Diagnostic flow cytometry for myelodysplasia

introduction

Myelodysplastic syndromes (MDS) are clonal disor-
ders of hematopoietic cells with variable clinical course
and risk of evolution into acute myeloid leukemia
(AML)."* MDS appear to be the most common myeloid
malignancy and their incidence increases steeply with
age.’ The diagnosis of MDS is based on a combination
of clinical history, the morphological features of the
peripheral blood (PB) and BM (e.g., percentages of blasts
and dysplasia of cells), cytogenetic data, and ruling out
other diseases.* The diagnosis is straightforward if
clearly objective abnormalities, i.e., increase in blasts
and/or ringed sideroblasts (RS) and/or the presence of
chromosomal aberration, are detected. In other words, a
diagnostic challenge exists in low-grade MDS that lack
conventional, specific diagnostic markers, RS and karyo-
typic aberration. The diagnosis of this category (called
loso-grade MDS without conventional markers in this paper)
largely relies on the presence of dysplasia, and therefore
experienced examiners (hematologists/hematopatholo-
gists) are required to make the diagnosis. On the other
hand, the dysplastic features of myeloid cells do not in
themselves establish a diagnosis. Conditions other than
MDS can induce dysplastic myeloid cells (e.g., deficien-
cies of vitamin Bz and folate, viral infections; ethanol or
lead), and thus such ‘conditions should be ruled out by
careful history taking and physical and laboratory exam-
inations.

Flow cytometry (FCM) has been established as a use-
ful, routine diagnostic tool for acute leukemia and Non:
Hodgkin’s fymphoma but not for MDS. Recently, we
and others have reported prototypes of diaghestic FCM
for MDS.%"" Based on those recent developmeiits, in a
report from a recent international working conference
on MDS, FCM was proposed as one diagnostic test." To
make diagnostic MDS. FCM: widely.applicable, further
studies on the parameters and analytical strategy usable
in many laboratories are required:”?

This study was conducted by two laboratories that
have been working on: diagnostic FCM for low-grade
MDS.?* We investigated the diagnostic utility of our
protocol, which was-designed to be applicable in many
laboratories and to minimize variations among them, for
prospective application in low-grade MDS patients; in
particular low-grade. MDS without conventional mark-
ers, in the two laboratories.

Design and Methods

Patients

This study included four cohorts of patients. The first
was: a cohort reported in our previous study, in which
FCM data on BM cells from 27 low-grade MDS patients
lacking RS and 90 non-MDS patients including 70 non-
clonal cytopenic. patients were. collected.' The second
cohort 'was made up of patients used for preliminary
experiments, “who ‘were selected from. patients who
underwent BM aspiration in Nippon Medical School for
diagnostic purposes. They consisted of 13 low-grade

MDS patients lacking RS and 30 nonclonal cytopenic
patients. Reference ranges (RRs) of parameters were
determined using data from these cohorts before
prospective FCM analysis (see Results). Patients in the
prospective analysis were consecutive patients who
underwent BM aspiration in our institutions in Japan
(the third cohort) and ltaly (the fourth cohort) and who
were diagnosed with low-grade MDS or non-clonal
cytopenia using conventional methods. These patients
were either new patients with abnormal PB findings not
ruling out low-grade MDS (e.g., cytopenia and/or
macrocytosis without circulating blasts) for whom clini-
cians performed BM examination, or patients who had
already been diagnosed with low-grade MDS and
underwent BM examination to evaluate their disease
status. Patients’ BM samples were subjected to the pres-
ent FCM analysis as well as to conventional laboratory
tests, which included cytological and pathological exam-
inations, and cytogenetic analysis using the standard G-
banding technique." Data on patients who underwent
FCM analysis but had neither low-grade MDS nor non-
clonal cytopenia, eig.;:high-grade MDS, were excluded.

MDS was diagnosed according to the World Health
Organization(WHO) criteria,” as described preiously.'®
In cases suspected to be low-grade MDS without con-
ventional, markers, observation was carried out for six
menths prior to making a diagnosis of MDS. Other dis-
eases were also ruled out by repeated history taking and
physical and laboratory examinations including follow-
up PB data, for example, normalization of PB data after
specific therapy for non-clonal cytopenia, and, if neces-
sary, repeated BM examination. Karyotypes were inter-
preted using the standard criteria.” The International
Prognostic Score System (IPSS) and WHO classification-
based prognostic scoring system (WPSS) were applied to
MDS patients according to previous reports.’®” Written,
informed consent was: obtained from all patients. This
study protocol was approved by the Ethies Committee,
Fondazione IRCCS Policlinico San Matteo, Pavia, Ttaly,
and' by the Institutional Review Board of Nippon
Medical School, Tokyo, Japan.

Flew cytometry

BM: cells of the patients were: aspirated into a
heparinized syringe, immediately diluted with- RPMI
1640 medium containing. 10% fetal calf serum, and
stored at 4°C overnight. The next morning (19-24 h after
cell aspiration), nucleated cells were counted and stained
with antibodies:

Then, samples were treated with the standard ammo-
nium: chloride method to lyse erythrocytes and washed
with phosphate-buffered saline. The rationale for sam-
ple handling was described in our previous report.”
Antibody staining was performed as follows: 100 uL of
a cell aliquot. containing 5-8x10° nucleated cells  were
placed into each tube and stained with three antibodies
conjugated with fluorescein isothiocyanate (FITC), phy-
coerythrin - (PE), -or peridin . chlorophyll  (PerCE).
Combinations of the three antibodies were CD10/CD34/
€D45 (FITC/PE/PerCP), CD15/CD34/CD45, CD34/
€D11b/CD45, and CD34/CD56/CD45. Antibodies were
obtained from Becton Dickinson (BD, Franklin Lakes,
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NJ, USA) (CD45-PerCF, CD384-PE, CD11b-PE, and CD15-
FITC) and Beckman Coulter (Fullerton, CA) (CD34-FITC,
CD10-FITC, and CD56-PE). The optimal volume of each
antibody reagent for the staining was determined before-
hand. Fluorescence minus one (FMO) controls were used
as described previously."** Data were acquired using a
FACSCalibur and FACSCanto flow cytometer (BD) in
Tokyo and Pavia, respectively. At least 100,000 cell
events were acquired.

Data were analyzed with CellQuest software (BD) by
investigators who were blinded to the patients’ clinical
and laboratory data, including the diagnosis. First, four
parameters were analyzed from a cell sample stained
with the CD10/CD34/CD45 antibody combination.
Analytical methods for three of these four parameters
have been described previously.” On the forward scatter
(FSC)-versus-side scatter (SSC) display, we defined all
nucleated cells (R1, Figure 1A) and cells with relatively
low SSC were gated (R2) and then plotted on a CD45-
versus-CD34 display (Figure 1B).® Next, CD34" cells
with intermediate CD45 expression were gated (R3) and
then plotted on a CD45-versus-SSC display (Figure 1C),
in which CD34* B-cell progenitors (stage 1 hematogones)
formed an easily recognizable cluster (R5, arrow).""”
Other . CD34* cells (R4)  consist: predominantly of
myeloblasts, and thus these cells are called CD34
myeloblasts in this paper. Meanwhile, all cells were plot-
ted on a CD45-versus-SSC display (Figure 1D) and gran-
ulocytic cells-other than myeloblasts (R6, called granulo-
cytic cells in this paper) and lymphocytes (R7) were

gated. For granulocytic cells, the CD10-negative cell frac-
tion was gated (R8, Figure 1E). Then we examined the
following parameters: (i) the percentage of CD34*
myeloblasts in all nucleated cells (called CD34"
myeloblasts {%] in this paper); (i) the percentage of
CD34" B-cell progenitors in all CD34 cells (called CD34*
B cells [%] in this paper); 3) Ly/Mbl CD45 ratio (mean
fluorescence intensity [MFI] of CD45 on lymphocytes +
MEFI of CD45 on CD34" myeloblasts); and 4) Gra/Ly SSC
peak channel ratio (SSC channel number where the max-
imum number of CD10- granulocytic cells occurs + SSC
channel number where the maximum number of lym-
phocytes occurs). From cell samples stained with
CD15/CD34/CD45, CD34/CD11b/CD45, and CD34/
CD56/CD45 combinations, we analyzed the three other
parameters. We gated CD34* myeloblasts as described
above and their CD15, CD11b, and CD56 expression
was quantified by determining the percentages of anti-
gen-positive cells in all CD34' myeloblasts.

Determination of interlahoratory variability
of flow data

Each of 10 BM samples obtained from the second
patient cohort was divided into three aliquots and dis-
tributed to three.laboratories in Tokyo. An FCM opera-
tor in each laboratory analyzed the above seven parame-
ters according to the analysis manual written and distrib-
uted by*Nippon Medical School. The manual contained
all infermation- described - above, e.g, cell number,
reagents for staining, and analytical methods.
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Figure 1. Analysis of four cardinal parameters from a single cell aliquot stained with CD10-FITC, CD34-PE, and CD45-PerCP antibodies.
(A) Al nucleated cells (R1) and celis with relatively low SSC.(R2).(B) Cells' in R2.in panel A were displayed on a CD34-versus-CD45 plot.
CD34" cells: with intermediate CD45 expression - were gated (R3)..(C) Cells in R3 in:panel B .were displayed on a CD45-versus-SSC: plot.
A cluster of CD34’ B-cell progenitors was identified in the lower left region of CD34: cells (R5, arrow). The reliability of the R5 region
was confirmed based on CD10 positivity. Cells:in R4 were composed mainly of myeloblasts (Mbis) and' thus simply called CD34* Mbls
in this paper. (D) Granulocytic cells other than Mbls (R6; called granulocytic cells in this paper) and lymphocytes (R7).were gated on a
CD45-versus-SSC plot. (E) Cells in R6 in panel D were displayed; and the CD10: fraction was gated (R8). (F) SSC of CD10: granulocytic
cells (upper panel) and lymphocytes (lower panel). SSC peak channel values (SSC channel number where the maximum number of cells
occurs) of both fractions were computed using the software. (G) CD45 expression of CD34* Mbls (upper panel) and lymphocytes (lower
panel).. Mean fluorescence: intensity (MFi, GeoMean) of CD45 of both fractions was computed.
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Statistical analysis
Differences between two groups of data of continuous ~ Resulis

variables were analyzed using Student's t-test.

Differences in categorical variables were evaluated using ~ Determination of reference ranges and their applica-

the ¥’ test. Interlaboratory variability of FCM data was  tion te the preliminary cohort

determined based on the coefficient of variation (CV Using data from the first patient cohort, we analyzed

[%] = standard deviation [SD] + mean x 100). To esti-  four parameters, CD34* myeloblasts (%), CD34* B cells

mate the diagnostic power of the present FCM method, (%), Ly/Mbl CD45 ratio, and Gra/Ly SSC peak channel

we calculated specificity, sensitivity, and the likelihood  ratio, and compared the data between 27 low-grade MDS

ratio according to the standard method,” and 95% con-  patients and 70 non-clonal cytopenic patients (Online

fidence intervals (CI) of specificity and sensitivity were  Supplementary Figure S1, upper panel, most data on CD34*

based on the binomial distribution.” myeloblasts, CD34" B cells, and Ly/Mbl CD45 ratio were

Table 1. Patients in prospective cohorts.

Japanese cohort

Non-clonal cytopenic patients 7 43 (1875) 59418
Immune thrombocytopenic purpura 17
_ Anemiaofcheonicdisessy =000 2 T . . . .
Renal anemia
_ Immunebicytopenia e
Iron-deficiency anemia’ 3
Otherst ... 8 .. .
Low -grade MDS patlents 46 (26120) 2= 144 10/28/4 @ 6/21/2/5 (12)
. .. . = @ @ @ @@ @@ @@ @@ @@ .
2
... k.
RCMD-RS 3
S MDS U 2 s R e - .  _ . = . @ @ @ L
Patients without conventional markers* 26 (14/12) 68.9£163 T16/0:(3) Y1414 (T)
Italian cohort
Non-clonal cytopenic patients 63.(29/34) 6015
 Immune thrombocytopenic purpura. . B
Anemia of chronic disease' 12
 Anomenberdsesse . .. 93 =
Immune bicytopenia or pancytopema 6
_ Rendlanemia - . . ... = = @
Iron-deficiency anemia 2
_ Autoimmunc hemohticanemia . 3 .. _____________________ _ _
Others? 12
_ lowgradeMDSpatients Gsxl2s MBBE  WBNIAG
RA
R . . .
RCMD
M . ... & ..
5q- syndlome 3
. Patientswithoutconventional markers' =~ 55@302%) . 644137 . S6ARO(L) I8RO

RA: refractory anemia; RARS: refractory artemia with ringed sideroblasts; RCHMD: refractory cylopenia with mu[n[meage dysplasta RCMD-RS: refractory cytopenia with multi-
lineage dysplasia and ringed sideroblasts; MDS-U: MDS-unclassified; 5q- syndrome: MDS assdciated with isolated del(5q); data for IPSS: low/intermediate-1/intermediate-2
(not applicable); data for WPSS: very low/low/intermediate/high (not applicable); Japanese cohort: I congestive heart failure (CHF), 1 CHF with primary biliary cirrhosis,
I rheurnatord arthritis, I systemic lupus erythematosus (SLE), I colon canceéi; and 2 fever of unkniown origin. ltalian cohort: 5 systemic autoimmune disease (e.g., SLE), 4 car-
cinomas, 2 chironic bacterial infections; and- I inflamimatory bowel disedse; ” I patient had-complication with: transtent leukopenia; *Japanese cohort: 1 marginal anemia, 1
marginal leukopenia, 2 chronic idiopathic neutropenta; I hypomegakaryocytic thrombuocylopenic piiipura; I-pernicious anemia; I alcoholic: cytopenia, and 1. Sweet's syi-
drome with marginal anemia; ltalian:cohort: 7 chronic neutropenia (iarginal to moderate); 2 drug-indiced cytopenia; I transient cytopenia, I pernicious anemia, and I con-
genital sideroblastic aneimia;, *Ratients lacked RS and karyotype abnormality. They. included patients in whom a sufficient number of melaphases for karyotyping. were not
available (3 Japanese and 1 ltalian). I other patients, more than 20, melaphases were analyzed and all were normal. Three ftalian patients who. did not undergo. karyotyp-
ing were excluded.

haematologica | 2009; 94(8) [1069 |



K. Ogata et al.

in our previous paper)”. Meanwhile, using BM samples
from the second cohort, we determined CD15, CD11b,
and CD56 expression on CD34' myeloblasts (Online
Supplementary Figure S1, lower panel) in addition to the
above four parameters. The data suggest that these seven
parameters might be useful in differentiating the two
patient groups. Next, we examined the interlaboratory
data variability of all seven parameters adopted (Online
Supplementary Table S1). The data on CD34" myeloblasts
(%), CD34" B cells (%), Ly/Mbl CD45 ratio, and Gra/Ly
SSC peak channel ratio showed little interlaboratory vari-
ability, although data on CD11b, CD15, and CD56 expres-
sion (%) on CD34' myeloblasts showed greater interlabo-
ratory variability.

We then determined RRs for all parameters. For parame-
ters showing little interlaboratory data variability, RRs
were determined based on the receiver-operator character-
istic curve using the data in the Ounline Supplementary Figure
S1: CD34" myeloblasts <2.4%, CD34" B cells >5%, 4
<Ly/Mbl CD45 ratio <7.8, and Gra/Ly SSC peak ratio >6.
For parameters showing substantial interlaboratory data
variability, RRs were set to reduce/avoid events when non-
clonal samples showed abnormal results (false-positive
events), that is, CD11b expression on CD34" myeloblasts
<10%, CD15 expression on CD34" myeloblasts <20%,
and CD56 expression on CD34* myeloblasts <10%. Using
these RRs, the data from three laboratories shown in the
Online Supplementary Table S1 did not show any false-posi-
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Figure 2. Analysis of seven flow cytometry parameters in the prospective cohorts. The horizontal lines in each boxplot represent the 90%,
75% 50" 25% ‘and 10" percentiles. Circles are outliers. Controls are nonclonal cytopenic patients. “All” indicates all low-grade myelodys-
plastic syndromes (MDS) patients; “With” indicates low-grade MDS with conventional markers, and “W/0" indicates low-grade MDS with-
otit‘conventional markers. Shaded areas are the predetermined reference ranges.
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tive results for all samples from non-clonal cytopenic
patients (n=8).

Then, we applied FCM scoring for patients in the sec-
ond cohort: one point was given for each parameter for
which data were outside the RR. For example, if the data
for two parameters were outside the RRs in an individ-
ual, the FCM score was 2. The results of scoring using
four parameters (CD34* myeloblasts [%], CD34'B cells
[%], Ly/Mbl CD45 ratio, and Gra/Ly SSC peak ratio) and
all seven parameters are shown in Online Supplementary
Table S2. An FCM score of 2 or more was not observed
in any cytopenic control but observed in 46% and 69%
of low-grade MDS patients in the scoring using four and
seven parameters, respectively.

Application of diagnostic flow cytometry
to the prospective cohoris

Using the same approach, we prospectively analyzed
consecutive patients in Japan and.Italy. Methodological
details described in the Methods section and RRs were
distributed to both laboratories beforehand. We defined
CD34" myeloblasts (%), CD34" B cells (%), Ly/Mbl
CD45 ratio, and Gra/ly SSC. peak ratio as cardinal
parameters that must be analyzed for every sample, and
defined CD11b, CD15, and CD56 expression on CD34
myeloblasts as adjunctive parameters that should be ana-
lyzed in as many samples as possible. Patients analyzed
aré ‘shown in Table 1. MDS subtypes: in the. Japanese
cohort reflect the characteristics of Japanese MDS. That
is, compared: with - MDS: patients-in. Westerncountries,
5g- syndrome and MDS: with RS are less frequent and
hematopoietic cells are less dysplastic.” Among 134 low-
grade MDS patients; 81 (26 Japanese and 55 Italians) liad
low-grade MDS without conventional markers.-All seven
parameters were analyzed in all Japanese patienits and in

Table 2. Flow scores of patients in the prospective cohorts

38 non-clonal cytopenic patients and 66 low-grade MDS
patients in the Italian cohort. All data from the Japanese
and Italian cohorts are shown in Figure 2. The data from
both cohorts showed the same characteristics. When
looking at all low-grade MDS patients in these cohorts
(the second boxplot from the left in each panel of Figure
2), the data on CD34" myeloblasts (%) deviated upward
and those on CD34" B cells (%) and Gra/Ly SSC peak
ratio deviated downward compared with those in non-
clonal cytopenic patients (the extreme left plot in each
panel of Figure 2). Meanwhile, the Ly/Mbl CD45 ratio
deviated upward or downward depending on the indi-
vidual patient in MDS. Furthermore, CD34" myeloblasts
from a considerable proportion of low-grade MDS
patients expressed higher levels of CD15, CD11b, and
CD56 compared with those from non-clonal cytopenic
patients. The above characteristics also held true when
low-grade MDS patients who-had RS and/or karyotype
abnormality (low-grade MDS with conventional mark-
ers) and low-grade MDS without conventional markers
were analyzed separately (the two right plots in each
panel). When data frent these low-grade MDS groups
were compared; lew-grade MDS patients with conven-
tional markers. had more CD34" myeloblasts (%) and less
Gra/ly SSC peak ratio compared with low-grade MDS
patients ‘without conventional markers.in both cohorts
(not shown in detail).

- The results of FCM scoring using the predetermined
RRs, are-shown in Table 2. When: all low-grade MDS
patients were scored using data from the four cardinal
parameters, 20 of 46 (43:5%) Japanese and 62 of 88
(70.5%) Italian patients scored 2 or more, among whom
13°6F:46 (28.:3%) Japanese and 25:of 88 (28.4%) Italian
patients'scored 3 or more. However; among non-clonal
cytopenic patients,  most- scored: 0-or- 1; only: a few

Japanesecobot 0. . . ... ...
Non-clonal cytopenia 357 1 00 0143 BT 000 1743 72 98 30.9
All low-grade MDS 12147211 2 2046 44 98 187 211151251 33/46 (57-84). . (88-100) . (6.5-176.1)
patients (2959)  (88-100) (3.6-108.8)

Patients with 445 6. 11220 60 98 258 0.4 7.7 1.1 1620 80 93 344
conventional markers (36-81) - (88-100) . (5.2-151.5) (56-94)- . (88-100)- (7.7-195.0)
Patients without 8§10 251 &2 31 98 13.2 20787540 1706 65 98 28.1
conventional markers (1452)  (38-100)  (24-80.7) (44-83)  (88-100)  (5.8-162.8)

lwliancohor = . - @ @@ @O0
Non-clonal cytopenia - :38:20 5. 0.+ 0 5/63 22:12.4.0-0.0 4/38
Alllow-grade MDS 8§18 3720 5. 62/83 71 92 8.9 3..6.2625:6°0 .57/66 86 90 8.2
patients (60-80) (8297  (42-204) 1699 (I (39-194)

Patients with V713 9. 3 2533 76 92 95 I3 5550 159 79 90 75
conventional markers (58-89) (82-97y - (4.6-201) (63-89y - (75-97) - (3.3-16.2)
Patients without T A2 35S 67 92 85 20932020 1044t 89 50 8.5
conventional markers (G379 (82-97)  (4.0:195) (77190 (15:97) -+ (4.1-184)

'Datd are the diagnostic power of the "flow score 2 or more.” Data in parenitheses are 95% CI.
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patients scored 2 (1/43 [2.8%] Japanese and 5/63 [7.9%]
Italian patients), and none scored 3 or more. When data
from all seven parameters were used to score all low-
grade MDS patients, 33 of 46 (71.7%) Japanese and 57 of
66 (86.4%) Italian patients scored 2 or more, among
whom 18 of 46 (39.1%) Japanese and 31 of 66 (47.0%)
Italian patients scored 3 or more. In non-clonal cytopenic
patients, most also scored 0 or 1, a few scored 2 (1/43
[2.3%] Japanese and 4/38 [10.5%] Italian patients), and
none scored 3 or more. When low-grade MDS with con-
ventional markers and low-grade MDS without conven-
tional markers were scored separately, the results were
similar between these two groups, except for the scoring
using the four cardinal parameters in the Japanese
cohort, among whom the number of patients who
scored 2 or more was greater in low-grade MDS with
conventional makers than in low-grade MDS without
conventional markers (12/20 vs. 8/26, p=0.047).

Based .on the above data, the diagnostic power of the
present FCM scoring, i.e.; sensitivity, specificity, and
more importantly the likelihood. ratio, was. calculated
(Table 2). When patients lacking excess blasts, RS, and
karyotype abnormality scored 2 or more- in the present
FCM method, the likelihood ratio of MDS. (low-grade
MDS without: conventional markers) was 13.2° (four-
parameter method, sensitivity for positivity 31%). and
28.1 (seven-parameter method, sensitivity 65%) in the
Japanese cohort and 8.5 (in both four-parameter and
seven-parameter ‘methods with: sensitivities: 67 % ‘and
89%;, respectively) in the Italian cohort.

When the FCM score 3 or fiore is defined as positive; the
FCM: scoring is 100% specific to-MDS in our cohorts,
and: thus the likelihood ‘ratio- is' infinity.” However, the
sensitivity of the test is reduced. In detecting lowsgrade
MDS patients without conventional markers, the sénsi-
tivity was 23% and 35% (four- and seven-parameter
methods, respectively) in the Japanese.and 24% and
45% (four- and seven-parameter methods, respectively)
in the Italian cohorts. Other combinations of parameters,
e.g;: €D34:. myeloblasts: (%) and.CD11b,: CD15, and
CD56 expression (%) on €CD34 myeloblasts, did not
improve the diagnostic poewer.

Analysis of clinical parameters in association
with flow cytometry scores in patients
in the prospective cohorts

‘Age and gender do not affect low-grade MDS detec-
tion using the FCM score, because they did not differ
between non-clonal cytopenic patients” with. an. FCM
score of 1 or 2 and those with an FCM score of 0'in éither
cohort, and did not differ between low-grade MDS
patients with an FCM score of less than 2 and those with
an FCM score of 2 or more. The analysis of clinical
parameters in’ association with FCM. scores in MDS
patients is summarized in the Ounlirie Supplementary Table
53. In the Italiank cohort; the presence of multilineage
dysplasia was associated with a high prevalence of FCM
scores of 2 or more, but this was not the case in the
Japanese cohort.. A common phenomenon: in both
cohorts was that MDS patients for whom a poor progno-
sis was indicated by the IPSS or WPSS were associated
with a high prevalence of FCM scores of 2 or more.

Karyotype categories and transfusion dependency,
which are components in the IPSS and/or WESS, were
not associated with the FCM score. The presence or
absence of chromosomal aberrations as well as the pres-
ence or absence of RS (> 15% of erythroblasts) was not
associated with the FCM score in either cohort (¢>0.12
in all analyses).

Discussion

To enable this FCM protocol to be applied in many
laboratories with acceptable data variation, our method
has the following characteristics: (i) three-color FCM was
adopted rather than four or more-color FCM, because
numerous laboratories use the former and data reproduc-
tion is probably easier with this; (if) four cardinal param-
eters, which can be analyzed from a single cell aliquot
and show little interlaboratory variability, were adopted.

The rationale for choosing our seven parameters was
as. follows: two major cempohents in marrow CD34
cells behave in an opposing fashion in MDS: CD34
myeloblasts increase'while CD34* B cells decrease when
compared with marrow samples from control individu-
als.” Therefore;:analyzing these two cell -populations
separately rather than analyzing all. CD34*cells is more
accurate and sensitive in detecting MDS-related changes.
While other methods can be used to measure CD34* B
cells, such as examining CD34°CD19* cells, we adopted
the present method because: data variability appears to
be lower tharn with other methods.®

The: Ly/MblCD45 ratio and the newly- introduced
Gra/Ly SSC peak channel ratio ensured the reproducibil-
ity of data by adjusting data on target cells with-data on
lymphocytes in the same sample.: Although other groups
reported that myeloblast CD45 expression decreases in a
fraction of MDS patients,”” by analyzing the Ly/Mbl
CD45 ratio, we showed that myeloblast CD45 expres-
sion can increase or decrease in MDS, It was reported
that the SSC. of granuloeytic cells decreases in a variable
proportion of MDS patients.®””” In preliminaty experi-
ments, we found that data on the SS€ peak channel were
more useful in discdminating MDS from controls rather
than other SSC-related data, such as mean SSC value.
Also, we targeted CD10 granulocytic cells rather than all
granulocytic cells in' analyzing the Gra/Ly SSC peak
channel ratio. There was nosignificant difference in the
discriminating power between' the Gra/ly SSCpeak
channel ratios using CD10" granulocytic cells and using
all granuloeytic cells (data not shown). However, using the
former might be beneficial to analyze samples contami-
nated significantly with PB, because most circulating
neutrophils express CD10.%

In addition to: the. above cardinal parameters, we
adopted three others, CD15; CD11b; and CD56 expres-
sion of CD34' myeloblasts. 'MDS myeloblasts often
show dysregulated expression of a variety of antigens."**
Among these antigens, we selected CD15, CD11b, and
CD56 based on the frequency of dysregulation and fea-
sibility of discrimination between antigen-positive and
antigen-negative cells. Finally, it should be noted that
none of our paramieters, except for CD34* myeloblasts

haematologica | 2009; 94(8)
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(%), was affected by contamination with PB. Collecting
data from a sufficient number of CD34" cells provides
necessary data on CD34-related parameters even if BM
samples are diluted with PB. However, the dilution can
influence all nucleated cells assessed by FCM and thus
may cause falsely low CD34" myeloblasts (%) data.

By applying these quantitative FCM parameters, we
determined their RRs, which enabled us to judge the
prospective FCM data objectively. We used non-clonal
cytopenic patients as controls, rather than healthy indi-
viduals and patients with clonal diseases other than
MDS, because non-clonal cytopenic patients are the
main population that must be differentiated from MDS
in clinical practice.*’ At the same time, our MDS patients
included low-grade subtypes alone. In particular, the
prospective cohorts included 81 low-grade MDS
patients without conventional markers. This is the
largest study analyzing this MDS category using diag-
nostic FCM. We found that our scoring discriminated
low-grade - MDS - patients ‘from non-clonal - cytopenic
patients with likelihood ratios suitable’ for diagnosis.
Likelihood ratios with pre- and post-test probabilities,
which are capable of refining clinical diagnoses,”** may
be underused in clinical practice.* If patients with a 50%
pre-test probability of having MDS are positive for a
diagnostic test with a likelihood ratio of 8-10, the post-
test probability of having MDS is greater than 90%.” We
would like to emphasize the importance of the diagnos-
tic strategy using likelihood ratios, because FCM data in
low-grade MDS are-usually not absolutely specific, in
contrast to other specific data in MDS, i.e;; blast excess
and cytogenetic aberrations.

There was a difference in the diagnostic power of the
present FCM method between the Japanese and Jtalian
cohorts. We think that although our parameéters and
their RRs have advantages for general use, fine-tuning of
the RRs in each laboratory may further improve the
diagnostic power. It should also.be noted that FCM
abnormalities may differ between ethnic groups as does

cytomorphological dysplasia.’ It is also noted that, in
addition to the scoring that we used in this paper, the
degree of abnormality of flow data might help diagnose
low-grade MDS. Data from six parameters other than
CD34* B cells (%) showed Gaussian distribution in
patients with non-clonal cytopenia (Figure 2). Therefore,
it is expected that if data on these parameters deviate
more from the RRs, the diagnosis of low-grade MDS is
more certain. Furthermore, only one-parameter data
would be diagnostic if they deviated profoundly from
RRs. This approach is worthy of examination in future
prospective studies.

Finally, FCM scores were associated with IPSS and/or
WPSS but not with the karyotype categories or the pres-
ence or absence of karyotype abnormality in our
cohorts. This suggests the possibility that our FCM pro-
tocol detects MDS-related abnormality that cannot be
detected by chromosomal analysis-and is linked with
prognosis, as suggested .by ‘other studies™** Further
study is required to,verify whether the present FCM
protocol has prognostic.mierit in MDS.,

In conclusion, we showed a relatively simple, and thus
applicable in many laboratories, FCM protocol for dis-
criminating ‘between low-grade: MDS without conven-
tional markers:and non-clonal cytopenias. Further study is
needed to improve the diagnostic power of this protocol.
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Treatment of Children With Refractory Anemia:
The Japanese Childhood MDS Study Group Trial (MDS99)

Daisuke Hasegawa, mp,'* Atsushi Manabe, mp," Hiroshi Yagasaki, mp,? Yoshitoshi Ohtsuka, mp,?
Masami Inoue, mp,* Akira Kikuchi, mp,> Akira Ohara, mp,® Masahiro Tsuchida, mp,” Seiji Kojima, mp,? and
Tatsutoshi Nakahata, mp® on behalf of Japanese Childhood MDS Study Group

Background. Although hematopoietic stem cell transplantation
(HSCT) is offered as a curative therapy for pediatric myelodysplastic
syndrome (MDS), it may cause severe complications and mortality.
Several reports have shown the efficacy of immunosuppressive
therapy (IST) in adult patients with refractory anemia (RA), but its
safety and efficacy remains to be fully elucidated in childhood RA.
Procedure. Eleven children diagnosed with RA and enrolled on a
prospective multicenter trial conducted by the Japanese Childhood
MDS' Study Group ‘were eligible for analysis. If patients showed
transfusion dependent or suffered from infection due to neutropenia,
they received IST consisting of antithymocyte globulin (ATG),
cyclosporine (CyA), and methylprednisolone (mPSL). Results. Eight

Key words:

myelodysplastic syndrome; refractory anemia; children; immunosuppressive therapy

children received IST, 2 received only supportive therapy, and one
underwent HSCT without IST. Five (63%) of eight children who
received IST showed hematological response. Of note, one patient
showed the disappearance of monosomy 7 after IST. Responders
were significantly younger than non-responders (29 months vs.
140 months; P=0.03). No severe adverse events related to IST were
reported in this study. Of 6 children with chromosomal abnormal-
ities who received IST, four showed hematological response. The
probability of failure-free and overall survival at 5 years was
63+ 17% and 904 9% respectively. Conclusion. IST is likely to be
a safe and effective modality for childhood RA. Pediatr Blood Cancer
2009;53:1011-1015.  © 2009 Wiley-Liss, Inc.

INTRODUCTION

Myelodysplastic syndrome (MDS):is a hematopoietic stem cell
disorder and. rarely occurs in: childhood [1,2]. Refractory. anemia
(RA) is a subgroup of MDS with less than 5% of blasts in the bone
marrow (BM) and little is known about childhood RA because of its
rarity. European Working Group of MDS in Childhood (EWOG-
MDS) retrospectively analyzed the. clinical. characteristics .of
children with RA [3]. They found that neatropenia and thrombo-
cytopenia: were more:prominent: than-anemia [3,4] and karyotype
had a strong impact on prognosis‘in children with RA:[3]. Children
with monosomy- 7 were significantly 'more likely to:progress to
advanced disease and they recommended hematopoietic stem cell
transplantation ' (HSCT) for “this unfavorable group. as:early ‘as
possible; whereas; appropriate treatment for children with chromo-
somal abnormalities other than monosomy 7 and those with normal
karyotypes remained to be determined.

Disturbance of the immune system may play a role in
pathogenesis in some-adults and children with RA [S—7]. Several
reports have shown: positive effects of immunosuppressive therapy
(IST) in adult patients with RA [8—12]. The hematological response
rate of IST was reported as 30-80% but IST could not restore the
cytogenetic abnormalities or dysplastic features. Recently, EWOG-
MDS reported the results of IST consisting of -antithymocyte
globulin (ATG) and cyclosporine A (CyA) in children with
hypoplastic refractory cytopenia (RC) and normal karyotype or
trisomy 8 who were thought as being at low risk of progression to
advanced MDS [13]. However;, the role of IST in children with RA
has not been fully elucidated because the above study selected
children with favorable predictive factors for a positive response
to IST.

This study reports the outcome of 11 children with RA enrolled
on a prospective multicenter trial (MDS99) conducted by the
Japanese. Childhood MDS. Study. Group, which applied IST with
ATG and CyA to unselected patients who -needed intervention.

© 2009 Wiley-Liss, Inc.

DOI 10.1002/pbc.22121

Published online 4 June 2009 in Wiley InterScience
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PATIENTS AND METHODS
Patients

Eleven children younger than 16 years of age were enrolled onto
MDS99 from September 1999 to March 2004. They were diagnosed
as ‘having' RAraccording to: the French-American-British: (FAB)
classification [14] “and ‘diagnosis: was confirmed by the -central
review: of “morphology: by two" indépendent  investigators- [15].
Cytogenetic analysis of the bone ‘marrow cells was performed in
each institation: There ‘were no patients” who"had undergone
previous chemotherapy or radiotherapy, nor patients with a history
of congenital bone marrow failure syndrome or aplastic anemia in
the analysis. The study was approved by the Steering Committee of
the Japanese Childhood MDS Study Group and the institutional
review boards of the participating institutions or the equivalent
organization. Informed consent was obtained from the guardians of
the patients.
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Treatment Protocol

Each patient with RA required repetitive bone marrow aspiration
at 6-8 weeks intervals in order to confirm the diagnosis. If the
disease was stable and blood transfusion was not required, patients
were observed closely without any therapy. If patients showed
transfusion dependent or sufféred from infection due to neutropenia,
IST was administered as follows: horse: ATG (15 mg/kg/day) for
5 days as a slow intravenous infusion over 12 hr, CyA (6 mg/kg/day
given orally as an initial dose, and the dose was adjusted to achieve a
whole blood trough level of 100-200 ng/ml) was started on day | and
continued until day 180, and methylprednisolone (mPSL; 2 mg/kg/day)
was administered intravenously on days 1-7, then mPSL was
administered orally and slowly tapered from day 8 to end on day 29.
In this study, the use of G-CSF was not restricted. HSCT was
recommended when a patient- showed no response to IST and
required further intervention because of cytopenia or progression to
more advanced disease.

Evaluation and Statistical Analysis

Response to IST was evaluated at 6 months. Complete response
(CR) was defined as a neutrophil count >1.5 x 10°/L, platelet count
>100 x 10%/L, and hemoglobin (Hb) level of >11.0g/dl. Partial
response (PR) was defined as a neutrophil count >0.5 x 10°/L,
platelet count >20 x 10°/L., and Hb level of >8.0 g/dl. When neither
the CR nor the PR criteria were mét; a patient was considered as no
response (NR) to IST.

Mann—-Whitney test and Fisher’s exact test were applied to
evaluate the differences between patients that responded to IST and
those who did not. Failure=free survival (FFS) was calculated from
the date of initiating IST to the date of treatment failure as follows;
death; no response to ISTat 6 months; HSCT, a second course of IST,
acquisition: of chromosomal abnormality, progression. to advanced
disease, or relapse. Overall survival (OS) was calculated from the
date of diagnosis to the date of death or last follow-up: Both FES and
OS were estimated by the Kaplan=Meier method:

RESULTS
Patient Characteristics

Eleven children, 6 males and 5 females, were analyzed in this
study (Table I). The median age at diagnosis was 67 months (range,
9 months to 15 years). Eight of 11 children had neutrophil counts of
less than 1.5x 10°/L. All except. 1 patient had Hb levels below
10 g/d1. Eight patientshad platelet counts below 50 X 10%/L., In total,
one patient had anemia only, five had bi-cytopenia: (anemia and
neutropenia 2,-anemia ‘and. thrombocytopenia 2; and’ neutropenia
and thrombocytopenia: 1), and five had pancytopenia at diagnosis.
Since bone marrow: biopsy specimen was available in only 6 of
11 cases, we determined cellularity by central pathological review
from bone marrow smear rather than biopsy specimens and used a
more suitable term, cell content; instead of cellularity in this repott.
Overall, there were only three patients in whom BM cell content was
low: All patients showed dysplasia in multilineage series, which was
compatible . with : the definition - of  refractory: cytopenias: with
multilineage dysplasia (RCMD) in the World Health Organization
(WHO) classification [16]. Data ‘on the cytogenetic analyses at
diagnosis were available for all patients. Karyotype was normal in

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE 1. Patients Characteristics

Median (range)

Age Sy7m (9m to 15y5m)
Gender M/F=6:5
WBC (x10°/L) 3.8 (1.1-12.5)
Neutrophil (x 10°/L) 0.94 (0.16-8.1)
PB blast (%) 0O

Hb (g/dD 6.2 (3.6-11.7)
Reticulocyte (%) 2 (1-44)

Reticulocyte (x 10°/L)
MCV (1)

Plt (x 10°/L)

BM blast (%)

BM cell content
Chromosome
Cytopenia®

41.7 (12.3-572.0)
104 (84-123)
23.0 3.0-117.0)
1.0 (0-4.8)

Low 3, normal 5, high 3
Normal/abnormal = 3:8
Anemia only |, bi-cytopenia 5,

pancytopenia 5

“Cut-off; neutrophils < 1,500/pl, Hb < 10.0 g/dl, Plt < 50,000/ul.

three patients, and of the remaining eight patients, two had
monosomy 7, two had trisomy 8, and four had other abnormalities;
del (7)(qlD), i8)ql0), 20g-, and +der(1;19)(q10;q10). Of four
patients in whom presence of paroxysmal nocturnal hemoglobinuria
(PNH) cells was assessed by flow cytometry, none showed an
expansion of PNH clone. Of five patients in whom dataon HLA-DR
was available; only one patient'showed DR2 antigen; which is a
broad antigen of DR15 and' DR16.

Observation: Without Intervention

Figure: 1-shows the-outcome of the: [ 1 patients: analyzed. Of
3 patients who initially received only supportive therapy; one with
normal karyotype was still stable without therapy, one with trisomy
8 showed sporntancous improvement of anemia but the: chromoso-
mal abnormality remained. One with 20g- (UPN 046) showed stable
disease for2 years, but cytopenia deteriorated and IST was initiated
at:968 days after diagnosis:

IST [~ | Response n=5
n=7 [ No response " n=2
IsT | ——— l No resporise i—{ SCT {
Number.
of patients ——
n=11
Stable disease 'n=1
Observation
"3 Improvement: . n=1
Deterioration. . :n=17
SCT
n=1
Fig. 1. “Outcome of 1'I patients with refractory anemia. SCT, stem cell

transplantation; IST, immunosuppressive therapy:



Immunosuppressive Therapy

Seven patients received IST as the first-line treatment and one
(UPN 046) received IST because of recurrence of cytopenia after
2-year observation. IST was given at a median of 42 (range 0-
968) days after the diagnosis of RA. Five of eight patients showed
response to IST at 6 months after the initiation of treatment
(response rate was 63%; CR 2, PR3). Of five responders, three were
able to successfully discontinue IST and remained disease-free, and
the remaining two patients have been continuing therapy. Of note,
the disappearance of a monosomy 7 clone after IST was observed in
UPN 035 [17] and the patient is still in remission after 63 months. Of
three non-responders, one was lost to follow up, one responded to
a second course of IST, and one (UPN 046) underwent HSCT
3 months after initiating IST.

To address predictive factors for response to IST, the character-
istics were compared between children who responded to IST and
those who did not (Table II). The age at diagnosis was significantly
younger in responders than in non-responders (median 29 months
vs. 140 months; P =0.03), whereas. there was no. statistically
significant associations between response to IST and sex, neutrophil
count, Hb level, platelet count, interval from diagnosis. to IST,
chromosomal abnormality, BM _ cell content, . or number of
cytopenia. Serious adverse events related to IST were not observed,
including the progression to advanced disease. The most frequent
adverse event in this study was pyrexia.

Hematopoietic Stem Cell Transplantation

Two children underwent HSCT in this series. One patient with
20g- (UPN'046) received bone marrow transplantation (BMT)
from her human leukocyte antigen (HLA) 1-locus-mismatched
father-at 1,088 days after diagnosis because of non-response to
IST. This patient suffered from adenoviral® colitis, salmonella
colitis; herpes ‘zoster; and“grade III acute GVHD of the skin,
however, she is still alive without disease 23 months after BMT.
One other patient with monosomy 7 (UPN 053) received BMT
from a matched unrelated donor on 537 ‘days after diagnosis
without IST by physician’s decision. His post-transplant course
was uneventful, but disease  relapsed 151 days after trans-
plantation. A BM specimen at relapse showed severe fibrosis
and progression to overt leukemia, and this patient died of disease
at 656 days after transplantation.

Immunosuppressive Therapy in Childhood RA 1013
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Fig. 2. Kaplan—Meier estimate of failure-free survival of patients
who received immunosuppressive therapy. Failure-free survival was
calculated from the date of initiating IST to the date of treatment failure
as follows; death, no response to ISTat 6 months, HSCT, a second course
of IST, acquisition of additional chromosomal abnormality, progression
to advanced disease, or relapse. The 5-year failure-free survival was
63 4+ 17% (n=8). Median follow-up was 1,346 days.

Chromosomal Abnormality

There were eight children with chromosomal abnormality in this
study. Of those, six received IST and four showed responses to IST,
including.one with cytogenetic response (UPN 35).

Survival

Of eight children who received IST, three non-responders were
considered as treatment failure. No patient died with IST after a
median follow-up ‘of 1,346 days; the S5-year FFS was 63+ 17%
(Fig. 2). Of total, 10 patients are alive after a median follow-up of
1,685 days; the 5-year OS was 90 £ 9% (Fig. 3).

DISCUSSION

Although HSCT is the curative modality for children with MDS,
it may cause severe complications, mortality; ‘and late sequelae.
Several reports have shown encouraging results from the uise of IST
in adults with RA, and the hematological tesponse rate to IST was
30-80% [8=12]. Yoshimi et al. [13] reported on 3 I-children with
hypoplastic RC and normal karyotype or trisomy 8 treated with IST,
which resulted in a response rate at 6 months of 71%,3-year OS of

TABLE 1L Comparison of Characteristics Between Responders and Non-Responders to IST

Responder (n=35) Non-responder (n =3) P-value
Age? 2y5m [1y8m 0.03
Gender (male/female) 3:2 1:2 n.s.
Neutrophils® (x 10°/L) 127 0.63 n.s.
Hb?* (g/dD) 8.0 6.2 ns.
PI* (% 10°/L) 31.0 20.0 ns.
No. of ¢ytopenia (tri-/bi-/anemia only) 2:2:1 2:1:0 s.
Decreased BM cell content 175 2/3 nsb
Time to IST" (day) 42 42 ns?
Chromosomal abnormality. 4/5 2/3 nst

Median; "Evaluated by Mann—Whitniey test and Chi-square test.
Pediatr Blood Cancer DOI 10.1002/pbc
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Fig. 3. Kaplan—Meier estimate of overall survival of all evaluable

patients. Overall survival was calculated from the date of diagnosis to
the date of death or last follow-up. The 5-year overall survival was
90 4 9% (n = 11). Median follow-up was 1,685 days.

88%, and 3-year FFS of 57%. In contrast to the larger series by
Yoshimi et al. children with RA and karyotypic abnormalities or
non-hypoplastic marrow were also: enrolled in this study. Overall,
5 of 8 patients (63%) responded to IST, and similar responses were
observed in two-thirds of patients with chromosomal abnormalities.
Patients whose BM cell conternit was not low also responded to IST
(responder 4, non-responder 1); however, the sighificance of
cellularity in pediatric RA still needs further study. No severe
adverse events, disease progression, or death due to any cause after
IST was reported. Only one death in this study was due to disease
progression after HSCT, which was not related with IST. As a whole,
the 5-year OS and FES were 90% and 63%, which were comparable
with the previous study in adult MDS and superior to our previous
retrospective analysis of children with RA (4-year OS was 79%) [2].
Therefore, although the number of subjects was limited, we infer
from these results that the IST is effective and safe for children
with MDS.

The: rationale- for IST used as-treatment of RA is.based on
previous studies,: which: suggested that alterations in:the immune
system might coniribute to the pathogenesis in some subgroups of
RA [5=7]. Dysregulated. T’ cells are:thought to destroy normal
hematopoietic cells as bystanders as.well.as MDS clones [6]. IST
can- reduce. MDS: clone-specific - T cells: and- improyve  normal
hematopoiesis,: but “cytogenetic . abnormalities -and - dysplastic
features often persist [9,11,12]. However, in this study one patient
showed the disappearance of karyotypic abnormalities. In addition,
three of the responders were able to successfully discontinue IST.
These results might be explained by the findings that the residual
healthy stem cells can compensate for the loss of stem cells after the
immune-mediated destruction is interrupted by IST in the setting of
aplastic anemia [18,19]. Recovery of healthy hematopoiesis might
outstrip MDS clones in these patients. In the patient with monosomy
7 who experienced cytogenetic response another mechanism could
be speculated. The investigators from the EWOG-MDS reported
that almost half of children with RA had monosomy 7 and they were
likely to experience disease progression [3]. In contrast, anecdotal
case reports described a decline or disappearance of a monosomy
7 clone [20]. Sloand et al. [21] reported paradoxical responses of
monosomy 7 cells to G-CSF. Namely, high concentrations of G-CSF
induced significant proliferation of monosomy 7 cells, but survival
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and proliferation of monosomy 7 cells were inferior to those of
diploid cells at lower G-CSF levels. Thus, there is a possibility that
the recovery of normal hematopoiesis after the administration of
IST might affect the intrinsic level of G-CSF and survival of
monosomy 7 cells, However, the interpretation of the present results
still needs caution because most patients with RA and monosomy 7,
including another case in this study, showed poor prognosis.

Previous studies on IST in adult RA found some factors that
could predict good responders to IST, such as younger age, shorter
duration of transfusion dependence, HLA-DR15, and presence of an
expanded clone of PNH cells [8,10—12]. In this study, age was the
only factor that showed a statistically significant difference between
responders and non-responders to IST. The European study
published by Yoshimi et al. [13] also contained older patients, but
the proportion and treatment responses of older patients were not
shown: Therefore, the effects of patient age on pathophysiology of
pediatric RA and treatment response remain to be elucidated. Of the
limited cases who were examined, no patient showed an expansion
of PNH clone and only one patient had HLA-DR2 antigen, who
responded to IST well.” We did not systemically examine the
immunological status such as TCR Vbeta repertoire [ 7] in this study.
Clinical trials, including systematic studies” on immunological
status, are required fo investigate prognostic factors more precisely
in childhood RA because the sample size in this study was small.

Thus, a significant drawback of our study was small size of
registered patients. We assumed that considerable number of
patients with RA did not enter this study and might have received
HSCT without IST. In fact, retrospective analysis of pediatric MDS
in Japan showed that 52 patients with RA were diagnosed by the
central morphological ' teview between [999 and 2006 [22].
Consecutive enroliment on both diagnostic and therapeutic trials
would be essential for a future trial, It might allow the determination
of biologic parameters.that correlated with clinical characteristics.

In conclusion, the present results suggest the efficacy and safety
of IST for children with RA: Disease-free status might be expected
with IST in a subsetof patients: Chromosomal aberration was not an
absolute: contraindication. for: IST, whereas using this' approach
for patients with- monosomy: 7 has not been substantiated. A larger
prospective study - including - biological - surrogate - markers:. for
therapeutic . interventions. would. be important . to elucidate - the
clinical characteristics of this rare disease as well as the prognostic
factors and mechanism of IST.
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Abstract

Cytogenetic abnormalities were often-observed in primary myelofibrosis patients. The presence of specific
cytogenetic' abnormalities, such ' as sole abnormalities of chromosome 13qg=, 20g-, or =7/7g~, is reported
to have the influence. on the prognosis of primary myelofibrosis. We analyzed the data from the prospec-
tive: survey. of Japanese. primary. myelofibrosis patients which was conducted. from 1999 to clarify the
impact of cytogenetic abnormalities on the prognosis of primary myelofibrosis. A total of 202 primary mye-
lofibrosis patients had the cytogenetic and the prognostic data. Eighty (40%) out of 202 cases had:cytoge-
netic abnormalities, and an association was evident for platelet counts. Although the presence of an
abnormal karyotype did not affect the prognosis, primary myelofibrosis patients with cytogenetic abnormal-
ities other than 13q=-and 20g-— showed: an inferior prognosis compared to patients with a normal karyo-
type or sole 13g— or 20g- abnormalities. Patients with an unfavorable cytogenetic profile (abnormal
cytogenetics other than 13g- or 20g—) also had a greater tendency to transform to leukemia than patients
with a favorable cytogenetic profile (normal cytogenetics, sole abnormalities of either chromosome 13g-,
or 20g-). Abnormal cytogenetics other than 13g— or 20qg- in primary myelofibrosis patients has the poor
prognostic effect for both survival and the risk of leukemic transformation.
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Primary myelofibrosis is a clonal stem cell disorder that is
characterized by bone marrow histologic changes includ-
ing collagen fibrosis, osteosclerosis, and angiogenesis (1),
and is a type of myeloproliferative neoplasma along with
polycythemia vera and essential thrombocythemia (2).
Activated JAK?2 mutation (V617F) or the activated mye-
loproliferative leukemia virus oncogene (MPL) (receptor
for thrombopoietin) mutation was observed in about half
or about 5% of primary myelofibrosis patients, respec-
tively (3-9). This suggests that there is significant hetero-
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geneity in the molecular basis of primary myelofibrosis,
as the etiology remains unknown in the remaining 50%
of patients without JAK2 or MPL mutations.
Cytogenetic abnormalities were often observed in pri-
mary myelofibrosis patients. Some studies suggested that
the presence of cytogenetic abnormalities influenced the
prognosis of primary myelofibrosis (10, 11), whereas
other studies did not find such association (12, 13). Not
only the presence or absence of cytogenetic abnormali-
ties, some reports suggested that the specific cytogenetic
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abnormalities, such as sole abnormalities of chromosome
13g—, 20q— (14, 15), or —7/7q— (16), might have the
influence on the prognosis of primary myelofibrosis. To
clarify the impact of cytogenetic abnormalities on the
prognosis in primary myelofibrosis patients, we analyzed
the data from the prospective survey of Japanese primary
myelofibrosis patients which was conducted from 1999.
Cytogenetic result as well as clinical and laboratory eval-
uation were obtained from 202 primary myelofibrosis
patients between 1999 and 2008. We found that primary
myelofibrosis patients with cytogenetic abnormalities
other than 13q— and 20q— had an inferior prognosis
compared to patients with a normal karyotype or sole
13g— or 20g— abnormalities.

Materials and methods

The Research Committee for Idiopathic Hematopoietic
Disorders in Japan conducted the prospective survey in
collaboration with hematologists at 587 medical institutes
throughout Japan,.all of which were approved as desig-
nated institutes by the Japanese Society of Hematology.
We sent a questionnaire to-hematologists in December of
each year, and collected information: on. patients with
newly diagnosed primary myelofibrosis in the reference
year. The diagnostic criteria for primary myelofibrosis
were an increased number of atypical megakaryocytes,
the presence of marrow fibrosis and osteosclerosis -as
determined by bone marrow biopsy, and the:exclusion. of
secondary ~myelofibrosis; including other -hematologic
nialignancies, ‘¢ancer - metastasis, - and -inflammatory.  or
metabolic disorders (17):;: Myelodysplastic syndrome with
fibrosis and secondary myelofibrosis-preceding polycythe-
mia vera or essential thrombocythemia were not included
inthis study: Cytogenetic studies were done:at the time
of diagnosis, and both direct technique-and unstimulated
24k culture methods were used to harvest 20 metaphases
using bone marrow. or peripheral blood cells. "All data
were analyzed using STATVIEW 5.0: (Abacus Concepts;
Inc.; Berkley, CA, USA) or SPSS software (SPSS Inc.;
Chicago; 1L, USA): All+P. values: were ‘two-tailed - and
values P < 0.05 were considered statistically ‘significant.
Comparisons “between: categorical 'variables: ‘were per-
formed- by chi-squared  statistics;~ and * comparisons
between ‘categorical and:‘continuous variables were per-
formed using the Mann=Whitney U-test.

The - mutational: analysis - for = V617F . JAK2 was
approved by the Miyazaki - University - Institutional
Review: Board, and performed using DNA: derived from
peripheral blood granulocytes. Genomic DNA ‘was puri-
fied, and exon 12 of JAK2 was amplified using primers
SY-TATAGTCATGCTGAAAGTAGG-3+ and 5-TA-
ACTGAATAGTCCTACAGTG-3". The PCR products
were sequenced directly using an:ABI DNA analyzer.

© 2009 John Wiley & Sons A/S
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The influence of karyotypic abnormalities on survival
was examined. In addition, based on previous studies
(14-16), cytogenetic findings of sole 13q— or 20q— abnor-
malities, abnormalities other than 13q— and 20q—, or
—7/7q— were evaluated for an association with progno-
sis. Survival was estimated using Kaplan—-Meier plots
that analyzed the interval from the diagnosis date to
death or last contact, and then examined for significance
by the log-rank test. The comparison of leukemic trans-
formation rates among different cytogenetic groups was
estimated using a similar procedure. A Cox proportional
hazards regression analysis was used to assess the follow-
ing variables for the prognostic relevance of primary
myelofibrosis patients; hemoglobin levels of <10 g/dL, a
leukocyte count of either >30 or <4 x 10°/L, circula-
ting blasts of =21% or the presence of constitutional
symptoms in addition to the presence of cytogenetic
abnormalities or specific cytogenetic abnormalities.

Results

The Research Committee for Idiopathic. Hematopoietic
Disorders began conducting a prospective survey of
primary- myelofibrosis in 1999, and a total. of 202 cases
had both cytogenetic and prognosis data during the 10-yr
period:until 2008. The median age of the patients was
65 yr. Males were 1.8 times more likely to be affected
than females. During this period; 148 patients (73%) have
received. treatment for.primary myelofibrosis including
hydeoxyurea in 43 patients, melphalan in 11 patients, ana-
bolic steroid: in-5L- patients, prednisolone in 34 patients,
thalidomide in six patients and splenic irradiation in eight
patients. Eighty-one patients received blood transfusions.

Eighty (40%)-out of the: 202 cases had: cytogenetic
abnormalities, including 31 .patients with--a. complex
abnormality or.more than one abnormal chromosomes.
Among 49 patients having a single abnormality, numer-
ous. chromosomes : were affected, - including - del(20) (11
cases), ‘del(13). (1L cases), +8 (3: cases) and ‘del(12) (3
cases). Translocation; including: chromosomes 12, 15, 8§,
9. and ‘others were seen in 9 cases.. The V617F JAK2
mutation was: analyzed only in 24 cases; and 12 out of
them: were positive for this mutation:

Cytogenetic abnormalities were examined: for a signifi-
cant association . with-other clinical. and laboratory vari-
ables as shown in Table 1. After a univariate analysis, an
association . was . only: evident for . platelet counts
(P-<.0.05). - The presence of -abnormal cytogenetics at
the time: of diagnosis-had no-significant impact on age,
Hb level;» WBC counts, the requirement of treatment, the
ratio of leukemic transformation; or the prognosis.

Although: the: presence of abnormal cytogenetics did
not  influence: ' survival -of . the “patients, . specific cyto-
genetic: abnormalities: might affect the prognosis. Sole
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Table 1 Comparison of clinical and laboratory features of patients with and without cytogenetic abnormalities

All patients Normal cytogenetics Abnormal cytogenetics
Characteristics (n = 202} (n=122) (n = 80) P value
Age in years 63.8 = 12.1 640+ 118 63.6 + 12.6 0.7686
Median 65 64 65
Range 13-95 36-95 13-84
Sex, M/F 129/73 81/41 48/32 0.3549
Hemoglobin level {g/L) 8926 91 =+27 8624 0.1285
White blood cell level (/ul) 16400.0 = 32148.7 19675.4 + 38944.2 11405.0 + 16273.6 0.0688
Platelet count (x10% 29.0 £ 26.6 32.7 =262 234 £ 263 0.0015
Treatment {yes/no) 148/54 89/33 59,21 0.9001
Transformation to leukemia {yes/no} 15/187 6/116 9/971 0.0932
Outcome (alive/death) 117/85 72/50 45/35 0.6969
Follow-up vears 23+22 26+23 20+19 0.0712

Bold value indicates significant P values.

abnormalities of either chromosome 13q— or 20g-— is
reportedly associated with a favorable prognosis (14, 15).
As shown in Fig. 1A, 22 cases with sole 13g— or 20q—
abnormalities showed superior prognosis than the 58
cases with cytogenetic abnormalities other than 13q-
and 20g— (P = 0.02), but not than patients with a nor-
mal karyotype (P = 0.17). - The prognosis -of primary
myelofibrosis in patients having cytogenetic: abnormali-
ties other than- 13g= and 20q~ was inferior to all patients
except for those having cytogenetic ‘abnormalities other
than 13gq=or 20g= (P = 0.02) (Fig. 1B). Chromosome"7
deletions were: previously reported to be associated with
anunfavorable prognosis:in myelofibrosis (16). In our
study, 11 out:of ‘the 202:cases had -del(7) or: —7. The
progiosis  of ‘primary: myelofibrosis = in - patients with
=7/7q— was same as that of patients having normal cyto-
genesis (P =0.76).

We also: examined: the effect "of extensively used
adverse risk’ factor (hemioglobin level' of <10 g/dL, a
leukocyte ‘count of either: >30 o1 <4 % 10%/L; circula:
ting blasts of = 1%, ‘o1 the ‘presence of ‘constitutional
symptoms).-on the “prognosis “of primary myelofibrosis
patients. Consistent with- previous observation, univariate
analysis' confirmed  the ‘adverse prognostic relevance: to
overall: survival of a leukocyte count of either > 30 or
<4 x10%/L (P = 0.033) and circulating blasts of >1%
(P = 0.04) in-addition to the presence of cytogenetic
abnormalities other than ‘13g~'or-20q= (P = 0.02). The
presence of constitutional' symptoms; hemoglobin level of
<10 g/dL, or the requirement of therapy did not affect
the:prognosis. of ‘primary myelofibrosis patients in this
cohort:. On multivariate analysis; both leukocyte count
(P =0.02) and the presence of cytogenetic abnormalities
other than 13g=or 20— (P:=-0.02) retained their sig-
nificance. Circulating blasts of = 1% lost its significance.

Fifteen patients converted to leukemia during the fol-
fow=up period: Six'cases had normal cytogenetics, and-9
cases had the cytogenetic abnormalities other than 13g—
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or 20q—. None of the patients having sole abnormalities
of either chromosome 13q— or 20q— converted to leuke-
mia. As mentioned above, the presence of abnormal
cytogenetics did not influence the tendency of leukemic
transformation (Table 1). Patients with abnormal cytoge-
netics other than 13q— or 20g— had a greater tendency
to transform to leukémia than patients with normal cyto-
genetics or sole abnormalities of either chromosome
13g— or 20g— (P = 0.002).

Discussion

In- primary myelofibrosis - patients, numierous. chromo-
somes -are affected; 40% - of " primary  myelofibrosis
patients had cytogenetic-abnormalities in: our study. The
most - frequently . reported: - cytogenetic - abnormalities
include: 13q=; 20q=; +8; and abnormalities of chromo-
somes -1, 7 and 9 (10,12, 15, 18,:19). In-our: study, the
total incidence: of :these ‘major abnormalities is up to
71% in patients with-a single chromosonie - abnormality,
although the incidence ‘of each individual. lesion is less
than 25%: The fact that there 1s: no consistent cytoge-
netic -abnormality " in ‘primary : myelofibrosis. patients
might be because the range of abnormalities reflects the
genomic instability present in primary myelofibrosis.
Cytogenetic abnormalities: were ‘only associated with
platelet counts, and were not significantly associated with
age, Hb: level, WBC counts, leukemic transformation, or
prognosis: (Table 1): - There: is: some discrepancy among
previous reports: regarding: the prognostic: relevance of
cytogenetic findings: in:primary myelofibrosis (10, 11, 13,
15, 18). Some studies: suggested: that the presence of
cytogenetic abnormalities influenced: the prognosis of pri-
mary myelofibrosis: (10, [1),  whereas other: studies did
not find such association (12, 13)..The idea that specific
cytogenetic ‘abnormalities have ‘a differential effect on
prognosis might account for this discrepancy. In reports
that have linked specific chromosomal abnormalities to

© 2009 John Wiley & Sons A/S
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Figure 1 Survival rate  curves. for: primary. myelofibrosis patients
according . to: cytogenetic  groups. - {A}. »~ Normal cytogenetics
{n = 122}. Either 13g~ or 20g- lesion: (n = 22). = cytogenetic abnor-
malities other than 13g— and 20g= {n = 58}. +- The prognosis. of pri-
mary myelofibrosis'in patients”having cytogenetic abnormalities other
than13g~ and 20g~ was inferior to patients having cytogenetic abnor-
malities with sole 13g— or'20q=(P.=-0.02}. (B} -~ Normal cytogenet-
ics; sole abnormalities of either chromosome13g~0r:20q- (n = 144).
- cytogenetic abnormalities other than 13g='and 20g~ {n = 58). The
prognosis. of : primary - myelofibrosis- in: patients- having cytogenetic
abnormalities other than: 13g~ and. 20g~ was.inferior to all patients
except for those having cytogenetic abnormalities: other than 13g— or
20g- (P = 0.02)

prognosis, sole abnormalities of either chromosome 13q-
or 20q— was correlated with ‘an indolent prognosis, and
cytogenetic ~abnormalities other ‘than  13g— and 20q-
were associated with an inferior prognosis (14, 15). As in

@ 2009 John Wiley & Sons A/S
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previous reports, the prognosis of patients with cytoge-
netic abnormalities other than 13g— and 20q- is poorer
than those with sole 13q— or 20g— abnormalities
(Fig. 1A). Tefferi er al. also reported that the sole abnor-
malities of either 13q— or 20q— was linked to a reduced
risk of transformation in addition to the indolent nature
(14). In our study, none of the 22 patients with sole
abnormality of either chromosome 13q— or 20g—, 9 of
the 58 patients with cytogenetic abnormalities other than
13q— and 20q—, and 6 of the 116 patients with normal
cytogenetics converted to acute leukemia. Patients with
an unfavorable cytogenetic profile (abnormal cytogenet-
ics other than 13g— or 20g—) had a greater tendency to
transform to leukemia than patients with a favorable
cytogenetic profile (normal cytogenetics, sole abnormali-
ties of either chromosome 13q—, or 20g-) (P = 0.002).

The genes located on 13q or 20q have not been identi-
fied. Although 13q— is also observed in multiple mye-
loma patients (20, 21), the gene located on deleted 13q
may be different in these two diseases.. In most myeloma
patients with 13q—, RB1, the powerful tumor suppressor
gene, is deleted (21), whereas the lesion on 13q in
ber/abl-negative . chronic  myeloid disorders does not
involve: RBL (22). Differences in-the involved gene may
account for.the-prognostic value of 13g— in myeloma
and- primary. myelofibrosis; 13q— is associated with an
inferior prognosis: for myeloma (20), but not for primary
myelofibrosis (14, 15)...In:myelodysplastic . syndrome,
20— abnormalities have been associated with prolonged
survival- (23).  The common deleted lesion on 20q— in
myeloid malignancies-is being investigated (24), and the
h-l' (3): mbt gene; which encodes a: member of the poly-
comb: group:family: of ‘proteins and is the human homo-
fogue of a tumor suppressor- gene in: Drosophia (25), is a
candidate for the responsible gene (24).

Strasser-Weippl ¢t al. previously reported that Chro-
mosome 7 deletions are associated with an unfavorable
prognosis’ in myelofibrosis: (16).. Chromosome 7 deletions
also tend to be associated with other chromosomal aber-
rations. Six of 7 patients in their-report (16),and 9 of 11
patients harboring -del(7) or:-—7 in our study had other
chromosomal aberrations. Contrary to:the previous
report, —7/7q— is not associated with an unfavorable
prognosis in our study. One possible reason for this dis-
crepancy in the prognostic value of =7/7q~ is that our
survey. is: limited:to: primary myelofibrosis patients, while
the report showing the unfavorable prognostic value of
=7/7q - examined -+ secondary “myelofibrosis (postpoly-
cytemia vera: or essential thromobocytosis): patients in
addition to primary myelofibrosis patients:(16). This pos-
sibility is unlikely, because ‘it is-very difficult to distin-
guish between a primary myelofibrosis and a secondary
myelofibrosis “in- clinical “practice.. The other possibility
might depend on the sensitivity ‘of the assay used to
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detect the chromosome abnormality. We performed a G-
banding stain in metaphase cells, whereas they adapted
interphase fluorescence in situ hybridization (FISH) anal-
ysis to identify the chromosomal abnormality. To detect
a specific chromosomal abnormality, FISH is much more
informative than a G-banding stain because FISH can
be used for interphase cytogenetic analysis. In fact, we
detected abnormal metaphase in only 40% of patients
using a G-banding stain, while they found cytogenetic
abnormalities in 56% of patients using FISH analysis
(16). In order to clarify these differences, a larger pro-
spective survey is needed. to determine the prognostic
value of cytogenetic information and the role of involved
genes in pathogenesis.

JAK?2 mutation is observed in about half of primary
myelofibrosis patients (3-7). ‘We examined JAK2 muta-
tion status in only 24 primary myelofibrosis patients, and
12 were positive for this mutation. This number is too
small to evaluate the role of JAK2 mutation on survival
or leukemic. transformation in. primary- myelofibrosis.
Hussein et al. examined the presence of JAK2 mutation
in addition to the cytogenetic studies in 109 primary mye-
lofibrosis - patients, and . found ~JAK2 ~mutations in
63(58%) patients (26).- In their- study, the:presence of
JAK?2 mutation: was inconsequential to survival. JAK2
mutation also may not be the disease-initiating lesion in
transformation, because ‘the emergence of JAK2VO617F~
blast phase from previously positive: myeloproliferative
neoplasms was: observed by Tam et al; (27), Campbell
et al. 28).and Theocharides et al. (29), who reported dis-
appeararice of JAK2V617F positivity i 7-0f 12:(58%), 3
of 4 (75%); and- T of 17 (41%) patients; respectively. The
presence or-absence of JAK2 mutation or its allele burden
does not-appear to carry prognosticiinformation (30).
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Janus kinase 2 (JAK2) V617F mutation has been regarded as the major cause of myeloproliferative disor-
ders (MPD). However, the mechanisms of abnormal cell growth by JAK2V617F have not been elucidated.
In this study, cell cycle regulatory protein expression was analyzed using JAK2V617F-BafF3 and mock-Ba/
F3. JAK2V617F-Ba/F3, but not mock-Ba/F3, showed IL-3 independent cell growth and constitutive STATs
activation. Deregulation of p27X%P!"the cell cycle regulator at the G1 to S transition, was observed in
JAK2V617F-BaF3 but not in mock-control, p27¥"P" deregulation was not due to p275"' mRNA level but
due'to high Skp2 expression; a subunit of ubiquitin E3 ligase, through the STAT binding in the Skp2 pro-
moter;: Like JAK2V617F overexpression, constitutively-active STAT5 or: STAT3. induced aberrant p27Kip!
expression of Ba/F3 cells. Similar findings were observed in BCR/ABL-transfected Ba/F3. Our results eluci-
date the regulatory mechanism by which JAK2V617F modulates Skp2 gene expression through the STAT
transcription factors.

EMSA
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Introduction

The Janus kinase (JAK)/signal transducers and activators of tran-
scription (STATs) pathway plays an important role in hematopoie-
sis. Recently, a mutation that substitutes valine with phenylalanine
at position 617 (V617F) of the JAK2 protein has been identified in
patients with myeloproliferative disorders (MPD) [1]. A subset of
patients; most commonly with polycythemia vera (PV), have
homozygous JAK2V617F mutations, which are the result of mitotic
recombination and duplication of the mutant allele [2]. Valine 617
locates in the pseudokinase domain (JH2) of JAK2. It is thought that
the pseudokinase domain serves an auto-inhibitory role similar to
the juxtamembrane domain of receptor tyrosine kinases such as
FLT3 [3]. Biochemical evidence also supports the notion that
JAK2V617F is a constitutively active tyrosine kinase [4]. When
JAK2V617F was expressed in Ba/F3 cells with the erythropoietin
(EPO) receptor, Ba/F3 cells resulted in EPO independent growth
and in EPO hypersensitivity [5].
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It has been suggested that elevated JAK2 tyrosine kinase activity
contributes to transformation, probably in part through STAT
transcription factors. However, the detailed molecular targets of
JAK2 activation, which characterizes the MPD phenotype, are still
obscure. In the current study, we compared profiles of cell cycle
regulatory protein between JAK2V617F-Ba/F3 and mock-Ba/F3
cells. Based on these results, we focused on a cell cycle regulatory
protein of p27%P! [6]. Our current results suggested that aberrant
expression of p27XP! might be a cause of IL-3 independent cell
growth of JAK2V617F. We further found that reduced p27%iP!
expression was due to its increased degradation by SKP2, an
F-box protein of the E3 ligase, SCFKP2,

We also observed that similar deregulation occurs in BCR/ABL-
BaF3 cells, which has been recently reported by others [7,8].
Constitutively active STAT3 and STAT5 mimic the expression of
p27¥iP1 observed in JAK2V617F-Ba/F3. The involvement of these
proteins in MPD as well as CML pathogenesis was discussed.

Materials and methods

Cell lines and reagents. Mock, JAK2 wild type (Wt) and JAK2V617F
transfectants of Ba/F3 (JAK2V617F-Ba/F3) were reported previously
[9]. Ba/F3, mock-Ba/F3 and Wt-Ba/F3 were maintained in RPMI
1640 medium supplemented with 10% FCS and 3% conditioned



