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Abstract We retrospectively assessed the clinical character-
istics of patients with paroxysmal nocturnal hemoglobinuria
(PNH) according to severity of cytopenia. A total of 282 pa-
tients with hematological parameters assessed at the time of
diagnosis of PNH were included. There were 24 patients with
PNH/severe aplastic anemia (SAA) (at least two of the three
criteria; hemoglobin <8 g/dL; absolute neutrophil count
(ANC) <0.5x10%/L; platelet count <20x 10°/L), 96 patients
with PNH/aplastic anemia (AA) (at least two of the three
criteria; hemoglobin <10 g/dL; ANC 0.5-1.5x 10%/L; platelet
count 20-100x 10°/L), and 162 classic PNH patients.
Compared with the classic PNH subgroup, the PNH/SAA
subgroup had a significantly lower median granulocyte PNH
clone size (26.7 vs. 51.0 %, P=0.021) and lower incidence of
lactate dehydrogenase >1.5 times the upper limit of normal
(52.9 vs. 80.0 %, P=0.049). The incidence of thromboembo-
lism was similar in both subgroups. Overall survival was
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significantly lower in the PNH/SAA subgroup than in the
classic PNH subgroup (P=0.033). Our findings suggest that
identification of patients with PNH/SAA at the time of diag-
nosis is important because of different clinical manifestations
and poorer outcome compared with patients with classic PNH
(clinicaltrials.gov identifier: #NCT01224483).

Keywords Paroxysmal nocturnal hemoglobinuria - Aplastic
anemia - Cytopenia - Thromboembolism

Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, pro-
gressive, and life-threatening disease driven by chronic hemo-
lysis leading to thrombosis, renal impairment, pain, severe
fatigue, poor quality of life, and death [1, 2]. Thrombosis
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has been considered as a significant risk factor for mortality
and the leading cause of death in PNH patients [ 1-5]. Because
immune-mediated bone marrow (BM) failure is essential for
the evolution of PNH, patients frequently have an element of
BM failure such as aplastic anemia (AA) either before or after
the diagnosis of PNH [6, 7]. About half of newly diagnosed
PNH patients had a preceding history of AA prior to diagnosis
of PNH [5, 8]. Therefore, PNH is usually classified into three
subgroups: classic PNH (hemolysis with no BM disorder),
PNH in the setting of another specified BM disorder (with
or without evidence of hemolysis), and subclinical PNH (usu-
ally associated with no hemolysis) [8, 9]. Although PNH
clones may be detected in patients with myelodysplastic syn-
drome (MDS), AA is the most frequently associated BM fail-
ure disorder in PNH [1, 3, 6]. Approximately half of all pa-
tients with AA have detectable populations of PNH clones
although in general, the clone size is smaller in patients with
AA than in patients with classic PNH [10-12]. It has been
assumed that patients with severe aplastic anemia (SAA) do
not exhibit hemolysis and are not at risk for thromboembolism
(TE) due to a lack of significant erythropoiesis to generate
hemolysis. However, this assumption has not been widely
assessed in studies evaluating the clinical characteristics and
risk of TE in PNH patients with aplasia/cytopenias (PNH-
cytopenia) compared with classic PNH.

Although eculizumab, a monoclonal antibody to complement
protein 5 (C5), can be effective in controlling intravascular he-
molysis in both classic PNH and PNH-cytopenia, it does not
improve underlying cytopenias related to BM failure [13, 14].
This point is important when considering the high risk of serious
infection and/or bleeding in patients with SAA. Therefore, pa-
tients with PNH-cytopenia should be further subdivided accord-
ing to the severity of cytopenia into those PNH patients with
concomitant SAA (PNH/SAA) or non-SAA (PNH/AA).
Patients with PNH/SAA may require additional treatment such
as immunosuppressive therapy (IST) or allogeneic hematopoiet-
ic stem cell transplantation (HSCT) [15, 16].

The aim of this study was to identify the clinical character-
istics and outcomes of patients with PNH-cytopenia stratified
according to the severity of cytopenia. In addition, we also
evaluated the natural course and pattern of clonal evolution in
PNH patients with a history of AA prior to diagnosis of PNH.

Patients and methods

Patients and study design

The AA Working Party of the Korean Society of Hematology
has established a web-based nationwide registry of PNH pa-
tients. Between July 2009 and November 2010, the medical

records of 301 patients from nine institutions were collected in
this registry. PNH was confirmed at each individual site using
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a flow cytometric method based on the analysis of expression
of CDS55 and CDS59. About 50,000 cells were analyzed in each
sample. Minimum sensitivity varied over time and between
institutions, depending upon the technology employed at each
site. However, in the most recent assessments, the minimum
clone size detection at most of the sites was 0.1 % for white
blood cells and 3 % for red blood cells (RBCs). The percent-
age of glycosylphosphatidylinositol-anchored proteins (GPI-
AP)-deficient cells was determined at the closest time point to
diagnosis (=236, 78.4 %). In patients diagnosed before the
establishment of flow cytometry, a positive Ham or sucrose
lysis test was used. The PNH granulocyte and RBC clone
sizes were based on available data from chart reviews and
were not limited to minimum clone size or flow methodology.

A total of 282 patients (92.2 %) with hematological param-
eters, including hemoglobin (Hb), absolute neutrophil count
(ANC), and platelet count, measured at the time of diagnosis
of PNH were included in this analysis. Among them, 214
patients (75.9 %) had a result of GPI-AP analysis
(granulocyte) at the time of diagnosis. Clinically significant
elevated hemolysis was defined as a lactate dehydrogenase
(LDH) levels of 1.5 times or more the upper limit of normal
(ULN) based on previously published, multinational, registra-
tion clinical trials for the treatment of PNH [5, 17]. We chose
LDH at diagnosis of PNH as a consistent point of reference for
all analyses. The cumulative incidence of TE was collected for
the time periods prior to and post diagnosis of PNH. Clinical
symptoms related with PNH, including abdominal pain, chest
pain, dyspnea, and hemoglobinuria, were evaluated based on
the physician’s reporting after diagnosis of PNH.

Among 282 patients with PNH with hematological param-
eters at the time of diagnosis of PNH, 93 patients (33.0 %) had
been diagnosed with AA before the diagnosis of PNH
(Table 1). We further analyzed the pattern of clonal evolution
from AA to PNH subtypes according to the IST in 93 PNH
patients with preceding AA. This study was conducted in
accordance with the Declaration of Helsinki and was reviewed
and approved by the Institutional Review Boards of each par-
ticipating hospital.

Definition of subgroups of PNH patients

Patients were classified into three subgroups according to the
presence and severity of cytopenia at the time of diagnosis of
PNH: PNH with concomitant SAA (PNH/SAA, n=24), non-
SAA (PNH/AA, n=96), and classic PNH (n=162). We de-
fined patients with PNH/SAA for this study with evidence
of at least two of the following three hematological parameters
at diagnosis: Hb <8 g/dL, ANC <0.5x10°/L, and platelet
count <20x 10%/L. Patients who did not fulfill the criteria of
PNH/SAA and met at least two of the following three periph-
eral blood cytopenias were classified to a PNH/AA: Hb <10 g/
dL, ANC 0.5-1.5x10°/L, and platelet count 20-100x 10°/L.
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Table 1  Patient’s characteristics according to the presence and severity of cytopenia at the time of diagnosis of PNH
Characteristics Total (V=282) PNH/SAA (N=24) PNH/AA (N=96) Classic PNH (N=162) P value
Age, median (range) 37 (8-88) 39 (15-88) 40 (8-75) 39 (14-88) 0.844
Sex, male, n (%) 140 (50.2) 15 (62.5) 47 (49.0) 78 (49.1) 0.447
Preceding AA, n (%) 93 (33.0) 12 (50.0) 34 (35.4) 47 (29.0) 0.161
History of IST for AA, n/N (%) 33/93 (35.5) 6/12 (50.0) 11/34 (32.4) 16/47 (34.0) 0.533
Baseline hematological parameters, median (range)
Hb (g/dL) 7.8 (1.9-16) 5.524-77) 7.1 (1.9-15.2) 8.9 (2.5-16.0) 0.004
ANC (x 10°/L) 1.6 (0.1-16) 0.7 (0.2-1.1) 1.6 (0.3-8.0) 3.2 (1.6-16.0) 0.032
PLT (x 10°/L) 100.0 (1-460)  13.0 (1-81) 64.5 (21-271) 157.6 (111-460) <0.001
Granulocyte clone size (N=214), median (range) 47.5 (0-100) 26.7 (1-92.8) 39.0 (1-96.6) 50.8 (1-100) 0.018
High granulocyte clone size (>50 %), n/N (%) 97/214 (45.3)  4/18(22.2) 33/77 (42.9) 60/119 (50.4) 0.031
LDH fold (x ULN) (N=223), median (range) 4.0(0.2-36.3) 1.8(0.7-13.0) 4.0 (0.5-19.7) 4.5(0.2-36.3) 0.039
LDH >1.5 x ULN, n/N (%) 170/223 (76.2)  9/17 (52.9) 61/81 (75.3) 100/125 (80.0) 0.057
Symptoms related to PNH
Abdominal pain, n (%) 137 (48.6) 12 (50.0) 50 (52.1) 75 (46.3) 0.661
Chest pain, n (%) 38 (13.5) 2 (8.3) 15 (15.6) 21 (13.0) 0.618
Dyspnea, 1 (%) 109 (38.7) 11 (45.8) 35 (36.5) 63 (38.9) 0.697
Hemoglobinuria, 1 (%) 165 (58.5) 11 (45.8) 55(57.3) 99 (61.1) 0.350
Treatment for PNH
RBC transfusion, 7 (%) 171 (60.6) 16 (66.7) 67 (69.8) 88 (54.3) 0.040
Corticosteroid use, n (%) 158 (56.0) 11 (45.8) 62 (64.6) 85 (52.5) 0.098
Allogeneic HSCT, n (%) 37 (13.1) 3 (12.5) 14 (14.6) 20 (12.3) 0.872

Hb hemoglobin, ANC absolute neutrophil count, PLT platelet count, LDH lactate dehydrogenase, ULN upper limit normal, RBC red blood cell, HSCT

hematopoietic stem cell transplantation

Classic PNH included the patients with clinical evidence of
intravascular hemolysis but no evidence of other BM failure.

Statistical analyses

Statistical analysis was performed by using analysis of vari-
ance followed by a post hoc Tukey honest significant differ-
ence (HSD) test applied for multiple paired comparisons. The
cumulative incidences of the first TE event were estimated
using Kaplan-Meier methods and tested for the associated
BM failure effect by an unstratified log-rank statistic.
Overall survival rate was analyzed using the Kaplan-Meier
methods, and survival curves were compared using log-rank
test. A P value of <0.05 was defined as statistically significant.
All statistical calculations were performed with PASW soft-
ware version 20.0 (SPSS, Inc., Chicago, IL 60606, USA).

Results
Patient characteristics

Among the 282 patients, there were 24 patients with PNH/SAA
(8.5 %), 96 patients with PNH/AA (34.0 %), and 162 classic
PNH patients (57.4 %). Baseline demographic and clinical char-
acteristics are summarized in Table 1. There were no statistically
significant differences between the subgroups in the median age
at diagnosis. The median baseline hematological parameters of

Hb, ANC, and PLT were significantly lower in patients with
PNH/SAA than in those with PNH/AA or classic PNH.
However, there was no difference between the subgroups in
the incidence of common symptoms related to PNH such as
abdominal pain, chest pain, dyspnea, and hemoglobinuria.
With regard to treatment for PNH, significantly more patients
in the PNH/SAA or PNH/AA subgroups than in the classic PNH
subgroup required RBC transfusions although there were no
significant differences between the three PNH subgroups in the
percentage of patients who underwent allogeneic HSCT
(Table 1). Results from BM analyses performed at the time of
diagnosis were available for 251 patients (89.0 %). Based on
these BM findings, a total of 18/251 patients (7.2 %) were diag-
nosed with MDS although none of the patients was considered to
have myeloproliferative neoplasms or leukemia. None of the
patients had received treatment with eculizumab.

Median granulocyte PNH clone sizes were 26.7 % in PNH/SAA,
39.0 % in PNH/AA, and 50.8 % in classic PNH patients. Post hoc
analyses showed that the median clone size was significantly lower in
the PNH/SAA subgroup compared with the classic PNH subgroup
(P=0.021, Fig. 1a). The percentage of the patients with a high granu-
locyte PNH clone size (>50 %) was reported in 4 patients with
PNH/SAA (22.2 %), 33 patients with PNH/AA (42.9 %), and 60
patients with classic PNH (50.4 %) with the differences between
subgroups being statistically significant for the PNH/SAA versus the
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Fig.1 Clinical characteristics in three subgroups. Median granulocyte
PNH clone size (a), incidence of elevated hemolysis (LDH levels
>1.5 times ULN) (b), and incidence of the first thromboembolism
per patient (c)

PNH/AA (n=96) Classic PNH (n=162)

classic PNH subgroups (P=0.039) but not between the
PNH/SAA versus the PNH/AA subgroups (P=0.165) or
the PNH/AA versus the classic PNH subgroups (P=
0.578). At diagnosis, LDH levels were significantly
lower in the PNH/SAA subgroup compared with the
classic PNH subgroup (1.8-fold vs. 4.5-fold greater than
ULN; P=0.008) but were not statistically significant in
any of the other subgroup comparisons. The percentages
of patients with elevated levels of hemolysis (LDH
levels >1.5 times ULN) at diagnosis was also signifi-
cantly lower in the PNH/SAA subgroup than in the
classic PNH subgroup (P=0.049, Fig. 1b). Compared
with PNH patients without hemolysis, the patients with hemoly-
sis were not likely to have received treatment with corticosteroid
(P=0.138). Although there was no association between hemo-
lysis and corticosteroid use in the 17 patients with SAA/PNH
(P=0.335) and the 125 patients with classical PNH (P=0.061),
corticosteroid was more frequently used in the 81 AA/PNH
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patients with hemolysis than in those without hemolysis (P=
0.004). In addition, AA/PNH patients with hemolysis showed
significantly higher incidence of corticosteroid use compared
with SAA/PNH patients with hemolysis (P=0.004).

TE events according to the PNH subgroups

Among the 53 patients with TE (18.8 %), 19 patients (35.8 %)
experienced multiple TE events. Overall TE events were 80 in
our cohort. One event in 34 patients, two events in 13 patients,
three events in 4 patients, and four events in 2 patients were
reported. In PNH subgroups, TE events were reported in
12.5 % of patients with PNH/SAA (n=3), 14.6 % of patients
with PNH/AA (n=14), and 22.2 % of patients with classic
PNH (n=36) with no significant differences between the sub-
groups (Fig. 1c). Cumulative incidence of the first TE was
analyzed between the combined PNH-cytopenia subgroup
(PNH/SAA and PNH/AA) and the classic PNH subgroup
and demonstrated that there was no statistically significant
difference between the subgroups (P=0.402, Fig. 2).

Analysis of known risk factors for TE in the PNH-
cytopenia subgroup (n=120) showed that elevated hemolysis
(LDH levels >1.5 times ULN), hemoglobinuria, and abdomi-
nal pain were more frequently observed in the patients with a
history of TE (Table 2). However, only abdominal pain was
reported in significantly more patients with TE compared with
those without TE (P=0.027), although the differences be-
tween patients with and without TE for the other two risk
factors did approach statistical significance (P=0.060 and
0.055, respectively). In patients with classic PNH (n=162),
statistically significant risk factors for TE were LDH levels
>1.5 times ULN (P=0.009), abdominal pain (P=0.016), chest
pain (P<0.001), and dyspnea (P=0.002, Table 3).
Granulocyte clone size was not found to be a significant risk
factor for TE in either the PNH-cytopenia subgroup or classic
PNH subgroup. In addition, high PNH clone size (>50 %) also
had no impact on the development of TE in both the PNH-
cytopenia subgroup and classic PNH subgroup.

Survival in three PNH subgroups

Among 282 enrolled patients, 39 patients (13.8 %) died during
the median follow-up time from diagnosis of 6.6 years (range
0-28.8 years). Six patients (25.0 %) with PNH/SAA, 12
(12.5 %) with PNH/AA, and 21 (13.0 %) with classic PNH
died. There was no statistically significant difference between
the subgroups in overall mortality rate (P=0.096). However,
overall survival was significantly lower in the PNH/SAA sub-
group than in the classic PNH subgroup: the hazard ratio for
PNH/SAA versus classical PNH was 2.6 with a 95 % confi-
dence interval of 1.048, 6.473 (P=0.033, Fig. 3). Among the
37 patients who received allogeneic HSCT, 6 patients
(16.2 %) died due to treatment-related mortality (one patient
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in PNH/SAA subgroup, one in PNH/AA subgroup, and four
in classic PNH subgroup).

The most common cause of death was infection or critical
bleeding related with underlying cytopenia in the PNH/SAA
subgroup (n=5, 83.3 %) and the PNH/AA subgroup (n=6,
50.0 %). Two patients with PNH/SAA died from bleeding
complications (one intracerebral hemorrhage and one pulmo-
nary hemorrhage). However, TE was the most common cause

of death in the classic PNH subgroup (n=5, 23.8 %, Table 4).

Clonal evolution from preceding AA to PNH

Of the 93 patients with a history of AA, 33 patients (35.5 %)
had received IST prior to the diagnosis of PNH. Fourteen
(42.4 %) of these patients had received treatment with anti-
thymocyte globulin (ATG) and cyclosporin A (CsA), 10
(30.3 %) with CsA only, and 9 (27.3 %) with ATG only.
The median time from diagnosis of AA to diagnosis of PNH
was 3.8 years (range, 0.1-7.5 years). Of these patients, 16
patients (48.5 %) were included in the classic PNH subgroup

=4 Classic PNH (1=36)

PNH-cytopenia (2=17)

P=0.402

‘_—-,’h-ﬁ—‘

0 6 12 18

Year after diagnosis of PNH

and 17 (51.5 %) in the PNH-cytopenia subgroup (6 PNH/SAA
and 11 PNH/AA). For the remaining 60 patients who did not
receive IST, the median time from diagnosis of AA to PNH
was 2.3 years (range, 0.1-26.8 years) and 6 patients (10.0 %)
were included in the PNH/SAA subgroup, 23 (38.3 %) in the
PNH/AA subgroup, and 31 (51.7 %) in the classic PNH sub-
group (Fig. 4). There were no differences in the pattern of
evolution into the three PNH subgroups based on prior admin-
istration of IST (P=0.524). There were no differences be-
tween patients who had or had not received IST in median
PNH clone size at the diagnosis of PNH (49.3 vs. 48.7 %,
respectively; P=0.571) and incidence of TE (18.2 vs.
11.7 %, respectively; P=0.386).

Discussion

We identified that the median granulocyte PNH clone sizes and
the incidence of elevated hemolysis (LDH levels >1.5 times
ULN) at the time of diagnosis were significantly lower in

Table 2 Risk factors for
thromboembolism in patients

with PNH-cytopenia (N=120)

TE (N=17) No TE (N=103) P value
Granulocyte clone size (N=95), median (range) 37.7 (1-96.6) 37 (1-96.0) 0.491
High granulocyte clone size (>50 %), n/N (%) 6/13 (46.2) 31/82 (37.8) 0.566
LDH fold (x ULN) (N=98), median (range) 4.1 (1.3-15.8) 3.2 (0.5-19.7) 0.675
LDH >1.5 x ULN, n/N (%) 14/15 (93.3) 56 /83(67.5) 0.060
Abdominal pain, n (%) 13 (76.5) 49 (47.6) 0.027
Chest pain, n (%) 1(5.9) 16 (15.5) 0.290
Dyspnea, n (%) 8 (47.1) 38 (36.9) 0.424
Hemoglobinuria, n (%) 13 (76.5) 53 (51.5) 0.055

PNH paroxysmal nocturnal hemoglobinuria, 7E thromboembolism, LDH lactate dehydrogenase, ULN upper

limit normal
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Table 3 Risk factors for
thromboembolism in patients

with classic PNH (N=162)

TE (N=36) No TE (N=126) P value
Granulocyte clone size (N=119), median (range) 51.0 (1.3-99.9) 50.4 (1-100) 0.376
High granulocyte clone size (>50 %), n/N (%) 14/27 (51.9) 46/92 (50.0) 0.866
LDH fold (x ULN) (N=125), median (range) 4.9 (1-16.7) 4.3 (0.2-36.0) 0.739
LDH >1.5 x ULN, n/N (%) 29/30 (96.7) 71/95 (74.7) 0.009
Abdominal pain, n (%) 23 (63.9) 52 (41.3) 0.016
Chest pain, n (%) 12 (33.3) 9 (7.1) <0.001
Dyspnea, n (%) 22 (61.1) 41 (32.5) 0.002
Hemoglobinuria, 1 (%) 23 (63.9) 176 (60.3) 0.698

PNH paroxysmal nocturnal hemoglobinuria, 7E thromboembolism, LDH lactate dehydrogenase, ULN upper

limit normal

patients with PNH/SAA compared with classic PNH. Although
there was no difference in the incidence of TE between these
two subgroups, patients with PNH/SAA showed significantly
poorer survival largely due to the high incidence of infection or
critical bleeding related to the underlying SAA. There was no
patient death as a result of TE in PNH/SAA patients. Among
the patients with PNH-cytopenia, symptoms of abdominal pain
were associated with a significant increase in the incidence of
TE with trends for an increased incidence seen in patients with
LDH levels >1.5 times ULN. Therefore, the identification of
the PNH/SAA subgroup among the patients with PNH-
cytopenia should be crucial for the decisions of treatment.
According to the results of the South Korean National PNH
Registry, approximately half of newly diagnosed PNH pa-
tients had concomitant characteristics of AA [5]. Based on
the risk of hemolytic PNH symptoms and infection, newly

Fig. 3 Kaplan-Meier survival 104
curves in three PNH subgroups -

diagnosed PNH patients can be further classified according to
the presence and severity of cytopenia. SAA is usually defined
as (i) BM cellularity <25 % and (ii) at least two of the follow-
ing three peripheral blood cytopenias: ANC <0.5x 10°/L,
platelet count <20x 10°/L, and anemia with corrected reticu-
locytes <1 % [18]. However, reticulocytes could not be used
for the evaluation of exact functional status of RBC produc-
tion in the current study because PNH patients usually show
increased reticulocyte counts due to increased hemolytic de-
struction of RBCs. In a French study, 224 patients (48.2 %)
with at least two peripheral blood cytopenias (Hb <10 g/dL,
ANC <1.0x10%/L, and platelet count <80x 10%/L) were clas-
sified as PNH-AA subcategory [8]. In this study, we used
similar criteria for the PNH/AA subgroup and applied more
stringent criteria to define patients with PNH/SAA. Although
the French study reported that overall survival of patients with
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Table 4 Major causes of death in
three PNH subgroups

Cause of death Total PNH/SAA PNH/AA Classic PNH
(N=282) (N=24) (N=96) (N=162)
Septicemia/infection, n (%) 13 (4.6) 3(12.5) 6(6.3) 4(2.5)
Bleeding, 7 (%) 3(1.1) 2 (8.3) 0 1 (0.6)
Thromboembolism, 7 (%) 6(2.1) 0 1(1.0) 5@3.1)
Renal failure, 1 (%) 1(0.4) 0 1(1.0) 0
Progression of underlying other hematologic 2(0.7) 0 0 2(1.2)
disorders (MDS or AML), n (%)
TRM after allogeneic HSCT, n (%) 6(2.1) 1(42) 1(1.0) 4(2.5)
Other malignancies, n (%) 5(1.8) 0 2(2.1) 3(1.9)
Others (including unknown), n (%) 3(1.1) 0 1(1.0) 2(1.2)
Total number of death, n (%) 39 (13.8) 6 (25.0) 12 (12.5) 21 (13.0)

PNH paroxysmal nocturnal hemoglobinuria, S44 severe aplastic anemia, 44 aplastic anemia, MDS
myelodysplastic syndrome, AML acute myeloblastic leukemia, 7RM treatment-related mortality, HSCT hemato-

poietic stem cell transplantation

PNH-AA was similar to that for patients with classic PNH [8],
their PNH-AA cohort did not differentiate patients based on
severity of cytopenia which our data has shown that patients
with PNH/SAA have significantly inferior survival compared
with patients with classic PNH. In our study, relatively low
number of patients who received specific treatment for BM
failure such as IST (n=1, 4.2 %) or allogeneic HSCT (n=3,
12.5 %) might be related with poor survival in the PNH/SAA
subgroup. Moreover, patients with PNH/SAA had a signifi-
cantly higher incidence of history of RBC transfusions, lower
granulocyte clone sizes, and lower median LDH levels above
ULN. Therefore, further classification of PNH-cytopenia pa-
tients into PNH/SAA subgroup and PNH/AA subgroups
using our suggested criteria would be appropriate.

Although allogeneic HSCT is the only curative therapy for
PNH [19, 20], eculizumab, a monoclonal antibody against
complement protein C5, has been used for controlling the
intravascular hemolysis in PNH and has been reported a dra-
matic reduction of complications related to PNH [13, 14]. In
addition, PNH patients receiving eculizumab have been re-
ported to have survival times similar to that of the general

population [21]. Although eculizumab can be effective in con-
trolling intravascular hemolysis even in PNH patients with
BM failure, it cannot improve impaired hematopoiesis related
to underlying BM failure [20, 22]. Therefore, allogeneic
HSCT should be recommended in PNH patients with life-
threatening cytopenias because complications of pancytope-
nia represent a more imminent cause of morbidity and mortal-
ity [19]. Because recent results of HLA-matched relative
HSCT using fludarabine-based reduced-intensity conditioning
regimen showed excellent treatment outcomes (87.8 % of 6-
year survival) [16], reduced-intensity HSCT should be recom-
mended for PNH/SAA patients if a suitable donor is available.
IST would be considered in PNH/SAA patients with no suit-
able donor, old age, or co-morbidities such as TE [23, 24].
Eculizumab could also be considered in hemolytic PNH pa-
tients if significant improvement of cytopenias is observed
following IST in patients with PNH/SAA. Therefore, treat-
ment strategy should be individualized in patients with
PNH-cytopenia based on severity of cytopenia, age, availabil-
ity of transplant donor, co-morbidities, etc. Our suggested
criteria for PNH/SAA or PNH/AA can be used as a tool to

History of aplastic
anemia (n=93)

Aplastic anemia
with IST (n=33)

IS

Aplastic anemia
without IST (n=60)

PNH/SAA | | PNH/AA || Classic PNH
(n=6) (n=11) (n=16)

PNH/SAA
(n=6)

PNH/AA
(n=23)

Classic PNH
(n=31)

Fig. 4 Clonal evolution from preceding aplastic anemia to PNH according to the immunosuppressive therapy. PNH paroxysmal nocturnal
hemoglobinuria, SA4 severe aplastic anemia, A4 aplastic anemia, /ST immunosuppressive therapy
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select appropriate PNH patients who may benefit from HSCT
or IST. However, an individualization of treatment strategies
using these criteria still requires more robust investigations.

Retrospective investigations into clonal evolution in this
study showed that 93 PNH patients with a prior diagnosis of
AA were included in each of the three PNH subgroups irre-
spective of if they had received IST or not. Although AA
patients with PNH clones have been known as a high proba-
bility of responding to IST [24, 25], approximately half of our
PNH patients with prior AA had clonal evolution to classic
PNH regardless of IST. Therefore, the regular monitoring of
PNH clones should be recommended in patients with AA,
even if they had not received IST.

According to the results from the International PNH
Registry, PNH patients with larger clones are more likely to
suffer TE events [12]. In addition, some studies have reported
the clinical importance of high PNH clone size (>50 %) in
relationship to risk of TE [26, 27]. Although patients with
PNH/SAA showed significantly lower incidence of high
PNH clone size (>50 %), there were no differences in the
incidences of TE across the three PNH subgroups in our study.
Considering the pathogenesis of TE in patients with PNH
[28], the development of TE is multifactorial including plate-
let activation, toxicity of free hemoglobin, nitric oxide deple-
tion, absence of other glycosylphosphatidylinositol-linked
proteins such as urokinase-type plasminogen activator recep-
tor, and endothelial dysfunction. Because these multiple
mechanisms have played a role in the development of TE in
PNH, all PNH patients may have a risk of TE regardless of
PNH clone size. We previously reported that clone size alone
cannot explain the development of TE nor predict the risk of
TE in patients with PNH [5]. In addition, we also suggested
that PNH patients with LDH levels >1.5 times ULN had a
higher risk of TE [5]. Although the percentages of patients
with elevated hemolysis at diagnosis was significantly lower
in the PNH/SAA subgroup than in the classic PNH subgroup
(P=0.049), the PNH-cytopenia patients (both PNH/AA and
PNH/SAA) with LDH levels >1.5 times ULN had a trend
toward an increased incidence of TE compared with those
without elevated hemolysis. We had a limitation for validating
the relationship between increased hemolysis and risk of TE in
the PNH/SAA subgroup because of the small number of pa-
tients included in the PNH/SAA subgroup. In addition, LDH
levels, which can undergo considerable fluctuation according
to the degree of hemolysis, were only captured at the time of
diagnosis of PNH. Therefore, the relationship between LDH/
hemolysis and risk of TE in patients with PNH-cytopenia
should be evaluated in future prospective studies.

Although clinical symptoms such as chest pain or dyspnea
were associated with increased risk of TE only in patients with
classic PNH, abdominal pain was a significant risk factor for
TE in both patients with PNH-cytopenia and patients with
classic PNH (P=0.027 and P=0.016, respectively). It might

@ Springer

be considered as a meaningful result because clinical symp-
tom related with TE (abdominal pain) was a risk factor even in
patients with PNH-cytopenia. Therefore, we recommend the
evaluation of serum LDH level and the regular monitoring of
symptoms related to PNH for expecting the risk of TE in
patients with PNH-cytopenia.

The retrospective nature of this study meant that we could
not evaluate the exact percentage of clonal evolution to PNH
in patients with AA. In addition, hematologic parameters and
results of BM study at the time of diagnosis of preceding AA
were not available. Therefore, we were not able to observe the
exact natural course of the patients with AA who eventually
transform or evolve into PNH. However, this study demon-
strated the diverse clonal evolution pattern from AA to three
different subgroups of PNH regardless of IST in a large PNH
cohort. Therefore, we can propose that regular evaluations
should be made for the presence of PNH clones in patients
with AA. In addition, our results could be useful to discrimi-
nate the PNH/SAA from a more general PNH-cytopenia pa-
tient population.

In conclusion, the PNH/SAA subgroup showed distinct
clinical manifestations such as higher requirements of RBC
transfusion, lower incidence of elevated hemolysis, and small-
er PNH clone sizes compared with the classic PNH subgroup.
Because a substantial proportion of TE and poor survival were
reported in the PNH/SAA subgroup, different treatment strat-
egies such as IST or allogeneic HSCT should be considered on
an individual patient basis. Therefore, our further classifica-
tion of PNH-cytopenia provided a rationale for an individual-
ized approach in the treatment of PNH patients. In addition,
the evaluation of serum LDH level and the regular monitoring
of symptoms related to PNH for expecting the risk of TE
should be required in patients with PNH-cytopenia as well
as classic PNH. We also recommend the regular monitoring
for PNH clone in all AA patients regardless of IST because
patients with AA can evolve to three different subgroups of
PNH.
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