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Abstract

Aplastic anemia (AA) in its severe form has historically been associated
with high mortality. With limited supportive care and no effective
strategy to reverse marrow failure, most patients diagnosed with
severe AA (SAA) died of pancytopenia complications. Since the 1970s,
hematopoietic stem cell transplantation (HSCT) and
immunosuppressive therapy (IST) have changed SAA's natural history
by improving marrow function and pancytopenia. Standard IST with
horse anti-thymocyte globulin plus cyclosporine produces a
hematologic response rate of 60 to 70%. In the long term, about one-
third of patients relapse, and 10 to 15% can develop cytogenetic
abnormalities. Outcomes with either HSCT or IST are similar, and
choosing between these modalities relies on age, availability of a
histocompatible donor, comorbidities, and patient preference. The
introduction of eltrombopag, a thrombopoietin receptor agonist,
improved SAA outcomes as both salvage (second-line) and upfront
therapy combined with IST. As a single agent, eltrombopag in doses
up to 150 mg daily improved cytopenias in 40 to 50% in those who
failed initial IST, which associated with higher marrow cellularity,
suggesting a pan-stimulatory marrow effect. When eltrombopag was
combined with IST as upfront therapy, overall (about 90%) and
complete responses (about 50%) were higher than observed
extensively with IST alone of 65% and 10%, respectively. Not
surprisingly, given the strong correlation between hematologic
response rates and survival in SAA, most (>90%) were alive after a
median follow-up of 18 months. Longer follow-up and real-word data
continue to confirm the activity of this agent in AA. The use of
eltrombopag in different combinations and doses are currently being
explored. The activity of another thrombopoietin receptor agonist in
AA, romiplostim, suggests a class effect. In the coming years, the
mechanisms of their activity and the most optimal regimen are likely
to be elucidated.
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The initial treatment choice is an important decision point in
the management of aplastic anemia (AA), especially in its severe
form. The progression of pancytopenia can be gradual but often
presents acutely in a patient who weeks earlier was otherwise
doing well. In these cases, the clinical presentation is associated
with complications of low blood counts, namely infections
(from neutropenia), weakness (from anemia), or bleeding (from
thrombocytopenia) or a combination of these. These patients
often are admitted for transfusion support and evaluation. A
hypocellular bone marrow points to marrow failure, and if no
other causes are identified in the setting of severe pancytopenia,
severe AA (SAA) is diagnosed. Exposures to drugs, chemicals,
and toxins often are interrogated but rarely are the direct cause
of marrow failure. A history of autoimmune disease or infections
(viral) may suggest an association. But the most important
differential diagnosis is with myelodysplastic syndrome, which
can mimic AA'~.

Once AA is diagnosed, it is important to differentiate between
congenital and immunologic forms of the disease. Younger age
of onset (childhood), family history, and physical stigmata of
distinct forms of hereditary AA (dyskeratosis congenita, Fanconi
anemia, and Shwachman-Diamond syndrome) can be indicative
of a hereditary problem’. Genetics, telomere length, and clastogenic
testing often are applied in this evaluation. However, older age
of onset, absence of family history, and physical stigmata do not
rule out alterations in the telomere length or in the genetics,
which are associated with hereditary syndromes™”. Nonetheless,
most cases of AA, especially when severe, are immune-mediated
and treated with either hematopoietic stem cell transplantation
(HSCT) or immunosuppressive therapy (IST)°. The degree of
pancytopenia defines the severity of AA’.

For younger (<40 years) patients with an HLA-matched sibling,
allogeneic HSCT is preferred™. HLA disparities and the fact
that risks with HSCT increase with age are reasons why IST is
preferred for patients who are older than 40 or who lack a histo-
compatible sibling (or both)’. In some settings where a matched
unrelated donor (MUD) can be readily available (<6 weeks), a
MUD HSCT can be considered as the first therapy in children’.
However, the uncertainty of finding a histocompatible donor in
registries (especially in ethnic minorities), the time for identifying
such a donor (in many places this can be several months), and
applying supportive care only for a patient with severe pancyto-
penia limit the generalizability of this approach. A haploidentical
platform with post-transplant cyclophosphamide has shown
encouraging results in younger patients, but experience so far
has relied primarily on smaller retrospective studies with limited
follow-up'’. The optimal conditioning has not yet been defined,
and to date, this approach is considered experimental and should
be applied in a clinical protocol. In the aggregate, most cases of
SAA worldwide are treated with non-transplant options because
of the lack of a suitable HLA-matched donor, older age,
comorbidities, patient choice, or lack of access to transplant. The
standard IST consists of horse anti-thymocyte globulin (h-ATG)
plus cyclosporine (CsA), which is associated with hematologic
recovery and transfusion independence in 60 to 70% of cases''.
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Rabbit anti-thymocyte globulin (r-ATG) is more widely available,
especially outside the US, but produces inferior outcomes;
hematologic recoveries occur in about 30 to 40% of cases'"'"”.
Several attempts have been made to improve outcomes beyond
h-ATG/CsA but were unsuccessful. The addition of a third drug to
h-ATG/CsA, such as granulocyte colony-stimulating factor
(G-CSF), mycophenolate mofetil, or sirolimus, did not improve
outcomes, and substitution of h-ATG by r-ATG, cyclophosphamide,
or alemtuzumab was equally ineffective because of inferior
response rates or excessive toxicities or both'. The strategy that
has been more fruitful was not by intensifying immunosuppression
but by adding a pan-stimulatory marrow agent of the class of
the thrombopoietin receptor agonists (Tpo-RAs)". This class is
represented by eltrombopag, romiplostim, and avatrombopag,
which were developed for immune thrombocytopenia. Most of
the experience with Tpo-RA in marrow failure has been with
eltrombopag, which also has approval in SAA.

About 10 years ago, the first trial of eltrombopag in SAA was
initiated in patients who had failed first-line therapy with IST.
In a 43-patient study, hematologic response was observed in
about 40 to 50% of patients with bi- and tri-lineage count recover-
ies observed'’. Eltrombopag, in these earlier studies, was given
stepwise with the initial 50 mg dose that was escalated every
2 weeks up to 150 mg for a total of 16 weeks. Response usually
was noted at the higher dose range. This initial cohort was
expanded to 83 patients, and the latter 40 patients received
eltrombopag at a starting dose of 150 mg from day 1 up to
6 months. In this 40-patient cohort, the response rate remained
at about 50% but more multilineage (robust) recoveries were
observed”. The possibility of discontinuation of eltrombopag
was noted in the earlier trials, and the robustness of blood count
recovery appeared to be associated with successful discontinuation
without the need for further therapy. Relapses, when they
occurred, were responsive to the resumption of eltrombopag.
The mechanism by which eltrombopag was active in SAA was
hypothesized to be via c-mpl (the Tpo-RA receptor) signaling
and stimulation of early progenitor cells which expressed the
receptor. In vitro and in vivo data supported this possibility. Of
concern, however, has been the possible stimulation of abnormal
clones in the marrow given the temporal association between
the initiation of eltrombopag and the appearance of cytogenetic
abnormalities (usually in the first 6 months)””. The cumulative
incidence to date has not shown an increased rate of higher-
risk clonal evolution, but longer follow-up is necessary to better
define this risk. More recent data support that off-target effects
might positively contribute to its immunomodulatory and marrow
stimulatory effects'®. Likely, the overall net effect of target and
off-target mechanisms contributes to its effectiveness.

With the single-agent activity observed in second line, eltrombopag
was added to standard h-ATG/CsA in front line in subsequent
studies. In a three-cohort 92-patient study, eltrombopag was
added to standard h-ATG/CsA in slightly different regimens to
decrease toxicity and maximize effectiveness'’. The combination
was well tolerated and the better overall results were observed in
the third cohort which had eltrombopag initiated concomitantly
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with h-ATG/CsA on day 1 and continued for 6 months. In
this group, the overall response rate was 94% and the complete
response rate was 58%, which differ from the vast historical
experience of h-ATG/CsA alone of an overall response rate of
60 to 70% and a complete response rate of about 10%. Overall
survival after a median follow-up of 18 months was higher
than 90 to 95% given the very intimate association between
hematologic response and survival after IST in SAA’. Relapse in
the upfront trial occurred at an unexpectedly higher rate (close
to 50%), which nearly halfway into the study led to an amendment
that allowed for continued long-term use of CsA beyond
6 months (instead of its discontinuation at 6 months). This
led to a significant reduction of relapses to about 10 to 15%.
The risk for clonal cytogenetic evolution was an important
consideration in the design of the trial, prompting periodic bone
marrow evaluations. Follow-up to fully determine this risk has
been relatively short, although with a median follow-up of over
2 years to date, this risk has been in accordance with what has
been observed historically with non-eltrombopag-containing
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regimens in SAA’. These data led to the approval of eltrombopag in
front line with IST with benefit primarily in the adult population’.

The strategy of stem cell stimulation with eltrombopag in
SAA had more success than other approaches of intensifying
immunosuppression or stimulation of more committed marrow
progenitor cells (G-CSF, erythropoietin, and so on). Alternative
mechanisms of action for eltrombopag—which includes immu-
nomodulatory effects, evasion of inhibitory signals, and iron
chelation which could be beneficial in SAA—are emerging'®'*!".
Studies outside the US have confirmed the activity of eltrom-
bopag in SAA”*". More recently, alternative Tpo-RAs such as
romiplostim have been investigated in AA as second-line therapy
also showing activity”**. It is anticipated that romiplostim will
be further developed in SAA. Markers of sustained response to
eltrombopag could be useful in stratifying patients who are more
likely to benefit from it”"**. Longer-term follow-up and different
combinations and doses are needed to better define the role and
optimal delivery of the Tpo-RAs in AA in the future.
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