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ABSTRACT

International Prognostic Scoring Systems are used to determine the individual risk profile of myelodysplastic syn-
drome patients. For the assessment of International Prognostic Scoring Systems, an adequate chromosome band-
ing analysis of the bone marrow is essential. Cytogenetic information is not available for a substantial number of
patients (5%-20%) with dry marrow or an insufficient number of metaphase cells. For these patients, a valid risk
classification is impossible. In the study presented here, the International Prognostic Scoring Systems were vali-
dated based on fluorescence in situ hybridization analyses using extended probe panels applied to cluster of dif-
ferentiation 34 positive (CD34*) peripheral blood cells of 328 MDS patients of our prospective multicenter
German diagnostic study and compared to chromosome banding results of 2902 previously published patients
with myelodysplastic syndromes. For cytogenetic risk classification by fluorescence 7 situ hybridization analyses
of CD34" peripheral blood cells, the groups differed significantly for overall and leukemia-free survival by uni- and
multivariate analyses without discrepancies between treated and untreated patients. Including cytogenetic data
of fluorescence in situ hybridization analyses of peripheral CD34" blood cells (instead of bone marrow banding
analysis) into the complete International Prognostic Scoring System assessment, the prognostic risk groups sepa-
rated significantly for overall and leukemia—ﬁee survival. Our data show that a reliable stratification to the risk
groups of the International Prognostic Scoring Systems is possible from peripheral blood in patients with missing
chromosome banding analysis by using a comprehensive probe panel (clinicaltrials.gov identifier:01355913).

Introduction Additionally, and more recently, the karyotype has gained
importance for treatment decisions.”
In MDS, conventional chromosome banding analysis (CBA)

of bone marrow metaphases still constitutes the gold stan-

Myelodysplastic syndromes (MDS) are clonal hematopoiet-

ic stem cell diseases characterized by ineffective

hematopoiesis and peripheral cytopenias."” Acquired clonal
chromosomal anomalies, well known as independent prog-
nostic factors,*® are major features within the International
Prognostic Scoring System (IPSS)® and the Revised
International  Prognostic ~ Scoring System  (IPSS-R).

dard for cytogenetic diagnostics. Karyotyping from peripheral
blood is typically unsuccessful due to leukocytopenia and a
low percentage of blasts, or impaired growth of affected cells
impeding successful culturing and metaphase yield. The main
advantage of banding analyses is the examination of the
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entire chromosome complement to detect numerical as
well as structural aberrations. Most chromosomal aberra-
tions in MDS can also be detected by fluorescence in situ
hybridization (FISH) analyses, but only pre-defined anom-
alies can be covered, if a distinct informative probe is
used.’

The IPSS/-R is based on chromosome banding analyses
in primary untreated MDS patients.*” If a bone marrow
aspiration is impossible or unsuccessful, e.g. because of
dry marrow without liquid BM blood, a lack of informa-
tive karyotyping because of metaphases failure or the
patient” s refusal (5%-20%),"*" a reliable karyotyping and
thus an adequate cytogenetic risk classification, and, final-
ly, assessment of IPSS/-R risk groups are not possible.

In two previous studies,"** we had compared the results
of FISH analyses of enriched CD34", unselected peripheral
and bone marrow blood with the results of 379 chromo-
some banding analyses of bone marrow metaphases per-
formed simultaneously in 360 MDS patients (including
follow-up data). We were able to demonstrate that FISH
analyses of circulating CD34* progenitor cells from periph-
eral blood with extended probe panels correlate signifi-
cantly (P<0.01) with the banding results, and that this
method provides valid molecular-cytogenetic information
from peripheral blood." Furthermore, we were able to
show that the enrichment step is indispensable, because
otherwise the clone size measured from unselected
peripheral blood is too small and too close to the probe "s
cut-off value to allow valid analyses, and thus a relevant
portion of smaller abnormal clones may be missed."*"
Hence, CD34°PB FISH is a reliable method for cytogenetic
monitoring in untreated and treated, low- and high-risk
MDS patients that is not dependent on specific cytogenet-
ic subgroups."

To answer the question as to whether the IPSS/-R also
works with CD34'PB FISH data, we analyzed 328 MDS
patients from our prospective multicenter German diag-
nostic study (clinicaltrials.gov identifier:01355913) by
CD34PB FISH at the time of study entry, and compared
the results with chromosome banding analyses of 2902
previously published MDS patients® of the German-
Austrian, Spanish Hematological Cytogenetic Working
Group, IMRAW and IWCG databases. This cohort was
chosen for correlation because the number of simultane-
ous CBA and CD34'PB FISH analyses at the time of the
CD34" FISH-study entry was too small to allow valid sta-
tistical analyses.

Methods

The design of the CD34PB FISH diagnostic study (Online
Supplementary Figure S1) has already been described in detail."* For
this project, only patients with primary MDS were included and
only CD34°PB FISH analyses at the time of study entry were con-
sidered. Sequential cytogenetic data were not used. Between
October 2008 and December 2012, cytogenetic and clinical data of
328 MDS patients from 18 German Centers of Hematology
(Online Supplementary Table S1) of our prospective multicenter
German diagnostic study “Screening and genetic monitoring of
patients with MDS under different treatment modalities by cyto-
genetic analyses of circulating CD34cells”"* were documented in
the web-based central database secuTrial®. The study was con-
ducted in accordance with the modified Declaration of Helsinki,
and was approved by the local ethics committees. All patients
gave their written informed consent.

Of these 328 patients, 140 originated from the German LE-
MON-5 (MDS-LE-MON-5) clinical trial (EudraCT-Nr:2008-
001866-10, University of Duesseldorf). For validation of the IPSS/-
R assessment, the chromosome banding results of 2902 MDS
patients’ of the German-Austrian MDS Study Group (n=1193), the
International MDS Risk Analysis Workshop (n=816), the Spanish
Haematological Cytogenetics Working Group (n=849), and the
International Working Group on MDS Cytogenetics (n=44) data-
bases were analyzed. Results from this study population were
published elsewhere,® but did not focus on the question described
here. Patients’ characteristics are shown in Table 1.

In previous studies,®'* we had been able to show that CD34"
myeloid progenitor cells can be enriched from peripheral blood by
immunomagnetic cell sorting (MACS®, Miltenyi Biotec GmbH,
Bergisch Gladbach, Germany) and subsequently used for FISH
analyses at acceptable costs, making this strategy generally suit-
able for routine diagnostic approaches. We could demonstrate that
up to 400,000 CD34" cells can be enriched per sample.”®

For this project, FISH analyses of CD34'PB cells were performed
in our laboratory, as described previously."*"*

In each patient, the following FISH probe panel was applied at
the time of initial screening at study entry: LSI 1p3650/1q25SG™,
LSI  CSFIR  (5q33-q34)/D5523,D55721(5p15.2)™,  LSI
EGR1(5g31)/D5523,D55721(5p15.2)™, LSI
D75522(7q31)/CEP7™, LSI CEP 8 SpectrumOrange™, LSI MLL
DualColor™, LSI TEL/AML1 ES™ LSI 13 (RB1)13q14™, LSI
IGH/BCL2™, LSI TP53(17p13.1)™, LSI D20S108(20q12)™, and
CEP X SpectrumOrange™/Y SpectrumGreen™ (Abbott GmbH &
Company, KG, Wiesbaden, Germany) and XL TET2™
(MetaSystems GmbH, Altussheim, Germany).

The entire list of all aberrations possibly detectable with this
extended probe panel is available in Online Supplementary Table S2.
A summary of the IPSS/-R cytogenetic subgroups and the corre-
sponding FISH probes of this panel is available in Online
Supplementary Table S3. Some probes (e.g. IGH/BCL2) are routine-
ly used in lymphoma patients, but they can also be applied to
detect aberrations observed in MDS [(e.g. +14, del(18q)]. Using
this panel, at least 72% of aberrations (typical for MDS** can be
detected. Cut-off values for each FISH probe were determined in
our laboratory according to international consensus." A median
number of 206 interphase nuclei (range 20-458) was counted per
analysis.

Statistical analyses

Statistical analyses were performed using SPSS 20.0
(IBM Cooperation, Armonk, NY, USA) and Graph Pad
Prism 4.0 (Graph Pad Software Inc., La Jolla, CA, USA).
Time-to-event analyses were performed as described
using the Kaplan-Meier method. Differences in time-to-
event analyses were calculated using the log rank test.
Overall survival (OS) was calculated from the date of first
diagnosis to death or last contact; AML-free survival (AES)
from the date of first contact to AML diagnosis. Patients
who underwent allogeneic stem cell transplantation
(alloSCT, n=17) were censored at the time of transplanta-
tion. Multivariate analyses were based on a Cox propor-
tional hazard model. Age, hemoglobin, absolute neu-
trophil count, and platelet count were calculated as contin-
uous, and sex, bone marrow blast count and treatment as
categorical variables. Within the Cox models, the IPSS and
IPSS-R cytogenetic and the IPSS prognostic subgroups
were analyzed as a numerical scale. Differences between
groups were calculated using the ¢’ test for categorical and
the analysis of variance test for continuous variables. Two-
sided P<0.05 was considered significant; P<0.01 as highly
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significant. Due to the exploratory nature of the study, no
adjustment for multiple testing was performed.

Results

For this study, the IPSS-R could only evaluate for cyto-
genetic, but not for prognostic subgroups evaluated for

Table 1. Patients’ characteristics (n=3230).

cytogenetics, because a central retrospective discrimina-
tion of the new IPSS-R blast count threshold (<2% or >2-
<5% BM blasts) was not possible for all patients.
Therefore, prognostic risk groups were evaluated accord-
ing to IPSS only.

For CD34* FISH study patients, bone marrow aspiration
was recommended, but not performed in every patient.
Chromosome banding analyses of bone marrow

Total CBA control group CD34'PB FISH P
n (%) patients group patients

n (%) n (%)
N. of patients 3230 (100.0) 2902 (89.8) 328 (10.2)
Database
CD34* FISH study 328 (10.2) 0 (0.0) 328 (100.0)
German-Austrian 1193 (36.9) 1193 (41.1) 0(0.0)
Spanish 849 (26.3) 849 (29.3) 0 (0.0) <0.01
IMRAW 816 (25.3) 816 (28.1) 0 (0.0)
IWCG 44 (14) 44 (15.2) 0 (0.0)
Sex
Male 1818 (56.3) 1680 (57.9) 138 (42.1) <0.01
Female 1412 (43.7) 1222 (42.1) 190 (57.9)
Age (years)
Median 70 70 72 <0.01
Range 16-96 16-96 40-91
WHO classification
RA 129 (8.7) 89 (1.7 40 (12.2)
RARS 77(5.2) 62 (5.4) 15 (4.6)
RCMD 269 (18.1) 193 (16.7) 76 (23.2)
RCMD-RS 103 (6.9) 93 (8.0) 10 (3.0
RAEB-1 197 (13.3) 158 (13.6) 39 (11.9) <0.01
RAEB-2 247 (16.6) 223 (19.3) 24 (1.3)
CMML 167 (11.2) 156 (13.5) 11(34)
RARS-T 1(0.1) 0 (0.0) 1(0.3)
5¢- Syndrome 180 (12.1) 95 (8.2) 85 (25.9)
AML 97 (6.5) 79 (6.8) 18 (5.5)
Unclassified 16 (1.1) 10 (0.9) 6 (1.8)
Cytopenias
Hb (g/dL) median 9.5 9.6 9.3 0.021
Hb range 0.9-18.9 0.9-18.9 45-145
ANC (x10%L) median 2.1 2.1 1.7 0.051
ANC range 0-85 0-85 0-36
PLT (x10%L) median 124 124 154 <0.01
PLT range 0-1813 0-1371 2-1813
Bone marrow blast count
<5% 1723 (57.1) 1513 (56.1) 210 (65.2)
5-10% 635 (21.0) 578 (21.4) ST (171
11-20% 470 (15.6) 423 (15.7) 47 (14.6) <0.01
21-30% 189 (6.3) 183 (6.8) 6 (1.9)
>30% 2(0.1) 0(0.0) 2 (0.6)
Therapy
BSC 3041 (94.1) 2902 (100.0) 139 (42.4) <0.01
Allogeneic SCT 17 (0.5) 0 (0.0) 17 (5.2)
Others 172 (5.3) 0 (0.0) 172 (52.4)
IPSS
Low 697 (30.7) 593 (30.4) 104 (32.2)
Intermediate-1 873 (384) 730 (37.5) 143 (44.3) 0.010
Intermediate-2 397 (17.5) 349 (17.9) 48 (14.9)
High 304 (134) 276 (14.2) 28 (8.1)
Observation time (months)
Median 4.1 50.0 26.7 <0.01
Range 0-326 0.1-326 0-53.1
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metaphases at the time of study entry were available for
154 patients (47 %) of our CD34* FISH study. Most of
them (82%) were part of the LE-MON-5 trial, and thus
belong to cytogenetic good-risk and IPSS low- or int-1
groups. Therefore, an international control group was cho-
sen for an external validation of the dataset. Bone marrow
banding analyses of the validation cohort were available
for all 2902 patients and centrally reviewed, as described
previously.*® Karyotypes were documented according to
the International System of Human Cytogenetic
Nomenclature (ISCN).* Molecular-cytogenetic results
were centrally reviewed.

Bone marrow morphology was performed at each cen-
ter according to WHO classification.” IPSS/-R assessment
of the banding cohort has been described previously.” The
IPSS/-R score was calculated centrally (FB and JS) for the
CD34'PB FISH cohort.

In total, 3230 patients with primary MDS were ana-
lyzed for this study. The characteristics of 328 treated and
untreated patients analyzed by CD34PB FISH and of 2902
untreated patients analyzed by chromosome banding
analysis of bone marrow metaphases are shown in Table
1. The two groups differed significantly concerning age
(70 vs. 72 years), sex, MDS subtype, cytopenias and treat-
ment. The chromosome banding-group was untreated
(best supportive care or non-disease altering therapies).
The CD34'PB FISH group received the following regi-
mens: 42% received best supportive care (BSC) alone
(n=139), 26.8% were treated with lenalidomide alone

Table 2. Distribution of cytogenetic subgroups.
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(n=88), 15% with 5-azacitidine alone (n=49), 1.2% (n=4)
with 5-azacitidine plus or followed by one other drug
(lenalidomide, etoposide, araC, nilotinib/everolimus,
hydroxyurea, eltrombopag), 0.9% (n=3) with 5-azaciti-
dine plus or followed by intensive chemotherapy, 0.9%
(n=3) with 5-azacitidine followed by alloSCT, 0.3% (n=1)
with 5-azacitidine followed by intensive chemotherapy
and alloSCT, 1.2% (n=4) with lenalidomide plus or fol-
lowed by one other drug (valproic acid, temsirolimus,
araC), 0.6% (n=2) with lenalidomide plus or followed by
S-azacitidine, 0.9% (n=3) with lenalidomide followed by
alloSCT, 0.3% (n=1) with lenalidomide followed by inten-
sive chemotherapy, 1.3% (n=4) with intensive chemother-
apy alone, 0.3% (n=1) with intensive chemotherapy fol-
lowed by alloSCT, 2.8% (n=9) with alloSCT alone, and
52% (n=17) with other treatment modalities (antithy-
moglobulin/cyclosporine, low-dose araC, low-dose mel-
phalan,  nilotinib/everolimus,  hydroxycarbamide,
hydrodyurea, valproic acid, eltrombopag, panobinostat).

The median observation time was 26.7 months (range 0-
53.1) for the FISH group and 50 months for the banding-
group (range 0.1-326).

CD34 peripheral blood FISH versus chromosome
banding analysis

Compared to other published MDS studies"**® and to
the banding-cohort (44.9%), there was a high incidence
(71.3%) of chromosomal aberrations detected in our FISH
cohort, due to the bias caused by the inclusion of LE-

(H:].) CD34'PB FISH p*
n %%t n )

Normal karyotype (total) 1543 55.1 94 28.7 <0.01

LE-MON-5 patients - - 0 0.0

Without LE-MON-5 patients 1543 55.1 94 50.0 0.173
Aberrant karyotype (total) 1257 449 234 713 <0.01

LE-MON-5 patients - - 140 100.0**

Without LE-MON-5 patients 1257 449 94 50.0%* 0.173
Single abnormalities
inv(3q)/t(3;3) 10 04 na. na.
any other single 249 8.9 6 1.8 <0.01
del(11q) 20 0.7 3 0.9 0.688
del(12p) 18 0.6 1 0.3 0.456
del(20q) 48 1.7 4 1.2 0.507
del(5q) 180 6.4 141 43.0 <0.01
del(7q) 15 0.5 2 0.6 0.863
i(17q) 18 0.6 0 0.0 0.145
T 45 1.6 7 2.1 0.480
Y 61 2.2 7 2.1 0.958
+19 10 04 na. na.
+8 133 48 5 1.5 <0.01
Double abnormalities
Double including del(5q) 45 1.6 17 W <0.01
Double including -7/del(7q) 31 1.1 11 3.4 <0.01
Any other combination 98 3.5 9 2.7 0.476
Complex abnormalities
Complex 3 abnormalities 60 2.1 11 3.4 0.164
Complex =4 abnormalities 196 7.0 10 3.0 <0.01
Others (+mar, independent clones) 27 1.0 0 0.0 0.074
Missing or invalid [SCN formula 102 - 0 0.0 <0.01

2 test (two-sided). **% of aberrant karyotypes in LE-MON-5 study patients (n=140) or non-LE-MON-5 study patients (n=188), respectively. #Percentage of patients with valid ISCN

formula. CBA: chromosome banding analysis; PB: peripheral blood; n.a.: not applicable.
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MON-5-trial-patients, who were required to have a
del(5q) to be enrolled in the study. By excluding the 140
LE-MON-5 study patients who showed aberrations in
100% of patients, there was an aberration rate of 50%
(n=94) in the CD34'PB FISH cohort that was comparable
to the banding-cohort (P=not significant). The distribution
of cytogenetic subgroups within the two groups is shown
in Table 2. Significant differences were seen for trisomy 8

IPSS cytogenetic subgroups
P (log-rank) <0.01

IPSS/-R evaluation by CD34*PB FISH in MDS

(CBA: 4.8%, CD34PB FISH: 1.5%), rare single abnormal-
ities (“any other single”, CBA: 8.9%, CD34'PB FISH:
1.8%), double abnormalities including -7/del(7q) (CBA:
1.1%, CD34PB FISH: 3.4%) or del(5q) (CBA:1.6%,
CD34PB FISH: 5.2%) and very complex (=4) abnormali-
ties (CBA: 7.0%, CD34'PB FISH: 3.0%).

Treated and untreated patients of the CD34'PB FISH
group (Online Supplementary Figure S2) did not differ signif-

IPSS cytogenetic subgroups
P (log-rank) <0.01
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low n=103; 2 (2%) events; median not reached
int-1n=136; 23 (17%) events; median not reached
int-2n=41; 13 (32%) events; median 17.4 months
high n=12; 2 (17%) events; median 5.5 months

ic subgroups (P<0.01). (E)
Overall survival for IPSS
prognostic subgroups
(P<0.01). (F) AML-free sur-
vival for IPSS prognostic
subgroups (P<0.01).

Months
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icantly concerning overall (29.8 vs. 46.5 months, respec- Validation of the IPSS cytogenetic subgroups

tively; P=0.378) and AML-free survival (both not reached; by CD34* PB FISH

P=0.102). There were also no significant imbalances The median overall survival curves for IPSS cytogenetic
between the chromosome banding group and the subgroups separated significantly by CD34*PB FISH
CD34PB FISH group for overall survival (36.0 vs. 32.8 (P<0.01) (Figure 1A): not reached for good-risk, 22.7
months, respectively; P=0.908; HR: 1.01, range 0.27-1.93)  months for intermediate-risk and 8.2 months for poor-risk.
and AML-free survival (203.2 months vs. not reached, Compared to the chromosome banding results the overall
respectively; P=0.313; HR: 1.38, range 0.98-1.72) (Online  survival did not differ significantly (Table 3).
Supplementary Figure S3). The AML-free survival curves for IPSS cytogenetic risk

Results from multivariate analyses: PSS- and IPSS-R cytogenetic subgroups and IPSS prognostic
subgroups in CD34* pB FISH versus CBA

381A Overall survival = (D34 pB FISH 3618 AML-free survival = (D34 pB FISH
* CBA e CBA

2.6 2.6
HR 1 201 I 1.80 203 HR 200 { 1.87 183

16 1 1.74 1.68 1.66 1.64 1.68

128 { 113
T T T 0.6 T T T
IPSS.CY IPSS-R.CY IPSS IPSS.CY IPSS-R.CY  IPSS

Figure 2. (A and B) Results from multivariate analyses: IPSS- and IPSS-R cytogenetic subgroups and IPSS prognostic subgroups in CD34'PB
FISH versus CBA. IPSS.CY: IPSS cytogenetic subgroups; IPSS-R.CY: IPSS-R cytogenetic subgroups; IPSS: complete IPSS prognostic subgroups.

Table 3. Overall survival and AML-free survival by IPSS and IPSS-R cytogenetic and IPSS prognostic subgroups.

(121 CD34'PB FISH P P
n months n months

Overall survival by cytogenetic subgroup as defined by IPSS or IPSS-R

IPSS cytogenetic good 1806 50.6 242 NR 0.732 <0.0001
IPSS cytogenetic intermediate 610 29.5 39 22.7 0.275
IPSS cytogenetic poor 337 8.0 41 8.2 0.180
IPSS-R cytogenetic very good 79 60.8 10 32.8 0.088 <0.0001
IPSS-R cytogenetic good 1808 485 252 NR 0.677
IPSS-R cytogenetic intermediate 534 26.7 21 13.0 0.139
IPSS-R cytogenetic poor 144 15.0 29 9.9 0.043
IPSS-R cytogenetic very poor 188 5.7 10 4.2 0.281
AML free survival by cytogenetic subgroup as defined by IPSS or IPSS-R
IPSS cytogenetic good 1610 NR 228 NR 0.792 <(0.0001
IPSS cytogenetic intermediate 528 84.3 37 NR 0.825
IPSS cytogenetic poor 297 144 32 308 0.259
IPSS-R cytogenetic very good 70 NR 8 NR 0.668 <(0.0001
IPSS-R cytogenetic good 1610 NR 238 NR 0.859
IPSS-R cytogenetic intermediate 461 78.0 20 18.5 0.219
IPSS-R cytogenetic poor 126 212 23 30.8 0.774
IPSS-R cytogenetic very poor 168 8.2 8 NR 0.307
Overall survival by IPSS prognostic subgroup
IPSS low 588 65.4 104 NR 0.951 <0.0001
IPSS intermediate-1 726 39.0 137 32.8 0.786
IPSS intermediate-2 348 149 48 123 0.487
IPSS high 272 78 28 4.7 0.251
AML free survival by IPSS prognostic subgroup
IPSS low 515 NR 103 NR 0.205 <0.0001
IPSS intermediate-1 649 111.0 136 NR 0.621
IPSS intermediate-2 307 33.5 41 174 0.559
IPSS high 260 11.0 12 55 0.124

P': P(log rank FISH vs. CBA), P*: P(log rank subgroups) of respective subgroups according to CD34*PB FISH-results; CBA: chromosome banding analyses; PB: peripheral blood.
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groups also differed significantly by CD34* PB FISH
(P<0.01) (Figure 1B): not reached for good- and intermedi-
ate-risk, 30.8 months for poor-risk. Compared to banding
analyses results there were no significant differences

(Table 3).

Validation of the IPSS-R cytogenetic subgroups
by CD34" PB FISH

The median overall survival for the cytogenetic risk
groups according to IPPS-R by CD34PB FISH is shown in
Table 3: very good risk 32.8 months, good risk not
reached, intermediate risk 13.0 months, poor risk 9.9
months, and very poor risk 4.2 months (P<0.01) (Figure
1C). Compared to chromosome banding results there
were no significant differences, except for the poor-risk
group. The median overall survival was longer in the chro-
mosome banding group than in the FISH-group (15.0 vs.
9.9 months; P=0.043).

For AML-free survival, all IPSS-R cytogenetic subgroups
differed significantly (Figure 1D): not reached for very
good, good and very poor risk, 18.5 months for intermedi-
ate and 30.8 months for poor risk. Compared to chromo-
some banding analyses, there were again no significant
differences (Table 3). The reason for the shorter AML-free
survival of the intermediate risk group remains unclear.
There were no significant differences regarding blast
count, hemoglobin, ANC or platelet count between the
intermediate risk groups defined by banding or by
CD34PB FISH. Thus, we conclude that this is most prob-
ably caused by the low number of patients (n=22) in the

Table 4. Results from multivariate analysis for overall survival and AML-free survival: IPSS- and IPSS-R cytogenetic subgroups and IPSS prognostic sub-

groups in CD34" PB FISH versus CBA.

FISH intermediate group.

Considering the fact that the good risk group contains
lenalidomide-treated patients, we re-analyzed this group:
93.5% of patients (n=86) treated with lenalidomide alone
had an MDS RA/RARS, RCMD/-RS or RCUD with isolat-
ed del(5q), only 6.5% were diagnosed as RAEB-1 (n=5) or
RAEB-2 (n=1). None of the lenalidomide-treated patients
suffered from AML. In summary, all lenalidomide-treated
patients belonged to the low or intermediate-1 risk group
(in accordance with the criteria for the drug”s approval).
Additional univariate analyses showed that the lenalido-
mide-treated good-risk patients cause a slight but signifi-
cant shift towards better overall survival in the good-risk
IPSS-R group (32.8 months vs. 38.5 months; P=0.044).
There was also a difference in AML-free survival, but this
did not reach statistical significance (40.8 months vs. 44.8
months; P=0.05). The IPSS low and intermediate-1 risk
groups evaluated by CD34°PB FISH did not differ signifi-
cantly between lenalidomide treated and untreated
patients for OS (33.9 months vs. 38.5 months; P=0.076)
and AML-free survival (42.6 months vs. 44.9 months;
P=0.92). Moreover, multivariate analyses demonstrated
that lenalidomide treatment is not an independent prog-
nostic factor.

Integration of CD34* PB FISH data into the IPSS
Replacing conventional cytogenetic banding analysis
with cytogenetic data from CD34'PB FISH for the com-
plete IPSS allowed separation of prognostic risk groups
with highly significant differences in overall survival (not
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Overall survival AML-free survival
CD34+PB FISH CBA CD34+PB FISH CBA
n P HR (95%Cl) n P HR (95%CI) n P HR(95%C) n P HR (95%CI)

Male (Ref.) <0.05 063 (0.42-0.95) 1064 <0.01  0.76 (0.64-0.89) 260  0.72  0.88 (0.45-1.74) 910 049 091 (0.70-1.19)
Age <001  1.04 (1.01-1.06) <0.01  1.02 (1.01-1.03) 0.05  0.97 (0.94-1.00) 0.97 1.00 (0.99-1.01)
Hb (g/dL) <0.01  0.76 (0.66-0.87) <0.01  0.85 (0.82-0.88) <0.05 0.80 (0.65-0.99) <0.01  0.88 (0.83-0.92)
ANC (x10%L) 259 <001  1.05 (1.02-1.08) <0.01  1.02 (1.02-1.03) 0.55  1.01 (0.97-1.06) 041 1.01 (0.99-1.02)
PLT (x10%L) <0.01  1.00 (0.99-1.00) <001 1.00 (1.00-1.00) 0.06  1.00 (0.99-1.00) 0.08 1.00 (1.00-1.00)
Bone marrow blast count <001 148 (1.15-1.89) <0.01 139 (1.28-1.50) <0.01 2.76 (1.85-4.12) <0.01  1.83 (1.62-2.06)
No treatment (Ref.) 0.44 1.19 (0.76-1.86) no treated patients 0.07  1.96 (0.94-4.09) no treated patients

IPSS cytogenetic subgroup <0.01  2.01 (156-2.59) <001  1.74 (1.56-1.95) 034 123 (0.80-1.88) <001  2.00 (1.69-2.37)
Male (Ref.) 259 <0.05  0.60(0.40-0.89) 1064 <0.01  0.74 (0.62-0.87) 260  0.64 0.85 (0.44-1.67) 910 0.31 0.87 (0.67-1.14)
Age <0.01  1.04 (1.02-1.06) <0.01  1.02 (1.01-1.03) 0.06  0.97 (0.94-1.00) 0.77 1.00 (0.99-1.01)
Hb (g/dL) <0.01  0.78 (0.68-0.90) <0.01  0.85 (0.83-0.88) <0.05 0.80 (0.65-0.99) <0.01  0.88 (0.83-0.93)
ANC (x10%L) <0.01  1.05 (1.02-1.08) <0.01  1.03 (1.02-1.03) 0.59  1.01 (0.97-1.06) 0.21 1.01 (0.99-1.03)
PLT (x10%L) <0.01  1.00 (0.99-1.00) <0.01 1.0 (1.00-1.00) 0.05  1.00 (0.99-1.00) 0.08 1.00 (1.00-1.00)
Bone marrow blast count <001 145 (1.14-1.86) <0.01 139 (1.28-1.50) <0.01 2.77 (1.85-4.15) <0.01  1.83 (1.63-2.07)
No treatment (Ref.) 0.42 1.20 (0.77-1.88) no treated patients 0.06  2.00 (0.96-4.17) no treated patients

IPSS-R cytogenetic subgroup <0.01 180 (146-2.23) <001 168 (1.54-1.84) 050 1.13 (0.80-1.58) <001 1.87 (1.64-2.14)
Male (Ref.) 258 <001 058 (0.39-0.87) 1090 <0.01  0.79 (0.67-0.93) 259 ~ 0.87  0.94 (0.48-1.86) 936 0.91 0.98 (0.76-1.27)
Age <001  1.04 (1.01-1.06) <0.01  1.02 (1.01-1.02) 0.16  0.98 (0.95-1.01) 0.50 1.00 (0.99-1.01)
Hb (g/dL) <0.01  0.81(0.70-0.93) <0.01  0.86 (0.83-0.89) 0.12 0.84 (0.67-1.05) <0.01  0.88(0.83-0.92)
ANC (x10%L) <001 1.07 (1.04-1.10) <0.01  1.03 (1.02-1.03) 0.19  1.03 (0.98-1.09) 0.22 1.01 (0.99-1.03)
PLT (x10%L) <0.01  1.00 (0.99-1.00) <0.01 1.0 (1.00-1.00) 0.09  1.00 (0.99-1.00) 0.16 1.00 (1.00-1.00)
Bone marrow blast count 0.78 095 (0.67-1.34) 053 0.95 (0.82-1.11) <0.01  2.03 (1.19-347) 0.18 1.17 (0.93-1.48)
No treatment (Ref.) 0.17 1.37 (0.87-2.15) no treated patients 0.09  1.88 (0.90-3.92) no treated patients

IPSS prognostic subgroup <0.01  2.03 (1.37-3.00) <001  1.66 (1.41-1.95) 0.09 1.68 (0.92-3.06) <001  1.83 (141-2.36)

HR: Hazard ratio; 95%CI: 95% confidence interval for HR; Hb: hemoglobin; ANC: absolute neutrophil count; PLT: platelets; CBA: chromosome banding analysis; PB: peripheral blood.
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reached for low, 32.8 months for int-1, 12.3 months for
int-2, 4.7 months for poor risk) (Table 3 and Figure 1E) and
for AML-free survival (not reached for low and int-1, 17.4
months for int-2, 5.5 months for poor risk) (Table 3 and
Figure 1F). There were no significant differences between
CD34PB FISH and chromosome banding results (Table 3).

Multivariate analyses

Results from the multivariate analyses are shown in
Table 4 and Figure 2. With respect to all known independ-
ent risk factors of the IPSS/-R, the Cox models revealed
significant differences between the IPSS and IPSS-R cyto-
genetic risk groups and the IPSS prognostic groups for OS,
irrespective of whether they were assessed by banding or
by CD34PB FISH analyses. For AML-free survival, the dif-
ferences between the IPSS/-R cytogenetic subgroups and
the IPSS prognostic subgroups based on CD34°PB FISH
were not significant, presumably because the number of
patients was too small in these groups (Table 4). However,
the data clearly demonstrate that the attribution to a cer-
tain cytogenetic risk group is possible by chromosome
banding as well as by CD34'PB FISH analysis, and that
there were no significant discrepancies between treated
and untreated patients.

Discussion

Bone marrow cytomorphology and histopathology are
necessary to determine blast counts for both initial diag-
nosis of MDS and follow up, and bone marrow chromo-
some banding analyses remain the gold standard of cyto-
genetics in MDS patients, indispensable for an adequate
patient care. The aim of this study was not to replace con-
ventional bone marrow chromosome banding analyses by
FISH, but rather we aimed to determine whether cytoge-
netic analysis of peripheral CD34" cells by FISH with
extended probe panels may allow a valid IPSS/-R risk clas-
sification and thus provide important prognostic informa-
tion in those cases where chromosome banding of bone
marrow metaphases is not possible and thus, cytogenetic
information is missing.

In the current study, we compared FISH analyses of
enriched circulating CD34" peripheral blood cells of 328
MDS patients with the bone marrow chromosome band-
ing results of 2902 previously published MDS patients.
Since banding analyses were available for only 47% of
CD34PB FISH patients at the time of evaluation, we used
this well characterized external control group for valida-
tion of our results. The design of the cytogenetic module
of the IPSS/-R is based on chromosome banding analysis
of bone marrow metaphases of primary untreated newly
diagnosed MDS patients only,”” but several groups have
already demonstrated the successful application of the
IPSS and IPSS-R in treated and in secondary therapy-relat-
ed MDS patients.”** Here, we were able to show that, in
our cohort, there was no significant difference in OS and
AML-free survival between treated and untreated
patients. OS and AML-free survival were shorter in treated
patients, reflecting the fact that the treated group con-
tained more patients with poor prognosis that needed spe-
cific treatment regimens.

The CD34°PB FISH group contained more women and
more patients with low-risk MDS (RS/-RS, RCMD/-RS,
isolated del(5q)) than the banding group, mainly because
of the inclusion of the LE-MON-3-study patients.

Although the two groups (FISH vs. banding) differed sig-
nificantly concerning age, sex, MDS subtype, cytopenias
and treatment, the IPSS/-R allowed a valid discrimination
of the different cytogenetic risk groups. The prognostic
risk groups according to the IPSS separated significantly as
well.

The absolute median survival of each cytogenetic risk
group defined by banding analysis versus CD34PB FISH
differed because the validation cohort contained only
MDS patients at the time of initial diagnosis, while the
FISH group contained MDS patients at different time
points of the disease, and evaluation time was study entry
instead of initial diagnosis. Nevertheless, OS and AML-
free survival curves separated significantly for IPSS/-R
cytogenetic risk groups and IPSS prognostic risk groups
defined by CD34'PB FISH without any significant devia-
tions compared to the chromosome banding results.

Multivariate analyses for both IPSS/-R cytogenetic risk
groups and IPSS prognostic subgroups showed that nei-
ther the diagnostic tool (banding vs. CD34°PB FISH) nor
the treatment (best supportive care vs. any other) signifi-
cantly influenced the predictive power of the scoring sys-
tems.

Rare abnormalities occur in up to 9% of MDS patients.**
Obviously, there was an advantage for chromosome band-
ing analysis in identifying those rare aberrations because
informative FISH probes were not applicable. Adding
additional FISH probes for rare aberrations not yet
detectable (e.g. der(3q), +19) will help to improve the sen-
sitivity of the method.

FISH is able to detect even small submicroscopic dele-
tions and small clones.” This might be one reason for the
discrepancies in detecting double and complex aberra-
tions: double aberrations including del(5q) or del(7q)/-7
were more often detected by CD34'PB FISH than by
banding analysis (P<0.01), whereas complex aberrant
karyotypes with 4 or more aberrations were diagnosed
more often by chromosome banding than by CD34PB
FISH analysis (7.0% vs. 3.0%; P<0.01). This was reflected
by the overall survival curves according to IPSS-R cytoge-
netic risk groups. The IPSS-R poor-risk group showed a
shorter overall survival than the poor-risk group defined
by chromosome banding analysis (P=0.043). FISH in gen-
eral is likely to miss very complex aberrant karyotypes
with complex translocations and very rare abnormalities
compared to banding analyses, even if an extended probe
panel, as in our study, is examined. So our CD34'PB FISH
poor-risk-group might include patients with 3 anomalies
detectable by FISH, but maybe more than 3 aberrations by
banding analysis, and, therefore, with an even poorer
prognosis and a shorter OS. Regarding double (=2) abnor-
malities, the validity of CD34'PB FISH to detect these
aberrations is limited for several reasons. The method can-
not clearly separate between double abnormalities and
unrelated clones because it is not possible to identify
whether two abnormalities are found in the same or two
different cells without performing additional multi-color
hybridizations. As discussed above, in some clones classi-
fied as harboring ‘double abnormalities’, there may be
some additional abnormalities not detectable by the FISH
probe panel used. Thus, some cases identified as having
‘double’ abnormalities by CD34'PB FISH may actually
have complex karyotypes.

Chromosome banding analysis provides an overview of
the whole chromosome complement and allows a more



comprehensive identification of the number of chromoso-
mal anomalies, whereas FISH can only detect certain pre-
defined aberrations."””*” Former studies have already
demonstrated that additional FISH analyses of bone mar-
row blood offer less or no further information if a suffi-
cient banding analysis of at least 20 bone marrow
metaphases is available, and that FISH provides only valu-
able additional impact, if a chromosome banding analysis
is missing.'*""*****In patients with a normal karyotype by
chromosome banding, additional bone marrow FISH
analyses seem to be useful to detect small clones or small
deletions."** Without doubt, FISH cannot, and should not,
replace chromosome banding analysis in general.
However, our results provide proof that a valid cytogenet-
ic risk classification according to IPSS/-R, and thus a prog-
nostic profiling, is possible using FISH analyses of CD34*

University

care.

peripheral blood cells with extended probe panels. This

method can be a very helpful tool for those patients with
insufficient or missing banding analysis at initial diagnosis,
and allows prediction of their individual risk according to

international prognostic scoring systems.
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