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intolerant patients (61.8 %), and the refractory patients
reached a response quicker than the intolerant patients
(92.0 vs. 124 days, respectively). Both these phenomena
could be related to the fact that the refractory patients
received a higher median daily dose of anagrelide com-
pared with the intolerant patients (2.622 vs. 1.695 mg/day).
It is also interesting to note that up-titration of anagrelide
was more pronounced in the refractory patients compared
with the intolerant patients, thus possibly explaining the
more rapid time to response in this patient group. However,
no firm conclusions can be made due to the small numbers
of patients in each of the subgroups.

The most frequently reported TEAEs in this study were
anemia, headache, palpitations, and diarrhea. These are all
commonly or very commonly reported anagrelide-related
adverse reactions according to the European SPC [6] and
US prescribing information [10], and are consistent with
the results from the recent Phase I/II study in treatment-
naive Japanese patients with ET [9] and a post-marketing
surveillance study in Korea [13]. There were two events of
cerebral infarction, and one event of lacunar infarction on
the study, which were possibly related to the thrombotic
events that underlie the pathophysiological process of ET.
The rate of withdrawal due to an AE observed in this study
(15.1 %) is comparable to that reported in the PT-1
272 %) and ANAHYDRET (5.7 %) trials [11, 12];
however, discontinuation definitions differ between
studies.

In the present study, 45.3 % of patients entered the study
with a history of anemia, and mean baseline levels of
hemoglobin were relatively low (12.1 g/dL). This could be
due to a number of factors including diet-related iron
deficiency, which has been recognized in Japanese indi-
viduals [14], and it is also known that patients receiving
long-term HC can experience anemia, due to its myelo-
suppressive effects [15]. TEAEs of anemia were reported
in almost half [25/53 (47.2 %)] of the patients in the cur-
rent study, but all cases were either considered mild or
moderate in severity. Mean hemoglobin levels at the end of
the study were 10.7 g/dL, representing a change from
baseline of —1.4 g/dL.. Anemia is a common side effect of
anagrelide use (affecting 1-10 users in 100 [6]). Similar
incidences of anemia have been reported in treatment-naive
Japanese patients with ET [5/12 (41.7 %)] [9]. However, in
two previous, large-scale anagrelide studies in non-Japa-
nese patients with ET, the incidence of anemia was
reported at 9.0 % [11] and 7.9 % (iron-deficiency anemia
and other anemia [12]). While the reasons for the high
incidence of anemia reported in the current study are not
fully understood, it can be hypothesized that several factors
may have influenced this phenomenon, including the fact
that no specific criteria for diagnosing anemia were

included in the study protocol, and such AEs were only
based on investigators’ judgment.

Patients were treated in accordance with the European
SPC for anagrelide [6] and received an initial starting dose
of 1.0 mg/day for 1 week, divided into two separate doses
of 0.5 mg. Doses were then fitrated thereafter in order to
find the clinically effective dose for each patient. In this
study, the median daily dose was 1.90 mg/day (range
0.58~5.48 mg/day), which is within the European SPC [6]
and the US prescribing information (for adult patients with
thrombocythemia, secondary to myeloproliferative disor-
ders) [10] recommended maintenance doses (1-3 and
1.5-3 mg/day, respectively). The median daily dose
observed in this study is also similar to the dose reported in
the recent Evaluation of Xagrid Efficacy and Long-term
Safety (EXELS) study in Europe (1.5 mg/day) [16, 17].
The dosing observed in this present study further supports
evidence from a previous study in treatment-naive patients
with ET [9] that Japanese-specific anagrelide dosing regi-
mens are not required.

There was a broad range of anagrelide doses adminis-
tered in the present study (0.5-7.0 mg/day). These are
similar to those reported in the previous Japanese stady in
treatment-naive patients with ET (0.5-5.5 mg/day) [9] and
the EXELS European study (0.5-6.0 mg/day) [17]. These
results indicate that individualized treatment regimens are
required to ensure each patient receives the lowest effective
dosage required to reduce and maintain platelet counts.

A limitation of the present study is that a comparator
arm was not included because there was no approved
second-line treatment for ET in Japan. This limits our
ability to draw firm conclusions regarding our results;
however, overall these data are in line with previously
reported data from Caucasian patients and support the use
of anagrelide in Japanese patients with ET. In addition,
although a diagnosis of ET according to the WHO criteria
was required for enrollment on the study, it was not re-
confirmed at study entry, i.e. further bone biopsies were not
carried out as it was considered too burdensome for the
patient.

In conclusion, these data demonstrate that anagrelide
effectively reduces platelet counts in high-risk Japanese
patients with ET who are intolerant or refractory to their
previous CRT, supporting the use of anagrelide as a sec-
ond-line therapy for ET in this patient population. Dosing
of anagrelide was comparable to previous studies of Cau-
casian patients, although it should be noted that individu-
alized dosing is required to ensure patients achieve a
maximum platelet response at the lowest effective dose.
Anagrelide’s safety profile in Japanese patients is consis-
tent with the FEuropean SPC and US prescribing
information.
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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% (XIN)],
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 TPF% measured by XIN-1000 may be of
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comparable value with RP% as a supportive diagnostic test
for ITP.
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platelets - Differential diagnosis - Paroxysmal nocturnal
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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/IIa 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 [IPF% (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 103/|L1 (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%
pl (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 ul 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



IPF% as a supportive diagnostic test for ITP

Table 1 Within-run

s . Sample Platelet count (10%ul) Number IPF (%) CV (%)
reproducibility for measuring
IPF% by XE-2100 and XE-2100
AN-1000 Control-1 3122472 10 2.29 £ 041 17.7
Control-2 339.8 7.0 10 0.76 £ 0,13 16.9
Control-3 336.9 £ 6.8 10 1.76 = 0.21 1.7
Control-4 256.8 4 5.0 10 1.98 4021 10.6
1TP-1 37.8 4+ 1.8 10 8.97 4 1.26 14.0
ITp-2 247413 10 12.85 £ 1.83 14.3
XN-1000
Control-1 293.5 2.3 10 2.78 £ 0.07 2.7
Control-2 362.0 2.8 10 0.56 - 0.05 8.8
Control-3 314.9 £2.5 10 1.76 = 0.09 52
Control-4 2515+ 24 10 2.68 & 0.16 6.0
ITp-1 374105 10 11.84 4 0.60 5.0
1TP-2 20.5 £ 0.8 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 h 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 4 1.3 and 2.2 + 1.2 % (mean 4= 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 | shows correlations between IPF% (XE), IPF%
(XN), and RP%. Good linear correlation between IPF% (XE)
and IPF% (XIN) 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 4 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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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 i, p < 0.001)
and 23 AA/CIT (10.7 £ 0.9 1, 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 I'TP

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

Positive Negative

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

1PE% 83.0 75.0 84.8 72.4
(XE-2100)

IPF% 85.1 89.3 93.0 78.1
(XN-1000)

RP% 93.6 §9.3 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].

P<0.001
P<0.05 P<0.001
2500
X
X
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X
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X
i x
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oo
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%
1000 X
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x
KX
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A x
500 -

normal ITP AA+CIT

normal range

Fig. 3 Plasma thrombopoictin (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

ITP vs AA+CIT
-~ RP%
= XN1000
e XE2100
20
0 ‘l L] L) ¥ ¥
o o w & & \@

100% - Specificity%

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

@_ Springer

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 XWN-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
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of thrombocytopenia [14]. In fact, exclusion of 14 ITP
patients treated with TPORA led to the decrease in the sen-
sitivity of these assays [IPF% (XE) 78.8 %, IPF% (XN)
81.8 %, and RP% 90.9 %] (Table 2). ROC curve for IPF%
(XE), IPF% (XN), and RP% showed area under curve
(AUC) of 0.86, 0.96, and 0.96, respectively, indicating
that IPF% measured by XN-1000 may be comparable with
RP% by flow cytometry.

In summary, the data obtained from our study suggested
that IPF% measured by XN-1000 may be of comparable
value with RP% as a supportive diagnostic test in distin-
guishing between thrombocytopenic disorders due to early
platelet destruction such as ITP and aplastic thrombocyto-
penic disorders such as aplastic anemia. In addition, auto-
mated hematology analyzer is easy to handle and suitable
for daily practice. Limitation of our study is that we exam-
ined patients with definitive diagnosis from single institute.
Multi-center prospective study would be necessary to fur-
ther confirm our data.
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otide (ASO) primers for individual immunoglob

was performed using several sources of cli
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population in bone marrow, as well as cell-free

patient-specific, allele-specific oligonucle-
'VDJ region (ASO-PCR) amplification

material, incloding mRNA from peripheral

BMMNCs), and the CD20°CD38~ B-cell
A from the sera of patients with multiple

myeloma (MM). We designed the ASO primers and produced sufficient PCR fragments to
evaluate tumor burden in 20 of 30 bone marrow samples at diagnosis. Polymerase chain

reaction amplification efficiency de|
ASO-PCR fragments did not correl:
PCR levels in BMMNCs showe
and CD20*CD38™ B-cells. The good
cated that PBMNCs could b
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ble source for monitoring minimal residual disease
ASO-PCR levels showed a unique pattern and remained
e the sequence information for each ASO-PCR product
he. cell-free DNA might also be useful for evaluating MRD.
ducts were clearly detected in 17 of 22 mRNA samples from
gesting that MM clones might exist in relatively earlier stages
Thus, ASO-PCR analysis using various clinical materials is use-
M patients as well as for clarifying MM pathogenesis.
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hematopoietic stem cell transplantation, along with novel
therapeutic agents, such as proteasome inhibitors and
immunomodulatory drugs, increases response rates and
extent of responses, the prognosis for MM patients has
improved dramatically {1.,2]. Nonetheless, most patients
eventually relapse or develop progressive phases, which
suggests the survival of malignant cells with proliferative
capacity even after administration of those powerful regi-
mens [3]. Improving treatment response and survival for
MM patients requires evaluating and monitoring minimal
residual disease (MRD) during treatment [4,5]. Among
methods for MRD evaluation in MM patients, polymerase
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chain reaction (PCR) with patient-specific allele-specific
oligonucleotide (ASO) primers for individual immuno-
globulin H (IgH) VDI regions (ASO-PCR) is considered
the most sensitive [0,7]. Although previous reports have
described measuring MRD with ASO-PCR, they usually
involved analysis of BM cells by qualitative or semiquanti-
tative methods [8,9],

In this study, we quantified ASO-PCR products using pe-
ripheral blood mononuclear cells (PBMNCs) as well as BM
mononuclear cells (BMMNCs). In addition, we quantified
ASO-PCR products for mRNA from CD20"38" B-cells
in BM to examine whether clonogenic cells are present in
a relatively earlier B-cell fraction; we also quantified cell-
free DNA from the sera to examine whether DNA frag-
ments from MM cells are present in peripheral blood.

Materials and methods

Patients and samples

This study was performed according to the guidelines of the

ethical committee of Osaka University Hospital and was approved

by the Institutional Review Board of Osaka University Hospital
Q2 and 19 related hospitals (HANDAI Clinical Blood Club). We

analyzed 30 MM cases registered from December, 2011, until

November, 2012. All patients gave written, informed consent for
the molecular analysis. Remission status and disease progressi
were defined according to the International Myeloma Worki:

Group criteria [10], with the only exception being that complete ™
remission (CR) was not confirmed by BM biopsy. Fluoreséence.

in situ hybridization analysis of t(4;14), t(11;14), t(14;16), and
del(17p13) for BM-derived interphase cells was perforrned gl

Design of a sense primer for detection of a speczﬁc
immunoglobulin H VDJ region
The mononuclear cells were separated from the BM of MM
patients at diagnosis. The CD38"£"CD20~ BMMNCs were sorted

berg, Germany). Genomic DNA was extract
CD38"#"CD20~ BMMNCs using the QIAGE!

mer (5'-CTTACCT
. The amplified
PCR fragments were sequenced Ba‘ on“each sequence, each
patient’s ASO primers were i 1y designed according to
the methods described by van der Velden et al. {11].

Preparation of standard samples for real-time polymerase
chain reaction Figel
DNA from CD38"2"CD20™ BMMNCs of each patient was ampli-
fied using each specific IgH VDIJ region primer and a consensus
probe corresponding to the JH region. Subsequently, the PCR
products were incorporated into the PCR 2.1-TOPO vector
(TOPO TA Cloning Kit, Life Technologies, Grand Island, NY),
and sequence analysis was carried out to confirm whether the
insert carried the target sequence. These plasmids were used as
templates to draw each standard curve.

Extraction of mRNA from bone marrow and peripheral blood
mononuclear cells and CD20"CD38" B-cells and of cell-free
DNA from patient sera

The mRNA was extracted from MM patient BMMNCs, PBMNCs,
and CD20%38~ B-cells using the QIAGEN RNeasy Mini Kit
(QIAGEN) at diagnosis, as well as at the follow-up time points
(6 months [6mo] and 12 months [12mo] after the start of the treat-
ment), DNA was extracted from the sera of the patients at the same
time using the WAKO DNA Extractor SP kit (Wako Pure Chem-
ical Industries, Osaka Japan).

Real-time quantztatwe polymerase chain reaction of the IgH
gene

After mRNA was rwersed lranscnbed into ¢cDNA using M-MLV
Reverse Transcmpta%e (foe Technologies), real-time reverse tran-
scription PCR (RT- PCR) was performed on a Takara PCR Thermal
Cycler chq (Taka;;a, Shiga, Japan) according to the protocol
described below.. The pairs of primers used for the quantification

org). dnd JH 3 (03 p.mol/L 5 -CTTACCTGAGGAGACGGT
( »3’ ). The primer pairs for the quantification of B-actin
mRNA as an internal control were ACF (0.3 umol/L; 5'-TGGA

ATCCGCAAAGACCTG 3') and ACR (03 umol/L; 5'- AAG

ditions for real-time RT-PCR were as follows: 95°C for 30 sec, 40
cycles of 95°C for 5 sec, 60°C for 30 sec, and 72°C for 30 sec.
alues for TgH mRNA/B-actin mRNA (IgH/B-actin) were consid-
ered to indicate the real-time RT-PCR product levels (ASO-PCR

7 levels). We confirmed that the sequences of the ASO-PCR prod-

ucts of interest from BMMNCs, PBMNCs, CD207CD38™ B-cells,
and cell-free DNA were identical to the originally designed
versions.

Intra-assay precision of quantitative real-time reverse
transcription polymerase chain reaction

Intra-assay precision of real-time RT-PCR was evaluated with 10
replicates of the plasmid. Plasmid was subjected to seven phases
of dilution, from 9.81 x 10° copies to 9.81 x 10° copies, then
measured 10 times each. For example, in the case of patient #8, Q3
the variation coefficients for the Ct values were 1.06% for 9.81
x 10° copies, 1.01% for 9.81 x 10° copies, 0.66% for 9.81 x
10* copies, 0.89% for 9.81 x 107 copies, 0.86% for 9.81 x 107
copies, 1.12% for 9.81 x 10' copies, and 2.09% for 9.81 x 10°
copies.

Limit of detection of quantitative real-time reverse

transcription polymerase chain reaction

The smallest plasmid copy number was measured 10 times, and
the minimal copy number detected by real-time RT-PCR was
calculated by Ct applied to a standard curve. The resulting sensi-
tivity was 9.81 copies.

Statistical analysis

To examine the correlations of the IgH/B-actin levels in BMMNCs
with the ASO-PCR products in various clinical materials, as
well as M-protein and percent of BM plasma cells, we performed
univariate regression analysis and calculated the corresponding
Spearman’s correlation. An effect was always considered to be

EXPHEM3224 proof & 11-2-2015 16-53-29
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Table 1. Patient characteristics

n =130

Median age (range) 64.5 (36-83)
Sex

M 16 (53.3%)

F 14 (46.7%)
Type

IgG 18 (60%)

IgA 7 (23.3%)

BIP 5 (16.7%)
ISS

I 7 (23.3%)

I 9 (30%)

i1l 14 (46.7%)
Abnormal cytogenetics

t(4;14) 4 (13.3%)

t(11;14) 4 (13.3%)

t(14;16) 1 (3.3%)

del(17p13) 2 (6.7%)
Best response (n = 23)

CR 4 (17.4%)

VGPR 9 (39.1%)

PR 6 (26.1%)

SD 4 (17.4%)

ISS = International Staging System; SD = stable disease.

statistically significant if the p value of its corresponding statistic
test was smaller than 0.05. For the statistical analysis, R versio;

A diagnosis B
IgH/B-actin

Results

Patient characteristics

A summary of patient characteristics is given in Table 1,
and all patient data are shown in Supplementary Table E2
(online only, available at www.exphem.org). Thirty patients
with MM (7 with stage I, 9 with stage II, and 14 with stage
I, according to the International Staging System [10})
were enrolled in this study. The median age in this cohort
was 64.5 years (range = 36-83); the ratio of men to women
was 16:14; and the numbers of 1gG-, IgA-, and Bence Jones
protein (BJP)-type-patients were 18, 7, and 5, respectively
(Table 1). The status of cytogenetic abnormality by fluores-
cent in situ ization was established in 4 for t(4;14), 4

ood partial response (VGPR), 6 showed par-
e (PR), and 4 remained in stable disease during

Comp rison of the IgH/B-actin values in between bone
row and peripheral blood mononuclear cells

alues for IgH/B-actin (ASO-PCR values) in BMMNCs
aried from 10™° to 10> at diagnosis (Fig. 1A); therefore,
he “efficiency of amplification by ASO-PCR seemed to
pend on the designed primer sequences. This possibility
was in part supported by the fact that the ASO-PCR levels

6mo C [2mo

100

10

1

0.1

0.01

1E-03

1E-04

1E-05
18-06
1807

1E-08

1E-09

IE-10

1E-11
BMMNCs PBMNCs

BMMNCs PBMNCs

BMMNCs PBMNCs

Figure 1. Comparison of IgH/B-actin values in between BMMNCs and PBMNCs. IgH/B-actin values in both BMMNCs and PBMNCs from each patient at
diagnosis, at 6mo, and at 12mo are shown. Total RNA was prepared from BMMNCs and PBMNCs at (A) diagnosis, (B) 6mo, and (C) 12mo, and subjected to
ASO-PCR with patient-specific designed primers. We also measured B-actin mRNA levels for each sample, and the IgH/B-actin values were considered to

indicate ASO-PCR product levels.
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Table 2. Correlation of the IgH/f-actin levels in BMMNCs with several
biomarkers at diagnosis, 6mo, and 12mo

Variable (reference or unit) Coefficient 95% C1 p value
Diagnosis
IgH/B-actin (PBMNCs) 0.98 0.69-1.26 <0.001
IgH/DNA (cell-free DNA) 0.81 ~0.10-1.71 0.078
IgH/B-actin (CD20CD387) 1.35 0.81-1.89 <0.001
Serum IgG 0.56 ~2.99-4.10 0.740
Serum [gA —~4,37 —-19,15-10.41 0.458
% plasma cells -2.06 ~6,13-2.02 0.304
6mo
IgH/B-actin (PBMNCs) 0.83 0.15-1.51 0.020
IgH/DNA (cell-free DNA) 0.76 -0.36-1.89 0.169
Serum [gG 1.47 —1.34-4.27 0.280
Serum IgA -1.03 ~16.43-14.37 0.845
% plasma cells 1.32 ~0.28-2.91 0.100
12mo
IgH/B-actin (PBMNCs) 1.90 0.96-2.84 0.001
IgH/DNA (cell-free DNA) (.05 ~1.53-1.43 0.942
Serum IgG 2.75 ~0.34-5.83 0.076
Serum IgA 9,93 —4.71-24.58 0.120
% plasma cells 2.15 ~3,77-8.08 0.427

CI = Confidence interval.
All p values obtained by univariate regression analysis (R version 3.0.2).

in BMMNCs correlated with those in PBMNCs, but not
to the percent of plasma cells in BM or the values fo

M-protein (Table 2).

The ASO-PCR levels in PBMNCs from most of the pa—

tients rapidly decreased after treatment. At all time pon}ts,/

the ASO-PCR levels in PBMNCs were lower than those in:

BMMNC s (Fig. |; Supplementary Table E2; onli
available at www.exphem.org).
The IgH/B—actm levels m PBMNCS showedf

and 12mo (Spearman s p = 1 90 p =
Therefore, ASO-PCR using PBMNCs as well as BMMNCS

is likely to be suitable for MRD evaluation: The ASO-PCR
levels in BMMNCs did not correlate with either serum M
protein (IgG and IgA) levels or the. percent of plasma cells
in BM (Fig. 2; Table 2).
Comparing the kinetics »H/B actin levels in
BMMNCs and PBMNCs and M:protein levels, Figure 3
shows those in representativ nts achieving VGPR or
CR whose ASO-PCR values more than 107° at each
,,,,,, diagnosis. It is noteworthy

that the IgH/B-actin ]evels were decreased after treatment
and reflected tumor burden well individually. In addition,
the ASO-PCR products from BMMNC samples could
be evaluated even when M-protein was not detected.
The changes of ASO-PCR levels were more than those of
M-protein levels in almost all cases, which means ASO-
PCR kinetics are more sensitive to treatment effectiveness
than M-protein kinetics. Interestingly, in one case (#3),
ASO-PCR kinetics were almost the same as M-protein

kinetics, which might indicate treatment refractoriness
(Fig. 3B).

The patient-specific ASO primers could be designed in
25 cases, but not in 3 BIP-type cases or 2 IgG-type cases.
One BM sample (#6) at diagnosis was insufficient, and
no PCR product was detected. Two sets (#28 and #29) of
the designed ASO primers failed to amplify the PCR prod-
uets, and the standard curves were not drawn. In addition,
the IgH/B-actin values for two patients (#12 and #19)
were somewhat too .low to evaluate. Therefore, we
could design the PCR primers and quantify the ASO-PCR
products in 20 of 30 BMMNC samples at diagnosis
(bupplwﬂmtary iablc 122, online only, available at www.
exphem.org).

Quantiﬁcation of ?IgH gene fragments in cell-free DNA
Jrom the sera -

We were able to detect patient-specific [gH DNA sequences
in cellsfree:DNA extracted from the sera and quantify the
ASO-PCR products. The ASO-PCR values in cell-free
DNA"were obtained in 18 cases at diagnosis, but not in 2

_at diagnosis, 3 at 6mo, and 4 at 12mo. The changes in
“ASO=PCR levels in cell-free DNA over the clinical course

dxifered from those of BMMNCs and PBMNCs (Table 2);
loma cell-derived JgH DNA fragments in the sera
stayed at similar levels and sometimes increased during
treatment. Of importance, the sequences of the ASO-PCR

" products were identical to the originally designed sequence,

suggesting that detection of the ASO-PCR products in cell-
free DNA could reflect the persistence of myeloma cells
somewhere in the body. Therefore, ASO-PCR using cell-
free DNA is likely to have different significance from
that using BMMNCs and PBMNCs.

ASO-PCR products for mRNA in CD20"CD38™ B-cells

in bone marrow

The ASO-PCR products for CD20*CD38~ B-cells in BM
were relatively low, but were clearly detected, in 17 cases
at diagnosis, whereas we could not detect them in 5 cases.
The IgH/B-actin levels in CD20"CD38~ B-cells in BM
correlated with values for IgH/B-actin both in BMMNCs
(Spearman’s p = 1.35, p < 0.001; Table 2) and in
PBMNCs (Spearman’s p = 1.09, p < 0.001; data not
shown). Thus, the evaluation of relatively earlier B-cell
stages of myeloma cells seems to be of importance,
including for the possible existence of MM clones in the
CD20™"CD38~ B-cell population in BM.

Discussion

We quantified the PCR products of patient-specific IgH
VDJ fragments in mRNA from PBMNCs, BMMNCs, and
BM CD207CD38™ B-cells, as well as of cell-free DNA
from the sera. All raw data are shown in a Supplementary
Table E2 (online only, available at www.exphem.org).
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Figure 2. Univariate regression analysis of IgH/B-actin (B
for univariate regression analysis (R version 3.0.2). Closed ¢
actin (CD207CD387), ASO-PCR (cell-free DNA), M-

tecting MRD
problem is
the cost of designing patient-specifi imers. The
other is a failure to design primers because of the lack of
clonal targets for amplification { exapplied this PCR
method in 20 out of 30 cases, almost the:same rate as pre-
vious reports [8]. In our cases, we © iled to design the
patient’s ASO primers and/or measure the PCR products in
some BIP-type patients. We do:not know the reason for this
failure, which was not afi:issie in previous reports
{4,8,14,15]. Although the _sensitivity of ASO-PCR has
been reported to be 107 to , our results showed that
gene amplification by ASO-PCR was highly dependent on
the sequences of the designed primers. Thus, this restriction
on designing primers is another problem. However, we
could apply quantification of the ASO-PCR products to
ample sources of clinical materials, such as PBMNCs,
BM CD207CD38™ B-cells, cell-free DNA, and BMMNCs.

There were statistically significant correlations in
values for the ASO-PCR products between BMMNCs and

several biomarkers at diagnosis. Log values of the indicated parameters were used
ssent the correlation of IgH/B-actin (BMMNCs) with IgH/B-actin (PBMNCs), IgH/B-
percent plasma cells in each patient. Dashed lines represent the linear regression line.

PBMNC:s, suggesting the possibility that clonogenic plasma
cells or myeloma precursor cells may circulate in peripheral
blood. In the previous reports [18,19], MM cells and clono-
genic MM precursor B cells were detected in the peripheral
blood. Thus, the ASO-PCR values in PBMNCs might
reflect the sum of the circulating MM cells and clonogenic
MM precursor B cells. Therefore, PBMNCs, rather than
BMMNCs, have the potential to be evaluated for MRD in
MM patients during and after treatment. Availability of
PBMNC:s for evaluation of MRD will relieve the pain of
BM aspiration. Recently, next-generation DNA sequencing
was shown to be more sensitive than ASO-PCR for detect-
ing MRD in MM [20]. From our data, we anticipate that
PBMNCs might be a good source for monitoring MRD
even when the next-generation sequencing method is
applied. Next-generation DNA sequencing could resolve
some problems with ASO-PCR analysis, such as the high
percentage of failure to design primers and the dependency
of efficacy of amplification on primer sequences. However,
the new technology is complicated and costs much more
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Figure 3. Representative cases, patients #1, #3, #8, #11, and #?4,;(}&) Patient #1 was a 72-year-old male diagnosed with IgG k~type MM without abnormal
fluorescence in situ hybridization. (B) Patient #3 was a 56-year-0ld female diagnosed with IgG k~type MM without abnormal fluorescence in situ hybrid-

ization. (C) Patient #8 was a 63-year-old female diagnosed:with [
without abnormal fluorescence in situ hybridization. () ; i
in situ hybridization. The IgH/B-actin values in the indica

than the ASO-PCR method. Therefore ASO-PCR
method could still be useful for MRD gvaluation, even
in the era of next-generation DNA sequencing, and the
method of analyzing MRD should ‘determined on a

We detected and quantified the:
cell-free DNA from the sera. T the presence of small
amounts of circulating nucleic acids in plasma and serum
might be important [21]. Rep rtsc iat the amount of circu-
lating nucleic acids in plasma and serum is significantly
increased in cancer patients ave aroused great interest
{21,22]. In recent years, high levels of circulating cell-
free DNA have been associated with cancer diagnosis and
prognosis, and cell-free DNA has become a potential can-
didate biomarker for tumor detection [22]. The release of
DNA from tumor cells can occur through various cell-
physiologic events, such as apoptosis, necrosis, and secre-
tion. However, the physiology and rate of release is still
not well understood [23]. To the best of our knowledge,

O-PCR products of

k—type MM with t(11;14). (D) Patient #11 was a 71-year-old male, with IgG k~type MM
{#24 was a 49-year-old male diagnosed with IgA k-type MM without abnormal fluorescence
linical material, as well as serum IgG levels, are shown for diagnosis, 6mo, and 12mo.

the current work describes for the first time that IgH
DNA fragments from MM cells circulate in the sera. The
presence of IgH DNA fragments from MM cells in the
sera may reflect tumor fragments and/or sensitivity to treat-
ment. The ASO-PCR values in the cell-free DNA from sera
did not correlate with those in both BMMNCs and
PBMNCs, which suggested the possibility of the different
clinical meanings among those values. For example, the
detection of the ASO-PCR products in cell-free DNA
may mean that MM cells remain somewhere in the body
beyond BM aspiration sites. To clarify the clinical signifi-
cance of the circulating MM-related DNA fragments,
such as their relationship with prognosis, a longer follow-
up of MM patients in this cohort will be needed.

It has been postulated that so-called myeloma stem
cells might be responsible for tumor initiation and relapse,
but their unequivocal identification remains to be made
[24-26). We analyzed the CD20"CD38™ B-cell fraction
because anti-CD20 antibodies are now available as a tool
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of clinical treatment of B-cell malignancies. We detected
and quantified ASO-PCR products of CD20"CD38™ B cells
in BM at diagnosis in approximately three quarters of the pa-
tients examined. There were no obvious differences of the
clinical features between the patients with and without
detection of the ASO-PCR products in CD20YCD38~ B
cells. Furthermore, the values for the ASO-PCR products
of CD207CD38™ B cells showed statistically significant
correlations with those in both BMMNCs and PBMNCs.
These results indicated that clonogenic MM cells might
exist, not only in the CD20~CD38"&" plasma cell fraction,
but also in the CD207CD38~ B-cell fraction, which might
be another target of clonogenic MM precursor B cells to
be treated by the different treatment strategies. These clono-
genic B cells may circulate in peripheral blood and are in
part identical to the clonal B-cell excess identified in our
previous report [27]. Thus, we could consider treatment stra-
tegies to include anti-CD20 antibodies against the clono-
genic CD20"CD38~ B-cell population.

This study is the first, to our knowledge, to measure
quantitative ASO-PCR values in mRNA from various clin-
ical materials of MM patients. This method may be useful
for detecting MRD in patients with MM as well as for clar-
ifying the pathogenesis of MM.
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Supplementary Table E1. Sequences of specific IgH VDJ region

primers

Patient

number MM-MRD-5' sequence (5' to 3') Amplicon size
1 GTGCGAGACGGGTGGGGGC 74 bp
2 GCGAGGTCGGGATACTTGAA 91 bp
3 TATAGCAGCCTGGCGAAT 70 bp
4 TTATTGTGCGAGTAGCCCCTAT 91 bp
5 CGAACCTCCAGAATGGGCTA 84 bp
6 AGACACGGGCCGATTGATT 84 bp
7 Not designed

8 GAAGGGGATGGCTGCAATTA 74 bp
9 CGCGGGATTTCGATATTTTG 73 bp
10 GTGCTAGAGCCGGGGGTATT 61 bp
11 CGACTACATTTGGGCGAACTT 61 bp
12 AGCTGGCCATTGAAGCCTTA 46 bp
13 Not designed

14 AAAAGATTACTATGAGGACGGTAT 70 bp
15 CTGTGCACGGATGAGTGGTT 82 bp
16 AGCAGCAACTGGCCTTTTITG 64 bp
17 TGCGAGCATCCCCTAATAAAA 113 bp
18 Not designed

19 GATTCCGGGAGATCATTCTGA 79 bp
20 Not designed

21 AAAGATAACGGCGGTGGCTA 78 bp
22 GGGTCTGGTGGTGTATGACGA 79 bp
23 CGAGAGAATATCAGGTCCACTTCC 77 bp
24 GATAGCAGCACTTATGACCCTCAA 75 bp
25 GGTGTTCCCCTCTCCTACTTCT 75 bp
26 TGGAAGTAGAGATAAGCGAGGA 76 bp
27 Not designed :
28 CACACATCGGCAGGGATG

29 TGCGAAGAATTTCAACACCTG

30 GTGCGAGAGTGGGGACCA
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Supplementary Table E2. All patient data

oo
&
Pt Type Pri m er |Standard Best IgH/B~actin in BMMNCs IgH/p—actin in PBMNCs Cell-free DNA in serum (copy/ugDNA) CDz{)%—Igg;;fr;ng[s .
number design | curve | respomse | pionogi 6mo 12me Diagnosis 6mo 12mo Diagnosis 6mo 12mo BM at diagnosis
1 IgG o Q sCR 0.211339508 0.000000046 0.000000288 0.000014798 0.600000014 0000000414 17.3502994 7.519872954 | 5536337209 0.000039098
2 IgA c a Sh 2.839170836 NA 0.172292123 0.000108994 .000000759 0000000739 0.049782609 NA 0.466533865 ND
3 G c 9 VGPR 0.027021138 0.138307552 0.03371831 0.006008010 0.000002997 0.000000993 237.8306878 | 390.5138358 | 381.7610063 ND
4 G o o PR 0.029075242 0.004292872 0.014248753 NA 04.000001178 0.000000307 20.09146341 NC 3871717172 000816969
5 TgA [} 0.000742143 0.000000006 1.265564935 0 18 0. 0.000002193 0.002386266 | 0001236038 0.076 ND
6 IgG o NA 0.11418539 0.916622968 0.0003235256 0.000003784 0000059003 4,224358974 | 9142222222 | LG81428371 NA
7 BJP x
8 G o o J%’GP 0.72168906 0.019994407 6.430276168 0.000764185 0.000008976 6023.404255 | 2462149533 ND 0.233208588
9 1gG o 9 VGPR .500063528 0.000200712 0.0000080942 ND ND 1264191419 | 85.65217391 ND ND =
10 1gG <} o VGPR : 07000000195 0.000004380 0.000000492 0.0000060093 43.0348926 84.23976608 | 35.49418605 P.000002454 {é:
11 IeG o o VGPR 1.491101115 ) g 3 0.076746269 0.000001118 0.000006880 185.7083333 | 4259223301 ND ND ;
12 IgA D o SCR | 0.000000002 | 0.000000025 | 0000000007 | 0 0. 7 |0 5 | 0393877551 | 1608027523 | 0.234576271 0.000000075 N
i =
B | Bp * ' -~ §
14 126G P B PR LO72S8I0T5 | 0244382022 | 0.002578132 | 0.014368690 | 0.000000179 | 0.000000701 ND 15.41666667 | 1067514677 0.014545455 i:
15 TgA ° o CR 12.62883236 | 3.288605697 NA 7 Na 1444,244604 ND NA 0.00337657 é
16 1gG o o Sb 15.79178886 6.640151515 NA 0.001035784 : 0.00‘1]43§7.30 1641348774 | 9.837130127 49.93287037 0.661113991 E:
17 igA o o VGPR 0.000022392 0.000569374 0.000000251 04.000000071 NA 556 141.2053571 0.000000194 %
18 16 % : , ’%
19 BJP o o sCR 0.060000002 il [] 0. . 0. ( 0.050775852A O‘Q@726415 T.O8U033003 0000000285 §
: b =
20 igG x : : ~‘
21 IgG © o PR 0.392692146 0.016889833 0.029146746 0.012726930 0.064271917 0.010137971 1.045943946 | .21!3515854 080001609 :
22 IsG o o SD 0.041076516 0.076784823 NA 0.000000692 0.000003332 NA 4.535031847 2~8202763‘98’ \ 0.006679362
23 1gG ] 2 PR 99.35720845 50.42265427 0.062986831 0.000288493 0.060000265 0.000007738 2392307692 | 4430451128 | 1351973684 0000688948
24 1gA o o VGPR 1.035455861 0.009744824 0.000498450 0.002006000 0.060000189 0.000000633 1.250810811 2.021621622 715648853 0060440181
25 118G o o VGPR 0.423288173 0.007192324 0.020667539 0.030932919 ND 0.000001174 ND ND ND 0013472104
26 1gG @ a SD 3.679324895 NA 1.048479583 0.003660095 NA 0.604949617 8048387097 29.76973684 0007968837
27 BJP x
28 TgA © x
29 BJP o x
30 IgG o o YGPR 1732207478 0.000399577 0.000924577 0.014009057 0.000000027 ND 223.3333333 | 123.5185185 4.05 0.0180627901

NA = Not available; ND = not detected.



I35 BF DS FE R 2015 —/NA 40

BRI ik 56 (2015) : 2

—ZHLOI GRMERRER) —

PNH £2&I(CH(F5 C5 ERFZH

L S i R

&8 B

Eculizumab I¥5 £ (7 =HA AN PNH £ 345 Bl 11 BIBKRSETH - 205, ZOFFHBRBETHETH»
2o @ PITHED CEDI R ANTOESUER 2654 G>A £, p.Arg8ssHis BFBlZhi, B
HEOERREE B2%) (I, BEAOREE B5%) LARET, ERERICBVTHHIAShE, COER
BRIC5 [3FAERC5 EEBHIC invitroBMES| &R U, HFEE C5 OH D eculizumab &S L, eculizu-
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Key words : Paroxysmal nocturnal hemoglobinuria, Complement mediated intravascular hemolysis, Eculizumab,

Gene polymorphism

FCoIC

BIEMEBANEST OY VRAE (paroxysmal nocturnal
hemoglobinuria, PNH) @ FEYER T H D FAENEEE
M BHEBEE LT, HEERC 2ENETSHE
MEE /7 O0—F AT H 5 eculizumab MBHFE X 41,
EHERICBI 5SRO T~ 05N & H
A2 NSHRNTHEI N, I6I, MEEFITBN
Th, RALEBEOEYEERLEZ2RTT—FBAE
EhE?, FO—HFT, RMOEETHSME LDH &
e KT LARWTRISEN, HEAPNHBEHEO—HO
HERICHRWESNBE LR TWER, T4 FHEER
X NY, KB TR O TFHEEZBOMCEBRT S
EEBIT, CI9DC ok CE LD RFEOHT
EMIC L2 RRERREOBEDINELDDH D, TNo
BHEH ORI DOV THER LN,

PNH DjRHE

1. #EAMEEOERNEL
PNH BFZOMEMETIL, MAEKHBEARTTHS
CD55 (decay-accelerating factor, DAF) & CD59 (mem-

RERFRFREERPEA ML - ERENT

brane inhibitor of reactive lysis, MIRL) DFBASKIEE
FIETLTWwD, CD55 I3 C3/Co B R DRE S
BT 2 Z &Ik o THAE LR O OBt % 78
B9 ADIzL?, CD59E COWER L TEREEAE
(membrane attack complex, MAC) D %2 fHE ¥
589, PNH BE Tld, TETHHTMhEiEtiic
L HERNRELSASNSA, BYYE, IR B,
IR, SFIR 57 SR 4 TR I & D IROWEAEEL A
HZ5E, ERETRERNL BLREE 2&k7, Z
NEFEROP TS, HEMICUIEUISHIEE 2 O3
YefE TH 5, PNH BHIL, WA ENEOIMERNA D,
BERAERLCMRES 3 OERET D, Mics, &
W, WTHEE, BUEBGEReRE0OLEERERT.
BT &0 M I S Nz BT T O E 258,
Nitric Oxide (NO) #ER7ICHBL, NO OERZHEE
TR, B WTEE BEERe, RERE
DR ZEHFE, HEET SHEFNEH L MR 29,
2. PNH & O— O KERF

PNH &, —72 (=138 oEimeEMEd phos-
phatidylinositol glycan class A (PIGA) BEETIZHERIYE
BRI, ZOERMES O— MICIEAT 38
BHIERTH DY, PIGABRTERIZLD glycosyl-
phosphatidylinositel 7 > i — 2 & H (GPLAP) O &K
BEERE/-L, CD59 % CD557/RED GPLY > /1—AliH
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