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Abstract Primary immune thrombocytopenia (ITP) is an
autoimmune disease mediated by the production of auto-
antibody against platelets. Rituximab, an anti-CD20 anti-
body, is reported to be useful for treatment of ITP. In Japan,
however, robust evidence on this treatment has not been
accumulated. Hence, we conducted this open-label phase
I clinical trial to confirm the efficacy and safety of rituxi-
mab, administered at 375 mg/m* once per week at weekly
intervals for 4 consecutive weeks in Japanese patients
with chronic ITP, who had relapsed and were refractory to
conventional therapy. The primary endpoint was defined
as the percentage of patients with a platelet count above
50 x 10%/L at week 24 after the first dose of rituximab,
which was 30.8 % of 26 patients (95 % confidence inter-
val 14.3-51.8 %). Although the lower confidence limit of
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primary endpoint failed to meet the pre-specified threshold
of 20 %, the clinical efficacy of rituximab is substantial in
consideration of the 2 % response rate in the placebo arm
in other clinical studies in patients with chronic ITP. We
conclude that rituximab is clinically useful and safe in the
treatment of Japanese patients with chronic ITP, achieving
the goal of maintaining platelet count and reducing risk of
bleeding while minimizing treatment-related toxicity.
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Introduction

Primary immune thrombocytopenia (ITP) is a thrombo-
cytopenia-causing autoimmune disease. Approximately
20,000 patients are suffered from this disease in Japan,
and about 3000 new cases occur per year [1]. The causes
of decrease in the platelet count are known to be destruc-
tion of platelets, to which auto-antibody is attached, in
the spleen, and defects of proliferation and maturation of
megakaryocyte due to the relative shortage of thrombopoi-
etin (TPO). The major clinical symptoms and signs of ITP
are petechiae and mucosal hemorrhage. ITP is classified by
duration into newly diagnosed (within 3 months of onset),
persistent (3—12 months’ duration) and chronic (12 months
or more in duration). Of ITP with onset in adult age, about
90 % of the patients are chronic and its male-to-female
ratio is 1:2. Massive hemorrhage is relatively uncommonly
seen in chronic ITP, whereas seen in the other types of ITP.

Patients who show no effects on standard therapy and
have platelet count <30 x 10°/L are diagnosed with refrac-
tory ITP, and those are about 10 % of total patients with
ITP. Such patients have a 4.2-fold higher risk of death than
healthy population [2]. In Japan, nearly half of patients
with ITP are infected with Helicobacter pylori, and H.
pylori eradication therapy is effective for restoring the
platelet count in 60 % of patients [3].

The first-line treatment of standard therapy is corticos-
teroid administration. Corticosteroid administration can
only be discontinued in about 10-20 % of the patients.
For most of the patients, the steroid therapy is continued
especially in Japan. Splenectomy is chosen as a second-line
treatment for patients who fail to respond or have poor tol-
erability to corticosteroids. A radical cure can be expected
from splenectomy in about 70 % of patients, while for the
remaining 30 % of patients this surgical intervention makes
to be ineffective. Splenectomy has several concerns such as
complications in the perioperative phase (mortality rate at
0.1 % and complication rate at 10 %), postoperative depres-
sion of immune functions, and relapses in about 20 % of
patients [4]. Since it is difficult to predict the efficacy of
surgical removal of the spleen in patients with ITP, both
patients and physicians tend to avoid splenectomy in Japan,
as well as in Europe and the United States. Non-responders
to splenectomy die at about 10 % from serious hemorrhage
such as cerebral hemorrhage. Therefore, the goal of ITP
treatment is to increase the platelet count to >30 x 10°/L
to avoid such fatal bleeding [5, 6].

Immunosuppressants such as azathioprine and cyclo-
sporine, and anticancer agents such as cyclophosphamide
and vincristine, in off-label use, are empirically prescribed
for patients who are non-responding or ineligible for
splenectomy. With these drugs, response rates are as low
as about 30 %, and adverse events are rather frequently

observed. Recently, thrombopoietin receptor agonists
(romiplostim and eltrombopag) have been approved for
refractory ITP and showed efficacy in nearly 60 % of
patients. However, some concerns arise from these ago-
nists, including offset of drug effect back to baseline level
in about 2 weeks after discontinuation of the medication,
a high cost of drug expense as high as 2-3 million yen per
year, a high incidence of thrombotic complications in some
of patients with a certain background, and disease progres-
sion to myelofibrosis or acute leukemia after long-term
treatment. v

Rituximab is a chimeric monoclonal antibody against
the CD20 antigen and prepared by recombinant DNA tech-
nology. Rituximab was approved in Japan for the treatment
of B cell non-Hodgkin’s lymphoma, microscopic polyangi-
itis (MPA), and granulomatous polyangiitis (GPA; Wegener
granulomatosis). In addition to these indications, this drug
was approved for the treatment of chronic lymphoid leu-
kemia and rheumatoid arthritis in the United States and
Europe. Rituximab specifically eliminates CD20-positive
B lymphocytes; therefore, its efficacy for various disor-
ders relevant to B cell abnormalities is anticipated [7, 8].
Recent studies have demonstrated that B cells are involved
in the onset and maintenance of autoimmune diseases, and
the efficacy of treatment with rituximab has been reported
in autoimmune disorders such as systemic lupus erythema-
tosus (SLE), multiple sclerosis, nephrotic syndrome, and
thrombotic thrombocytopenic purpura (TTP). Outside of
Japan, rituximab is extensively prescribed and accepted as
the second-line treatment for refractory ITP [5, 9-11]. A
systematic review on the efficacy and safety of rituximab in
approximately 300 patients with ITP by Armold et al. [11]
showed that the response rate was 62.5 %, and the time
to therapeutic response was 5.5 weeks. A phase II clini-
cal trial of rituximab in 60 patients with refractory ITP in
France showed that the response rate was 40 % after 1 year
of the treatment [12]. As seen in a number of reports out-
side Japan, the efficacy and safety of rituximab in patients
with refractory ITP have been extensively evaluated and the
effectiveness of the drug has been demonstrated.

In Japan, there are several case reports to indicate the
efficacy of rituximab in the treatment of refractory I'TP, but
robust evidence on this treatment has not yet been accu-
mulated such as from clinical studies. Rituximab is then
prescribed off-label for rescuing patients with refractory
ITP, but the medication cost of rituximab is not reimbursed
under the Japanese National Health Insurance program.

Hence, we conducted this open-label phase III clini-
cal trial to confirm the efficacy and safety of rituximab,
administered at 375 mg/m? (body surface area) once a
week, at weekly intervals for 4 consecutive weeks in
Japanese patients with chronic refractory ITP. This study
was implemented in accordance with the International
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Consensus Guidelines for Diagnosis and Treatment of ITP
[10], and the Japanese Guidelines for Treatment of ITP.
This study was registered with the Japan Medical Associa-
tion Center for Clinical Trials (JMACTR; CTR Number:
JMA-IIA00070, https://dbcentre3.jmacct.med.or.jp/jmactr/
default.aspx 2JMACCTID=IMA-ITAC0070).

Materials and methods
Patient population

Patients included in this study were: Japanese, aged
>20 years, and diagnosed with chronic refractory ITP at
least 12 months before the enrollment of this study. The
definition of the term refractory in this study was as fol-
lows: platelet counts <30 x 10°/L (measured at weeks 4
and 2 before enrollment), ineffective or intolerable for ster-
oids, ineffective or judged as inappropriate by investigators
for splenectomy, and ineffective, intolerable or judged as
inappropriate by investigators for thrombopoietin receptor
agonists.

Study design

This study was an open-label multicenter phase III clinical
trial conducted between October 2011 and July 2013 in ten
clinical institutions in Japan. The study consisted of screen-
ing (4 weeks), treatment (4 weeks), and follow-up periods
(20 weeks).

Rituximab was administered at 375 mg/m? in once a
week consecutively for 4 weeks (weeks 0, 1, 2, and 3). To
prevent infusion reactions associated with rituximab infu-
sion, patients received pre-medications of oral antipyretic—
analgesics, oral antihistamines, and intravenous hydrocor-
tisone at 30 min before each administration of rituximab.

During the study period, the following concomitants or
therapies were prohibited: immunoglobulin preparations,
drugs which stimulate platelet production, splenectomy, H.
pylori eradication therapy, hematopoietic factors, antineo-
plastics and platelet transfusion.

Efficacy and safety analysis

The primary efficacy endpoint was a response rate: the per-
centage of patient with the platelet count >50 x 10°/L at
24 weeks after the first administration of the study drug.
The major secondary efficacy endpoints included the
percentage of patients with the platelet count >100 x 10°/L
and who did not have bleeding at week 24, the percentage

@ Springer

of patients with the platelet count >30 x 10°/L and >two-
fold higher than the baseline value and who did not have
bleeding at week 24, and the improvement rate of bleed-
ing symptoms [World Health Organization (WHO) bleed-
ing scale]. In addition, the changes of peripheral blood B
cells (CD19 and CD20) and T cells (CD3), and changes of
serum IgG, IgM, and IgA levels were evaluated as explora-
tory endpoints. Safety parameters (adverse events and clini-
cal laboratory data) were also assessed.

Statistical considerations

Sample size and its rationale were pre-specified in the
study protocol. Response rate in the primary endpoint was
assumed to be 50 % based on results of clinical studies
[11, 12]. Twenty-four patients were needed to have >80 %
power to show that the lower limit of 95 % confidence
interval (CI) for the response rate is greater than a thresh-
old (20 %). The threshold was determined conservatively
taking account of a response rate, 2 % (1/42 patients, 95 %
CI 0-12.6 %) in placebo group in the phase III clinical
trial of romiplostim in patients with refractory ITP [13].
All enrolled patients were included in the primary efficacy
analysis population (full analysis set, FAS). Demographic
factors and baseline characteristics were summarized with
mean =+ standard deviation (SD) or median (interquartile
range, IQR) depending on distributions. Exact 95 % Cls
for proportions were calculated with the Clopper—Pearson
method. Paired proportions were compared with the exact
McNemar’s test. For continuous valuables, values at each
time point were compared with baseline values by signed
rank sum test. Significance level was a two-sided 5 % for
all tests. All data were analyzed with SAS version 9.2 (SAS
Institute Inc., Cary, NC, USA).

Ethical considerations

This clinical trial was conducted in compliance with the
ethical principles of the Declaration of Helsinki, the Japa-
nese Guidelines for Good Clinical Practice, and other rel-
evant regulatory requirements. The investigator or co-inves-
tigator gave a full explanation of the clinical trial to patients
prior to participation in the study and, upon confirming that
the patients gained a good understanding of the nature of
the study, obtained written informed consent for voluntary
participation in the study. Prior to conduct of this clinical
trial, the institutional review board (IRB) of each partici-
pating medical facility reviewed the ethical, scientific, and
medical propriety of this clinical trial and approved this
study.
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Table 1 Patient demography and disease characteristics

Analysis set: n = 26

Sex (females)? 23 (88.5 %)
Age (yea].rs)b 39.7 £ 13.0 (23, 69)
Body weight (kg)® 56.5 +9.7 (37.9,73.1)
Duration of ITP (years)® 59(1.9,11.2)
Hemorrhagic symptoms (WHO bleeding

scale)

Grade 0* 11 (42.3 %)

Grade 12 14 (53.8 %)

Grade 22 1 (3.8 %)
Baseline platelet count (10°/L)° 22(17,24)
Baseline CD3 cells (/uL)¢ 1035.5 (798, 1588)
Baseline CD19 cells (/LL)° 97 (63, 147)
Baseline CD20 cells (/u.L)° 91.5 (59, 145)
Had splenectomy (yes)* 4 (154 %)
Had H. pylori eradication (yes)? 9(34.6 %)
Had complications (yes)? 21 (80.8 %)
Previous therapy for ITP

Had corticosteroids (yes)® 18 (69.2 %)

Had high-dose immunoglobulin therapy 10 (38.5 %)

(yes)®
Had thrombopoietin receptor agonists 7(26.9 %)
(yes)*
Number of previous therapies for ITP° 2(1,3)

# Number of patients (%)
5 Mean =+ standard deviation (range)
¢ Median (25 % point, 75 % point)

Results
Patient characteristics

Written informed consent was obtained from 49 patients in
this clinical trial. Of them, 26 patients who met the inclu-
sion criteria were enrolled. All the 26 patients completed a
total of four doses of rituximab infusion and were included
in the FAS. None of the patients discontinued the study treat-
ment. The following measured values of the platelet count
were partially excluded from the FAS: the platelet counts
of one patient at week 4 and week O when platelet aggrega-
tion was seen in the sample of the patient, and the platelet
count of other patient at the time when the platelet count was
increased due to emergency treatment (high-dose immuno-
globulin therapy plus platelet transfusion) at week 2.
Although protocol deviations were seen in 12 patients,
none were relevant to patient eligibility or discontinuation
criteria. None of these patients were excluded from the effi-
cacy and/or safety analysis, as the deviations in this study
were examined at the case-conference meeting and judged
not to significantly influence on the evaluation of the study.

Most of the patients with refractory ITP enrolled in
this study were female (88.5 %). The mean age was
39.7 £ 13.0 years (Table 1). The median duration of ITP
was 5.9 years (IQR 1.9-11.2), and Grade 0, 1, and 2 hem-
orrhagic symptoms in severity at baseline were 42.3, 53.8,
and 3.8 % of patients, respectively. The median platelet
count at baseline was 22 x 10%L (IQR 17-24). Of the
enrolled patients, 15.4 % had previously received sple-
nectomy and 34.6 % underwent H. pylori eradication. The
percentages of patients who had previously received corti-
costeroids, high-dose immunoglobulin therapy, and throm-
bopoietin receptor agonists, as prior therapy for ITP, were
69.2, 38.5, and 26.9 %, respectively.

Primary efficacy endpoint

The percentage of patients who had achieved the platelet
count >50 x 10°/L at week 24 was 30.8 % (8/26 patients).
The 95 % CI of the response rate was 14.3-51.8 %, and
the lower limit of CI did not exceed the threshold of 20 %.
Howeyver, in comparison with the response rate of 0-2 %
in placebo group reported in other clinical studies with a
similar target population to this study, it was suggested
that the efficacy of rituximab observed in this study is sub-
stantial. The number of patients who achieved the platelet
count >50 x 10%/L at each time point for the assessment is
shown in Table 2. Box plots of the trajectory of the plate-
let count over 24 weeks in a subgroup which consists of
eight responders is shown in Fig. 1. In these eight respond-
ers, mean platelet count reached >50 x 10°/L at week 4
and continued to increase throughout the follow-up period

(Fig. 1).
Secondary efficacy endpoints

The percentage of patients with the platelet count
>100 x 10°/L and who did not have bleeding at week 24
was 15.4 % (4/26 patients; 95 % CI 4.4, 34.9 %). The per-
centage of patients with the platelet count >30 x 10°/L and
>twofold higher than the baseline value and who did not
have bleeding at week 24 was 26.9 % (7/26 patients; 95 %
CI11.6,47.8 %).

As for the percent changes of the platelet count, the
median platelet count was significantly increased com-
pared with the baseline at every time point from week 1
to week 24 (P < 0.01, signed rank sum test; Fig. 2). The
median platelet count exceeded >30 x 10°/L at week 8 and
remained stable throughout the follow-up period.

The percentage of patients with Grade >1 hemorrhage
in the WHO bleeding scale was numerically decreased
at every time point compared with the baseline. Statisti-
cally significant decrease was observed at week 8 com-
pared with the baseline (26.9 vs 57.7 %, P = 0.0215; exact
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Table 2 Percentages of patients

who had achieved the platelet Time points n No. of patients who achieved % Two-sided 95 % CI of the percentage
count >50 x 109/L at each time Week 1 26 3 115 (24, 30.2)
point Week 2 25 2 80 (1.0,260)
Week 3 26 4 154 (4.4,34.9)
Week 4 26 3 11.5 (2.4,30.2)
Week 8 26 7 26.9 (11.6,47.8)
Week 12 26 6 23.1 (9.0, 43.6)
Week 16 26 8 30.8 (14.3,51.8)
Week 20 26 8 30.8 (14.3,51.8)
Week 24 26 8 30.8 (14.3,51.8)
400 McNemar’s test), whereas no significant differences were
450 observed at other time points.
300 1 Subgroup analysis

250
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Fig. 1 Box plots of platelet counts of the eight patients who met the
primary response (platelet count >50 x 10%L at week 24). Central
horizontal bold line is the median; the lower and upper box limits
are the 1st and 3rd quartiles, respectively; and the whiskers extended
to the most extreme data points, which do not exceed the 1.5 x the
interquartile of the box. Plus symbol represents the mean value
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Fig. 2 Time course of median platelet count (FAS). Black circles are
median values of platelet count. The lower and upper ends of vertical
lines are the 1st and 3rd quartiles, respectively
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In Table 3, the results of subgroup analyses of the percent-
age of patients with the platelet count >50 x 10°/L at week
24 were summarized. Subgroups with higher response
rate were patients with duration of ITP shorter than the
median duration 5.9 years (46.2 %, 6/13 patients), patients
who underwent splenectomy (50.0 %, 2/4 patients),
patients who did not have concomitants for ITP at base-
line (60.0 %, 3/5 patients), patients who did not previously
receive thrombopoietin receptor agonists (36.8 %, 7/19
patients), and patients with previous therapies for ITP less
than 3 (41.2 %, 7/17 patients). While factors predictive of
response to rituximab have not been consistently identified
across studies, shorter duration of ITP was reported to be
associated with good response from several studies [14, 15]
as we found in this study.

Exploratory efficacy endpoints

Peripheral blood B cells (CD20-positive cells and CD19-
positive cells) were significantly decreased at week 2
and subsequent time points compared with the baseline
(P < 0.001 for both parameters: signed rank sum test).
The median absolute B cell count at week 2 was <5 cells/
pL and persisted in low during the study. Transient but sig-
nificant decrease of peripheral blood T cells (CD3-positive
cells) was observed at weeks 2, 4, and 12, compared with
the baseline (P < 0.05, signed rank sum test); however, the
median value of absolute cell count of CD3-positive T cells
remain >790 cells/uL throughout the study.

Serum IgG levels were significantly increased at week
4 compared with the baseline (P = 0.023, signed rank sum
test), whereas IgM levels were significantly decreased at
weeks 12 and 24, compared with the baseline (P < 0.001,
signed rank sum test). These changes of serum IgG and
IgM, however, were within the normal range. Serum IgA
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Table 3 Subgroup analysis of

Sub,
the percentage of patients who Loeroups "

No. of patients who achieved %

Two-sided 95 % CI of the percentage

had achieved the platelet count
>50 x 10%/L at week 24 after

Duration of ITP (median: 5.9 years) (years)

462 (19.2,74.9)
154 (1.9,45.4)

273 (10.7,50.2)
500  (6.8,93.2)

60.0 (14.7,94.7)

administration of the study drug <39 13 6
>5.9 13 2
Had splenectomy
No 22 6
Yes 4 2
Had concomitant drugs for ITP at baseline
None 5 3
Yes 21 5

Baseline platelet count (/L)
<15 x 10° 6 2
>15%x10° 20 6

23.8 (8.2,47.2)

333 4.3,71.7)
30.0 (11.9, 54.3)

Previously received thrombopoietin receptor agonists

368  (16.3,61.6)
143 (0.4,57.9)

41.2 (18.4,67.1)

No 19 7
Yes 7 1
Number of previous therapies for ITP
<3 17 7
>3 9 1

111 (0.3,482)

levels were not significantly changed from the baseline
over 24-week study period.

Safety

Three serious adverse events required inpatient hospitaliza-
tion were reported in three patients: one patient with grade
3 viral infection, one with grade 2 viral infection and one
with grade 2 hypermenorrhea. All these three events recov-
ered by supportive treatment and the patients discharged
from the hospital in a week. The causal relationship of all
the serious adverse events with rituximab was not com-
pletely ruled out.

The other adverse drug reactions (ADRs) that
occurred in two or more patients were upper respira-
tory tract infection and headache in three patients each,
and diarrhea, abdominal pain, malaise, and cough in
two patients each. All these ADRs were grade 1 or 2 in
severity.

Infusion related reactions were observed in eight
patients and those that occured in two or more patients
were fever, oropharyngeal pain, headache, pruritus, urti-
caria, and hypersensitivity, all of which were grade 1 or 2
in severity. Infusion related reactions were most frequently
observed at the initial administration of rituximab (at week
0) among the injection-time points in the 4-dose study
drug regimen. None of patients had adverse events led
to discontinuation of the study drug, and no deaths were
reported in this study.

Discussion

The response rate of the primary efficacy endpoint in this
study, the percentage of patients with the platelet count
>50 x 10%/L at week 24 after the first administration of
rituximab, was 30.8 % (95 % CI 14.3-51.8 %), and failed
to meet the pre-determined statistical criteria of the lower
confidence limit of 20 %.

However, the efficacy of rituximab in patients with
chronic refractory ITP in this study is substantial when
compared with the modest response rate of 2 % (1/42
patients; 95 % CI 0, 12.6 %) in placebo group reported in
other clinical studies in patients with refractory ITP [13].
Also, as seen in the subgroup analysis, even heavily treated
patients with chronic refractory ITP in this study exhibited
moderate efficacy, with the platelet count >50 x 10°/L
at week 24, to rituximab as shown below: 50.0 % (2/4
patients) of patients who underwent splenectomy and
14.3 % (1/7 patients) of patients who previously received
thrombopoietin receptor agonists. This trend becomes
much clearer in this study when considering clinical ben-
efit to patients who are at risk of fatal bleeding (i.e., the
platelet count <30 x 109/L). As additional analysis, the
percentages of patients with the platelet count >30 x 10°/L
at week 24 after administration of the study drug were
evaluated, and rituximab then showed considerably high
effectiveness in a total of patients (57.7 %, 15/26 patients)
as well as patients previously heavily treated, who under-
went splenectomy (75.0 %, 3/4 patients) and who received
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thrombopoietin receptor agonists (71.4 %, 5/7 patients).
These lines of evidence suggest that rituximab can clini-
cally useful for the treatment of Japanese patients with
chronic refractory ITP.

The goal of treatment in ITP is to maintain the platelet
count which reduces the risk of bleeding while minimizing
treatment-related toxicity. To accomplish this goal, throm-
bopoietin receptor agonists are recently used. However,
thrombocytopenia usually recurring shortly after the drug
withdrawal is known as one of the drawbacks of these ago-
nists. Thus, these agents are indefinitely used to maintain
the platelet count to minimize bleeding [16]. In the sense,
this study showed that rituximab’s effect lasted longer after
completion of treatment; the platelet counts at all the time
points exceeded 30 x 10°/L until week 24 after the last
dose of the study drug at week 3.

Clinical significance of rituximab in patients with ITP
is still being investigated extensively outside Japan to posi-
tion the therapy at an alternative treatment for ITP prior to
splenectomy [15-18]. Although the details of study design
was varied from study to study in terms of target popula-
tion (e.g., newly diagnosed or relapsed ITP), concomitant
therapy (e.g., with or without steroids), dosage and admin-
istration of rituximab (e.g., 4-weekly 375 mg/m2 or 2-times
1000 mg 2 weeks apart), and endpoints of efficacy analysis,
rituximab commonly showed a clinically substantial effi-
cacy and well tolerability in patients with ITP. Especially,
several studies showed a clinically meaningful sustained
response to have a chance for sparing splenectomy [12,
18-23], supporting our results in this study. Regarding the
safety of rituximab, we observed severe adverse events in
three patients. Two had viral infection of unknown etiol-
ogy and one had hypermenorrhea. All three events were
resolved by supportive treatment and all patients were dis-
charged from hospital within a week of admission.

We, thus, conclude from the above-mentioned results
that rituximab is clinically useful and involves no particular
safety concerns in the treatment of Japanese patients with
chronic refractory ITP.
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Abstract The diagnosis of primary immune thrombocy-
topenia (ITP) is based on differential diagnosis. Although
the measurement of percentages of reticulated platelets
(RP%) by flow cytometry is useful as a supportive diag-
nostic test, this method is nonetheless a time-consuming,
laboratory-based assay. To identify alternative assays that
are useful in daily practice, we compared three methods in
parallel, IPF% measured by XE-2100 [IPF% (XE), Sysmex
Corp.], IPF% measured by new XN-1000 [IPF% (XN)],
and RP%. We examined 47 patients with primary ITP, 28
patients with aplastic thrombocytopenia (18 aplastic ane-
mia and 10 chemotherapy-induced thrombocytopenia) and
80 healthy controls. In a selected experiment, we examined
16 patients with paroxysmal nocturnal hemoglobinuria
(PNH) to examine the effect of hemolysis. As compared
with IPF% (XE), IPF% (XN) showed better within-run
reproducibility. The sensitivity and specificity for the diag-
nosis of ITP were 83.0 and 75.0 % for IPF% (XE), 85.1
and 89.3 % for IPF% (XN), and 93.6 and 89.3 % for RP%,
respectively. Examination of PNH patients revealed that
hemolysis and/or red blood cell fragments interfered with
IPF% (XE) values, but not with IFP % (XN) values. Our
results suggest that IPF% measured by XN-1000 may be of
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comparable value with RP% as a supportive diagnostic test
for ITP.

Keywords Immune thrombocytopenia - Reticulated
platelets - Differential diagnosis - Paroxysmal nocturnal
hemoglobinuria - Thrombopoietin

Introduction

Primary immune thrombocytopenia (ITP) is an autoim-
mune disease characterized by early platelet destruction
due to anti-platelet autoantibodies and slightly impaired
platelet production [1-3]. Despite recent advances in
understanding of its pathophysiology, the diagnosis of ITP
is still mainly based on differential diagnosis [4]. However,
it is sometimes very difficult to distinguish ITP from iso-
lated thrombocytopenia due to aplastic thrombocytopenic
disorders such as aplastic anemia (AA) and amegakaryo-
cytic thrombocytopenia. To resolve this issue, several lab-
oratory-based assays have been developed: detection of
anti-platelet autoantibodies, measurement of percentage
of reticulated platelets (RP%) and plasma thrombopoietin
(TPO) concentrations [3]. Regarding detection of platelet-
associated autoantibodies, it has been shown that its speci-
ficity for the diagnosis of ITP is very high (80-90 %) in
prospective studies. However, the drawback in this assay
is its relatively low sensitivity as well as being time-con-
suming, laboratory-based assay: platelet-associated anti-
GPIIb/IIIa and/or anti-GPIb/IX antibodies are detected in
only 51-55 % of ITP [5-7]. Alternatively, measurement
of RP% and plasma TPO concentrations is useful to dis-
tinguish between ITP and aplastic thrombocytopenic disor-
ders [8-10]. RPs are reported to be younger platelets (i.e.,
immature platelets) that have been released recently into
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the circulation and are probably analogous to reticulocytes
reflecting erythropoiesis. RPs can be distinguished from
mature platelets by their RNA contents using flow cytom-
etry with an RNA-binding fluorochrome, such as thiazole
orange, and RP% and absolute number of RPs are reflect-
ing platelet production and hence platelet turnover [11, 12].
In ITP patients RP% was markedly increased compared
with healthy controls, whereas RP% in patients with AA
or chemotherapy-induced thrombocytopenia (CIT) was
within normal range [10-12]. In contrast, plasma TPO lev-
els in ITP patients are within normal range or only slightly
increased, whereas those in patients with aplastic throm-
bocytopenic disorders are markedly increased [8—10].
Accordingly, Japanese ITP working group including us
proposed preliminary diagnostic criteria for ITP by incor-
porating anti-platelet autoantibody detection, RP%, and
plasma TPO level. In a multi-center prospective study, the
criteria showed high sensitivity and specificity for the diag-
nosis of ITP [13]. However, the method for the measure-
ment of RP% is nonetheless a time-consuming, laboratory-
based assay and has not been standardized yet.

We have been seeking alternative assays to measure
RP% that are useful in daily practice, although meas-
urement of RP% by flow cytometry is the gold standard
method. One candidate is measurement of percentage of
immature platelet fraction (IPF%) using Sysmex XE-2100
(or XE-5000) automated hematology analyzer (Sysmex
Corp., Kobe, Japan). This IPF% method becomes very
popular because of its convenience [14]. However, we pre-
viously demonstrated that IPF% measured by XE-2100
showed less sensitivity and specificity as compared to RP%
method to distinguish between ITP and AA patients [3, 15].
Thus, IPF% measured by XE-2100 was neither so accurate
nor satisfactory in daily practice. To improve the accuracy
of IPF% method, new generation analyzer, XN-1000 has
been developed and become commercially available. In this
study, we compared these three methods in parallel, IPF%
measured by XE-2100 [IPF% (XE)], IPF% measured by
XN-1000 [TPF% (XN)], and RP%, for their utility in dif-
ferential diagnosis between ITP and aplastic thrombocyto-
penia (AA and CIT). In addition, effects of hemolysis in
patients with paroxysmal nocturnal hemoglobinuria (PNH)
on IPF% (XE), IPF% (XN), and RP% were examined.

Materials and methods

Subjects

For a period of 6 months (October 2013 through March
2014) we examined 47 patients with primary ITP [9

males and 38 females, age 59 = 17 years, platelet count
57 + 34 x 10*/p] (mean + SD)], 28 patients with aplastic
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(or hypoplastic) thrombocytopenia [18 AA and 10 chemo-
therapy-induced thrombocytopenia (CIT)] [11 males and 17
females, age 50 + 15 years, platelet count 43 + 28 x 10%/
ul (mean =+ SD)], and 80 healthy controls [35 males and 45
females, age 34 & 12 years, platelet count 269 + 58 x 10%/
ul (mean + SD)]. Diagnosis of primary ITP and aplastic
anemia was based on reports from an international work-
ing group and International Agranulocytosis and Aplastic
Anemia Study group, respectively [4, 16]. With regard to
management of 47 patients with ITP, 19 patients managed
with observation alone, 14 patients mainly with predniso-
lone, 9 patients with TPO receptor agonist (TPORA) and
prednisolone, and 5 patients with TPORA only. Thus, 14
ITP patients treated with TPO receptor agonist such as
eltrombopag and romiplostim were included, and 12 of
these patients still showed thrombocytopenia less than
100 x 10%/ul. Patients with CIT include 6 patients with
AML, 2 patients with ALL, and 2 patients with MDS, and
samples were obtained on day 1 or day 2 for myeloabla-
tive allogeneic hematopoietic stem cell transplantation. We
obtained informed consent from all subjects, in accordance
with the declaration of Helsinki. This study was approved
by Osaka University Institutional Review Board.

In a selected experiment, we examined 16 patients with
PNH to investigate effects of hemolysis and/or fragmenta-
tion of red blood cells (RBC) on the measurement of IPF%
and RP%.

Measurement of RP%

RP% was measured as previously described with a slight
modification [15]. In brief, 15-ul aliquots of whole blood
anti-coagulated with ethylenediamineteraacetic  acid
(EDTA) were incubated with 5 pl of phycoerythrin-con-
jugated anti-CD42b monoclonal antibody (BD Pharmin-
gen, Tokyo, Japan) and 20 pl of 2 % paraformaldehyde for
15 min at room temperature. After adding 1 ml of thiazole
orange (Retic-COUNT; Becton—Dickinson, San Jose, CA,
USA) diluted to 8 times by phosphate-buffered saline, the
whole blood samples were centrifuged at 350 g for 30 s to
remove red blood cells, and then the platelet-rich suspen-
sions were incubated at room temperature for 90 min. RP%
was analyzed on a flow cytometer (FACScan, Becton—
Dickinson) by measuring 10,000 events in the CD42b-pos-
itive fraction. To exclude cell autofluorescence and instru-
ment background, platelet-rich suspension without thiazole
orange was prepared as a negative control for each sample.

Measurement of IPF% by Sysmex automated hematology
analyzer XE-2100 and XN-1000

EDTA-anti-coagulated whole blood samples were also
used to measure IPF% employing automated hematology
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Table1 Withinrun Sample Platelet count (10%/p) Number IPF (%) CV (%)

reproducibility for measuring

IPF% by XE-2100 and XE-2100

XN-1000 Control-1 312272 10 229+ 041 17.7
Control-2 339.8+£7.0 10 0.76 £ 0.13 16.9
Control-3 3369+ 6.8 10 1.76 £ 0.21 11.7
Control-4 256.8 £5.0 10 1.98 £ 0.21 10.6
ITP-1 378+ 1.8 10 8.97 £1.26 14.0
ITP-2 247+ 13 10 12.85 4+ 1.83 14.3

XN-1000

Control-1 2935+23 10 2.78 +0.07 2.7
Control-2 362.0+2.8 10 0.56 + 0.05 8.8
Control-3 3149 £25 10 1.76 £ 0.09 52
Control-4 2515+24 10 2.68 £0.16 6.0
ITP-1 37.4+05 10 11.84 £+ 0.60 5.0
ITP-2 20.5+038 10 13.40 £ 0.77 5.7

CV coefficient of variation

analyzer XE-2100 (XE, Sysmex) and the newer generation
analyzer, XN-1000 (XN, Sysmex). XE used polymethine
and oxazine to stain nucleic acid and RET-channel for the
measurement of IPF, whereas XN used only oxazine and
PLT-F channel to more accurately detect platelets and IPF
[17]. All samples were measured within 7 b of venesection.

Measurement of plasma TPO concentrations

Plasma TPO concentration was measured using an enzyme-
linked immunosorbent assay (ELISA) kit as previously
described (R & D Systems, Minneapolis, MN, USA) [10].

Statistical analysis

The differences between mean values were evaluated using
Student ¢ test and a p value less than 0.05 was considered
statistically significant. We analyzed sensitivity and speci-
ficity of IPF% (XE), IPF% (XN), and RP% for the diag-
nosis of ITP as previously described [10]. Constructed
receiver operating characteristics (ROC) curves were ana-
lyzed using GraphPad Prism (GraphPad Software Inc., La
Jolla, CA, USA).

Results
Within-run reproducibility

We first examined within-run reproducibility for IPF%
measurement in 4 control subjects and 2 ITP patients
employing XE and XN in parallel. Each sample was
measured 10 times, and mean intra-assay coefficients
of variation [CV(%)] for these samples were 14.2 £+ 2.8

and 5.6 £ 2.0 % for XE and XN, respectively (p < 0.001)
(Table 1).

IPF%, RP%, and plasma TPO levels in thrombocyto-
penic disorders due to either accelerated platelet destruc-
tion or deficient platelet production.

We examined 47 patients with ITP as a thrombocy-
topenic disorder due to early platelet destruction and 18
patients with aplastic anemia and 10 patient with CIT as
aplastic (or hypoplastic) thrombocytopenic disorders.
IPF% values obtained from 80 control subjects were
2.5+ 1.3 and 2.2 &+ 1.2 % (mean =+ SD) for XE and XN,
respectively. As we defined an upper limit for healthy con-
trol subjects as mean + 3SD in this study, the upper lim-
its were 6.4 and 5.8 % for XE and XN, respectively. RP%
value obtained from 80 control subjects measured by flow
cytometry was 4.8 £ 1.1 % (mean == SD) and its upper limit
of reference range was defined as 8.1 % (mean + 3SD).

Figure 1 shows correlations between IPF% (XE), IPF%
(XN), and RP%. Good linear correlation between IPF% (XE)
and IPF% (XN) was obtained (r = 0.94), whereas only mod-
erate correlation between RP% and IPF% (XE) (r = 0.72) or
IPF% (XN) (r = 0.71) was obtained. IPF and RPs were meas-
ured with oxazine and thiazole orange, respectively, and they
were thought to be equivalent. However, our data suggested
that IPF and RPs were similar, but not quantitatively identi-
cal. Next, we examined the sensitivity and specificity of IPF%
and RP% to distinguish ITP from AA/CIT. There was no
significant difference in platelets count between two groups
(57 + 34 x 10%ul for ITP, 43 + 28 x 10%ul for AA/CIT).
Figure 2 shows IPF% (XE), IPF% (XN) and RP% in ITP
patients and AA/CIT patients. As expected, IPF% (XE), IPF%
(XN) and RP% showed clear difference between ITP and AA/
CIT. However, elevated values were detected in 83.0, 85.1,
and 93.6 % of ITP measured by IPF% (XE), IPF% (XN) and
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Fig. 1 Correlations between IPF% (XE-2100), IPF% (XN-1000), and RP% by flow cytometry. a IPF% (XE-2100) versus IPF% (XN-1000), b

RP% versus IPF% (XE-2100), and ¢ RP% versus IPF% (XN-1000)
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Fig. 2 IPF% (XE-2100) (a), IPF% (XN-1000) (b), and RP% (c) in
healthy controls, patients with primary immune thrombocytopenia
(ITP), and patients with aplastic anemia (AA) or chemotherapy-

RP%, respectively. In sharp contrast, the elevated values were
detected in 25.0, 10.7, and 10.7 % of AA/CIT by IPF% (XE),
IPF% (XN) and RP%, respectively (Fig. 2). As compared with
IPF% (XN) and RP%, IPF% measured by XE-2100 appeared
to be less frequently elevated in ITP and much frequently ele-
vated in AA/CIT. Thus, the sensitivity and specificity of the
elevation of IPF% or RP% for the diagnosis of ITP were 83.0
and 75.0 % for IPF% (XE), 85.1 and 89.3 % for IPF% (XN),
and 93.6 and 89.3 % for RP%, respectively (Table 2).

In parallel we measured plasma TPO concentration in each
sample, which further confirmed the diagnosis (Fig. 3). TPO
levels obtained from 80 control subjects were 16.3 == 21.8 pg/
ml (mean + SD), and the upper limit of reference range for
TPO was 81.7 pg/ml (mean + 3SD). Patients with AA/CIT
showed markedly increased plasma TPO levels, whereas
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normal

ITP AA+CIT

normal range

normal [TP

AA+CIT

induced thrombocytopenia (CIT). Shaded area indicates normal
range (mean =% 3SD obtained from 80 healthy controls)

patients with ITP showed normal or modestly increased
TPO levels. In addition, we measured mean platelet volume
(MPV) for ITP and AA/CIT. However, MPV could be meas-
ured by XN-1000 in only 28 out of 47 ITP patients, probably
because of abnormal size distribution of platelet volume in
ITP. Nonetheless, MPVs for ITP (12.5 &+ 1.0 fl, n = 28) were
significantly larger than 80 controls (10.5 £ 1.0 fl, p < 0.001)
and 23 AA/CIT (10.7 £ 0.9 fl, p < 0.001).

Receiver operating characteristic (ROC) analysis

ROC curves were constructed for the sensitivity and speci-
ficity of the differential diagnosis of ITP from AA/CIT
patients, and IPF% (XE), IPF% (XN), and RP% data were
analyzed separately. ROC curve for IPF% (XE), IPF%
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Table 2 Sensitivity, specificity, and predictive values of IPF% (XE),
IPF% (XN), and RP% for the diagnosis of ITP

Sensitivity (%) Specificity (%) Predictive value
(%)

Positive Negative

Upper panel includes ITP patients treated with TPORA
(total 47 ITP patients)

IPF% 83.0 75.0 84.8 724
(XE-2100)

IPF% 85.1 89.3 93.0 78.1
(XN-1000)

RP% 93.6 89.3 93.6 89.3

Lower panel excludes ITP patients treated with TPORA
(total 33 ITP patients)

IPF% 78.8 75.0 78.8 75.0
(XE-2100)

IPF% 81.8 89.3 90.0 80.6
(XN-1000)

RP% 90.9 89.3 90.9 89.3

(XN), and RP% showed area under curve (AUC) of 0.863,
0.956, and 0.959, respectively (Fig. 4).

IPF% and RP% in patients with PNH

To examine effects of hemolysis on the measurement
of IPF% and RP% we examined patients with PNH. Ten
patients out of 16 PNH patients were treated with eculi-
zumab, a humanized monoclonal antibody against terminal
complement protein C5 that inhibits terminal complement
activation. As shown in Fig. 5, 6 PNH patients showed
elevated IPF% (XE), whereas none and only two patients
showed elevated IPF% (XN) and RP%, respectively. Five
out of 6 PNH patients with elevated IPF% (XE) were
treated with eculizumab, suggesting active hemolysis may
interfere with the measurement of IPF% by XE-2100.

Discussion

Recent in vivo vital imaging as well as biochemical and
genetic approaches have revealed the mechanism of platelet
production (thrombopoiesis) from mature megakaryocytes.
Mature megakaryocytes localized in bone marrow sinu-
soids extend proplatelets into the lumen of the sinusoids,
and then new platelets are shed as fragments from the tips
of intravascular proplatelets [18, 19], and newly produced
platelets can be distinguished from mature platelets by their
content of RNA as RPs by flow cytometry [20]. Despite our
progress in understanding of pathophysiology of ITP as
well as mechanism of thrombopoiesis, diagnosis of ITP has
been still based on differential diagnosis [1-3].
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Fig.3 Plasma thrombopoietin (TPO) levels in healthy controls,
patients with ITP, and patients with AA/CIT. Patients with AA/CIT
showed markedly increased plasma TPO levels, whereas patients with
ITP showed normal or modestly increased TPO levels
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Fig. 4 Receiver operating characteristic (ROC) analysis. ROC curves
were constructed for the sensitivity and specificity of the differential
diagnosis of ITP from AA/CIT patients. ROC curve for IPF% (XE-
2100), IPF% (XN-1000), and RP% showed area under curve (AUC)
of 0.863, 0.956, and 0.959, respectively
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Fig. 5 IPF% (XE-2100) (a), IPF% (XN-1000) (b), and RP% (c) in patients with PNH. Shaded area indicates normal range (mean =+ 3SD

obtained from 80 healthy controls)

Several laboratory-based tests, detection of platelet-
associated autoantibodies, measurement of RP% and
plasma TPO level, could be useful for the diagnosis of ITP
[10]. However, the measurement of RP% is laboratory-
based assay, and not used in daily practice yet. In addition,
methods for RP% measurement have not been standard-
ized. High concentrations of thiazole orange as well as
longer incubation time, more than 2.5 h, induced dramati-
cally higher fluorescence intensities, probably due to pen-
etration of the dye into the dense granules [20]. Accord-
ingly, we used 8-times-diluted thiazole orange and shorter
incubation time (90 min) to measure RP%. To examine the
reliability of automated hematology analyzer-based IPF%
method for the differential diagnosis of ITP, we compared
IPF% (XE), IPF% (XN), and RP% in parallel. Platelets
were precisely monitored by anti-CD42b antibody and
10,000 events were analyzed even under thrombocytopenic
conditions in the RP% method, but not in IPF% (XE) or
IPF% (XN). However, in the new XN series a novel PLT-F
channel was introduced to more specifically gate platelets
than in XE series [17, 20]. Actually, we confirmed that
data obtained by XN-1000 were much more accurate than
XE-2100 regarding within-run reproducibility.

We examined the correlation between IPF% (XE), IPF%
(XN), and RP%. Excellent correlation between IPF% (XE)
and IPF% (XN) was obtained, while only moderate cor-
relation even between RP% and IPF% (XN) existed. The
difference between IPF% and RP% is probably caused by
the difference in the fluorescent dyes: oxazine and thiazole
orange. Our data first revealed that IFP % (XN) values and
RP% values were moderately related, but not quantitatively
identical.

In a selected experiment we examined samples obtained
from PNH patients, since in XE-2100 RBC fraction and
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platelet fraction were relatively close each other and both
polymethine and oxazine were used as fluorescent dyes. As
expected, hemolysis and/or RBC fragments interfered with
IPF% (XE) values and 6 out of 16 PNH samples showed
elevated IPF% (XE) values. However, none and two sam-
ples showed elevated IFP % (XN) and RP%, respectively.
In contrast to XE series employing both polymethine and
oxazine as fluorescent dyes to measure reticulocytes and
immature platelets, XN-1000 employs only oxazine to
measure immature platelets more specifically. In addition,
the novel PLT-F channel enables us to more accurately dif-
ferentiate platelets from other cells and interfering particles
such as RBC fragments than XE series [21]. The false posi-
tive results in IPF% (XE) may be partially caused by non-
specific binding of polymethine to RBC fragments. These
data suggested that influence of hemolysis and/or RBC
fragmentation was only minimal on measurement of IPF%
by XN-1000 as well as RP% by flow cytometry.

We then compared the sensitivity and specificity of
IPF% (XE), IPF% (XN), and RP% for the differential
diagnosis between ITP and AA/CIT. There were clear dif-
ferences in plasma TPO levels between ITP and AA/CIT.
We confirmed our previous data that IPF% (XE) showed
less sensitivity and specificity (83.0 and 78.6 %, respec-
tively) as compared with RP% (93.6 and 89.3 %, respec-
tively) [15]. In sharp contrast, IPF% by XN-1000 showed
comparable sensitivity and specificity (85.1 and 92.9 %,
respectively) with RP%. The sensitivity and specificity of
IPF% (XE) was relatively high as compared with our previ-
ous study (sensitivity 67 %, specificity 63 %). This differ-
ence is probably due to the inclusion of ITP patients treated
with TPORA in this study, because TPORA effectively
increased the absolute number of RPs (and IPF) and main-
tained elevated RP% (and IPF%) even after improvement



