK-binding protein. The overall side effects of both drugs are

steroid wean completed.

similar, though tacrolimus treatment is associated with less gingival
hyperplasia and hirsutism.

There are no published RCTs comparing CSA to tacrolimus. A sin-
gle center, prospective cohort study of pediatric patients conducted
between 2003 and 2008 compared eight patients receiving IST with
tacrolimus to 13 historical controls receiving IST with CSA between
1990 and 2003. Tacrolimus was dosed at 0.15 mg/kg orally twice
daily with no trough levels specified. Cohorts demonstrated similar
complete response (CR) rates (88% for tacrolimus and 85% for CSA).
Tacrolimus was well tolerated and none of the patients developed gin-
gival hyperplasia or hirsutism. In contrast, all patients receiving CSA
developed these two side effects. Data regarding renal toxicity were
not collected systematically.®®

Similarly, results from a single center prospective study of adult
patients treated with rATG and tacrolimus for 12 months were com-
pared with historical controls treated with rATG and CSA. Tacrolimus
trough levels were 8-12 ng/mL. Thirteen subjects with a median age
of 26 years (range 15-53) were enrolled. The OR and CR rates of the
tacrolimus group were 84% and 53%, respectively. The OR and CR
were comparable in the CSA group at 77 and 42%, respectively.t”
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These results suggest that tacrolimus has lower rates of hirsutism
and gingival hyperplasia, but no clear benefit for other CSA-related
side effects. The overall disease response for tacrolimus is noninfe-
rior to CSA. Therefore, we recommend tacrolimus as an alternative
to CSA for pediatric patients with SAA unable to tolerate CSA. Fur-
ther study is recommended prior to utilizing tacrolimus for first line IST
therapy.

Other alternatives to cyclosporine such as sirolimus have been
reported.® The addition of sirolimus to standard IST showed no
benefit in an RCT, and its role in the treatment of SAA is an area
of investigation (NCT02979873).%Y Routine use of sirolimus is not
recommended outside of a clinical trial.

For patients unable to tolerate CSA, we recommend tacrolimus as

an alternative (grade 2C).

3.24 | Steroids

Corticosteroids have a supportive care role in the standard IST regi-
men for SAA. They are used to reduce the risk of serum sickness since
both rATG and hATG can cause serum sickness in 25-75% of patients
and, more rarely, anaphylaxis.*47%71 As a foreign protein, ATG elicits
immune response in humans with immune complexes usually forming
by 10 days after initiation of ATG. The most common manifestations
are fever, arthralgia, malaise, rashes, lymphadenopathy, proteinuria
and, in severe cases, acute renal failure.”2”3 Feng et al.** reported
serum sickness in 25% of patients treated with rATG versus 15% of
those treated with hATG. A multicenter study using ATG in renal trans-
plantation reported a 7.5% incidence of serum sickness at a median
onset of 11 days, despite the administration of steroids.”*

NAAPAC centers reported the use of 2 mg/kg/day of methylpred-
nisolone during ATG infusion followed by oral prednisone for a total
4-14 day steroid course followed by a taper.® There is no consen-
sus regarding the total length of steroid course. Two-week courses of
steroids have been used by some groups, while others favor longer
tapering courses over 30 days after ATG.1875-78 There is no clinical evi-
dence showing the benefits of a short versus longer course of steroids
in patients receiving IST for SAA. If patients develop signs or symptoms
of serum sickness, the steroid dose may need to be increased or the

taper prolonged.

We recommend use of steroids with ATG for prevention of serum
sickness (grade 1C).

We recommend a short (4-14 day) course of 2 mg/kg/day steroids
followed by a taper over a minimum of 2 weeks to prevent

serum sickness and other ATG-related reactions (grade 2C).

3.3 | Thrombopoietin receptor agonists

Thrombopoietin receptor agonists (TPO-RA), eltrombopag and romi-

plostim, have emerged as promising therapeutic options for AA as

their actions extend beyond megakaryopoiesis to affect trilineage
responses.”?€0 Preclinical studies show that thrombopoietin (TPO)
induces hematopoietic stem cell progenitors through binding its recep-
tor, c-mpl.81-83

Eltrombopag is United States Food and Drug Administration
approved for treatment of newly diagnosed SAA in conjunction with
IST in patients over 2 years old.8* The approval was based on an
NIH study, which included both pediatric and adult patients and
showed a significant increase in response at 6 and 12 months for
patients who received IST plus eltrombopag compared with histori-
cal controls.8> A subsequent RCT by the EBMT confirmed benefit of
eltrombopag when added to hATG/CSA in patients greater than 15
years old, with significantly shorter median time to first hematologic
response and CR compared with patients who received hATG/CSA
alone.8487 EFS was higher in the eltrombopag group, although OS
was not different. Toxicity, including development of somatic muta-
tions or cytogenetic changes, was not increased by the addition of
eltrombopag.

Despite these significant results in adults, the benefit of adding
eltrombopag to standard IST in children with SAA is less clear. A sub-
group analysis of the 40 pediatric patients (aged <18 years) in the NIH
study did not show any improvement in outcomes versus historical con-
trols for children who received eltrombopag in addition to hATG/CSA
with OR at 6 months 70 versus 72% (p = .78), and 4-year EFS in respon-
ders 57 versus 69% (p = .0499).88 The discrepancy between pediatric
and adult results may be due to better baseline response to IST in chil-
dren. OR of pediatric historical controls was 72%, while that of adults
was 58%. Additionally, there may be biologic differences in the SAA in
children compared with adults that influences treatment response.?
In the EBMT study, the pediatric population (aged 15—18 years) made
up only 5% of the trial population (n = 9; seven receiving IST alone and
two receiving eltrombopag).

Two prospective pediatric trials evaluating the addition of eltrom-
bopag to IST were recently completed. In a joint North American/
European multicenter single-arm phase 2 study (NCT03025698), chil-
dren with de novo SAA (n = 37) treated with a combination of
hATG/CSA/eltrombopag demonstrated an OR of 46% at 6 months.”°
While the study was not powered for a formal statistical analysis to
compare with historical controls, the OR was clearly no better than in
previous extensive experience with hATG/CSA alone. Hepatotoxicity
included elevated bilirubin in 43% and elevated ALT in 41% of patients
with 7 patients discontinuing eltrombopag due to liver toxicity. Two
of 37 patients developed new chromosomal abnormalities—one with
atransient +Y at week 26 and another with a t(2;3) (p23;q12) at week
182.

A Russian RCT (NCT03413306) compared hATG/CSA with
hATG/CSA/eltrombopag.”! For the primary endpoint of OR at 4
months, there was no difference between the groups (65% for eltrom-
bopag arm vs. 53% for IST only arm; p = .28). There was a higher CR
rate of 31% for the patients who received eltrombopag versus 12% for
the IST only arm (p = .027) at 4 months. Three-year EFS (41% IST, 53%
IST/eltrombopag; p = .326) and OS (91% IST, 89% IST/eltrombopag;

p = .673), were the same for both arms, though an atypical cross-over
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design at 6 months makes that difficult to interpret. Two patients
on the IST only arm developed monosomy 7. One patient treated
with IST/eltrombopag developed a transient der(9) del(9q). Grade
3—4 hepatotoxicity was observed in 33% patients receiving IST alone
compared with 61% of patients who received eltrombopag (p = .005).
While eltrombopag may have benefited certain subgroups, study
limitations make it difficult to draw specific conclusions.

While emerging data look promising for the use of TPO-RAs in
some settings, unanswered questions remain. Dosing regimen and
duration of therapy as well as long-term safety need to be clarified in
pediatric patients, particularly regarding clonal evolution. The appro-
priate subsets of pediatric patients who would benefit, either by using
eltrombopag as monotherapy or in conjunction with IST, need to be
identified.

We do not recommend the routine addition of eltrombopag to
IST for pediatric patients with newly diagnosed SAA. Fur-
ther research is needed to identify a sub-population who may
benefit (grade 2B).

3.4 | Supportive care

3.4.1 | Granulocyte colony-stimulating factor
Historically, granulocyte colony-stimulating factor (GCSF) has been
used in patients with SAA.

In 2011, the EBMT published results from a RCT of 192 patients
with SAA who were treated with ATG/CSA and then randomized
to +GCSF (dose of 150 mcg/m2/d). There was no difference in
OS or EFS, remission, relapse rates or mortality. However, a post
hoc analysis found that patients receiving GCSF had fewer infec-
tions compared with controls, especially for patients with very SAA
(VSAA).?2 Patients treated with GCSF also had fewer hospitaliza-
tion days. Long-term follow-up published in 2020 showed no signif-
icant difference in OS, EFS, or the incidence of MDS, acute myeloid
leukemia, isolated cytogenetic abnormalities, solid cancer, clinical
paroxysmal nocturnal hemoglobinuria (PNH), aseptic necrosis, or
relapse.?2%3

In 2014, a Chinese group published results from a RCT looking at
four different regimens for pediatric SAA with IST with or without
GCSF. GCSF neither contributed to early response nor reduced the
infection rate, infection-related death rate, or the patients’ long-term
survival. There were no significant differences in OS among the four
groups.?*

Taken together, the current data do not support the routine use of
empiric GCSF upfront in SAA, with several caveats. Treatment does not
appear to be harmful and lacks long-term effects. There may be a role
for GCSF in certain patients with VSAA or active infections. These are

important areas for future studies.

We recommend against the routine use of GCSF (grade 2A).

3.4.2 | Other supportive care

Other supportive care issues include transfusion criteria, central line
preferences, fever management, infection prophylaxis, oral hygiene,
immunization practices, management of iron overload, and long-term
follow-up. These are beyond the scope of this paper but will be the
subject of future NAPAAC recommendations.

4 | TREATMENT RESPONSE

4.1 | Definition of response

Quantitative hematologic response: In 2000, Camitta?> defined CR as
both transfusion independence and complete normalization for age of
all three peripheral blood cell lines. Many have adapted pediatric SAA
response criteria to accept lesser peripheral blood values that simply
no longer meet blood count criteria of SAA.18 More recent manuscripts
define CR by specific criteria for each cell line (Table 5).°2 Quantitative
assessment should occur off all colony-stimulating factors. Response
should be sustained by two or more CBCs at least four weeks apart
before assigning an IST response category.

Qualitative hematologic response: The quality of a response and the
effect on a patient’s quality of life (QOL) are important in assessing
whether additional therapy is required after up-front IST. Indepen-
dence from red blood cell and platelet transfusions and immunologic
recovery that allows participation in daily activities are broad response
categories influencing disease morbidity.

4.2 | Tapering calcineurin inhibitor
Historically, CSA was discontinued shortly after response or after 6
months of treatment.”’>> However, disease recurrence was common
with abrupt discontinuation. The NIH eltrombopag trial had high rates
of relapse with discontinuation of CSA after 6 months, so was amended
to continue CSA for a total of 24 months. The EBMT eltrombopag trial
used CSA at fixed dosing for a minimum of 12 months followed by
tapering over 12 months.8>87 A retrospective AIEOP study of 42 chil-
dren with AA treated with IST including CSA 5 mg/kg/day examined
CSA tapering schedules beginning after at least 6 months of therapy
and a minimum of 3 months of stable blood counts. There was a 7.6%
incidence of relapse in the slow taper group (<0.3-0.7 mg/kg/month)
compared with 60% in the rapid taper group (0.8 mg/kg/month),
p=.001.0

The optimal duration of CSA treatment for each patient should con-
sider duration of treatment and response. Tapering may begin after a
minimum of 6 months of treatment and CR with stable counts for 3—6
months. If patients have a PR by 6 months and are continuing to have
steady improvement in counts, treatment should be continued with-
out tapering. If counts have plateaued for 3 months with a PR, HSCT

donor options, side effects and toxicity of the treatment, QOL, and
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TABLE 5 IST response criteria.

Transfusion status

Complete response (CR) Independent
Partial response (PR) Independent
Nonresponder (NR) or refractory Dependent

disease (RD)

other goals of care should be considered prior to initiating a taper. Of
note, some patients are CSA dependent to maintain blood counts and
will be unable to taper off the drug.?% As long as CSA is well tolerated,
it can be continued indefinitely, with consideration of the risk: benefit
analysis of indefinite CSA treatment versus definitive therapy, such as
HSCT.

For patients using tacrolimus in lieu of CSA, we recommend a similar
tapering approach.

Recommendations for patients who do not respond or relapse
after initial response are described in the companion manuscript on

treatment of relapsed/refractory SAA.

We recommend tapering CSA after a minimum of 6 months treat-
ment and a CR with stable counts for 3—6 months (grade
1C).

For patients who tolerate the CSA taper, we recommend taper-
ing the dose at a rate of 5—15% per month, with some patients
requiring a longer taper. The tapering schedule should be
adjusted based on the patient’s ongoing blood counts and CSA
toxicity (grade 1C).

5 | PAROXYSMAL NOCTURNAL
HEMOGLOBINURIA

PNH is an acquired clonal stem cell disorder with clinical manifesta-
tions of hemolytic anemia, thrombosis, and progression to acquired AA.
In PNH, somatic mutation of the phosphatidylinositol glycan anchor
biosynthesis class A (PIGA) gene occurs in hematopoietic stem cell
subclones resulting in loss of glycosylphosphatidylinositol-anchored
proteins, including CD55 and CD59, on the surface of hematopoi-
etic cells, leading to increased complement-mediated lysis. Treatment
of classical PNH with eculizumab, a monoclonal humanized antibody
which inhibits C5 complement, decreases intravascular hemolysis and
reduces risk of thrombosis.?¢-78

In a multi-institutional retrospective study of children with SAA,
NAPAAC reported that 39% (55 of 140) had a detectable PNH clone.?
In this study, the majority of patients had a small clone size, with only 5
children having a PNH clone >10% (range: 12.56—28.4%).

Reports indicate that patients with SAA who have a PNH clone
respond better to IST than patients without a PNH clone, regardless
of clone size.??"193 There are no randomized clinical trials to com-

pare outcomes of patients with SAA and a PNH clone who are treated

ANC Hemoglobin Platelet count
>1x107/L and >10 g/dL and > 100 x 10%/L
>0.5 x 107/L and >8 g/dL and > 20 x 107/L
or <0.5 x 10°/L or <8 g/dL or <20 x 10%/L

with IST versus HSCT. Likewise, there are no clear recommendations
for treatment of patients with a rapidly increasing PNH clone without
major symptomatology. Therefore, treatment decisions are based on
the clinical presentation and symptoms.

There are no published guidelines for the treatment of AA and a con-
comitant PNH clone or symptomatic PNH disease. No studies define
a clone size cutoff that would support adding eculizumab, but rather
refer to patients with a “significant clone,” generally defined as caus-
ing clinically significant hemolysis and/or thrombosis. Moderate sized
clones of 30—50% present in patients with marrow failure may cause
symptoms. 104

Eculizumab for the management of large PNH clones while under-
going definitive management with IST for bone marrow failure has
been described in case reports and small case series. Either concur-
rent or sequential eculizumab therapy in adults and children had no
unexpected side effects.’9°-107 New inhibitors of terminal comple-
ment to manage classical PNH include ravulizumab, crovalima, and
pegcetacoplan.1%8-110 However, there are currently no pediatric data

for these agents in patients with AA.111

For patients without a MSD, we recommend IST for SAA with a
PNH clone, regardless of clone size (grade 2B).

In some clinical settings, MUD HSCT may be a reasonable alter-
native to IST to both treat SAA and eliminate any PNH clone
(grade 2C).

We recommend considering the use of complement inhibition
concurrently with therapy for SAA in children with large or
symptomatic PNH clone (grade 2C).

6 | CONCLUSION/FUTURE DIRECTIONS

SAA is a rare hematologic disorder in children. Here, we have evalu-
ated available evidence, bolstered by expert opinion where evidence
is lacking, to provide recommendations for different aspects of treat-
ment of newly diagnosed SAA in North American children. Individual
institutional approaches must consider local expertise as well as
patient-specific clinical circumstances. We advocate for pediatric clin-
ical trials in SAA to continue improving outcomes and provide data
necessary for future development of exclusively evidence-based treat-
ment guidelines. While supportive care recommendations are beyond
the scope of this paper, they are a critical component of AA treatment

that we plan to address in future publications.
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