Outcome of Adult Patients with Relapsed ALL

Table III. Comparison of several studies regarding the outcome of relapsed patients with acute lymphoblastic leukaemia (ALL).

Patients (n) Rate of CR2 (%) 5-year OS Prognostic factors for improved OS
LALA-94 (Tavernier et al, 2007) 421 44% 8% Allo-HSCT after relapse
CR1 > 1 year
Platelet count at relapse >100 x 10°/1
MRC UKALL12/ECOG2993 609 N.M. 7% Age at relapse <20 years
(Fielding er al, 2007) CR1 > 2 years
PETHEMA trials (Oriol er al, 2010) 263 45% 10% Age at relapse <30 years
CR1 > 2 years
GMALL trials (Gokbuget 547 42% after CTx alonet 28% after CTx alonet No Allo-HSCT in CR1

et al, 2012)*

This study 332

23% after Allo-HSCTZ%

53% after CTx alonef}
54% after Allo-HSCT3

15% after Allo-HSCTf  Extramedullary relapse
(other than CNS)
CR1 > 18 months§
Age at relapse§
(1525 years vs. 26-45 years vs.
46-55 years)
CR after Ist salvage CTx§
Allo-HSCT at any stage§

HSCT in CR2S
WBC count at relapse <10 x 10°/19
Age at relapse <35 yearsq

16% after CTx alonet
11% after Allo-HSCT{

*Patients with Philadelphia chromosome-positive ALL were not included in this report from GMALL trials.

+The rate is among patients who relapsed after CTx alone in CR1.
1The rate is among patients who relapsed after Allo-HSCT in CRI.

§These factors were associated with better OS in patients who relapsed after CTx alone in CR1.

9These factors were associated with better OS in patients who achieved CR2 following relapse after CTx alone in CRI.

CR1, first complete remission; CR2, second complete remission; OS, overall survival; Allo-HSCT, allogeneic haematopoietic stem cell transplanta-
tion; CTx, chemotherapy; CNS, central nervous system; WBC, white blood cell count; LALA-94, Leucémies Aigués Lymphoblastiques de ’Adulte
94 trial; MRC UKALLI12/ECOG2993, Medical Research Council, United Kingdom ALL 12/Eastern Cooperative Oncology Group 2993 trial; PET-
HEMA, Programme for the Study and Treatment of Haematological Malignancies; GMALL, German Multicentre Study Group for Adult ALL, N.

M., not mentioned.

at 5 years). These findings suggested that we should consider
Allo-HSCT as much as possible for relapsed patients.

Prognostic factors that were associated with a better OS
from CR2 were younger age at relapse, lower WBC count at
relapse, and Allo-HSCT in CR2 among patients who relapsed
after chemotherapy alone in CR1 and achieved CR2 following
salvage chemotherapy. None of the factors at diagnosis was
associated with OS after relapse. Age and Allo-HSCT were the
common factors observed in other studies (Table III). The
duration of CR1 was not associated with better OS in the mul-
tivariate analysis in our study. In other studies, the duration of
CRI1 was associated with not only better OS but also a high rate
of achieving CR2 (Thomas et al, 1999; Tavernier et al, 2007;
Oriol et al, 2010). Given that our analysis was limited to
patients who achieved CR2, the duration of CR1 might not be
a significant factor for OS. Although the WBC count at relapse
was not analysed in the other studies, it should be considered
as an important factor.

We should note that there might be selection bias regard-
ing the performance of Allo-HSCT in CR2, because it
depended on each institution’s decision. By a multivariate
analysis using logistic regression for all covariates, relapse
year (after 2003) and younger age at relapse (younger than

© 2013 Blackwell Publishing Ltd
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36 years) were significantly associated with the performance
of Allo-HSCT in CR2. However, a multivariate analysis for
OS including relapse year, age at relapse, and Allo-HSCT in
CR2 (treated as a time-dependent covariate) as covariates
demonstrated that Allo-HSCT in CR2, as well as age at
relapse, was still significantly associated with better OS. In
addition, there was no significant interactions between Allo-
HSCT in CR2 and relapse year and between Allo-HSCT in
CR2 and age at relapse (P = 0-36 and P = 0-97, respectively).

Comparisons of different salvage chemotherapy regimens
have been limited (Thomas et al, 1999; Tavernier et al, 2007;
Oriol et al, 2010). The selection of salvage regimens often
depends on the condition of the relapsed patient (Garcia-
Manero & Thomas, 2001). In our analyses, the duration of
CR1, intensity of chemotherapy at diagnosis, and relapse year
were factors that were associated with the selection of salvage
regimens. AdVP-type salvage chemotherapy was related to a
better OS in patients who had a longer duration of CRI and
a worse OS in those who had a shorter duration of CRI. If
we consider that many patients had received induction che-
motherapy including doxorubicin, vincristine, and steroids,
the duration of CR1 might reflect the sensitivity of ALL to
the AdVP-type regimen. Patients who had a longer duration
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of CR1 might have had ALL that was sensitive to an AdVP-
type regimen, and those who had a shorter duration of CRI
might have had ALL that was refractory to an AdVP-type
regimen. In patients who relapsed late, the toxicity of moder-
ate-intensity regimens, such as those including high-dose
cytarabine, used as the first salvage chemotherapy might
offset their effectiveness. Unlike in a previous study (Thomas
et al, 1999), the type of chemotherapy at diagnosis did not
influence OS following each salvage regimen.

In conclusion, the prognosis of adult patients with relapsed
Ph-negative ALL is poor. However, Allo-HSCT after the first
relapse could improve the prognosis, especially if performed
in CR2. The efficacy of different types of salvage chemother-
apy might depend on the duration of CR1, and this should
be considered in the selection of the salvage regimen.
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Abstract

A study to evaluate WT1 mRNA expression levels in peripheral
blood {PB) and bone marrow aspirate (BM) was conducted in
172 patients, including 115 with myelodysplastic syndromes
{MDS), in Japan. The level of WT1 mRNA expression was
evaluated according to the French—American-British (FAB) and
World Health Organization (WHO) classifications (2001, 2008}
and using the International Prognostic Scoring System and the
WHO Prognostic Scoring System scales. WT1 mRNA expression
levels in PB and BM were well correlated {r=0.85), and they
tended to increase with disease stage progression and in those

at higher risk of leukemic transformation. WT1 mRNA expression.

can be a useful marker for the diagnosis and risk evaluation
of MDS.

Keywords: Myelodysplastic syndromes, WT1 mRNA expression,
classification system, peripheral blood, bone marrow

Introduction

Myelodysplastic syndrome (MDS), a clonal disorder of pluri-
potent hematopoietic stem cells, is a blood disease charac-
terized by dysplasia and ineffective hemopoiesis. Approxi-
mately 20-30% of cases of MDS undergo transformation to .
acute myeloid leukemia (AML) [1].

" The expression of Wilms' tumor gene (WT1) has been
found to be a new prognostic factor and marker for the detec-
tion of minimal residual disease (MRD) in acute leukemia,
including AML and acute lymphocytic leukernia (ALL) [2]. A
recent study has revealed the clinical relevance of measuring
WT1 mRNA for monitoring MRD in AML, primarily due to its
high rate of expression (93.9%) in the peripheral blood (PB)
of incipient untreated patients with AML, secondarily due to
its ability to predict relapse after complete remission (CR),
and finally because its levels after consolidation therapy
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show a significant correlation between disease-free survival,
overall survival and early relapse [3]. WT1 mRNA expression
occurs not only in AML but also in the PB and bone marrow
{BM) of patients with MDS [4-9].

Tamaki et al. [4] examined the level of WT1 mRNA
expression in PB and BM from 57 patients with MDS
grouped by the French-American-British (FAB) classifica-
tion, and 12 patients experienced AML-MDS progression.
The results revealed that WT1 mRNA expression in both
PB and BM progressively increased with disease stage
progression, from refractory anemia (RA), refractory anemia
with excess of blasts (RAEB), refractory anemia with excess
~ ofblasts in transformation (RAEB-t), and to AML, suggesting

the possibility that the WT1 mRNA expression level reflects
the disease stage progression of MDS. Particularly, the
patient group who developed leukemia from RAEB or RAEB-t
within 6 months showed significantly higher WT'1 mRNA
expression in PB compared with the group who did not [4].

In accordance with that study, Cilloni ef al. [6] measured
WT1 mRNA expression levels in PB and BM from 131 patients
with MDS, and found that: (1) WT1 mRNA expression in
PB and BM was confirmed in 78% and 65% of patients with
RA, respectively; (2) WT1 mRNA expression in PB and
BM was confirmed in all patients with RAEB and secondary
AML; (3) the level of WT1 mRNA expression increased with.
disease stage progression; and (4) the WT1 mRNA expression
level was well correlated with the International Prognostic
Scoring System (IPSS) scores established by Greenberg
etal. [10].

In addition to the IPSS, the World Health Organization
{(WHO) Classification-Based Prognostic Scoring System
(WPSS) has been proposed as a prognostic scoring system
for MDS [11]. The WPSS consists of three characteristics:
WHO subtype classification, considered to be importantasa
prognostic factor; IPSS-based karyotype abnormalities; and
transfusion dependency. : ;

Both the IPSS and WPSS require a chromosomal test as
a primary parameter. However, because there are cases in
which chromosomal abnormalities cannot be determined
[12-14], it is necessary to establish molecular- and genetic-
based methods tg diagnose and determine the prognosis
of MDS. The relatively rapid quantitation of WT1 mRNA is
considered to be a useful test to determine the prognosis of
MDS and has potential for clinical application, to become
a novel marker to complement the current IPSS and WPSS
criteria. We performed a clinical study in patients with MDS
to demonstrate the usefulness of measuring the WT1 mRNA
expression level in PB and BM in the diagnosis and treatment
of MDS.

-Patients and methods

This study was conducted in accordance with the Declara-
tion of Helsinki, and preliminary approval was obtained
from the Institutional Review Board or equivalent organi-
zation of each participating institution. Explanations of the
study protocol were provided to all patients, and written
informed consent was obtained from them before study
enrollment.

WT1 mRNA in myelodysplastic syndromes 1451

Patients

From December 2008 to September 2009, 175 patients
with MDS, suspected MDS and AML-MDS examined at
17 Japanese medical institutions were enrolled in the study.
The subjects were 20 years of age or older and entered in
the study regardless of gender, inpatient/outpatient status,
or presence ar absence of treatment. The 175 patients com-
prised 106 men (age range 27-88 years, average 65.5 years)
and 69 women (age range 22-85 years, average 64.5 years).
PB and BM samples from each patient were collected on the
same day and used for WT1 mRNA measurement. Three of
the 175 enrolled patients were excluded because BM could
not be collected due to a dry tap or because the subtype
could not be diagnosed. A total of 172 patients were therefore
included in the final analysis set.

Diagnosis

Diagnosis of MDS was carried out using a central review
format based on the FAB classification [15], the 2001 WHO
classification [16] and the 2008 WHO classification [17].
Central review of the bonie marrow smear-stained specirnens;
blood smear-stained specimens, iron-stained specimens,
and clot hematoxylin and eosin-stained specimens was
carried out by two individuals, one each in the Depart-
ment of Hemato-Oncology, Saitama International Medical
Center, Saitama Medical University, and the Department of
Laboratory Medicine, Kawasaki Medical School.

WT1 mRNA measurement method

mRNA was extracted from PB leukocytes and BM nucleated
cells at SRL, Inc., Tokyo, Japan using the RNeasy Mini-Kit
(Qiagen, Valencia, CA), and the amount containing
WT1 mRNA was measured at the Research Laboratory,
Diagnostic Division, Otsuka Pharmaceutical Co., Ltd,
Tokushima, Japan using a WT1 mRNA Assay Kit (Otsuka
Pharmaceutical Co., Ltd., Tokyo, Japan). cDNA was synthe-
sized from 1 ug of extracted RNA in a reverse-transcription
reaction using random hexamer primers. The amounts of
WT1 and GAPDH (glyceraldehyde 3-phosphate dehydroge-
nase) mRNA were quantitated using real-time polymerase
chain reaction (PCR) with a COBAS TagMan48 analyzer
(Rdche Diagnostics, Pleasanton, CA), and the respective
amounts of WT1 and GAPDH RNA in the sample were
calculated by simultaneous reaction with standards of
known concentrations.

Methaod for calculating WT1 mRNA expression

mRNA of the universally expressed housekeeping gene
GAPDH was used for correction of variations in the efficien-
cies of RNA extraction and reverse transcription. As shown in
the following formula, the level of WT1 mRNA expression was
calculated by dividing the measured amount of WT1 mRNA
by the measured amount of GAPDH mRNA and multiplying
that value by the average number of copies of GAPDH mRNA
found in 1 ug of RNA from PB leukocytes of healthy adults
(GAPDH mRENA expression). The average GAPDH mRNA
expression in PB leukocytes of healthy adults was reported
to be 2.7 X 107 copies/pig RNA based on independent tests in
healthy adults [3].
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WT1 mRNA expression {copies/pg RNA)= (measured
WT1 mRNA {copies/mL]/measured GAPDH mRNA [copies/
mL}) X 2.7 X 107 (copies/pg RNA)

PB cut-off value

The lower limit of the WT'1 mRNA measurement range in the
WT1 assay kit is 2500 copies/mL, or 50 copies/ug RNA when
converted to copies per microgram of RNA. In this study, a
value of 50 copies/pg RNA was set as the cut-off value for
WT1 mRNA expression, and a value of 50 or more copies/ug
RNA was judged as positive according to the instruction
manual of the WT1 mRNA assay kit.

Statistical analysis

The mean * SD for the log-transformed values of WT1 mRNA
expression (copies/ptg RNA), was calculated, and then con-
verted back to base 10 and used as the geometric mean. All
data below the detection limit were shown as 49 copies/ug
RNA. For intergroup comparison of WT1 mRNA expression,
a Tukey-Kramer honestly significant difference (HSD) test
was performed at the level of significance of p <0.05 using
log-transformed values of WT'1 mRINA expression (copies/ug
RNA). For comparison of WI1 mRNA expression between
the aplastic anemia {AA) and RA groups, a Wilcoxon rank-
sum test and Steel test were performed at the level of sig-
nificance of p<<0.05 using log-transformed values of WT1
mRNA expression {copies/jig RNA). The Pearson correlation
coefficient was used for analysis of each correlation.

Results

As a result of the central review conducted on all
172 patients, 115 were classified as patients with MDS in

the FAB classification, excluding chronic myelomonocytic
leukemia (CMML). Similarly, 98 patients in the 2001 WHO
classification and 97 in the 2008 WHO classification were
classified as patients with MDS (Figure 1).

Analytical results based on FAB classification

WT1 mRNA expression in PB and BM

The 172 patients eligible for analysis were categorized by dis-
ease type, and their WT1 mRNA expression levels in PB and
BM are shown in Table I. The mean WT1 mRNA expression
level in the 115 patients with MDS (excluding CMML) was
360 copies/ug RNA in PB and 2240 copies/ug RNA in BM,
and these values were the second highest after the values
obtained in patients with AML-MDS (PB: 12 600 copies/ug
RNA; BM: 33 100 copies/jig RNA). On the other hand, the
WT1 mRNA expression level was less than 50 copies/ug
RNA in PB and 90-630 copies/ug RNA in BM in patients with
AA, idiopathic cytopenia of unknown significance (ICUS),
idiopathic thrombocytopenic purpura (ITP), paroxysmal
nocturnal hemoglobinuria (PNH), pure red-cell aplasia
(PRCA) and erythroid hypoplasia, which were all lower
compared with the level in MDS.

The relationship between WT1 mRNA expression in PB
and BM was evaluated in all patients. The regression line
formula y=0.7329x+ 1.4407 was obtained, indicating a
strong correlation(r = 0.85) (Figure 2).

WTT1 mRNA expression in PB and BM for each MDS

disease stage

When the WT1 mRNA expression levels in PB and BM
were compared for each MDS subtype based on the FAB
classification [Figure 3(a)], the level in both increased
proportionally with each MDS classification as the disease

FAB classification

WHO
2001 classification

WHO 2008
classification

1.RA (32)

2RARS (9) =]

@)
3RAEB (24) b~

\,(19) ]

AML(11)

1.RA (69) .
\ .
-4 2RARS (2)

3.RCMD (27} <

"} 4RCMD-RS (7)<, _|
(9) + 5.RAEB-1(9) ~- (8) ¥

% 6.RAEB-2 (16) ——/=

.7.MDS-U (3)
@) \\ " 8.MDS 5q-(2) 2 > 7.MDS 5q- (2)
N ,
. Z \ 9.Unclassified (5) 8.Unclassified (6)
4.RAEB-T(13) &— (10) MAML (23) = mm e > AML (23)

A 1.RCUD (25)

£l 2RARS (2)

/— = 3.RCMD (30)

b 4. RAEB-1(9)
~ ’

> 5.RAEB-2 (16)

A 6.MDS-U (13)

Figure 1. FAB and WHO classification of myelodysplastic syndromes in this study. FAB classification-based MDS subtypes (four subtypes: RA, RARS,
RAEB and RAEB-t), 2001 WHO-based MDS subtypes (eight subtypes: RA, RARS, RCMD, RCMD-RS, RAEB-1, RAEB-2, MDS-U and MDS 5q-), 2008
WHO-based MDS subtypes {seven subtypes: RCUD, RARS, RCMD, RAEB-1, RAEB-2, MDS-U and MDS 5q—). Numbers in parentheses represent

numbers of patients.
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Table I. WT1 mRNA expression levels in PB and BM from patients with different MDS subtypes and AML-MDS

according to FAB classification.

WT1 mRNA expression level
Peripheral blood Bone marrow

Log Geometric mean Log . Geometric mean
Disease No.ofpatients  {(mean = SD)  {(copies/ugRNA) {mean *=SD) {copies/ugRNA)
MDS 115 2.56+1.05 360 3.35+£0.87 2240
AML-MDS 11 4.10+0.96 12600 . 4.52*£0.77 33100
AML-MDS (CR) 2 1.889£0.20 80 2.98+0.39 1000
CMML 3 2.17*+0.54 150 3.04+0.54 1160
CLL 1 1.92 80 3.33 2140
Atypical CML 1 — <50 1.95 90
AA 8 — <50 2.64+0.37 440
ICUS 3 — <50 2.16+0.36 140
ITP 1 — <50 2.13 130
PNH 1 — <50 2.8 630
PRCA 2 — <50 2.17%0.12 150
Erythroid hypoplasia 1 — <50 1.94 90
Unclassified 23 2.14+0.56 140 2.96 +0.61 910
Total 172 2.50*1.05 320 3.27%0.90 1860

PB, peripheral blood; BM, bone marrow; MDS, myelodysplastic syndromes; AML-MDS, acute myeloid leukemia-evolved MDS;
FAB, French-American-British; CR, complete remission; CMML, chronic myelomonocytic leukemia; CLL, chronic lymphocytic
leukemia; CML, chronic myeloid leukemia; AA, aplastic anemia; ICUS, idiopathic cytopenia of unknown significance; TP, idiopathic
thrombocytopenic purpura; PNH, paroxysmal nocturnal hemoglobinuria; PRCA, pure red-cell aplasia.

stage progressed. Significant differences in both PB and
BM expression were seen between RA and RAEB, RA and
RAEB-t, refractory anemia with ringed sideroblasts (RARS)
and RAEB, and RARS and RAEB-t (p <0.05).

WT1 mRNA express:on in PB and BM for each

PSS risk group

WT1 mRNA expression levels in PB and BM for each IPSS risk
group were compared in the 115 patients with MDS. A ten-
dency for WT1 mRNA expression to increase in both PB and
BM was observed in each IPSS risk group as the risk of trans-
formation to AML increased from low to high. Significant dif-
ferences (p < 0.05) in WT1 mRNA expression were observed
in risk groups between low and intermediate-2, low and high,
intermediate-1 and intermediate-2, and intermediate-1 and
high in PB samples; and between low and intermediate-1,
low and intermediate-2, low and high, intermediate-1

Log BM WT1 mRNA {copies/ug RNA)

6 -
[¢]
0
5 4 0
o oog
4
n=172
3 y=0.7329x +
1.4407
r=0.85
24
14
0 T P T T T 1
o 1 2 3 4 5 6

Log PB WT1 mRNA (copies/ug RNA)

Figure 2. Correlation of WT1 mRNA expression in PB and WT1 mRNA
expression in BM.

and intermediate-2, and intermediate-1 and higher in BM
samples [Figure 3(b)]. The correlation between IPSS score
and WT1 mRNA expression was evaluated, and a correlation
of r=0.57 was found for both PB and BM samples.

Next, the WT1 mRNA expression levels in PB and BM
between IPSS risk groups were compared in the 69 patients
with RA [Figure 3(c)]. As the risk increased from low to inter-
mediate-2, the level of WT1 mRNA expression in both PB
and BM increased. Moreover, when the distribution of WT1
mRNA expression between each risk group was evaluated,
a significant difference (p <0.05) was found in PB between
low and intermediate-2; in BM, significant differences
were found between low and intermediate-1, and low and
intermediate-2,

Correlation between IPSS karyotype and WT1

mRNA expression

A total of 114 patients with MDS were categorized into the
three prognostic groups of good, intermediate and poor in
accordance with their IPSS karyotype, and the levels of WT1
mRNA expression in their PB and BM samples were com-
pared. One patient with MDS was excluded from this analysis
because chromosome testing was not performed. The WT1
mRNA expression level increased in both PB and BM sam-
ples as the karyotype indicated a poorer prognosis. Among
karyotypes, significant differences (p<0.05) in WT1 mRNA
expression were found between the good and intermediate
and between the good and poor groups [Figure 3(d)].

Correlation between WT1 mRNA expression
and percentage of blasts in BM

~The correlation between blast ratio and WT1 mRNA expres-

sion in PB and BM was investigated in 114 patients with MDS
(excluding one patient in whom the blast ratio could not be
measured). The correlation between blast ratio and PB WT1
mRNA expression was r=0.51, and the correlation between
blast ratio and BM WT1 mRNA expression was r= 0.48.
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Figure 3. WT'1 mRNA expression levels in PB and BM from patients with MDS (a) according to FAB classification, (b) according to IPSS category, (c) patients with RA according
to IPSS category, (d) according to chromosomal karyotype, () according to WHO 2001 classification, (f) according to WHO 2008 classification, (g) according to WPSS category.
In intergroup comparison of WT1 mRNA expression, the Tukey-Kramer HSD test was performed using log-transformed values of WT1 mRNA expression with a level of
significance of p < 0.05. Bold lines represent mean WT1 mRNA expression after log transformation. Fine lines represent lower limit of detection of WT1 mRNA (50 copies/ug
RNA).
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Analytical results based on 2001 WHO classification

WT1 mRNA expression in PB and BM for each MDS disease
stage based on 2001 WHO classification

Figure 3(e) shows the assay results for WT1 mRNA expres-
sion in PB and BM in 98 patients in various MDS disease
stages categorized on the basis of the 2001 WHO classifi-
cation. The WT1 mRNA expression levels in both PB and
BM tended to increase with the progression to each MDS
subtype. When the levels of WT1 mRNA expression in each
disease stage were investigated, significant differences
(p<0.05) were found in PB between RA and refractory
cytopenia with multilineage dysplasia (RCMD), RA and
RAEB-1, RA and RAEB-2, RARS and RAEB-2, RCMD and
RAEB-2, RCMD with ringed sideroblasts (RCMD-RS)
and RAEB-2, RAEB-2 and unclassified MDS (MDS-U), and
RAEB-2 and 5q— syndrome; in BM, significant differences
were found between RA and RAEB-2, RCMD and RAEB-2,
and RCMD-RS and RAEB-2.

Correlation between WT1 mRNA expression and percentage
of blasts in BM based on 2001 WHO Classification

The correlation between the blast ratio and WT1 mRNA
expression in PB and BM was investigated in 97 patients with
MDS {excluding one patient in whom the blast ratio could
not be measured). The correlations between the blast ratio
and WT1 mRNA expression were r=0.50 in PB and r = 0.46
in BM.

Analytical results based on 2008 WHO classification

WT1 mRNA expression in PB and BM for each MDS disease
stage based on 2008 WHO classification

Figure 3(f} shows the assay results for WT1 mRNA expression
- in PB and BM in a total of 97 patients in various MDS disease
stages categorized on the basis of the 2008 WHO classifica-
tion. WT1 mRNA expression in both PB and BM tended to
increase with the progression to each MDS subtype.

When the distribution of WT1 mRNA expression for each
disease stage was examined, significant differences (p < 0.05)
were found in PB between refractory cytopenia with uni-
lineage dysplasia (RCUD) and RCMD, RCUD and RAEB-1,
RCUD and RAEB-2, RARS and RAEB-2, RCMD and RAEB-1,
RCMD and RAEB-2, RAEB-1 and MDS-U, and RAEB-2 and
MDS-U; in BM, significant differences were found between
RCUD and RAEB-1, RCUD and RAEB-2, and RCMD and
RAEB-2.

Correlation between WT1 mRNA expression and
percentage of blasts in BM based on 2008 WHO
classification

The correlations between blast ratio and WT1 mRNA
expression in 96 patients (excluding one patient with MDS
whose blast ratio could not be measured) were r = 0.50 in PB
and r=0.46 in BM.

WT1 mRNA expressnon inPB and BM for each

WPSS risk group :

WT1 mRNA expression in PB and BM was compared in
98 patients with MDS classified according to WPSS risk

WT1 mRNA in myelodysplastic syndromes 1455

group [Figure 3(g)]. As the risk increased from very low to
very high, WT1 mRNA expression in both PB and BM also
tended to rise. When the distribution of WT1 mRNA for each
risk group was evaluated, significant differences (p <0.05)
were found in both PB and BM between very low and
high, very low and very high, low and high, low and very
high, intermediate and high, and intermediate and very high.
Moreover, when the correlation between the WPSS score
and WT1 mRNA expression was investigated, the values
were r=0.61in PB and r= 0.55 in BM.

Differential diagnosis between RA and AA

Differential diagnosis based on WT1 mRNA expression

in PBsamples

The WT1 mRNA expression level in PB was less than
50 copies/pg RNA in all eight patients with AA, whereas it
was less than 50 copies/ug RNA in 34 patients with RA and
50-52 100 copies/pg RNA in 35 of 69 patients with RA. The
statistical analysis by Wilcoxon rank-sum test revealed a
statistical difference between eight patients with AA and
65 patients with RA {p=0.01). Sixty-nine patients with RA
were further categorized into three groups by bone marrow
findings: hypoplastic RA (= 20), hyperplastic RA (n=15)
and normoplasticRA (z = 30), excluding the non-categorized
RA (n=4). Significant differences were observed between
AA and each of hypoplastic (p=0.04} or normoplastic
RA {p=0.02), whereas no difference was shown between
the AA and hyperplastic RA group (p=0.10) by Steel test
(Figure 4). From these findings, a differential diagnostic
cut-off value between RA and AA of 50 copies/jig RNA for
WT1 mRNA expression in PB is considered appropriate, for
which the sensitivity was 50.7% (35/69) and the specificity
was 100% (8/8).

Differential diagnosis based on WT1 mRNA expression
in BM samples
The WT1 mRNA expression level in BM was 251-2600
copies/ug RNA in eight patients with AA, whereas it was less.
than 50 copies/pg RNA in one of 69 patients with RA and
63-196 000 copies/jig RNA in the others. The statistical anal-
ysis by Wilcoxon rank-sum test revealed no statistical differ-
ence between eight patients with AA and 65 patients with RA.
Sixty-nine patients with RA were similarly categorized into
three groups: hypoplastic, hyperplastic and normoplastic
RA, excluding the non-categorized RA. Statistical analysis
by Steel test revealed a significant difference between AA
and normoplastic RA groups (p=0.04), whereas there
were no significant differences between the AA and each of
hypoplastic RA and hyperplastic RA groups (Figure 4).
When receiver operating characteristic (ROC) analysis
was performed to evaluate the performance of BM WT1
mRNA expression as an indicator to differentiate between RA
and AA, the area under the curve was 0.713, and the Youden
index [18] showed 432 copies/ug RNA. Moreover, the sensi-
tivity was 69.6% (48/69), and the specificity was 75.0% (6/8)
(Supplementary Figure to be found online at http://informa
healthcare.com/doi/abs/10.3109/10428194.2012.745074).
When the PB cut-off value of 50 copies/ug RNA
was inserted into the regression line formula obtained
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Figure 4. Comparison of WT1 mRNA expression between AA and RA groups (hypoplastic, hyperplastic and normoplastic RA). In intergroup
comparison of WT1 mRNA expression, Steel test was performed using log-transformed values of WT1 mRNA expression with a level of significance
of p<0.05. Bold lines represent mean WT1 mRNA expression after log transformation. Fine lines represent lower limit of detection of WT1 mRNA

(50 copies/pg RNA).

from the correlation between WT1 mRNA expression in
PB and BM (Figure 2), BM WT1 mRNA expression became
480 copies/ug RNA. When 500 copies/ug was evaluated
as the cut-off value for BM WT1 mRNA expression, the
sensitivity was 68.1% (47/69) and the specificity was 75.0%
(6/8). Based on these results, 500 copies/ug RNA was
considered to be an appropriate cut-off value for the dif-
ferential diagnosis between RA and AA using WT1 mRNA.
expression in BM.

Comprehensive analysis using cut-off values

The PB and BM samples in each disease and MDS subtype
were further evaluated for their WT1-positive rates, using the
WT1 mRNA expression cut-off values determined above {PB:
50 copies/pg RNA; BM: 500 copies/ug RNA) (Table II). For
AML-MDS (11 patients), the WT1 mRNA-positive rates were
a high 100% (11/11) for PB and 90.9% (10/11) for BM, and
in MDS (115 patients), the WT1 mRNA-positive rates were
61.7% (71/115) for PB and 73.0% (84/115) for BM, which were
the second highest after AML-MDS. In contrast, all patients
with AA, ICUS, ITP, PNH, PRCA and erythroid hypoplasia

Table 1I. WT1 mRNA-positive rate in PB and BM from patients
with different MDS subtypes and AML-MDS according to FAB
classification.

WT1 mRNA-positive rate (%)

Subtype No. of patients Peripheral blood Bone marrow
RA 69 50.7 {35/69) 68.1(47/69)
RARS 9 44.4 (4/9) 44.4(4/9)
RAEB 24 83.3 (20/24) 87.5(21/24)
RAEB-t 13 92.3(12/13) 92.3(12/13)
AML-MDS 11 100.0(11/11) 90.9 (10/11)
Total ' - 128 5.1 (82/126) 74.6 (94/1286)

PB, peripheral blood; BM, bone marrow; MDS, myelodysplastic syndromes;
AML-MDS, acute myeloid leukemia-evolved MDS; FAB, French-American-
British; RA, refractory anemia; RARS, refractory anemia with ringed sideroblasts;
RAEB, refractory anemia with excess of blasts; RAEB-t, refractory anemia with
excess of blasts in transformation.
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had low positive rates of 0% for PB and 18.8% (3/16) for BM.
The WT1 mRNA-positive rates for PB and BM increased with
MDS disease stage progression (Table II).

Discussion

In this study, the clinical usefulness of the measurement
of WT1 mRNA expression in risk assessment of MDS was
evaluated using a WT1 assay kit. Recently, a steady stream of
reports has indicated the usefulness of WT1 mRNA measure-
ment. The group of Cilloni [6] confirmed that WT1 mRNA
expression potentially fulfills all the requirements for an
additional marker for risk assessment in MDS, compared
with the conventional methods. The measurement of WT1

. can be effective, particularly in cases in which BM aspiration

and/or cytogenetic analysis fail or are not informative [6].

Furthermore, in their findings in a long-term prospective
study, Tamura et al. [19] reported that a significant correla-
tion (p= 0.0186) was seen between WT1 mRNA expression
and survival time when WT1 mRNA expression in PB was
categorized into three groups of less than 10°, 10?-10% and
greater than 10¢ copies/ug RNA, that the median survival
time for each group was 62.7 months, 29.9 months and 11.6
months, respectively; and that the time until transformation
to leukemia was the shortest in the group with the highest
WT1 mRNA expression. In addition, they reported that in
univariate analysis, WT1 mRNA expression was a predictive
parameter for transformation to leukemia, and in multivari-
ate analysis, it was a significant predictive parameter along
with the IPSS score [19]. As described above, Tamaki et al.
reported similar findings {4].

This study was conducted using not only the FAB classi-

fication system but also the 2001 and 2008 WHO classifica-

tion systems. It was confirmed that in all three classification
systems, WT1 mRNA expression in both PB and BM
increases significantly in MDS subtypes with disease stage -



progression. In addition, both PB and BM WT1 mRNA expres-
sion increased significantly as the risk of transformation to
AML rose in the IPSS and WPSS risk groups. Furthermore,
a correlation of r=0.57 between the IPSS score and WT1
mRNA expression was seen in both PB and BM. The correla-
tions between the WPSS score and WT1 mRNA expression
were ¥=0.61 in PB and = 0.55 in BM. In comparison with
the IPSS, the WPSS allows the assessment of survival time and
progression of leukemic transformation at all time periods
during the clinical course, leading to continued prognostic
evaluation while reviewing the risk. WT1 mRNA expression
correlates with the WPSS prognosis, and despite the single-
point quantitation, the results in this study indicate that WT1
mRNA is useful as a time-course prognostic marker in the
same manner as the WPSS.

At present, allogeneic hematopoietic stem cell transplant
is the only curative treatment for MDS. However, determina-
tion of the timing of allogeneic transplant is very difficult
because many patients are older, treatment-related deaths
frequently occur, and there are large individual differences
in the rate of disease progression. Allogeneic transplant
is selected as the therapeutic regimen for MDS when no
increase in blast cells is confirmed, taking into consider-
ation the development of transfusion dependency and fre-
quency of infections [20]. In addition, allogeneic transplant
is selected when a future increase in blast cells is predicted

by karyotypic analysis even though no increase is currently -

observed. It is recommended that transplant be performed
before the progression to cytopenia caused by an increase
in blast cell clones and before the progression to acute leu-
kemia, although induction chemotherapy may be required
when an increase in blast cells is observed [21]. On the other
hand, another study suggested that delaying transplant until
the advanced stage of disease results in a longer survival
time for low and intermediate-1 IPSS risk groups, while
early transplant was recommended for the intermediate-2
and high groups [22]. The period after CR is achieved is
considered to be the standard timing to perform transplant
for acute leukemia, but determining CR is extremely chal-
lenging. Our results revealed that periodic monitoring of
WT1 mRNA expression in patients with MDS provided useful
information for predicting the timing of transplant.

RA, a subtype in the early MDS disease stage, is often
difficult to differentiate from AA [23]. In a previous study
by Iwasaki et al., no difference in WT1 mRNA expression
was observed between RA and AA [9]. However, our data
revealed the possibility of WT1 expression level to differ-
entiate AA and RA groups using both peripheral blood and
bone marrow samples (Figure 4). In the present statistical
analysis, significant differences were observed between AA
and hypoplastic RA (p = 0.04) in PB. The number of subjects
was limited, and further trial is required for more detailed
analysis. Moreover, tentative cut-off values for WT1 mRNA
expression were set at 50 copies/ug RNA in PB and 500
copies/ug RNA in BM. Although the number of patients
was small, the results showed that the level of WT1 mRNA
expression could differentiate between RA and AA, with
specificity in PB and BM of 100% (8/8) and 75.0% (6/8),

respectively. This provides evidence that the measurement -
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of WT1 mRNA expression can play a role in the differential
diagnosis of RA and AA.

The WT1 assay kit is used clinically in Japan as a marker
to monitor MRD in patients wth AML. In MDS, a clonal dis-
order of pluripotent hematopoietic stem cells, WT'1 mRNA
expression increases depending on the MDS subtype and
disease stage. In contrast, the mechanism by which WT1
mRNA expression increases in MDS is not considered to cor-
relate simply with the fluctuation in leukemic clones, as seen
in AML. In normal hematopoiesis, WT1 mRNA is expressed
mainly in CD34-positive cells. In contrast, in patients with
MDS, WT1 mRNA is also expressed in CD34-negative cells,
particularly in lineages exhibiting abnormalities {24]. In our
study, the level of WT1 mRNA expression within the RA group
was shown to increase with the increase in IPSS risk [Figure
3(c)]. Moreover, a similar trend of increasing WT1 expres-
sion was found in the RCUD and RCMD groups according
to the 2008 WHO classification, although no significant
increase in blast cells in BM was observed in these groups.
Taken together, these findings indicate that the increase in
WT1 mRNA expression in patients with MDS may reflect -
the divergence of MDS clones from normal clones and
preleukemic changes.

In patients with MDS, evaluating the changes in WT1
mRNA levels simultaneously in PB and BM samples pro-
vides useful information on disease stage progression or
risk assessment in individual patients. In addition, the
WT1 mRNA-positive rate in each subtype of MDS was high-
{50-90%) in both PB and BM in this study, suggesting that
a single measurement of WT1 mRNA is sufficient for MDS
diagnosis, particularly for differentiating RA from AA.

Overall, this study provides evidence that the measure-
ment of the level of WT1 mRNA expression in PB and BM
serves as a supplemental marker for MDS diagnosis and
prognostic assessment. This assay has great potential to
contribute to more appropriate diagnoses and therapeutic
decisions in patients with MDS and to evaluate the timing of
allogeneic transplant.

Potential conflict of interest: Disclosure forms provided
by the authors are available with the full text of this article at
www.informahealthcare.com/lal.
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The price of drugs for chronic myeloid leukemia (CML) is a reflection of
the unsustainable prices of cancer drugs: from the perspective of a large
group of CML experts

Experts in Chronic Myeloid Leukemia

As a group of more than 100 experts in
chronic myeloid leukemia (CML), we draw
attention to the high prices of cancer
drugs, with the particular focus on the
prices of approved tyrosine kinase in-

hibitors for the treatment of CML. This
editorial addresses the multiple factors
involved in cancer drug pricing and their
impact on individual patients and health
care policies, and argues for the need to

(1) lower the prices of cancer drugs to
allow more patients to afford them and (2)
maintain sound long-term health care
policies. (Blood. 2013;121(22):4439-4442)

The doctrine of justum pretium, or just price, refers to the “fair
value” of commodities. In deciding the relationship between price
and worth (or value), it advocates that, by moral necessity, price
must reflect worth. This doctrine may be different from the doctrine
of free market economies where prices reflect “what the market
bears,” or what one is willing to pay for a product. Which doctrine is
better? One could argue that when a commodity affects the lives or
health of individuals, just price should prevail because of the moral
implications. Examples include the price of bread during famines,
polio vaccine, ivermectin for river blindness (provided for free by
Merck and estimated to have saved the vision of 30 million
individuals), and treatments of chronic medical conditions (cardio-
vascular, hypertension, diabetes, tuberculosis, multiple sclerosis,
etc). When commodities are not essential to life or suffering, what
the market will bear is appropriate (competition will take care
of price) because it is not restrained by ethical considerations.
Examples include the price of a Picasso painting, a luxury cruise,
a 2-week vacation in New York (or 4 weeks in Houston), a Bentley
car, a Brioni suit, etc.

Through positive collaborations with Pharma, experts in chronic
myelogenous leukemia (CML) have been fortunate to have 3 drugs
approved by the US Food and Drug Administration (FDA) in 2012
for the treatment of CML: bosutinib, ponatinib, and omacetaxine.
This is in addition to 3 others approved in the last decade: imatinib,
dasatinib, and nilotinib. The 3 new drugs, however, have been
priced at astronomical levels: ponatinib at $138 000 per year,
omacetaxine at $28 000 for induction and $14 000 per maintenance
course, and bosutinib at ~$118 000 per year.'

Cancer drug prices have been discussed recently by some finan-
cial analysts and tend to be discussed whenever new cancer drugs are
approved. This Forum reflects the views of a large group of CML
experts who believe that the current prices of CML drugs (1) are
too high, (2) are unsustainable, (3) may compromise access of needy
patients to highly effective therapy, and (4) are harmful to the
sustainability of our national health care systems. These concerns
reflect the spiraling prices of cancer drugs in general. Of the 12 drugs

approved by the FDA for various cancer indications in 2012, 11 were
priced above $100000 per year. Cancer drug prices have almost
doubled from a decade ago, from an average of $5000 per month
to >$10 000 per month.?

Innovation and discoveries must be rewarded. Pharmaceutical
companies that invest in research and development and discover
new lifesaving drugs should benefit from healthy revenues. The
cost for bringing a new cancer drug to market is reported to be ~$1
billion.® This much-argued-about figure, which some independent
experts put as low as $60 to 90 mil]ion,4 includes the cost of
development of the new (successful) drug and all other drugs that
failed during development, and ancillary expenses including the
cost of conducting the clinical trials required for approval, bonuses,
salaries, infrastructures, and advertising among others. In other
words, once a company sells about a billion dollars of a drug, most
of the rest is profit.

How are the prices of cancer drugs decided? Of the many complex
factors involved, price often seems to follow a simple formula: start
with the price for the most recent similar drug on the market and
price the new one within 10% to 20% of that price (usually higher).
This is what happened with imatinib, priced in 2001 at $2200 per
month, based on the price of interferon, which was then the
standard treatment.’

If drug price reflects value, then it should be proportional to the
benefit to patients in objective measures, such as survival pro-
longation, degree of tumor shrinkage, or improved quality of life. For
many tumors, drug prices do not reflect these end points because
most anticancer drugs provide minor survival benefits, if at all. For
example, in pancreatic cancer, where the median survival is 6 months,
a new drug that may prolong survival by 2 months and is priced at
$100 000 per year will cost $67 000 over 8 months survived, or
$33 500 per additional month lived, equivalent to $400 000 per
additional year lived. Similar calculations can be made for other
cancers depending on the expected median survival, additional
time lived, and therefore the price of an additional year lived. By
these measures, the price of cetuximab was valued at ~$800 000 per
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year of increased survival.? In many countries, an additional year
lived is judged to be “worth” ~$50 000 to $100 000.%” In England,
the National Institute for Health and Clinical Excellence values
a year lived at about 30 000 British pounds, or ~$50 000.

The situation in CML is different. When imatinib was approved in
2001, its potential benefit in prolonging life was unknown.
Considering a median survival of ~5 to 6 years in the pre-imatinib
era, a 50% improvement in survival would have extended life by
3 years, which was then a very optimistic outlook. Therefore, the
original imatinib price of $30000 in 2001 may have reflected the
cost of development and a projection of anticipated survival, using
the price of interferon, the approved commercial drug for CML, as
a starting point. In his book, Daniel Vasella, then Chairman and
Chief Executive Officer of Novartis, discussed the development of
imatinib, the moral imperatives and pressures exerted by oncolo-
gists and patients, the need for healthy profit margins, and the
decision to price imatinib at a world average of $2200 per month, or
$26 000 per year ($30 000 per year in the United States). This, he
explained, was considered at the time a high but worthwhile and
profitable price. With a prevalence of 30 000 patients in the United
States (the effect of imatinib on the prevalence of CML was then
difficult to estimate) and full market penetration (ie, most patients
with CML receiving imatinib), the annual revenue from imatinib
sales in the United States would be ~$900 million, which would
have more than recouped the cost of development within 2 years.
The revenues over the subsequent years of the patent would represent
generous profits to the company.

Imatinib and the new Bcr-Abl tyrosine kinase inhibitors (TKIs)
became the most successful class of targeted therapies ever de-
veloped in cancer, exceeding all projected survival expectations.
With TKI therapy, the annual all-cause mortality in CML declined
to 2%, vs a historical rate of 10% to 20%, and the estimated 10-year
survival increased from <20% to >80%. Patients with CML now
live close to normal lifespans,” as long as they receive the ap-
propriate TKIs and adhere to treatment. Their CML condition has
become very different from solid cancers, and more similar to
indolent disorders like diabetes, hypertension, and cardiovascular
disorders, where daily therapy is required indefinitely to produce the
anticipated benefit of long-term survival. Grateful patients may have
become the “financial victims” of the treatment success, having to
pay the high price annually to stay alive.

In Europe and many developed countries, universal health cov-
erage shields patients from the direct economic anxieties of illness.
Not so in the United States where patients may pay an average of
20% of drug prices out of pocket (~$20000-$30000 per year, a
quarter to a third of an average household budget), and where medical
ilinesses and drug prices are the single most frequent cause of
personal bankruptcies.'® High drug prices may be the single most
common reason for poor compliance and drug discontinuation, and
the reason behind different treatment recommendations in different
countries.

Cancer drug prices vary widely in different geographic regions
(Table 1'"'?). This supports the notion that drug prices reflect
geopolitical and socioeconomics dynamics unrelated to the cost of
drug development. In the United States, prices represent the extreme
end of high prices, a reflection of a “free market economy” and the
notion that “one cannot put a price on a human life,” as well as
a failure of government and insurers to more actively negotiate
pricing for anticancer and other pharmaceuticals, in contrast to
practices in other parts of the world. This contributes to the very high
cost of health care in the United States, estimated at $2.7 trillion in
2011, or 18% of the US gross domestic product, compared with 6%
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Table 1. Annual price estimates, by region, of drugs approved for
the treatment of CML

Price in thousands of US dollars (rounded to
nearest $0.5 thousand)

Country Imatinib Nilotinib Dasatinib
United States 92 115.5 123.5
Germany* 54 60 90
United Kingdom 33.5 33.5 48.5
Canada 46.5 48 62.5
Norway 50.5 61 825
France 40 51.5 71
Italy 31 43 54
South Korea 28.5 26 22
Mexico 29 39 49.5
Argentina 52 73.5 80
Australia 46.5 53.5 60
Japan 43 55 72
China 48.5 75 61.5
Russia 24 48.5 56.5
South Africa 43 28 54.5

Prices in the United States from the Red Book online." Other prices provided by
CML experts from their countries.

*In Germany, a new rule, the “Pharmaceutical Market Restructuring Act” or
AMNOG (arzneimittelneuordnungsgesetz), took effect in January 2011, by which the
prices of new drugs are negotiated according to their benefit in comparison with other
drugs on the market for the same indication. Similar rules or laws are also in effect in
other European countries.'" Prices of drugs in Germany may directly or indirectly
influence drug prices in 31 countries.'?

t0 9% in Europe.'® This increased expenditure does not add demon-
strable benefit to US patients.'* At the other extreme are more modest
prices in the Middle East, Africa, Latin America, and other emerging
nations, where only a minority of patients can afford, as individuals
or through government subsidies, to access the CML drugs. In many
emerging nations where governments cannot afford to budget for
such drugs, CML experts are advocating frontline allogeneic stem
cell transplantation because it costs an average of $30 000 to $80 000
as a one-time procedurta15 This may harm patients because only
a fraction may be eligible for transplantation (and may suffer from
early mortality and lifelong complications); a smaller fraction are rich
enough to pay individually for the price of the drugs, and most are
treated intermittently or not at all. The effects of these financial
pressures on the long-term survival of patients with CML in national
follow-up studies are as yet unknown.

Imatinib was developed as a “goodwill gesture” by Novartis and
became a blockbuster, with annual revenues of ~$4.7 billion in 2012.
Being one of the most successful cancer targeted therapies, imatinib
may have set the pace for the rising cost of cancer drugs. Initially
priced at nearly $30 000 per year when it was released in 2001, its
price has now increased to $92 000 in 2012," despite the fact that (1)
all research costs were accounted for in the original proposed pn'ce,5
(2) new indications were developed and FDA approved, and (3) the
prevalence of the CML population continuing to take imatinib was
dramatically increasing.'® This resulted in numerous appeals by
patients and advocates to lower the price of imatinib, to no avail so
far 1718

What determines a morally justifiable “just price” for a cancer
drug? A reasonable drug price should maintain healthy pharma-
ceutical company profits without being viewed as “profiteering”
(making profit by unethical methods, like raising commodity prices
after natural disasters). Hillner and Smith suggested this term may
apply to the trend of high drug prices, where a life-threatening
medical condition is the disaster.'” Hopes that the fundamentals of
a free market economy and market competition will settle cancer
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drug prices at lower levels have not been fulfilled. All 5 TKIs
approved for CML have annual price ranges of $92000 to
$138 000 in the United States, twice the prices in Europe where
governments bargain for bulk prices (Table 1). A new branch of
economics, called game theory, details how collusive behavior
can tacitly maintain high prices over extended periods of time,
despite competitive markets, thus representing a form of “collective
monopoly.” Interestingly, in South Korea, where annual prices for
TKIs range from $21 000 to $28 000, market competition may have
worked well, perhaps because of the approval by the Korean health
authorities of radotinib (annual prices $21 500), a locally discovered
and developed TKIL

The patent expiration date of imatinib, originally set in the
United States for May 28, 2013, was later extended by the US
Patent Office to January 2015. Patent expiration dates may be
different in different countries/regions. Two years is still a long
time for patients with CML, the prevalence of which is estimated
today worldwide at ~1.2 million to 1.5 million patients. Based on
sales, it is estimated that about 235000 to 250000 patients
(<20%-25%) are receiving imatinib. Support programs like the
Glivec International Patient Assistance Program, a joint effort of
Novartis and The Max Foundation, provide access to about 60 000
patients, perhaps ~30 000 to 40 000 of whom have CML (Glivec
International Patient Assistance Program providing TKIs to 1%-
3% of the world’s CML population).?’ Thus, treatment penetration
of TKIs in CML may be ~25% to 30% globally. When treatment
penetration and compliance rates are high (such as in single
institutional studies, in cooperative group trials, and in Sweden),
the estimated 10-year survival rates are >80%.8%22 When treat-
ment penetration may be lower, outcome may be worse. In the
United States, ~10% of patients fail to take prescribed drugs,
largely because of cost.”> Trends of CML survival in the United
States show an improvement since 2001, but the estimated 5-year
survival rate is still ~60%, suggesting lower treatment penetration
rates in the United States compared with Sweden.?>** Unafford-
able CML drug prices may be preventing many patients from
accessing these lifesaving drugs. Lowering the prices of TKIs will
improve treatment penetration, increase compliance and adherence
to treatment, expand the population of patients with CML who live
longer and continue on TKI therapy, and (paradoxically) increase
revenues to pharmaceutical companies from sales of TKIs.

Early introduction of generics has been estimated to have saved
the US health care budget about $1.1 trillion over 10 years.25 In
leveraging drug prices, companies may engage in “pay-for-delay”
strategies that delay generic drugs from being available. Arrange-
ments by pharmaceutical companies that pay generic companies to
delay entering the market with a generic version profit both
companies, but financially hurt the national health care system and
patients. The Hatch-Waxman Act provides a 6-month market ex-
clusivity for the first FDA-approved generic version of a branded
drug. The intent of the act is to encourage the rapid launch of low-
cost generics and reduce health care costs. Other generics can be
marketed afterward. By launching their own generics (called
“authorized generics”) at low prices, branded drug companies have
diminished generic company profits, resulting in delays of access
of generics and reduced competition.”® Delays of generic TKIs
through “pay-for-delay” or “authorized generic” approaches may
harm patients with CML and should be avoided at all cost.

As physicians, we follow the Hippocratic Oath of “Primum non
nocere,” first (or above all) do no harm. We believe the unsustainable
drug prices in CML and cancer may be causing harm to patients.
Advocating for lower drug prices is a necessity to save the lives of
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patients who cannot afford them. Pricing of cancer and other drugs
involves complex societal and political issues which (1) demand
immediate attention and (2) will need to consider many factors and
involve many constituencies including FDA and governmental
regulators; legislation changes; patent laws; multitudes of US and
international regulatory agencies; offices of human research pro-
tection; impediments by lawyers and contract research organizations,
which increase the cost of clinical research; patient advocacy groups;
excessive regulation and bureaucracy; profits of physicians and
hospitals/pharmacies; insurance companies; pharmaceutical compa-
nies; etc.

We propose to begin the dialogue by organizing regular meetings,
involving all parties concerned, to address the reasons behind high
cancer drug prices and offer solutions to reduce them. For CML, and
for other cancers, we believe drug prices should reflect objective
measures of benefit, but also should not exceed values that harm our
patients and societies.
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Normal karyotype acute myeloid leukemia with the CD7+
CD15+ CD34+ HLA-DR + immunophenotype is a clinically
distinct entity with a favorable outcome
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Abstract Recently, the presence of CEBP4 mutation was
identified as an important prognostic factor for normal karyo-
type (NK) acute -myeloid leukemia (AML). Because AML
with CEBPA mutation is closely associated with CD7, CD1S5,
CD34, and HLA-DR expression, we investigated the prog-
nostic implications of CD7+ CD15+ CD34+ HLA-DR +
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immunophenotype in NK-AML. We analyzed the
immunophenotype of 329 patients with NK-AML from the
Japan Adult Leukemia Study Group (JALSG) AML97 popu-
lation. NK-AML with the CD7+ CD15+ CD34+ HLA-DR +
immunophenotype was classified as the CEBPA type, and
NK-AML that did not meet this criterion was considered as
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the non-CEBPA type. The influence of the CEBPA status on
event-free survival (EFS) and overall survival (OS) was
assessed using log-rank test and a multivariate Cox propor-
tional hazard regression model. Furthermore, the surface anti-
gen expression profile in AML according to the CEBPA muta-
tion status (monoallelic or biallelic) was also investigated. Of
the 329 NK-AML patients that were studied, 39 and 243 were
classified as having CEBPA and non-CEBPA type NK-AML,
respectively. Patients with CEBPA type NK-AML had signif-
icantly better EFS and OS than those with non-CEBPA type
NK-AML. Multivariate analysis showed that the CEBPA type
and white blood cell (WBC) counts of >20 x 10%/L were
independent prognostic factors for EFS and OS. Moreover,
NK-AML with the biallelic CEBPA mutation was more closely
associated with CD34 positivity than that with the monoallelic
CEBP4 mutation. NK-AML with the CD7+ CD15+ CD34+
HLA-DR + immunophenotype is a clinically discrete entity,
and this may have a possible role in risk stratification.

Keywords Normalkaryotypeacute myeloid leukemia -CD7 -
CD15 -CD34 - HLA-DR - CEBPA - Prognostic factor

Introduction

In recent years, immunophenotyping of hematologic neo-
plasms has become standard practice to establish a diagnosis
and define the origin of the malignant cell lineage. Patients
with acute myeloid leukemia (AML) often show aberrant
cellular antigen expression as well as chromosomal abnormal-
ities. The clinical significance of surface antigen expression
has been studied for more than 20 years, but thus far, it has
yielded inconsistent results [1]. Nevertheless, if the evaluation
of antigen expression is limited to a subtype of AML, we
would be more likely to find a significant relationship between
surface antigen expression and prognosis. For example, the
significance of CD56 expression as an adverse prognostic
factor in both acute promyelocytic leukemia (APL) and
AML with t(8;21) is widely accepted [2, 3].

Normal karyotype (NK)-AML is the most common sub-
type of AML, accounting for 40—50 % of cases [4-6]. Patients
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with this subtype are considered to have an intermediate risk,
and upfront hematopoietic stem cell transplantation (HSCT) is
commonly recommended [7-9]. However, even though treat-
ment strategies seem promising, the prognosis of NK-AML is
variable when molecular evaluation of the FLT3, NPMI, and
CEBPA mutations is taken into account [10-14]. Schlenk et al.
[10] reported that NK-AML patients with the CEBP4 muta-
tion or NPMI mutation, but without the FLT3 mutation, had a
favorable prognosis and that upfront HSCT in these patients
did not contribute to the overall survival (OS). Although the
detection of subgroups is necessary for decisions on the most
appropriate treatment strategy, routine molecular diagnoses
are often difficult in clinical practice.

AML with the CEBPA mutation has a homologous surface
antigen expression that is closely associated with CD7, CD135,
CD34, and HLA-DR positivity [15, 16]. We speculated that
immunophenotyping for CD7, CD15, CD34, and HLA-DR in
patients with NK-AML could identify a distinct subtype of
AML that clinically mimics AML with the CEBPA mutation.
In the Japan Adult Leukemia Study Group (JALSG) AML97
study, almost 42 % of the patients with AML were diagnosed
with NK-AML. For this study, results of surface antigen
expression were obtained at the time of enrollment. Further,
we used data from the JALSG AML97 study to investigate the
clinical significance of these surface antigens for the prognosis
of patients with NK-AML.

Patients and methods
Patients

We conducted a retrospective review of patient data from the
multicenter JALSG AML97 study. Detailed information of
this study and its results has previously been reported [17, 18].
Briefly, between December 1997 and July 2001, patients aged
15-64 years, with newly diagnosed de novo AML, excluding
those with APL, were consecutively enrolled to the JALSG
AMLI7 study. In total, 789 of the 809 AML patients were
eligible for the study, and informed consent was obtained from
all patients or their guardians before enrollment. The study
protocol was approved by the research ethics boards of all
participating institutions, and the study was conducted in
accordance with the Declaration of Helsinki.

Cytogenetic studies

The results from the cytogenetic studies, which were per-
formed at each of the institutions, were reported to the
JALSG Statistical Center. Routinely, 20 metaphases were
counted for each patient and analyzed according to the
recommendations of the International System for Human
Cytogenetic Nomenclature.
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Flow cytometry

Immunophenotyping was performed at each institution, pri-
marily on freshly collected bone marrow or peripheral blood
samples that were collected at the time of diagnosis. Leukemic
cell analysis was performed at local or reference laboratories
by standard immunofluorescence methods using monoclonal
antibodies directed against the CD2, CD3, CD4, CD5, CD7,
CD8, CDl11b, CD13, CD15, CD19, CD33, CD34, CD4la,
CD56, and HLA-DR surface antigens. Samples were consid-
ered positive if at least 20 % of blasts expressed the antigen.

Treatment regimen used in the JALSG AML97 study

Induction therapy consisted of Ara-C at a dose of 100 mg/m”
per day as a continuous infusion on days 1-7 and idarubicin
(IDR) at a dose of 12 mg/m? per day as a 30-min infusion on
days 1-3. Patients who did not achieve remission after the first
induction cycle were given the same therapy again. Patients
who obtained complete remission (CR) within two courses of
induction therapy were randomly assigned to a group that
received either four courses of standard dose consolidation
therapy without maintenance (arm A) or three courses of
standard dose consolidation along with six courses of main-
tenance therapy (arm B). In the JALSG AML97 study, the 5-
year overall survival rate and the 5-year disease-free survival
(DFS) rate between the arms were not statistical different [17].

Surface antigen expression profile according to the CEBPA
mutant pattern

We also investigated the surface antigen expression profiles
according to CEBP4 mutant pattern in 318 AML patients
based on the data records of AML patients enrolled at the
Kumamoto and Nagasaki Universities. High molecular
weight genomic DNA was extracted from the bone marrow
or peripheral blood samples after Ficoll separation of mono-
nuclear cells. Mutations of the CEBPA gene was detected by
genomic DNA PCR, and direct sequencing was performed at
each institution, as described previously [19, 20].

Statistical analysis

OS for all patients was defined as the period from the date of
diagnosis to the date of death. Event-free survival (EFS) was
defined as the period from the date of diagnosis to the date of
the first recurrence after CR or any cause of death. All patients
who underwent HSCT were censored from the EFS analysis on
the date of HSCT treatment. The Kaplan-Meier method was
used to estimate the EFS and OS. The log-rank test was used to
compare the EFS or OS of the two groups. Factors that could
potentially affect clinical outcome, including age, sex, WBC
count, performance status at diagnosis, and the expression of

each surface antigen were analyzed by the multivariate Cox
proportional hazard regression model. Fisher’s exact test and
Student’s ftest were used to compare factor differences between
the two groups. Statistical analysis was performed with the JMP
software version 8.0.1 (SAS Institute Inc., Cray, NC, USA).

Results
Definition of the CEBPA type

For this study, CEBPA type NK-AML was defined as NK-AML
that showed the CD7+ CD15+ CD34+ HLA-DR +
immunophenotype because these antigens are commonly
expressed in AML with the CEBP4 mutation [15, 16]. Non-
CEBPA type NK-AML was defined as NK-AML that did not
have the CD7+ CD15+ CD34+ HLA-DR -+ immunophenotype.

In total, 329 patients were diagnosed with NK-AML. The
expression of CD7, CD15, CD34, and HLA-DR was exam-
ined in 303, 201, 306, and 302 patients, respectively. Of the
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Fig. 1 Kaplan-Meier curves show event-free survival (EFS) and overall
survival (OS) according to the CEBPA status. EFS and OS for each group
are shown in aand b, respectively. Log-rank test revealed the 5-year EFS
to be 48.5 and 30.5 % for patients with CEBPA and non-CEBPA type
NK-AML, respectively, which was significantly different (P=0.044). The
S-year OS of patients with CEBPA and non-CEBPA type NK-AML was
also significant (67.4 and 35.7 %, respectively; P=0.0038)
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Table 1 Analysis of prognostic factors for event-free survival in the NK-AML population (7=329)

Factors Number (positive/negative) Univariate analysis Multivariate analysis
HR (95 % CI) P value HR (95 % CI) Pvalue
Age > 50 years 131/198 1.04 (0.77-1.39) 0.812
Female sex 141/188 0.81 (0.60-1.09) 0.168
WBC count of >20x 10%/L. 165/164 1.74 (1.30-2.34) 0.0002 1.56 (1.14-2.14) 0.0052
Performance status >2 29/300 1.21 (0.72-1.91) 0.461
CD7 108/195 0.96 (0.70-1.31) 0.808
CDl15 113/88 0.77 (0.52-1.13) 0.174
CD34 166/140 1.26 (0.94-1.71) 0.127
HLA-DR 255/47 1.16 (0.77-1.82) 0.483
CEBPA type 39/243 0.61 (0.36-0.96) 0.034 0.59 (0.35-0.94) 0.026

329 NK-AML patients, 39 were classified as having the
CEBPA type and 243 were classified as having the non-
CEBPA type NK-AML. We excluded 47 patients whose of
immunophenotype could not be determined.

EFS and OS

The 5-year EFS rate for patients with CEBPA type NK-AML
was 48.5 %, which was significantly higher than the 30.5 %
for patients with non-CEBPA type NK-AML (P=0.044,
Fig. la). Furthermore, the 5-year OS rate for patients with
CEBPA type NK-AML was also significantly higher than that
for patients with non-CEBPA type NK-AML (67.4 vs 35.7 %,
P=0.0038, Fig. 1b).

Univariate analysis showed that the outcome of patients
with increased WBC counts at diagnosis was significantly
worse (Tables 1 and 2), in agreement with previous reports
[1]. Furthermore, CEBPA type was also a significant factor
for better EFS and OS (Tables 1 and 2). Multivariate anal-
ysis showed CEBPA type and increased WBC counts to be
independent prognostic factors (Tables | and 2). Other

factors such as age, performance status, sex, or the expres-
sion of each of the single surface antigens did not affect the
EFS and OS rates.

Our study included 12 patients with CEPBA type NK-
AML and 77 patients with non-CEBPA type NK-AML who
received HSCT. There was no significant difference among
patients who received HSCT in these two groups (Table 3).
The 2-year OS after HSCT in these groups were 61 and 41 %,
respectively, which did not reach significance (P=0.467).

Clinical profiles in CEBPA type

The CEBPA type was identified as an independent prognostic
factor for EFS and OS. Therefore, we analyzed the character-
istics of CEBPA type (Table 3). Sex, WBC count, or perfor-
mance status was not associated with CEBPA or non-CEBPA
type NK-AML. In contrast, compared with non-CEBPA type
NK-AML, CEBPA type NK-AML was associated with youn-
ger age, higher myeloperoxidase (MPO)-positive rates, fre-
quent presentation with Auer rods, and a French-American-
British (FAB) classification of M1 or M2.

Table 2 Analysis of prognostic factors for overall survival in the NK-AML population (n=329)

Factors Number (positive/negative) Univariate analysis Multivariate analysis
HR (95 % CI) Pvalue HR (95 % CI) P value
Age > 50 years 131/198 1.19 (0.89-1.60) 0.240
Female sex 141/188 0.80 (0.59-1.08) 0.144
WBC count of >20x 10°/L 165/164 1.51 (1.13-2.03) 0.0059 1.44 (1.05-1.97) 0.023
Performance status >2 29/300 1.23 (0.72-1.96) 0437
CD7 108/195 0.79 (0.57-1.09) 0.150
CD15 113/88 0.72 (0.49-1.07) 0.101
CD34 166/140 1.10 (0.81-1.50) 0.526
HLA-DR 255/47 0.95 (0.64-1.47) 0.807
CEBPA type 39/243 041 (0.22-0.71) 0.0008 0.40 (0.21-0.69) 0.0005
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