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Abstract Whether paroxysmal nocturnal hemoglobinuria
(PNH) clone in aplastic anemia (AA) is a prognostic factor to
immunosuppressive therapy is a subject of debate. We evaluat-
ed hematological responses to immunosuppressive therapy
(IST) in severe AA (SAA) patients with or without the presence
of a PNH clone. In 97 SAA patients who received first-line IST
between January and December 2011, 24 (24.7 %) had a PNH
clone prior to treatment, with a median clone size of 7.82 %
(range 1.19–45.46 %). The response rates to IST for patients
with or without a PNH clone were 66.7 and 50.7 % (P<0.172),
79.2 and 57.5 % (P<0.057), and 79.2 and 67.1 % (P<0.264) at
3, 6, and 12 months, respectively. Combined rate of complete
and good partial responses differed between patients with or
without a PNH clone: insignificantly at 3 months (41.7 vs.
21.9 %, P<0.058), but significantly at 6 (66.7 vs. 31.5 %,
P<0.002) and 12 (75.0 vs. 46.6 %, P<0.015) months.
Multivariate analysis revealed that a pretreatment neutrophil
count of >0.2×109/L is indicative of a better response, while
the presence of a PNH clone is predictive to a higher combined
rate of complete and good partial responses. This study dem-
onstrated that the presence of a PNH clone could predict a better
hematological response instead of a higher response rate in
patients with SAA.
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Introduction

Data from peripheral blood flow cytometry analysis had
shown that approximately 15–68 % of aplastic anemia (AA)
patients were glycosylphosphatidylinositol-anchored mem-
brane protein-deficient (GPI-AP−), which is characteristic to
paroxysmal nocturnal hemoglobinuria (PNH)-type cells with-
out evidence of hemolysis [1–7]. The percentage of affected
red cells is always smaller than the percentages of affected
neutrophils and monocytes; the percentages of PNH-type cells
in severe aplastic anemia (SAA) and very severe aplastic ane-
mia (VSAA) patients are almost always smaller than that in
classical PNH [8–10]. There were reports showing that the
presence of a PNH clone in AA is indicative of an
immunopathogenesis and may affect the response to immuno-
suppressive therapy (IST), although results varied [1–7]. The
present study enrolled 97 SAA patients with PNH clone pre-
tested to evaluate the impact of PNH clone on the response
rate and response quality to IST.

Patients and methods

Patients

Ninety-seven SAA patients who received IST in the
Blood Diseases Hospital, Tianjin, China, between
January and December 2011, were analyzed. Diagnosis
of AA was in accordance with the criteria of the
International Agranulocytosis and Aplastic Anemia
Study Group [11]. AA severity was evaluated according
to Camitta’s and Bacigalupo’s criteria. All patients were
negative on the Ham’s test and had no clinical or labora-
tory sign of hemolysis. Patients were treated with rabbit
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antithymocyte globulin (rATG, Genzyme, Cambridge,
MA, USA) at 3.75 mg/kg/day, or with porcine antihuman
T lymphocyte immunoglobulin (pATG, Wuhan Institute
of Biological Products, Wuhan, China) at 20 mg/kg/day,
for 5 days, plus cyclosporine (CsA) at 3 mg/kg/day. The
dose of CsA was adjusted to maintain the trough and peak
blood levels at 150∼250 and 700∼1000 ng/ml ,
respectively.

PNH-type cell test

PNH clone was analyzed on red blood cells, granulocytes and
monocytes using a FACSCalibur (Becton Dickinson, Franklin
Lakes, NJ, USA) flow cytometer with the CellQuest software.
For the analysis of granulocytes and monocytes, 5–10×105

nucleated cells were incubated with an antibody mixture con-
taining CD45-PerCP (Becton Dickinson), CD33-APC
(Becton Dickinson), CD24-PE (Beckman Coulter, Miami,
FL, USA), CD14-PE (Beckman Coulter), and FLAER
(Protox Biotech, Victoria, BC, Canada). Five thousand cells
were acquired for each sample after debris were excluded by
FSC/SSC gating. Granulocytes and monocytes were gated
based on CD45/CD33 staining. PNH clones were defined as
FLAER/CD24 double negative for granulocytes and FLAER/
CD14 double negative for monocytes. For the analysis of red
blood cells, diluted blood suspensions were stained with anti-
bodies including IgG1-FITC, IgG1-PE, CD235a-FITC
(Beckman Coulter), and CD59-PE (Invitrogen, Carlsbad,
CA, USA). A total of 1×104 RBCs were acquired for each
sample in which the PNH clone was defined by the
CD235a+CD59− phenotype. All samples were analyzed with-
in 24 h after blood collection. The presence of a PNH clone
was defined by more than 1 % of neutrophils, monocytes or
red cells carrying the PNH phenotype (absence of GPI-
anchored surface proteins) . The size of the PNH clone was
defined by the highest percentage of neutrophils, monocytes
or red cells lacking GPI-AP.

Response evaluation and follow-up

Responses to treatment were divided into the following
groups: complete response (CR): hemoglobin level (Hb)
>100 g/L, absolute neutrophil count (ANC) >1.5×109/L,
and platelet (PLT) >100×109/L; good partial response
(GPR): Hb >80 g/dL, ANC >1.0×109/L, and PLT >50×109/
L; partial response (PR): blood cell counts above SAA criteria
but below GPR criteria with patient being independent of
blood transfusion; no response (NR): blood counts within
the range of SAA criteria and/or patient being transfusion
dependent. Overall response rate was defined as the sum of
CR, GPR, and PR rates. Patients were followed up to
12 months after IST.

Statistical analysis

Differences in the baseline characteristics were assessed using
the χ2 test for categorical variables and the Mann-Whitney U
test for continuous variables. Logistic regression was used to
assess independent predictors of response in multivariate anal-
yses using a stepwise selection algorithm of important covar-
iates. Univariate and multivariate analyses were conducted at
3, 6, and 12 months after IST. P value less than 0.05 was
considered statistically significant.

Results

Patient characteristics

Ninety-seven AA patients, 52 males and 45 females, were at 2
to 65 years of age (median 22 years) when enrolled in the
study. Seventy-one patients were diagnosed as SAA of which
68 were categorized as idiopathic and three as hepatitis-
associated AA. Twenty-six patients were diagnosed as
VSAA of which 23 were idiopathic and three were hepatitis
associated. Patient geographic and hematologic characteristics
were shown in Table 1. There was no significant difference in
age, gender, time from diagnosis to IST, hemoglobin, reticu-
locytes, lymphocytes, neutrophils, soluble transferrin receptor
(sTfR), and ATG preparations between PNH+ and PNH− pa-
tient groups (P>0.05).

PNH clone

PNH cell clone (GPI-AP−) was found in 24/97 (24.7 %) SAA/
VSAA patients before IST. The PNH clone size ranged from
1.19 to 45.46 % with a median of 7.82 % involving single or
multiple cell lineages: granulocytes in 19/24 patients (PNH
clone size range 1.09–28.90 %, median 6.87 %); monocytes
in 16/24 patients (1.32–45.46 %, 7.975 %); and red cells in
8/24 patients (1.10–20.70 %, 5.45 %). Patients with GPI-AP−

were defined as the PNH+ group, and those with normal GPI-
AP were defined as the PNH− group.

Hematologic responses

As shown in Table 2, the total hematologic response rates at 3,
6, and 12 months were 54.6, 62.9, and 70.1 %, and the com-
bined CR + GPR rates were 26.8, 40.2, and 53.6 %, respec-
tively. Three patients died within 3 months after IST (two died
from infection, and one died from intracranial hemorrhage and
septicemia) without any improvement of blood cell counts and
were classified as NR. No difference in total hematologic re-
sponse rate was noted between PNH+ and PNH− patients
(66.7 vs. 50.7 % at 3 months, 79.2 vs. 57.5 % at 6 months,
and 79.2 vs. 67.1 % at 12 months). All hematologic response
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in the PNH+ group occurred within 6 months, whereas 85.7 %
(42/49) of hematologic response in the PNH− group happened
within 6 months. Although the CR + GPR rates were similar
in the PNH+ and PNH− groups at 3 months (41.7 vs. 21.9 %,
P<0.058), more patients achieved CR and GPR in the PNH+

group than in the PNH− group at 6 (66.7 vs. 31.5%, P<0.002)
and 12 (75.0 vs. 46.6 %, P<0.015) months after IST, respec-
tively, as shown in Fig. 1.

Three SAA and three VSAA patients were hepatitis asso-
ciated, of which none had a PNH clone. Two of the six patients
responded to ISTwithin 6 months, and another two responded
by 12 months, with a total response rate of 66.7 % at
12 months.

According to the disease severity, as shown in Table 2, the
total response rate of SAA patients was higher than that of
VSAA patients at 3 months after IST (P<0.017). A more

Table 1 Baseline characteristics of severe aplastic anemia patients before immunosuppressive therapy

Number of patients P value

Total PNH+ PNH−

Gender (male/female) 52/45 15/9 37/36 0.314

Age, median (range) 22 (2–65) 24 (8–65) 21.5 (2–59) 0.109
<40 year 76 16 60

≥40 year 21 8 13

Severity of disease (SAA/VSAA) 71/26 20/4 51/22 0.196

Etiology (HAAA/idiopathic) 6/91 0/24 6/67 0.147

Type of ATG (pATG/rATG) 45/52 11/13 34/39 0.950

Median interval from diagnosis to IST days (range) 31 (7–129) 30 (7–125) 32 (9∼129) 0.448

Complete blood counts, median (range)

ANC (×109/L) 0.44 (0.02–2.6) 0.45 (0.09–2.6) 0.42 (0.02–1.33) 0.437

Hb (g/L) 69 (33–116) 66 (43–79) 70 (33–116) 0.074

Ret (×109/L) 21.1 (1.9–82.3) 19 (2.2–51.4) 21.8 (1.9–82.3) 0.707

ALC (×109/L) 1.66 (0.4–4.06) 1.44 (0.54–3.74) 1.7 (0.4–4.06) 0.453

Platelet (×109/L) 13 (1.1–59) 14 (2–45) 13 (1.1–59) 0.812

sTfR (mg/L) 0.70 (0.21–2.53) 0.73 (0.28–2.53) 0.645 (0.21–2.42) 0.435

PNH paroxysmal nocturnal hemoglobinuria, SAA severe aplastic anemia, VSAAvery severe aplastic anemia,HAAA hepatitis-associated aplastic anemia,
pATG porcine antihuman T lymphocyte immunoglobulin, rATG rabbit antithymocyte globulin, ANC absolute neutrophil count, Ret reticulocyte count,
ALC absolute lymphocyte count, PLT platelet count, sTfR soluble transferrin receptor level

Table 2 The response rate and CR + GPR rate of aplastic anemia patients

Post-IST
time

Response Total (N=97) SAA (N=71) VSAA (N=26)

Total PNH+

(N=24)
PNH−

(N=73)
P value
(PNH+:PNH−)

Total PNH+

(N=20)
PNH−

(N=51)
P value
(PNH+:PNH−)

Total PNH+

(N=4)
PNH−

(N=22)
P value
(PNH+:PNH−)

3 months Response
rate (%)

54.6 66.7 50.7 0.172 62.0 70.0 58.8 0.383 34.6 50.0 31.8 0.482

CR + GPR
rate (%)

26.8 41.7 21.9 0.058 31.0 45.0 25.5 0.110 15.4 25.0 13.6 0.562

6 months Response
rate (%)

62.9 79.2 57.5 0.057 67.6 85.0 60.8 0.050 50.0 50.0 50.0 1.000

CR + GPR
rate (%)

40.2 66.7 31.5 0.002* 45.1 70.0 35.3 0.008* 26.9 50.0 22.7 0.258

12 months Response
rate (%)

70.1 79.2 67.1 0.264 73.2 85.0 68.6 0.161 61.5 50.0 63.6 0.606

CR + GPR
rate (%)

53.6 75.0 46.6 0.015* 56.3 80.0 47.1 0.012* 46.2 50.0 45.5 0.867

CR + GPR rate combined complete response and good partial response rate, IST immunosuppressive therapy, PNH paroxysmal nocturnal hemoglo-
binuria, SAA severe aplastic anemia, VSAA very severe aplastic anemia, P values less than 0.05 are indicated with bold and *
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detailed analysis of these patients according to PNH clone
showed no significant difference in IST response rate between
PNH+ and PNH− patient in either the SAA patients or VSAA
patient groups. However, more PNH+ SAA patients achieved
CR and GPR at 6 and 12months in comparison to PNH− SAA
patients.

Risk factors for hematologic responses

Univariate analysis was performed to analyze the relationships
between response rate and age, sex, time from diagnosis to
IST, hemoglobin level, reticulocyte count, lymphocyte count,
neutrophil count, sTfR, ATG variety and the presence of PNH
clone. The results showed that neutrophil count >0.2×109/L
indicated a higher response rate at 3 months (as shown above).
The PNH clone indicated a higher CR+GPR rate at 6
(P<0.002) and 12 (P<0.015) months.

Epidemiological and hematologic parameters were ana-
lyzed by logistic regression, and the results showed that neu-
trophil count >0.2×109/L indicated a better response rate at
3 months (P<0.019; OR=3.078; 95 % CI 1.203–7.875), and
that the PNH clone indicated a higher CR + GPR rate at 6
(P<0.003; OR=4.756; 95 % CI 1.717–13.174) and 12
(P<0.019; OR=3.441; 95 % CI 1.226–9.659) months.
pATG indicated a higher CR + GPR rate at 6 months
(P<0.033; OR=2.624; 95 % CI 1.082–6.366).

PNH clone evolution after IST

Three patients in PNH+ group had their PNH clone
reexamined only once after IST at 3 months, two (1 NR, 1
GPR) presented enlarged, and one (CR) showed decreased
clone size. Three patients refused PNH clone test for financial
reason. The other 18 PNH+ AA patients had their PNH clone
monitored regularly every 3 months during follow-up, and the
median population size was 6.575 % (range 0–33.70 %) at
12 months after IST with five (27.8 %) enlarged clone size
compared with pretreatment (NR 1, CR 4) and 13 (72.2 %)
decreased size (CR 9, GPR 3, PR 1). Eight patients with

pretreatment PNH clones (range 1.09–28.9 %; median
1.73 %) were undetectable for PNH clone at 12 months.
Four of 69 (5.8 %, CR2, PR1, NR1) pre-IST PNH− patients
developed a small PNH clone (range 1.55–5.56 %) without
evidence of hemolysis. The PNH clone evolution correlate
with neither IST response rate nor CR + GPR rate.

Relapse and survival

All patients were followed up to at least 12 months after IST.
None of the patients in the PNH+ group relapsed or died. A
total of six patients died in the PNH− group, including the
three patients who died within 3 months. For the other three
patients who died later, two NR died from infection and trans-
plant preparation regimen, whereas one GPR patient relapsed
and died from infection.

Discussion

Whether the presence of the PNH clone can predict response
to IST in AA patients remains controversial. In 1995,
Schrezenmeier [1] reported that the response rate to standard
ISTwas significantly higher in AA patients with normal PIG-
AP than those with PIG-AP− cells in at least one cell lineage.
A small prospective study from Italy reached the same con-
clusion [12]. However, the results of De Lord [2], Scheinberg
[3], and Yoshida [6] were inconsistent with those conclusions.
They reported no difference in response rate to IST between
AA patients with a GPI-AP− and those with normal GPI-AP
expression. Moreover, several studies [4, 5, 7, 13] reported
that the presence of PNH clones was associated with a higher
response rate to IST and better prognosis. The reasons for
different conclusions drawn from different studies are not all
clear. Differences in the definition of GPI-AP− cell percentage
and the small sizes of patient cohort might be contributing
factors as we envision. That enlightened us to conduct this
study based on a large cohort of patients recently diagnosed
with SAA/VSAA. We demonstrated that existence of a small

Fig. 1 The response rate in severe aplastic anemia. The total response
rate (a) and combined complete response and good partial response rate
(CR +GPR rate) (b) of severe aplastic anemia are shown. No difference in
total hematologic response rate was noted between PNH+ and PNH−

patients. The CR + GPR rates were similar in the PNH+ and PNH−

groups at 3 months, but more patients achieved CR and GPR in the
PNH+ group than in the PNH− group at 6 and 12 months
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population of PNH-type cells predicts a higher CR + GPR rate
but not a higher response rate to IST for patients with SAA/
VSAA.

In this study, patients with or without PNH clone achieved
the same hematologic response rate in either of SAA and
VSAA group. However, 95 % of the responders in PNH +

group achieved complete hematologic response or good partial
response by 12 months after IST, higher than that of PNH−

patients. We postulate that the higher CR + GPR rate of
PNH+ AA patients may be attributed to the following factors:
(1) Presence of a larger number of residual hematopoietic stem
cells in PNH+ AA patients. Although neutrophil, lymphocyte,
reticulocyte count, and sTfR that had been reported indicating
residual hemopoiesis [13–15] were comparable between the
PNH+ and PNH− AA patients, all these measurements may
likely reflect only later hemopoiesis. (2) The abnormal immune
reaction of PNH+ AA patients were more sensitive to IST. (3)
Homogeneity of the immune mechanism was present in PNH+

AA patients. Both PNH+ AA and PNH− AA patients may de-
velop immune-mediated suppression of hemopoiesis since
more than two thirds of those patients responded well to IST.
However, PNH+AApatients might have a higher probability of
an immune pathogenesis while some of the PNH− AA patients
might develop the disease through a nonimmune mechanism.

It appears that AA patients with a PNH clone developed a
faster onset of response, because all of the responses in PNH+

AA occurred within 6 months, whereas nearly 10 % of PNH−

patients achieved response after 6 months. Such a timing in-
consistency helps to make a strategic decision about the sec-
ond IST. In most instances, a lack of response at 8 months
should be coded as a failure of IST [16]. The British
Committee for Standards in Haematology [17] recommends
a 4-month interval between the first and second courses of
ATG, because it usually takes approximately 3 months for a
response to occur. In this study, seven patients without a PNH
clone responded between 6 and 12 months and accounted for
a quarter of nonresponders within the PNH−AApatient cohort
at 6 months. Thus, we suggest that even if PNH− AA patients
did not respond to IST at 4 months, the salvage therapy could
be postponed, while CsA is used regularly and consistently.

Recently, Kulagin [5] reported that PNH+ AA patients had
a better response to IST than PNH− patients with a defined
threshold of ≥0.01 % GPI/FLAER-deficient cells in
granulocytes and RBCs as a criterion for the presence of
PNH-type cells, and suggested that the definitive PNH clone
threshold of 1 % did not have predictive value. This proposal
could partially explain the lack of prognostic value of PNH
positivity in the NIH group study [18] and was supported by
Sugimori’s report [4]. However, it does not support the results
reported by Afable et al. [13]. By using the threshold of
≥0.01 % GPI− cells as PNH+ (data not shown), patients in this
study were regrouped into 76 (78.3 %) PNH+ and 21 (21.7 %)
PNH− patients. A higher response rate in PNH+ group was

found at 3 months (60.5 vs 33.3 %, P<0.027), but not at 6
and 12 months. Existence of a PNH clone, based on the
0.01 % threshold, still predicted a higher CR + GPR rate at
3 (31.6 vs. 9.5 %, P<0.043), 6 (46.1 vs. 19 %, P<0.025), and
12 (59.2 vs. 33.3 %, P<0.035) months, respectively. On a
practical note, the lower PNH threshold would enable the
identification of more patients carrying PNH clone. SAA/
VSAA patients are extremely low in granulocyte and mono-
cyte counts, it is not easy to harvest enough cells to achieve
104 cells for a clinical PNH clone test. But the usage of more
than 1% PNH cells as the threshold would lead to erroneously
low detection rate of PNH clone and would fail to identify true
PNH− cases, as some patients with <1 % PNH cells may not
be truly PNH negative.

Previous studies had reported that the higher response rate of
PNH+ AA to IST could be attributed to an authentic type of
immune-mediated marrow failure, because patients with PNH
clone often have a specific HLA-DR allele (HLA-DR15) and
antigen-driven T cell proliferation in the bone marrow [19, 20].
Several measurements, such as increased ratio of activated T
cells, increased interferon-γ expression in bone marrow and pe-
ripheral blood T cells, and increased expression of heat-shock
protein 70, have been proposed as good markers reflecting the
immune pathogenesis of AA. Although these markers are useful
in predicting responses to IST, none of them have been practi-
cally applied in the clinic at this stage [4]. Cytokines are soluble
low-molecular-weight proteins that mediate inflammatory re-
sponses and regulate hematopoiesis bymodulating bonemarrow
microenvironment [21]. While cytokine levels may reflect the
body immune status, no difference in cytokine was found be-
tween PNH+ and PNH− AA patients. Sugimori [4] reported that
in most PNH+ patients, successful IST resulted in increases of
both PNH-type and normal-type granulocytes. It was postulated
that an immune attack against hematopoietic stem cells at the
onset of AA that allow PNH-type stem cells to survive does not
contribute to the subsequent progression of bone marrow failure.
The development of bone marrow failure might be caused by
different immune mechanisms targeting epitopes other than
those that induce disease. In our study, comparison of PNH clone
size before and after IST showed no association with IST re-
sponse rate. Nonresponders could have their PNH clone en-
larged after IST, while some PNH− AA patients could evolve
into PNH+. It is possible that immune-mediated suppression of
hemopoiesis occur in both GPI-AP+ and GPI-AP− AA patients,
but the initiation factors for bone marrow failure might be dif-
ferent with GPI-AP− cells being more susceptible to IST.
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