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LETTER TO THE EDITOR
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anemia—a single-center experience
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Dear Editor,
Idiopathic aplastic anemia (AA) is characterized by

hypocellularity of the major hematopoietic lineages in the
bone marrow compartment, resulting in severe pancytopenia.
It is presumed that an immune-mediated process is involved
[1]. The optimal first-line treatment strategy for patients with
(very) severe AA is unclear. Generally, allogeneic hematopoi-
etic cell transplantation (allo HCT) of a human leukocyte an-
tigen (HLA)-matched sibling donor is considered to be the
treatment of choice for newly diagnosed patients with (very)
severe AA < 35–40 years. As an alternative, when no HLA-
matched sibling is available, first-line immunosuppressive
therapy (IST) with cyclosporin A (CsA) and antithymocyte
globulin (ATG) is applied [2, 3]. However, there is a lack of
sufficient and unbiased evidence to conclude whether allo
HCT or IST is more effective in (very) severe AA [4].

We conducted a single-center retrospective analysis of 42
patients aged ≥ 18 years that were treated with first-line IST
between January 1990 and August 2016. At our institution, all
patients with (very) severe AAwere treated with IST irrespec-
tive of disease severity and/or availability of a human leuko-
cyte antigen (HLA)-matched sibling donor.

Primary endpoint of the study was overall survival (OS),
which was defined as survival irrespective of disease status.

Event-free survival (EFS) was defined as survival without
meeting criteria for relapse, conversion to allo HCT, clonal
evolution to myelodysplastic syndromes (MDS) or acute my-
eloid leukemia (AML), and need for a second course of ATG
or death. Patients were censored at the time of last visit.
Survival curves were generated using the Kaplan-Meier meth-
od and groups were compared using log-rank test.

For response evaluation, laboratory values were collected
at approximately 3, 6, and 12 months after initiation of ATG
accounting for transfusion artifacts. For severe AA and very
severe AA, response was defined as no longer meeting criteria
of peripheral blood cell counts for severe disease. For patients
with non-severe AA, response was defined as (1) doubling or
normalization of at least one cytopenia or (2) increase in base-
line hemoglobin > 3 g/dL or (3) increase in absolute neutro-
phil count > 0.5 × 109 (if initially < 0.5 × 109/L) or (4) or in-
crease in platelet count > 20 × 109 (if initially <20 × 109/L).
Patients were considered non-responders in case of death, re-
lapse, need for allo HCT, or a second course of ATG within
12 months after initiation of IST.

Patient characteristics are outlined in Table 1. Patients were
diagnosed with non-severe AA (n = 11), severe AA (n = 23),
or very severe AA (n = 8) as defined by the modified Camitta
criteria [3]. Median follow-up was 73.5 months (range 0–
239 months). A paroxysmal nocturnal hemoglobinuria
(PNH) clone at diagnosis was detected in 14 (45%) out of
31 patients for which immunophenotypic screening was per-
formed. Median clone size was 2% (range 0.03–30%). Before
the start of ATG, some patients already had received therapy
with androgens > 2 months (n = 1) or CsA > 1 month (n = 4)
or both (n = 7). Patients were infused with either rabbit
ATG thymoglobulin (n = 10) or horse-derived ATG
lymphoglobulin (n = 21) or ATGAM (n = 11). All patients re-
ceived corticosteroids after initiation of IST to prevent serum
sickness. Thereafter, the dose was tapered within 5 ± 1 weeks.
The majority of patients (86%) received CsA from day 1 of
ATG infusion with blood levels targeted at 200–400 μg/L.
Median duration of CsA treatment was 27 months (range
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1–189). CsA was in some cases replaced by mycophenolate
mofetil (n = 2), tacrolimus (n= 3), or azathioprine (n = 1) because
of CsA intolerance. Some patients (n = 11) received androgen
treatment within 3 months after initiation of ATG treatment.

We report an OS rate of 83 ± 6% at 5 years. EFS was
41 ± 8% at 5 years. OS of patients diagnosed with non-
severe AA was not significantly superior when compared
with patients diagnosed with severe or very severe AA

(Fig. 1d), underlying that this patient category had a clin-
ically similar disease intensity and was treated according-
ly. Although small numbers, we evaluated individual fac-
tors by univariate analysis using a Cox proportional haz-
ard model. OS was not affected (p = 0.797) by horse ver-
sus rabbit ATG formulation. Furthermore, age ≥ 40 years
(p = 0.309), a proven PNH clonality at diagnosis (p =
0.285) and androgen treatment within 3 months after

Table 1 Patient and treatment
characteristics Patient and treatment characteristics

Number of patients 42

Age (years)—median [range] 49.5 [18–79]

Male—no. (%) 26 (62)

Proven etiology by hepatitis—no. (%) 2 (5)

Follow-up in months—median [range] 73.5 [0–239]

Disease severity (NSAA/SAA/VSAA)—no. (%) 11 (26)/23 (55)/8 (19)

Baseline laboratory parameters

Hemoglobin (g/dL)—median [range] 7.6 [3.9–9.5]

Absolute leukocyte count (× 109/L)—median [range] 2.0 [0.2–5.1]

Absolute neutrophil count (× 109/L)—median [range] 0.56 [0.05–1.87]

Reticulocytes corrected for hematocrit (promille)—median [range] 2.7 [0–19.9]

Platelet count (× 109/L)—median [range] 8 [0–41]

Transfusion dependency before ATG—no. (%) 39 (93)

NSAA non-severe aplastic anemia, SAA severe aplastic anemia, VSAA very severe aplastic anemia, ATG
antithymocyte globulin, PNH paroxysmal nocturnal hemoglobinuria, CsA cyclosporin A

Fig. 1 Survival upon treatment with IST. a Overall survival and b event-
free survival of the entire cohort (n = 42). c Overall survival according to
treatment modalities initiated after the first course of ATG. Kaplan-Meier
plots are shown for patients treated with only one course of ATG (n = 24),
> 1 course of ATG (n = 9), or ATG and subsequent allo HCT (n = 9). One
patient underwent allo HCT after receiving two courses of ATG because

of persistent transfusion dependency. d Overall survival for patients with
disease classifications NSAA (n = 11), SAA (n = 23), and VSAA (n = 8),
respectively.Allo HCTallogeneic hematopoietic stem cell transplantation,
ATG antithymocyte globulin, NSAA non-severe aplastic anemia, SAA
severe aplastic anemia, VSAA very severe aplastic anemia
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initiation of ATG (p = 0.522), were not significantly asso-
ciated with OS. We have not analyzed the percentage of
CsA levels within the therapeutic range before the taper-
ing phase of individual patients. However, the target range
was clearly defined, and in the unexpected case of fre-
quent subtherapeutic levels, our results will only underes-
timate the outcome of IST as first-line treatment.

Overall response rates were 57, 71, and 64% at, respec-
tively, 3, 6, and 12 months after initiation of treatment
with ATG. Response rates at 6 months were 70% for
rabbit ATG thymoglobulin (n = 10) and 72% for horse
ATG lymphoglobulin and ATGAM (n = 32), respectively.
Reversion of transfusion dependency was achieved in 27
out of 39 (69%) patients at 6 months. Relapse, as defined
by meeting peripheral blood criteria for at least SAA after
initially achieving response, occurred in 4 (10%) patients
during follow-up. A second course of ATG (n = 10) or allo
HCT (n = 9) was initiated in some cases because of failure
to respond or recurrent disease, with excellent long-term
survival (Fig. 1c).

Conventional karyotype analysis at diagnosis was per-
formed in 90% (n = 38) of patients. Cytogenetic abnormalities
were detected in 3 patients showing trisomy 8, loss of Y, and
deletion 13q. Clonal evolution toMDS or AMLwas observed
in a total of 5 (12%) patients after a median follow-up of
108 months. Concomitant cytogenetic evolution to monoso-
my 7 was observed in 2 patients, while one patient developed
deletion of chromosome 20q. One patient developed clonal
loss of Y during follow-up, but did not show evolution to
MDS or AML.

In conclusion, this unbiased cohort demonstrates the
results of first-line treatment with ATG throughout all se-
verities and ages with AA. An overall survival rate of
83% at 5 years was obtained, which highlights the thera-
peutic potential and safety of IST for AA. Survival in our
cohort is comparable with previously reported survival
rates, ranging from 64 to 87% at 5 years [5–8].

Since evolution to MDS or AML may occur during
follow-up, long-term surveillance after IST is generally
advised. Recently, it was demonstrated that clonal hema-
topoiesis, defined by the presence of several somatic mu-
tations in genes such as DNMT3A, ASXL1, BCOR, and
PIGA, occurs in AA [9, 10]. It has been proposed that
repopulation of the bone marrow compartment upon treat-
ment with IST may facilitate the outgrowth of small ab-
normal clones, which may change in composition during
the emergence of MDS or AML [10]. A more strict
follow-up using targeted sequencing might select patients
that predispose to the development of MDS or AML and
may benefit from allo HCT at an early time point.
Targeted sequencing might also become useful for predic-
tion of response to IST and guidance of first-line treat-
ment decisions.

In summary, our results demonstrate that first-line treat-
ment with IST in AA can result in excellent outcome across
all disease severities and age categories in AA.
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