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CLINICAL TRIALS AND OBSERVATIONS

Minor population of CD55~CD59~ blood cells predicts response to
immunosuppressive therapy and prognosis in patients with aplastic anemia

Chiharu Sugimori, Tatsuya Chuhjo, Xingmin Feng, Hirohito Yamazaki, Akiyoshi Takami, Masanao Teramura,
Hideaki Mizoguchi, Mitsuhiro Omine, and Shinji Nakao

We investigated the clinica! significance
of a minor population of paroxysmal noc-
turnal hemoglobinuria (PNH)-type blood
cells in patients with acquired aplastic
anemia (AA). We quantified CD55-CD59-
granulocytes and red blood cells (RBCs)
in peripheral blood from 122 patients with
recently diagnosed AA and correlated
numbers of PNH-type cells and responses
to immunosuppressive therapy (IST). Flow
cytometry detected 0.005% to 23.1% of
GPI-AP- cells in 68% of patients with AA.
Sixty-eight of 83 (91%) patients with an

increased proportion of PNH-type cells
(PNH*) responded to antithymocyte
globulin (ATG) + cyclosporin (CsA)
therapy, whereas 18 of 39 (48%) without
such an increase (PNH™) responded. Fail-
ure-free survival rates were significantly
higher (64%) among patients with PNH*
than patients with PNH~ (12%) at 5 years,
although overall survival rates were com-
parable between the groups. Numbers of
PNH-type and normai-type cells increased
in parallel among most patients with PNH*
who responded to IST, suggesting that

these cells are equally sensitive to im-
mune attack. These results indicate thata
minor population of PNH-type cells repre-
sents a reliable marker of a positive IST
response and a favorable prognosis
among patients with AA. Furthermore,
immune attack against hematopoietic
stem celis that allows PNH clonal expan-
sion might occur only at the onset of AA.
(Btood. 2006;107:1308-1314)

© 2006 by The American Society of Hematology

Introduction

Immunosuppressive therapy (IST) with antithymocyte globulin
(ATG) plus cyclosporin (CsA) is the standard approach to treating
acquired aplastic anemia (AA).1-> Approximately 70% of patients
respond to this therapy and achieve remission. However, for the
remaining 30%, IST might even be harmful because of an increased
risk of opportunistic infections, particularly in the absence of any
remission. The immune pathophysiology of patients should thus be
understood at diagnosis, and IST should be applied only to those
with immune-mediated AA. Several factors have been proposed as
good markers that appear to reflect the immune pathophysiology of
AA. These factors include an increased ratio of activated T
cells,$ increased interferon-y expression in_bone marrow,” and
peripheral-blood T cells,® as well as increased expression of
heat-shock protein 70.° Although these markers are useful in
predicting responses to IST, few patients with AA have been
tested, and the assays applied to detect these abnormalities are
vulnerable to the effects of artifacts and the transportation of test
samples. Consequently, none of the markers have been practi-
cally applied to predict responses to IST. Because of this,
patients with AA are placed on IST without understanding the
underlying pathophysiology.

One marker closely associated with immune pathophysiology in
bone marrow failure is a small number of cells that are glycosylphos-

phatidylinositol-anchored membrane protein-deficient (GPI-AP™),
namely paroxysmal nocturnal hemoglobinuria (PNH)-type cells.!0-14
Dunn et all! have demonstrated that an increase in CDI15~
CD66b~CD16" granulocytes is associated with a good response to
ATG among patients with myelodysplastic syndrome (MDS).
Using 2-color flow cytometry that can distinguish proportions of
CD55-CD59-CDI11b* granulocytes and CD55-CD59~ glyco-
phorin A* red blood cells (RBCs) below 0.1%, we also demon-
strated that a population of 0.01% to 6% PNH-type cells among
granulocytes and red blood cells predicts a response to CsA in
patients with MDS.15 Although one study group did not find a
correlation between PNH-type cells and response to ATG in
patients with AA,'* an increase in the proportion of PNH-type cells
was correlated with a good response to IST among our patients with
AA!S as well as those in another report.'> However, the signifi-
cance of a minor population of PNH-type cells in the manage-
ment of patients with AA has remained obscure because the
number of patients with recently diagnosed AA has been small
and follow-up periods have not been long enough. Our sensitive
flow cytometric protocol has not become popular despite its
potential clinical usefulness, perhaps because of the lower
cut-off values (0.003% for granulocytes and 0.005% for RBCs)
than previous assays.!!117.18
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The outcome of IST in patients with AA is negatively
affected by the length of time from diagnosis to treatment.!® To
clarify the role of a marker that would predict a good response to
IST, the marker should be tested on patients who have been
recently diagnosed with AA and before they receive therapy, and
then the marker should be correlated with the subsequent
response to IST. Since 1999, we have been studying the
presence of PNH-type cells in peripheral blood using flow
cytometry in 241 patients who had not yet undergone therapy
and who were diagnosed with AA. The present study focuses on
122 patients who were treated with ATG and CsA within I year
of the diagnosis of AA and compares the response rates to IST
and subsequent survival between patients with (PNH*) and
without (PNH™) an increased proportion of PNH-type cells. We
also examined changes in the number of PNH-type cells after
successful IST to characterize the immune system attack against
hematopoietic stem cells that confers a survival advantage on
PNH-type stem cells in immune-mediated AA.

Patients, materials, and methods
Patients

We evaluated PNH-type cells in peripheral-blood samples from 122
Japanese patients (55 men and 67 women; median age, 56 years) with
idiopathic AA (75 severe and 47 moderate AA) before they received IST.
The patients were diagnosed with AA at Kanazawa University Hospital,
hospitals participating in a cooperative study led by the Intractable Disease
Study Group of Japan, and other referring institutions. The severity of AA

was classified according to the criteria proposed by Camitta et al.?® All -

patients were treated with ATG Lymphoglobuline (Aventis Behring. King
of Prussia, PA) 15 mg/kg/d, 5 days; plus CsA (Novartis, Basel, Switzerland)
6 mg/kg/d; within 1 year of diagnosis between April 1999 and December
2004. The dose of CsA was adjusted to maintain trough levels between 150
and 250 ng/mL, and the appropriate dose was administered for at least 6
months. Granulocyte colony-stimulating factor (G-CSF; filgrastim, 300
pg/m? or lenograstim, 5 pg/kg) was administered to some patients.
Response to IST was evaluated according to the response criteria described
by Camitta.2! Complete response (CR) was defined as hemoglobin normal
for age, neutrophil count more than 1.5 X 10%L, and platelet count more
than 150 X 10%L. Partial response (PR) was defined as transfusion
independent and no longer meeting criteria for severe disease in patients
with severe AA. and it was defined as transfusion independence (if
previously dependent) or doubling or normalization of at least one cell line
or increase in baseline hemoglobin of more than 30 g/L (if initially less than
60 g/L), neutrophil count of more than 0.5 X 10°L (if initially less than
0.5 X 10%L), and platelet count of more than 10 X 10%L (if initially less
than 20 X 10%L) in patients with moderate AA. The patients provided
written, informed consent to participate in all procedures associated with
the study, which was reviewed and approved by the ethical committee of
Kanazawa University Hospital (study no. 46). The study also conforms to
the recently revised tenets of the Helsinki protocol.

High-resolution 2-color flow cytometry

We improved the 2-color flow cytometry developed by Araten et al* as
follows. Briefly, 3 to 5 mL heparinized blood was drawn from each patient.
To detect PNH-type granulocytes, RBCs were lysed in NHCl 8.26 g/L,
KHCO; 1.0 g/L.. and EDTA - E4Na 0.037 g/L (lysis buffer). After a saline
wash. 50 pL leukocyte suspension was incubated with 4 WL phycoerythrin
(PE)-labeled anti-CD11b monoclonal antibodies (mAbs; Becton Dickin-
son. Franklin Lakes. NJ), fluorescein-isothiocyanate (FITC)-labeled anti-
CD55 mAbs (clone IA10, mouse IgG2a; Pharmingen, San Diego, CA), and
FITC-labeled anti-CD59 mAbs (clone p282, mouse IgG2a; Pharmingen) on
ice for 30 minutes.!> To detect PNH-type RBCs. PE-labeled anti—
glycophorin A mAbs (clone JC159; DAKO. Glostrup, Denmark) were
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included instead of anti-CD11b mAbs.!* Fresh blood was diluted to 3% in
phosphate-buffered saline (PBS), and then 50 wL was incubated with 4 uL
PE-labeled anti-glycophorin A mAbs, FITC-labeled anti-CD53, and anti-
CD59 mAbs on ice for 30 minutes. A total of at least 1 X 10° CD11b*
granulocytes and glycophorin A* RBCs within each corresponding gate
were analyzed using a FACScan (Becton Dickinson, Franklin Lakes, NJ)
flow cytometry. To exclude damaged cells that often produce false-positive
results. all samples were treated for flow cytometry within 24 hours after
collection, and SSCY™ and CD11b%™ granulocytes and glycophorin Adm
RBCs on the histograms were excluded from the analyses by careful gating
as shown in Figure 1A. On the basis of analytic results from 68 healthy
individuals, the presence of greater than 0.003% CD11b* granulocytes and
0.005% glycophorin A* RBCs was considered abnormal. Both thresholds
greatly exceeded the mean + 4 SDs for GPI-AP~ granulocytes (0.0025%)
and RBCs (0.0032%) determined in healthy individuals.!>15 When PNH-
type cells were increased in only 1 of the 2 cell lineages, another sample
was collected, and the patient was deemed PNH* only when the second
sample produced similar results.

We compared the sensitivity of detecting a few PNH-type cells in this
manner with that of a low-resolution method by analyzing the blood of
some patients by 2-color flow cytometry using both PE-labeled anti-CD55
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Figure 1. Validity of high-resolution flow cytometry. (A) An example of analysis on
a patient with PNH* AA is shown. Gates were set up to exclude SSCYm (j) and
CD11b®m granulocytes and glycophorin Ad™ RBCs (ii,v). Cells within rectangles
showing horizontal distribution represent PNH-type cells. (B) RBCs from a healthy
individual and a patient with AA were examined using a low-resolution assay and the
high-resolution assay. Numbers on histograms denote the percentages of
CD55-CD59- cells in total RBCs for the low-resolution assay, and in glycophorin
A~ RBCs for the high-resolution assay. (C) RBCs from a patient with PNH* AA
were incubated in acidified saline containing heat-inactivated or untreated
serum.CD55-CD59~ RBCs were then quantified. (D) PNH* AA WBCs were
incubated with or without 0.5 X 108 M aerolysin and analyzed by flow cytometry.
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and FITC-labeled anti-CD59 mAbs. This assay defines the presence of 1%
or more PNH-type cells as a significant increase.

Modified Ham test

Peripheral blood of patients with AA with a low proportion (< 0.1%) of
CDS55-CD59~ RBCs was washed with saline and suspended in saline at
a hematocrit of 50%. The RBC suspension (15 pL) was incubated with
80 L heat-inactivated fetal calf serum (FCS) for 10 minutes at 4°C for
sensitization by anti~human heteroantibodies and then washed with
saline. Human AB serum as a source of complement (0.5 mL) and 55 pL
0.2 N HCI were then added to the cell suspension. The negative control
included heat-inactivated human AB serum instead of untreated human
AB serum. These RBC suspensions were incubated for 60 minutes at
37°C and washed with PBS, and then the RBCs were analyzed by flow
cytometry as described in “High resolution 2-color flow cytometry.”

Aerolysin treatment of granulocytes

Peripheral blood from patients with AA with a low proportion of PNH-type
granulocytes was lysed as described in “High resolution 2-color flow
cytometry,” and suspended in PBS at a density of 2 X 10° cells/mL. The
leukocyte suspension was split into 2 portions; one was incubated for 15
minutes with and the other without 0.5 X 1078 M aerolysin at 37°C.>*
Before and after the incubation with aerolysin, the suspension was
examined by flow cytometry to detect CD55-CD59~CD11b* granulocytes
as described in “‘High resolution 2-color flow cytometry.”

Statistics

The Mann-Whitney test compared clinical characteristics between
patients with PNH* and patients with PNH™. Fisher exact test and
logistic regression modelling?® analyzed associations between indi-
vidual pretreatment variables with response to IST. Kaplan-Meier
methods graphically compared the cumulative incidence of the response
with IST and time to event, and differences between patients with PNH*
and patients with PNH™ were assessed by the log-rank test. A paired ¢
test analyzed changes in the proportions of PNH-type cells associated
with IST. All statistical analyses were performed using JMP version
5.0.1J software (SAS Institute, Cary, NC). o

Results
Validity of high-resolution flow cytometry

Figure 1B shows that a low-resolution assay using PE-labeled
anti-CD55 and FITC-labeled anti-CD59 mAbs detected greater
than 0.1% PNH-type RBCs in the peripheral blood of a healthy
individual, whereas our assay of the same sample detected 0%
PNH-type cells. Thus, the low-resolution assay could not
discriminate a patient with AA with 0.1% PNH-type cells from a
healthy individual, whereas our method revealed 0.04% PNH-
type RBCs in the same patient, indicating a diagnosis of PNH*
AA. When the sensitivity of RBCs to complement-mediated
lysis was examined using the modified Ham test, almost all
RBCs in the glycophorin A*CD55-CDS59~ fraction disappeared
after an incubation in acidified saline containing human AB
serum, verifying the reliability of our method for detecting
PNH-type RBCs (Figure 1C). Conversely, when granulocytes
from a patient with PNH* AA were treated with aerolysin,
approximately 99% of granulocytes in the CD11b*CD55*CD59+
fraction disappeared, whereas almost all cells in the
CDI11b*CD55-CD59~ fraction remained unchanged (Figure 1D),
indicating that the few granulocytes in the CD11b*CD55-CD59~
fraction had the properties of PNH-type cells.
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Proportions of PNH-type cells in patients with AA

The proportion of PNH-type cells was increased in 83 (68%)
patients. Among these patients with PNH?*, the number of PNH-
type cells was increased in both the granulocytes and RBCs of 69
(83%) of them, in only the granulocytes of 12 (15%), and in only
the RBCs of 2 (2%). Figure 2A shows the proportions of PNH-type
granulocytes and histograms from 2 patients with PNH*. Notably,
the proportions of PNH-type granulocytes were below 0.1% in
greater than 40% of patients with PNH*. Table 1 compares the
clinical characteristics between patients with PNH* and PNH™.
Although the PNH* group tended to be older and have higher WBC
and MCV values than the PNH™ group, the clinical and hemato-
logic parameters did not significantly differ between them.

Response to ATG and CsA therapy

Sixty-eight of 83 (91%) patients with PNH* improved with IST
and achieved PR or CR at 12 months. However, only 18 of 39
(48%) patients with PNH~- responded to IST. Kaplan-Meier
analysis showed that the chance of achieving PR was significantly
better among patients with PNH* than among patients with PNH~
(Figure 3A). The rate of obtaining CR at 5 years was also
significantly higher in patients with PNH* (36%) than in patients
with PNH~ (3%) (Figure 3B). Multivariate analysis showed that
among sex (male or female), age (older or younger than 40 years),
severity (severe or moderate), presence or absence of chromosomal
abnormalities, and presence or absence of increased PNH-type
cells, only the presence of increased PNH-type granulocytes was a
significant factor associated with good response to IST (P < .001).
When patients with PNH* were classified into 5 subgroups
according to the proportions of PNH-type granulocytes (0.003%-
0.01%1in7,0.01%-0.1% in 21, 0.1%-1.0% in 22, 1.0%-10.0% in
13, 10.0%-23.1% in 3), the response rates to IST at 6 months did
not significantly differ (88%, 74%, 90%, 81%, and 100%,
respectively) among these subgroups. The responses of all of
these subpopulations were significantly better than that of
patients with PNH-. ) '

Prognosis after IST

The median follow-up period was 26.4 months (range, 0.1 to 71.4
months). In contrast to the response rates, the rates of overall
survival at 5 years were comparable between patients with PNH*
(77%) and with PNH~ (71%) (Figure 4A). However, the probabil-
ity of surviving failure free at 5 years was significantly higher in
patients with PNH* (64%) than in patients with PNH™ (12%) when
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Figure 2. Proportions of PNH-type granulocytes. (A) Proportions of CD55-CD59~
granulocytes in each patient. (B) Histograms from one patient with PNH* (UPN 82)
with minimal PNH-type cells and from another patient with increased PNH-type cells
only in RBCs (UPN 116).
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Table 1. Clinical characteristics of PNH* and PNH- patients
PNH+ PNH- P
No. of patients ) 8 . 39 NA
Median age, y (range) 57 (13-83) 54 (12-83) 16
Sex, M/F 36/47 19/20 .58
Severity, severe/moderate 53/30 2217 43
Chromosome abnormality, no. of patients 7 3 .88
-7 o] 1
+8 2 1
-y 3 0
Others 2 1
Median WBC count, X 10? (range) 2.1 (0.54.3) 1.9(0.7-3.2) .15
Median neutrophil count, X 10%L (range) 0.53 (0.02-2.2) 0.49 (0.01-2.7) .65
Median hemoglobin level, g/L (range) 67 (32-140) 67 (40-108) .92
Mean corpuscular volume, fL (range) 101.5 {84.2-123.5) 98.5 (77.2-118.0) A3
Median platelet count, X 109/L (range) 14.0 (2.0-60.0) 16.0 (1.0-87.0) .65
Median reticulocyte count, X 109/ (range) 19.0 (3.0-90.0) 24.0 (2.0-106.0) .50
Median time from diagnosis to ST, d (range) 30 (1-334) 33 (2-268) 46
No. of patients who received G-CSF during IST 25 12 94

NA indicates not applicable.

failure-free survival was calculated based on time to treatment
failure. This was defined as whichever came first among time from
the first day of treatment until salvage treatment for nonresponse,
relapse, development of a clonal hematologic disease (PNH, MDS,
leukemia), solid tumor, or disease- or treatment-related death
(Figure 4B). Although the probability of evolution into florid PNH
or MDS at 5 years after IST did not significantly differ between
patients with PNH* (6% and 3%) and patients with PNH~ (0% and
4%) (Figure 4C), the probability of relapse tended to be higher in
patients  with PNH~ (36%) than in patients with PNH* (21%)
(Figure 4D). Two (2%) patients with PNH* and 7 (18%) with
PNH~ underwent allogeneic bone marrow transplantation (BMT)
from related (n = 6) or unrelated (n = 3) donors because of failure
to respond to IST (n = 6) and relapse of AA (n = 3). Rates of
survival after BMT did not significantly differ between the 2
groups (data not shown).

Changes in PNH-type granulocytes after IST

The presence of PNH-type cells after IST was serially tested in the
peripheral blood of 53 of 122 patients. To characterize immune
attack against hematopoietic stem cells that favors PNH-type cell
clonal expansion, we examined the numbers of PNH-type cells in
responsive patients. Figure 5A shows that the proportions of
PNH-type granulocytes remained almost constant in 32 of 33
patients with PNH* who responded to IST and decreased from
0.045% to 0% in only 1 patient (UPN 25). This indicates that the
absolute number of PNH-type as well as of normal-type granulo-
cytes increased in most responsive patients after IST. We compared
the ratio of the degree of the increase in the absolute count between
PNH-type (a) and normal-type (b) granulocytes before IST. The
PNH-type granulocyte-to-normal-type granulocyte ratio in 32
patients ranged from 0.07 to 38.1 with a median of 1.06 (Figure
5B). The proportions of PNH-type cells did not change in 4 patients
with PNH* who were refractory to IST (Figure 5A-B). Sixteen
patients with PNH™ were also tested after 6 to 24 months of IST.
Only one patient who had achieved PR became PNH* at 24 months
and then relapsed with AA at 29 months after IST.

The proportions of PNH-type granulocytes were repeatedly
determined in 23 patients for more than 24 months after IST. Figure
5C shows that the proportions remained constant over a long period
in most patients including one (UPN 106) who had 0.1% PNH-type
granulocytes (Figure 5D). The proportion of PNH-type granulo-

cytes significantly increased from 3.31% to 76.0% in only one
patient during the 4-year observation period.

Discussion

An increase in the proportion of PNH-type cells in peripheral blood
has been implicated in the immune pathophysiology of bone
marrow failure.!® Several studies including our previous investiga-
tion found a correlation between an increase in the proportion of
PNH-type cells and a favorable response to IST among patients
with MDS!1215 and with AA.!'626 However, the clinical applica-
tion of these findings has been hampered. Small patient cohorts and
the relatively low prevalence of an increased number of PNH-type
cells in these studies have led to concerns about unreliability of the
correlation. The present study based on a larger number of patients
with recently diagnosed AA conclusively demonstrated that a
minor population of PNH-type cells predicts a good response to
IST as well as good prognosis for patients with AA after IST.
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The reliability of our high-resolution flow cytometry, which was
verified by the modified Ham test and by aerolysin treatment,
revealed an increase in the number of PNH-type cells in 68% of
the patients with AA. This was considerably higher than the
reported prevalence.

The clinical features and overall survival rates did not signifi-
cantly differ between patients with PNH* and patients with PNH~
in the present study. However, failure-free survival was obviously
better among patients with PNH* than patients with PNH™. This
indicated that, although patients with PNH~ can survive as long as

patients with PNH* after IST, they often require salvage or
supportive treatment such as allogeneic stem cell transplantation
and blood transfusions, because of a partial response to IST or a
high rate of relapse. Contrary to the expectation based on the
presence of abnormal hematopoietic clones such as PNH-type
cells, the probability of evolving into clinical PNH or MDS in
patients with PNH* was comparable to that in patients with PNH™.
The proportions of PNH-type granulocytes remained stable over a
period of 1 to 66 months in most patients with PNH*, a finding
consistent with previous reports.?6” These findings indicate that

A B
o
g 100
o Py
3 100
3 X
- £ :
o 5 19 "
S . *
§ ) 4 .
0.1 3 '
£
s il Responder Nor-responder
n=33 n=4
®
2
3
[ ;
B &
g
;
£
3
&
D Flgure 5. Changes In proportions of PNH-type granulocytes assoclated
0.188% » 0.101% o 0.072%, with responses to IST. (A) Change in responders and nonresponders. (B)
w " LY . [ Proportions of granulocyte counts after and before IST determined for
o - 4‘( - ' PNH-type (a) and normal-type (b) granulocytes and ratios of PNH-type
= .; .; granulocytes (a) to normal-type granulocytes (b) were plotted. (C) Longitudinal
8 . N analysis of PNH-type granulocytes. Proportions of PNH-type granulocytes of
T W WE R A W W W e 37 patients with PNH* and 1 patient with PNH~ who became PNH* (black line)
CDS5 and 58- FITC g were displayed. (D) Changes in proportions of PNH-type granulocytes over 5
Betore IST 3yearsafter(ST  §years after IST years in patient UPN 106 with AA (shown as D in Figure 5C).



BLOOD, 15 FEBRUARY 2006 - VOLUME 107, NUMBER 4

the presence of an increased proportion of PNH-type cells predicts
not only a positive response but also a good quality of response to
IST among patients with AA.

The significantly high response rate to IST among patients with
PNH* AA suggests that PNH* AA is an authentic type of
immune-mediated marrow failure. In line with this hypothesis,
patients with PNH* AA often have a specific HLA-DR allele
(HLA-DR15) and antigen-driven T-cell proliferation in the bone
marrow.!>?8 Furthermore, antibodies against diazepam-binding
inhibitor-related sequence-1 (DRS-1), a peroxisomal protein abun-
dantly expressed by hematopoietic progenitor cells, are frequently
detected in sera from patients with PNH* AA.* However, the
relatively low response rate to IST among patients with PNH™ AA
indicates that a heterogeneous pathophysiology might underlie this
subset of AA. In line with this notion as described in our previous
study,!6 clonal hematopoiesis arose more frequently in patients
with PNH™ AA than in patients with PNH* AA. Even among
patients who responded to IST, patients with PNH~ AA rarely
achieved complete recovery of hematopoiesis and were susceptible
to AA relapse. Immune mechanisms that are not associated with an
increase in the proportion of PNH-type cells might damage
hematopoietic stem cells more profoundly than those in PNH* AA.

PNH-type stem cells might acquire a survival advantage over
normal-type stem cells when T or natural killer (NK) cells attack
hematopoietic stem cells.’*-3? The high response rate to IST in
patients with PNH* AA indicates that such an immune mechanism
is functional in this subset of AA. If the immune mechanisms were
responsible for bone marrow failure, IST would more efficiently
induce expansion of normal-type than of PNH-type stem cells.
However, in most patients with PNH*, successful IST resulted in a
similar increase in the number of both PNH-type and normal-type
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granulocytes, which contradicts the immune escape theory. A
similar finding has been reported by Maciejewski et al’ for patients
with AA with 1% or more CD15*CD66b~CD16~ granulocytes.
One possible explanation for this discrepancy is as follows. An
immune attack against hematopoietic stem cells at the onset of AA
that allows PNH-type stem cells to survive does not contribute to
the subsequent progression of bone marrow failure, which is
caused by different immune mechanisms targeting epitopes other
than those that induce disease. Such epitope spreading occurs in the
development of other immune diseases such as multiple sclerosis.3?
Alternatively, the suppression of hematopoiesis after the clonal
expansion of PNH-type cells might be caused by myelosuppressive
cytokines rather than antigen-specific T cells.

The presence of a few PNH-type cells has profound significance
for the management of patients with recently diagnosed AA.
Although those who have PNH™ AA can improve with IST, the
maximal response rate is 50% and the rate of failure-free survival at
5 years is below 20%. Therefore, allogeneic BMT is recommended
more often than IST for young patients with PNH~ who have
HLA-compatible sibling donors. Conversely, IST is more fre-
quently recommended than BMT for patients with PNH™*, particu-
larly when the likelihood of BMT-related mortality is high. Among
patients with AA who are unresponsive to the initial ATG and CsA
therapy, those who benefit from a second IST might be PNH™.
Conventional flow cytometry capable of detecting 1% or more
PNH-type cells would also be clinically useful in predicting
response to IST because the response to IST does not change
according to the proportion of PNH-type cells. The predictive
value of an increased proportion of PNH-type cells for a
favorable prognosis in AA identified here warrants a further
worldwide prospective study on non-Japanese patients with AA.
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Danazol therapy for aplaétic anemia refractory
to immunosuppressive therapy

Tatsuya Chuhjo,! Hirohito Yamazaki,? Mitsuhiro Omine,® and Shinji Nakao?’

Although there are anecdotal reports of the efficacy of danazol in the treatment of aplastic anemia (AA),
there has been no systematic study to clarify its efficacy and toxicity. Therefore, we assessed the efficacy
of danazol for treatment of patients with AA refractory to immunosuppressive therapy (IST) and those who
relapsed after IST, in a prospective clinical trial. Sixteen patients (12 males and four females; six severe
cases and 10 moderate cases) were treated with 300 mg of danazol daily for 12 weeks. All patients com-
pleted the treatment period without occurrence of severe toxicity. Three female patients achieved partial
remission, whereas only two of the 12 male patients did so. None of the responders had shown a response
to previous IST or an increase in the percentage of paroxysmal nocturnal hemoglobinuria (PNH)-type cells
which are known to be a marker for a good response to IST. These findings indicate that danazol is effec-
tive for a subset of AA patients, and particularly for female patients with AA refractory to IST. Am. J. Hematol.

00:000-000, 2007. © 2007 Wiley-Liss, Inc.

Introduction

Acquired aplastic anemia (AA) is a syndrome character-
ized by pancytopenia and bone marrow hypoplasia.
Although AA is an intractable hematopoietic disorder,
recent advances in immunosuppressive therapy (IST) have
greatly improved prognosis of the disease. Approximately
70% of AA patients respond to IST and achieve transfu-
sion-independence. However, for the remaining 30% of
patients who fail to respond to IST and are ineligible for
allogeneic stem cell transplantation, therapeutic options are
limited.

Danazol, a type of synthetic anabolic steroid [1], has
unique properties similar to those of corticosteroids [2,3]
such as inhibition [4] of both interleukin-1 and TNF-a pro-
duction, and has been successfully used for treatments of
ITP (immune thrombocytopenic purpura) [5,6], AIHA (auto-
immune hemolytic anemia) [7,8], pancytopenia associated
with SLE (systemic lupus erythematosus) [9], and pure red
cell aplasia [10]. Several case reports have documented
the efficacy of danazo! in the treatment of AA refractory to
IST. Although anabolic steroids are effective in restoring he-
matopoietic function in a subset of AA patients [11,12], the
role of danazol in the treatment of AA has not been studied
in a designed clinical trial. Hence, we conducted a prospec-
tive study to clarify the efficacy of danazol in the treatment
of AA refractory to IST and determined the characteristics
of responders to danazol.

Results

Patients

A total of 16 patients (12 males and four females), age
ranging from 20 to 68 years, (median age: 45) were regis-
tered from five different facilities from December, 2000
through March, 2004. Patient characteristics are shown in
Table I. Seven males and three females had moderate dis-
ease, and the rest of the patients had severe disease. Thir-
teen patients were refractory to CsA or ATG, and three had
relapsed after successful IST. One of the patients in the
study suffered abnormality in cytogenetics, and no one
showed apparent dysplasia or fibrosis in bone marrow
before this study.

© 2007 Wiley-Liss, Inc.
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Toxicity

After 13 weeks of danazol therapy, one patient died of
fungal pneumonia, a complication thought to be due to
severe leucopenia not connected to administration of dana-
zol. Grade 2 liver toxicity according to WHO criteria devel-
oped in one patient, but the patient completed the protocol
without dose reduction or cessation of danazol. The liver
function of this patient normalized soon after the comple-
tion of danazol therapy. No toxicities were seen in the other
15 patients during the treatment period.

Response

Among the 16 patients who completed the 12-week
treatment period, 5 (31.3%) showed a partial response.
Table !l summarizes changes in blood cell counts after
danazol treatment in these responders. Anemia markedly
improved in the three female patients who had moderate
AA, and was further improved by continuation of danazol
after the 12-week therapy period. In the other two
patients, pancytopenia ameliorated and the severity of AA
changed from a severe to a moderate state. However,
neither of these patients achieved transfusion independ-
ence, and therefore, danazol was discontinued at comple-
tion of the study.

PNH-type cells and response to danazol

A small population of PNH-type cells were detected in
four patients out of 14 patients examined. All four patients
failed to respond to danazol, and none of the five res-
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TABLE |. Patient Characteristics

Grade of AA at
Immnosuppressive the start of danazol

Age Gender therapy/outcome treatment Cytogenetics
74 Male ATG+CsAlrelapse moderate normal
42 Female CsAlineffective moderate normal
48 Male CsAlineffective severe normal
28 Male ATG +CsA/ relapse— ATG/CsA ineffective severe normal
22 Male ATG+CsAfineffective severe normal
28 Male CsA/ineffective moderate normal
69 Male CsA/ineffective moderate 45X
70 Male ATG +CsAlrelapse moderate normal
74 Male ATG+CsAlrelapse moderate normal
26 Male ATG+CsAlineffective severe normal
28 Female CsAVineffective moderate normal
72 Male CsA/ineffective moderate normal
26 Female ATG +CsA/ineffective moderate normal
62 Female ATG +CsA/ineffective severe normal
40 Male ATG+CsA/ineffective moderate normal
62 Male ATG +CsA/ineffective severe normal

ATG, antitymocyte globulin; CsA, cyclosporine.

ponders showed an increase in the number of PNH-type
cells before danazol therapy. Among 13 patients for
whom HLA-DR alleles were determined, six patients pos-
sessed the HLA-DR15 allele and only one of the five res-
ponders possessed this DR allele.

Discussion

In this prospective study, all patients tolerated 12-week
administration of danazol, at 300 mg/day, showing the rel-
ative safety of the low dose of danazol. None of the four
females showed apparent signs of virilization, which is
common with anabolic steroids, and liver toxicity, the
most frequent side effect of anabolic steroids, was seen
in only one patient. Thus, it appears that 300 mg of dana-
zol can be safely administered to AA patients for at least
12 weeks.

There was a difference in the rate of response to danazol
between males (17%) and females (75%), which was sig-
nificant in the result of the chi-square test (P = 0.03). Such
a difference in the response rate to danazol has not been
observed in other immune-mediated diseases such as ITP
[5,6] and AIHA [7,8]. However, Bacigalupo et al. demon-
strated that the addition of an anabolic steroid to ATG treat-
ment was only of benefit for female AA patients [13], and it
is possible that the antagonistic effects of danazol on
female hormones may lead to augmentation of hematopoie-
sis in AA. Therefore, the influence of gender on the effect
of danazol needs to be examined in a larger number of AA
patients.

The presence of PNH-type cells and HLA-DRB1*1501 in
AA patients represents good markers for response to IST
[14,15]). In the present study, all responders lacked these
markers. Moreover, all responders had been refractory to
CsA at the initiation of danazol therapy. These findings sug-
gest that mechanisms other than immunomodulatory

effects may be responsible for stimulation of hematopoiesis .

in AA by danazol.

Danazol has been shown to improve thrombocytopenia
in some patients with MDS [16-18]. Stadtmauer et al.
demonstrated that patients with MDS who responded to
danazol tended to show higher levels of platelet-associ-
ated IgG or platelet-bindable I1gG in plasma, compared to
non-responders {17], and further showed that administra-

tion of danazol inhibits expression of Fc gamma receptors
by monocytes, thereby sparing destruction of platelets
bound by 1gG. In the present study, a beneficial effect of
danazol was seen mainly on anemia, and not on thrombo-
cytopenia. All responders showed not only improvement
of anemia but also an increase in the number of reticulo-
cytes. Therefore, administration of danazol appears to
stimulate erythropoiesis, rather than inhibit degradation of
mature blood cells. :

Treatment options are limited for AA patients who fail to
respond to IST. The second use of ATG for patients refrac-
tory to the first administration of ATG is not approved by
the Japanese government. Although some patients improve
with anabolic steroids such as metenolone acetate, viriliza-
tion is a serious side effect for female patients. Danazol at
a dose of 300 mg/day did not cause virilization in this study.
Although toxicities associated with long-term administration
remain to be determined, the results of our study suggest
that danazol is a reasonable treatment of choice for AA
patients who do not respond to IST, and warrant further
clinical study.

Material and Methods

The subjects of the study included patients with severe or moderate
AA refractory to antithymocyte globulin (ATG) and/or cyclosporine A
(CsA) or those who relapsed with AA after successful IST. All the
patients with severe AA were not eligible for bone marrow transplanta-
tion due to the lack of an appropriate related donor or high age.
Patients with Fanconi anemia or those with hepatitis-associated AA
were excluded from the study. The cases in which the patients met two
of the three following criteria, neutrophils < 500 pl~', platelets <
20,000 pl™", and reticutocytes < 20,000 ul™", the disease was defined
as severe. The patients whose disease was defined as moderate show
two of the three following criteria: neutrophils < 1,000 ul™", platelets <
50,000 w™', and reticutocytes < 60,000 pi~'. All other cases were
defined as mild disease.

Patients who met these criteria were enrolled in an open trial, in
which danazol, 100 mg, was given orally three times a day (300 mg/
day), for 12 weeks. Response to the treatment was assessed at the
completion of the 12-week treatment period according to the criteria
proposed by Camitta {19) shown in Table Il

Three to five milliliters of anticoagulated blocd was taken from each
patients and examined for the presence of PNH-type cells using flow
cytometry as reported previously {14]. HLA-DRB1 alleles were deter-
mined using the polymerase chain reaction (PCR)-RFLP method.

American Journal of Hematology DOI 10.1002/ajh



1]
g g
T| 2 0 ©
‘CGE; [ )
§2s|val30
= . X oo X
22108+ o2
0|05
o Ccl T 3
2= O « _- s
Do al=w ® 8o
[z I AT - S B
cw 2199292090
o« sE S
69295 |g@ oo
— O «— O O
0D2c|lgao3S o
o 0 <= 3 3 =
Tel|lvl2fLe
18T T
ocaoacaoca
- 29D - -
C m o € €
o 8 C 3 a
> T3 6TV
5| ETv v €
3| 8868
EC | GEEGG
£ G Q@
- - -]
S5| £ 00 £
a £ o0 EE
1Tgot 1
QpadbO
Faakk
(]
[72]
c
o | @ aoc
=
©
@

R -E--N=}
slo66606
ol 90Qooo
dlaNwoaog
NN ™=~ <
12}
o
o
oL
83
o
coooo
P R-R-R-E-R-]
rleecacaq
- N owN
N - -—
°
15 - -~ - -
B AR-E-R-E-R-]
c o|lQLeeoc
sl o C|lonoamn
o i) <t N OO
ol B~ -
- 87
° -5’_
e 83
V| S
6| & coooco
4 "YR=-E-E-R-R-]
T Slecocao
@ ol o 0 »~ ©
o ™ ~ A
-}
S
-]
c ] fa) Qo
2l e flerFrF2a
8
g S =
D O
gl s
g2
g 5
2| = elonopooo
g a FrEFRFP
g
<
a
L
D ~ | OO0 00O
0 FAR-E-E-E=-K-]
Sl o ol B R Bt
05 Q - - -
5l 50 .
21 ‘
T 3S= 5
el 87 4]
@ (3 coQoQ 3
4 LERE-R=-R-R-E-R IR}
o o |~ N®D| D
c -~ -1 9
o <
£ K]
[3] 7}
=]
. =
= 2
w z g
o Lsluvrtoz-o| =
< ® < AR =T =]
P o =

American Journal of Hematology DOI 10.1002/ajh

TABLE Iil. Response Criteria

Severe aplastic anemia

NR
PR

CR

Still severe

Transfusion independent or no longer meeting criteria for severe
disease

Hemoglobin, normal for age

Granulocytes > 1500 pl™"

Platelets > 150,000 ul™’

Moderate aplastic anemia

NR  Worse or not meeting criteria below
PR  Transfusion independence (if previously required) or doubling or
normalization of at least one cell line or increase above
baseline
Hemoglobin 3 g/d! (if initially <6)
Granulocytes 500 wl ™' (if initially <500)
Platelets 20,000 pI™" (if initially <20,000)
CR  Same criteria as for severe disease
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Treatment of severe aplastic anemia with antithymocyte globulin and cyclosporin A
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We report the results of a randomized
study to elucidate whether addition of
granulocyte colony-stimulating factor (G-
CSF) to immunosuppressive therapy is
valuable for the treatment of severe aplas-
tic anemia (SAA) In adults. A total of
101 previously untreated patients (me-
dian age, 54 years; range, 19 to 75 years)
were randomized to receive antithymo-
cyte globulin (ATG) and cyclosporin A
(CyA) (G-CSF- group) or ATG, CyA, and

G-CSF (G-CSF+ group). In the G-CSF+
group, the hematologic response rate at
6 months was higher (77% vs 57%;
P = .03) than in the G-CSF— group. No
differences were observed between the
groups In terms of the incidence of infec-
tions and febrile episodes. There were no
differences between the G-CSF— group
and the G-CSF+ group in terms of sur-
vival (88% vs 94% at 4 years), and the
development of myelodysplastic syn-

drome (MDS)/acute leukemia (AL) (1 pa-
tient vs 2 patients). However, the relapse
rate was fower In the G-CSF+ group com-
pared with the G-CSF~ group (42% vs
15% at 4 years; P =.01). Further fol-
low-up is required to elucidate the role of
G-CSF In immunosuppressive therapy for
adult SAA. (Blood. 2007;110:1756-1761)

© 2007 by The American Society of Hematology

Introduction

Acquired aplastic anemia (AA) is a serious hematologic disorder
characterized by peripheral blood pancytopenia and hypocellular
bone marrow. Bone marrow transplantation (BMT) and immuno-
suppressive therapy (IST) are standard treatment strategies for
severe AA (SAA), and the decision of initial treatment depends
largely on an availability of a human leukocyte antigen (HLA)-
identical sibling donor and patient age. Antithymocyte globulin
(ATG) and cyclosporine A (CyA) are immunosuppressive drugs
generally used for AA and had an equivalent efficacy in terms of
hematologic response rate and a survival rate.! It has been also
demonstrated that the combination of ATG and CyA is superior to
ATG or CyA alone in terms of hematologic response.>3
Granulocyte colony-stimulating factor (G-CSF) is a hematopoi-
etic growth factor that mainly stimulates the proliferation and differentia-
tion of granulocyte precursors; however, a stimulatory effect of G-CSF
on multipotential hematopoietic stem cells has also been demonstrated.*
Clinically, G-CSF can induce a short-term increase in the neutrophil
count in most patients with AA 3 In addition, multilineage recovery of
hematopoiesis in some patients with AA by G-CSF has been reported .’
Therefore, addition of G-CSF to IST may not only decrease the risk for
infection but also increase the hematologic response rate. In 1995, a
European group showed promising results that ATG, CyA, and G-CSF
therapy produced a high response rate (82% at a median follow-up
period of 115 days), a high actuarial survival rate (92% with a median
follow-up of 428 days), and a relatively low number of early deaths

(8%) from infection.? This encouraging result formed the basis of our
prospective randomized trial.

Evolution of AA to myelodysplastic syndrome (MDS) and acute
myeloid leukemia (AML) is a major problem in patients undergo-
ing IST.>!! Because G-CSF can stimulate the growth of leukemic
clones, combined use of G-CSF with IST may facilitate the
progression of AA to MDS/AML. 1213

To elucidate whether the addition of G-CSF to IST increases the
response rate, prevents infections during the treatment, improves the ’
survival or relapse rate, and increases the risk for MDS/AML, we have
started the prospective randomized controlled study comparing ATG
and CyA therapy with or without G-CSF in adult patients with AA.
During the period in which our study has been ongoing, 2 groups have
reported the results of similar prospective randomized studies.!*15
However, 1 study focuses on childhood AA,!* and another includes both
childhood and adult patients with AA."* To our knowledge, this is the
first prospective randomized study to investigate the role of combined
use of G-CSF and IST focusing on adult patients with AA.

Patients and methods

Patients

From June 1996 to June 2000, a total of 101 patients with acquired AA from
43 centers were enrolled. Patients with acquired AA were eligible if they
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