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The International Prognostic Scoring Sy-
tem (IPSS) is an important standard for
ssessing prognosis of primary untreated
adult patients with myelodysplastic syn-
dromes (MDS). To refine the IPSS, MDS
patient databases from international insti-
tutions were coalesced to assemble a
much larger combined database (Revised-
IPSS [IPSS-R], n = 7012, IPSS, n = 816)
for analysis. Multiple statistically weighted
clinical features were used to generate a
prognostic categorization model. Bone
marrow cytogenetics, marrow blast per-

centage, and cytopenias remained the
basis of the new system. Novel compo-
nents of the current analysis included:
5 rather than 3 cytogenetic prognostic
subgroups with specific and new classifi-
cations of a number of less common
cytogenetic subsets, splitting the low mar-
row blast percentage value, and depth of
cytopenias. This model defined 5 rather
than the 4 major prognostic categories
that are present in the IPSS. Patient age,
performance status, serum ferritin, and
lactate dehydrogenase were significant

additive features for survival but not for
acute myeloid leukemia transformation.
This system comprehensively integrated
the numerous known clinical features into
a method analyzing MDS patient progno-
sis more precisely than the initial IPSS.
As such, this IPSS-R should prove benefi-
cial for predicting the clinical outcomes
of untreated MDS patients and aiding
design and analysis of clinical trials in
this disease. (Blood. 2012;120(12):
2454-2465)

Introduction

The myelodysplastic syndromes (MDS) consist of a heteroge-
neous spectrum of myeloid clonal hemopathies. The Interna-
tional Prognostic Scoring System (IPSS) has been an important
standard for assessing prognosis of primary untreated adult
MDS patients.! However, since its publication in 1997, modifi-
cation of existing parameters and additional prognostic systems
have been suggested as providing meaningful differences for
patients’ clinical outcomes,?> and the World Health Organiza-
tion (WHO) added morphologic refinement of the French-
American-British (FAB) classification.®’ In addition, the WHO
Prognostic Scoring System (WPSS)?3 has provided new insights
into prognostic variables, adding red blood cell (RBC) transfu-
sion dependence along with IPSS cytogenetic classification and
WHO dysplastic categories. Importantly, recent newer cytoge-
netic groupings are reported to be prognostically valuable and to

refine those features used in the IPSS.® Additional variables
suggested as providing prognostic information in MDS included
serum lactate dehydrogenase (LDH),*!'! ferritin,'> and B,-
microglobulin'®!# as well as marrow fibrosis'>"'7 and patient
comorbidities and performance status.>18-20

To examine the prognostic impact of these new clinical and
cytogenetic variables and attempt to refine the IPSS, coordination
of investigators and coalescence of MDS databases from multiple
international institutions provided a much larger combined data-
base of patients by the International Working Group for Prognosis
in MDS (IWG-PM) project.

The aims of this study were to refine the IPSS by reassessing the
prior major predictive features, determining the impact of the
newer clinical features for prognostic power, incorporating larger
and more differentiated cytogenetic subgroups, and reevaluating
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their prognostic impact. Statistically weighted clinical features
were used to generate a prognostic categorization model. This
larger combined database permitted better analyses of the specific
impact of marrow blast percentage, depth of cytopenias, and of the
less frequent features, particularly further evaluating the relatively
rare cytogenetic subgroups. In addition, as some features had only
been reported from single centers, this combined database extended
such findings.

Methods

Under the aegis of the MDS Foundation, MDS databases of primary
untreated MDS patients from multiple international institutions from
11 countries, including data from the Spanish, French, Piemonte (Italy) and
Brazilian MDS Registries and that from the International MDS Risk
Analysis Workshop (IMRAW), were submitted and evaluated by the
IWG-PM project. Databases came from both university- and nonuniversity-
based hospitals associated with the country’s MDS-focused groups. Institu-
tional review board approval was obtained from the respective institutions.
After careful vetting for accuracy, a combined IWG-PM database of
7012 patients, classified morphologically by FAB (n = 7000) and, in most
cases, by the WHO criteria (n = 5504),° was created. Inclusion criteria
were: primary MDS patients whose disease had not been treated with
disease-altering therapy during their MDS phase (ie, no hypomethylating
agents, intensive chemotherapy, or hematopoietic stem cell transplanta-
tion). Marrow blasts were required to be = 30%, peripheral blood
blasts = 19%, white blood count (WBC) = 12 X 10%L, and absolute
neutrophil count (ANC) = 8 X 10%L). The patient’s blood counts needed
to demonstrate = 2 months of stable disease. Marrow blasts and cytoge-
netic results, hemoglobin, ANC, and platelet levels at diagnosis were
documented, and data regarding patient’s survival and development of acute
myeloid leukemia (AML) were obtained. The patient ages were = 16 years.
Data regarding use of erythropoiesis-stimulating agents or myeloid growth
factors were not systematically collected.

The results of cytogenetic analysis of bone marrow were reviewed by
the Cytogenetics Committee (D.H., Chair; J.S., C.E, M.M.L.B., ES.,
and M.L.S.) using standard ISCN criteria.?! Specific karyotypic abnormali-
ties and their risk categories were used as per Schanz et al, which
required = 10 patients for inclusion as a specific abnormality. Parameters
evaluated were cytogenetic risk category,® marrow aspirate blast percent,
depth of cytopenias, degree of marrow fibrosis (0-1+ vs 2-3+), Eastern
Cooperative Oncology Group performance status, serum LDH (normal
values defined by each hospital), ferritin and 3,-microglobulin levels, RBC
transfusion dependence, and patient age at diagnosis. The database of
untreated primary MDS patients from the Medical University of Vienna
was used as an external independent validation cohort.

Statistical methods

Modeling of prognostic risk was based on multivariate analysis of survival
time and time to AML transformation. Functional relations of bone marrow
blasts and cytopenias with prognostic risk were analyzed to define
appropriate categories for score calculation.?? Robust Cox models? for
survival, time to transformation, and combination of both were built to
derive the relative weights within the score. To compensate for possible
heterogeneities, analyses were stratified by data source, year of diagnosis,
and age. This led to generation of reference scores for these clinical
outcomes.

The score was developed following a hierarchical approach. The main
score was built based on the initially elaborated categories for bone marrow
blasts and cytopenias together with the cytogenetic risk categories.® The
categorizations of cytopenias were adjusted to clinically relevant cutpoints.
To calculate a specific feature’s added score, the proportional weight of the
score was used. A “combined” score model was effectively used rather than
having 2 separate models for survival and AML transformation. Separate
specific score variants for survival and AML transformation were consid-
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ered, but they provided very little gain. Therefore, for ease of communica-
tion and implementation, 1 unified model was preferred. This model
approximated (statistically) both outcomes adequately, particularly for
survival when age was included. Risk-scoring values were rounded to the
nearest 0.5 unit with re-estimation of all statistics for the rounded scores. To
ease interpretation, boundaries of the 5 risk categories of the final score
were chosen to build a scale with approximately equal risk increments
between 2 adjacent levels.

The effect of age was modeled as an optional additive feature for overall
survival prediction by including age in a model with the already defined
main scores. Additional potentially differentiating features were analyzed to
estimate their incremental prognostic values, given the already defined
main score.

As a measure of prognostic power, the Dxy coefficient for censored
data?* was used. Dxy is a concordance coefficient varying between —1 and
1, with O representing no predictive power and 1 perfect concordance of
ascribed risk and survival and time to transformation, respectively. For a
potentially additive feature to be considered clinically significant, both a
P < .05 and a gain in prognostic power (Dxy) were required. Dxy’s were
internally validated by bootstrapping the related Cox models.?* Two-sided
P values < .05 were reported as significant. Correlations between ordered
categorical variables were measured by Kendall tau. In line with the nature
of the project, no adjustment for multiple testing was applied. All analyses
were performed using the open source software R Version 2.14.1.25:26
Kaplan-Meier curves were used to demonstrate clinical outcomes.

Results
Patient characteristics

Data from 7012 patients from multiple institutional databases in the
combined IWG-PM database were evaluated. Their median age
was 71 years, 77% were > 60 years, the male/female ratio 1.5:1,
and median follow-up time 3.9 years. The 7012 patients obtained
for evaluation were classified by FAB (n = 7000, 99.8%)” and
additionally by WHO (n = 5504, 78.5%)° and/or WPSS (n = 2325,
33.2%).° Table 1 shows the individual clinical variables and
outcomes (survival, AML evolution) for our patient cohort, with
Dxy concordance coefficients (indicating prognostic power) and
univariate P values. Bootstrap-validated Dxy values were almost
identical with the sample results given in Table 1 (all differences
were at most .01, except the value for (3,-microglobulin).

Identification of significant prognostic variables

As in the IPSS, marrow cytogenetic subset, marrow blast percent-
age, and cytopenias were considered as the basis of this new
prognostic system (the Revised IPSS [IPSS-R]) given their statisti-
cal weight compared with the other variables analyzed herein
using Cox proportional hazard regression analyses, with overall
survival and AML transformation as outcomes. Multivariate
analysis of these variables led to their relative statistical weighting,
determining their impact on prognostic risk, using Cox propor-
tional hazard regression. In descending order, these 5 major
variables for evaluating clinical outcomes were: cytogenetic risk
groups, marrow blast percentage, and depth of cytopenias
(hemoglobin, platelet, and ANC levels, respectively). The novel
components obtained in the current analysis included: 5 rather
than 3 cytogenetic prognostic subgroups with specific classifica-
tion of a number of less common cytogenetic subsets and
alteration of others (Table 2)8; the < 5% marrow blast category
was split between 0%-2% and > 2-< 5%, whereas all patients
with > 10% blasts were grouped in the same category; depth of
cytopenias at clinically and statistically relevant cutpoints rather
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Table 1. Clinical variables of MDS patients
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No. of % of Survival years, Dxy No. of % of AML/25% Dxy
patients patients median (95% CI; P*) patients patients y (95% ClI; P*)

Cytogenetics 7012 100 .25 6485 100 .27
Very good 255 4 5.4 (.23-.26) 255 3 NR (-24-.31)
Good 5069 72 4.8 4657 72 9.4
Intermediate 947 13 2.7 875 14 25
Poor 283 4 1.5 276 4 1.7
Very poor 458 7 0.7 452 7 0.7

BM blasts 7012 100 .30 6485 100 47
0-2% 3279 47 5.9 (.28-.32) 3004 46 NR (-44-.50)
>2-<5% 1266 18 4.2 1172 18 8.5
5-10% 1377 19 2.3 1263 20 2.2
> 10%-30% 1090 16 1.3 1046 16 1.0
> 10%-20% (901) (13) (1.3) (860) (13) (0.93)
> 20%-30% (189) (3) (1.4) (186) (3) (1.0)

Hemoglobin, g/dL 7012 100 .21 6485 100 .16
=10 3377 48 5.5 (.19-.23) 3109 48 9.5 (-12-.19)
8-< 10 2464 35 2.9 2286 35 5.5
<8 1171 17 2.0 1090 17 2.4

Plateletst 7012 100 .23 6485 100 A7
=100 4195 60 5.1 (.21-.25) 3823 59 8.7 (.14-.21)
50- < 100 1469 21 2.8 1368 21 3.1
< 50 1348 19 1.6 1294 20 3.1

ANCY 7012 100 .1 6485 100 .16
=0.8 5758 82 4.4 (.10-.13) 5303 82 9.2 (.13-.19)
<0.8 1254 18 1.9 1182 18 1.9

IPSS-R 7012 100 43 6485 100 .52
Very low 1313 19 8.8 (.42-.45) 1212 19 NR (:49-.55)
Low 2646 38 5.3 2395 37 10.8
Intermediate 1433 20 3.0 1310 20 3.2
High 898 13 1.6 857 13 1.4
Very high 722 10 0.8 71 11 0.7

Sex 7012 100 .07 6485 100 .04
Male 4243 61 3.3 (.05-.09) 3962 61 5.8 (.00-.07)
Female 2769 39 4.8 2523 39 8.0 (.030)

Age 7012 100 .05 6485 —.02
=60y 1582 23 5.7 (.03-.06) 1489 23 8.1 (—.05-.01)
>60y 5430 77 3.5 4996 77 6.1 (.082)

ECOG Performance Status 2496 36 .16 2489 38 .09
0 751 30 43 (.13-.18) 748 30 8.8 (.04-.15)
1 1477 59 2.2 1473 59 6.3 (.005)
2-4 268 11 1.6 268 11 3.5

Serum ferritin 3049 43 .16 2747 42 1
= 350 ng/mL 1602 53 6.3 (.13-.20) 1435 52 NR (.05-.17)
> 350 ng/mL 1447 47 4.2 1312 48 14.5 (.004)

Serum LDH 4257 61 12 4130 64 12
Normal 3103 73 4.1 (.10-.14) 3007 73 9.2 (.08-.16)
High 1154 27 2.1 1123 27 3.2

Serum B,-microglobulin 1005 14 .14 (.10-.18) 1005 15 .02 (—.08-.11)
=2g/mL 263 26 3.8 263 26 6.7 (.498)
> 2 g/mL 742 74 1.7 742 74 4.6

Marrow fibrosis 1323 19 .04 1183 18 .05
No 1158 88 5.2 (.01-.07) 1055 89 14.5 (—.01-.12)
Yes 165 12 3.2 (.004) 128 11 4.8 (.069)

RBC transfusion dependence 2933 42 .26 2645 4 .27
No 2003 68 6.9 (.23-.29) 1808 68 14.5 (.22-.32)
Yes 930 32 2.3 837 32 2.1

IPSS 7008 100 .37 6481 100 .48
Low 2625 37 7.0 (.35-.39) 2394 37 NR (-45-.51)
Intermediate-1 2778 40 3.6 2541 39 6.1
Intermediate-2 1126 16 1.5 1074 17 1.2
High 479 7 0.9 472 7 0.7

AML/25% indicates time for 25% of patients to develop AML.
*All univariate P values not explicitly stated are P < .001.

X 109L.
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Table 2. MDS Cytogenetic Scoring System

IPSS-RINMDS 2457

Prognostic subgroups,

Median survival,* Median AML evolution, Hazard ratios Hazard ratios

% of patients Cytogenetic abnormalities y 25%,*y OS/AML* OS/AMLYT
Very good (4%*/3%1) —Y, del(11q) 5.4 NR 0.7/0.4 0.5/0.5
Good (72%*/66%t) Normal, del(5q), del(12p), del(20q), double including del(5q) 4.8 9.4 11 il
Intermediate (13%*/19%7%) del(7q), +8, +19, i(17q), any other single or double 2.7 25 1.5/1.8 1.6/2.2
independent clones
Poor (4%*/5%t) —7, inv(3)/t(3q)/del(3q), double including —7/del(7q), 1.5 1.7 2.3/2.3 2.6/3.4
complex: 3 abnormalities
Very poor (7%*/7%t) Complex: > 3 abnormalities 0.7 0.7 3.8/3.6 4.2/4.9

OS indicates overall survival; and NR, not reached.
*Data from patients in this IWG-PM database, multivariate analysis (n = 7012).
tData from Schanz et al® (n = 2754).

than merely the number of these abnormalities; and modification of
the ANC cutpoint to 0.8 X 10%L from 1.8 X 10%L in the IPSS.

Regarding the cytogenetic classification, good correlation was
demonstrated regarding the proportional hazard ratios for clinical
outcomes (survival and AML evolution) of the subgroups from the
recently developed cytogenetic system® on which we based our
analysis and from our data (Table 2). Because of the higher number
of patients analyzed in our database, more cytogenetic subtypes
were analyzable for prognosis in our study than had been possible
for the IPSS (15 vs 6). A double independent review of the
cytogenetic data was performed by the IWG-PM Cytogenetic
Committee. Differences between this categorization and that of the
IPSS included the finding of complex karyotypes with > 3 abnor-
malities being distinct from those with 3 abnormalities and with
poorer prognosis; chromosome 7 abnormalities were similarly
prognostically separable from the Very poor category (when
observed in karyotypes with =3 abnormalities; supplemental
Figures 1 and 2, available on the Blood Web site; see the
Supplemental Materials link at the top of the online article). The
specific cytogenetic abnormalities that now were able to be placed
into distinct prognostic subgroups included inv(3)/t3q)/del(3q),
del(11q), del(12p), i(17q), +19, double anomalies including del(5q),
double abnormalities including del(7q) or monosomy 7, and any
other double changes [in addition to the previously IPSS-denoted
=Y, del(5q), del(20q), all as single abnormalities] (Table 2).

The distributions of the IPSS cytogenetic categories in the
present IWG-PM database was similar to those in the IMRAW
database, which generated the IPSS (1): IPSS Good/Intermediate/
Poor 73%/15%/12% (IMRAW 70/14/16%). This contrasted with
the cytogenetic categorization in the IPSS-R: Very good/Good/
Intermediate/Poor/Very poor 4%/72%/13%/4/7%. The IPSS clini-
cal subgroups in our patient cohort were: Low 37%, Intermediate- 1
40%, Intermediate-2 16%, and High 7%. These groups were also
similar to the IMRAW patients: 33%/38%/22%/7% (1). As both
FAB and WHO morphologic classifications were used, refractory
anemia with excess blasts in transformation 6%, chronic myelo-
monocytic leukemia 9%, and isolated del(5q) 4% were represented
in our patients.

Model development

Analysis of the marrow blast cutpoints indicated that striking
differences were evident for both survival and AML evolution for
patients with blasts 0- = 2% (lower risk) versus blasts > 2- < 5%: Cox
univariate pairwise comparison hazard ratio 1.4 (95% CI, 1.3-1.5,
P <.001) for survival and 2.4 (95% CI, 1.9-2.9 P <.001) for AML
evolution (Figures 1 and 2). Multivariate results confirmed this
finding. Thus, we incorporated these distinct categorical values into
the scoring model. Further, the statistical analysis of clinical

outcomes for blasts > 10-= 20% vs > 20-= 30% indicated that
these values had similar risk: hazard ratio = 1.0 (95% CI, 0.8-1.2,
P = .996) for survival and 0.8 (95% CI, 0.6-1.1 P = .174) for
AML evolution (supplemental Figures 3 and 4). Thus, we com-
bined these 2 categories in the scoring model. In addition, this
finding of the statistical relevance of the specific blast cutpoints in
the combined database was also present in the individual databases,
including that of the IMRAW database from which the IPSS! had
been derived. For the IMRAW patients, the hazard ratios for
survival and AML evolution were substantially the same as those
for the combined database for both the lower and higher blast group
analyses.

Review of the data indicated that baseline depths of cytopenias
were statistically and clinically important (Table 3). The relevant
cutpoints were: hemoglobin values of < 8, 8-< 10, and = 10 g/dL,
platelets of < 50, 50-100 and = 100 X 10%/L, and ANC of < 0.8
versus = 0.8 X 10°/L.

The changes from the cutpoints used in the IPSS-R compared
with those from the IPSS include (1) separating marrow
blasts < 5% into 0%-2% and > 2-< 5%; and (2) providing differ-
ing depths of cytopenias; also, as patients with marrow blasts of
10%-20% had similar outcomes as those with 21%-30%; and (3)

years

Figure 1. IWG-PM patients marrow blast subgroups. Impact on survival.
Survival related to MDS patients’ individual marrow blast percent categories (Kaplan-
Meier curves, Dxy 0.3, P < .001). The number of patients in each category and their
proportional representation are shown in Table 1.
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Table 3. IPSS-R prognostic score values

BLOOD, 20 SEPTEMBER 2012 - VOLUME 120, NUMBER 12

Prognostic variable 0 0.5 1 1.5 2 3 4
Cytogenetics Very good — Good — Intermediate Poor Very poor
BM blast, % =2 — > 2%- < 5% — 5%-10% >10% —
Hemoglobin =10 = 8- <10 <8 = = =
Platelets =100 50-< 100 <50 — — — —
ANC =0.8 <08 — — — — —

— indicates not applicable.

the category of marrow blasts > 10%-30% usefully described the
statistical impact of this parameter compared with having separated
these groups in the IPSS.

The IPSS-R prognostic risk categories were determined by
combining the scores of these main 5 features (Table 4). The model
permitted the definition of 5 well-separated prognostic categories
for both survival and AML evolution in the IPSS-R (Very low, Low,
Intermediate, High, Very high) rather than the 4 categories that are
present in the IPSS (Tables 4 and 5; Figures 3 and 4). These risk
categories describe scores for 70-year-old patients.

Survival duration and time to AML evolution for patients within
these 5 prognostic categories are shown in Table 5 and Figures 3
and 4. As indicated in Table 5, in which hazard ratios are
shown, ~ 56% of the patients were in the lower risk (Very low and
Low) and ~ 23% were in the higher (High and Very high) risk
prognostic subgroups for both of these clinical outcomes. For both
survival and time to AML evolution, the individual centers’ Dxy’s
were in good agreement with that for the total patient cohort.

Ready extrapolation is available to adjust the score for pa-
tients of any age by use of the following formula:
(years — 70) X [0.05 — (IPSS-R risk score X 0.005)], add the re-
sult to the sum of the 5 major variables. Patient age clearly had
major impact on survival (ie, decreased survival with aging), but
not for AML evolution (Figure 5; supplemental Figure 5). Table 6
provides specific survival data within each risk category for
patients of differing ages. Figure 6 provides a nomogram, based on

0.2

0.0

s ) ) ) ) ) ]
0 2 4 6 8 10 12

years

Figure 2. IWG-PM patients marrow blast subgroups: Impact on AML evolution.
Progression to AML related to MDS patients’ individual marrow blast percent
categories (Kaplan-Meier curves, Dxy 0.47, P < .001). The number of patients in
each category and their proportional representation are shown in Table 1.

the just noted formula, which visually describes the method to
determine predicted survival based on patient’s age and risk status,
generating age-adjusted IPSS-R categorization (IPSS-RA).

Additional significant differentiating features for predicting
survival were found, although their impact on prognostic score was
relatively low compared with the 5 major features and age. These
were: performance status, serum ferritin, LDH, and possibly
,-microglobulin (supplemental Table 1). For determining the
contribution of each of these features to the patient’s risk category,
the numerical values (with the categorized values for each variable)
are indicated in the table and should be added to the raw scores of
the major variables. This table provides multivariate P values as
well as indicating the incremental contribution of a feature to the
already defined score. Of note, none of these variables was a
statistically significant additive feature for predicting AML
evolution.

As shown in Table 7, differences were noted in the proportion of
our patient cohort who died with or without developing AML in
relation to their initial prognostic risk category. Of the patients who
died, if observed until death, the proportions dying with leukemia
in the groups were 13%-33%, positively related to their higher-risk
categories.

Distinction between IPSS-R and IPSS

A summary of the refinements of the IPSS-R beyond the IPSS is
shown in Table 8. The IPSS-R model showed effective separation
of the IPSS patient risk categories and more effectively discrimi-
nated prognostic risk for these patients than the IPSS, as indicated
by the higher Dxy values (.43 vs .37 for survival, .52 vs .48 for
AML evolution; Table 1). Data indicated that 99% of the patients in
the IPSS-R Very low and Low risk subgroups encompassed those
who had been classified as IPSS Low and Intermediate-1; 81% of
those in the IPSS-R High and Very high risk subgroups had been
classified as IPSS Intermediate-2 and High (Figure 7, Kendall
tau = 0.73). The IPSS-R Intermediate category (20% of the
patients) was composed of 73% IPSS Intermediate-1, 19% Interme-
diate-2, 7% Low, 1% High (Table 9). In the IPSS lower risk group
(Low/Intermediate-1), 27% of these patients were shifted into
higher risk IPSS-R categories (mainly Intermediate). At the other
prognostic extreme, 18% of the IPSS higher-risk (Intermediate-2/
High) were downstaged into lower-risk IPSS-R categories (predomi-
nantly IPSS-R Intermediate).

Table 4. IPSS-R prognostic risk categories/scores

Risk category Risk score
Very low =16
Low >1.5-3
Intermediate > 3-4.5
High > 4.5-6
Very high >6

20z aunr g0 uo 3senb Aq Jpd 552002 | 8€08UZ/0 1 SISE L/YSE/ZL/0Z L/Pd-ajoie/poo|qAau suoledligndyse//:djy woly papeojumoq



BLOOD, 20 SEPTEMBER 2012 - VOLUME 120, NUMBER 12

Table 5. IPSS-R prognostic risk category clinical outcomes

IPSS-RINMDS 2459

No. of patients Very low Low Intermediate High Very high
Patients, % 7012 19 38 20 13 10
Survival, all* 8.8 5.3 3.0 1.6 0.8
(7.8-9.9) (5.1-5.7) (2.7-3.3) (1.5-1.7) (0.7-0.8)
Hazard ratio 0.5 1.0 2.0 3.2 8.0
(95% Cl) (0.46-0.59) (0.93-1.1) (1.8-2.1) (2.9-3.5) (7.2-8.8)
Patients, % 6485 19 37 20 13 11
AML/25%*t NR 10.8 3.2 1.4 0.73
(14.5-NR) (9.2-NR) (2.8-4.4) (1.1-1.7) (0.7-0.9)
Hazard ratio 0.5 1.0 3.0 6.2 12.7
(95% Cl) (0.4-0.6) (0.9-1.2) (2.7-3.5) (5.4-7.2) (10.6-15.2)
NR indicates not reached.
*Medians, years (95% Cl), P < .001.
tMedian time to 25% AML evolution (95% Cls), P < .001.
Model validation
Discussion

After construction and acceptance of the IPSS-R within the
IWG-PM, an external validation cohort of 200 MDS patients from
the Medical University of Vienna was evaluated and demonstrated
good comparability of demographic features with the global
IWG-PM database (supplemental Table 2). Their median age was
71 years, 83% were > 60 years, and the male/female ratio was
1.2:1 with a median follow-up time of 4.6 years. A similar
proportion of these patients composed the cytogenetic, clinical, and
IPSS-R subgroups, as did the global IWG-PM cohort (supplemen-
tal Table 2). Our IPSS-R multivariate model fit these data well,
exhibiting high prognostic power, as indicated by the high Dxy’s
and the clearly differing temporal medians and hazard ratios
between prognostic risk categories for both survival and AML
evolution (Table 10, supplemental Table 2), including age-related
survival (supplemental Table 3). Cox model analyses also sup-
ported the improved prognostic ability compared with the IPSS.
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Figure 3. Survival based on IPSS-R prognostic risk-based categories. Survival
related to MDS patients’ prognostic risk categories (Kaplan-Meier curves, n = 7012;
Dxy 0.43, P < .001). The number of patients in each category and their proportional
representation are shown in Table 1.

We herein describe the IPSS-R, which provides useful advances
and more discriminatory prognostic risk assessment beyond the
IPSS for assessing clinical outcomes in MDS (Table 8). Although
the IPSS has been an important standard for assessing prognosis of
primary untreated adult MDS patients over the past decade,
additional refinements?’ and prognostic variables have been sug-
gested as providing meaningful differences for patient clinical
outcomes.?>>2-20 In addition, cytogenetic subgroups have recently
been defined as providing improved prognostic evaluation of
clinical outcomes of primary MDS patients.® A number of prior
prognostic systems in addition to the IPSS have demonstrated
merit, although the relative value of each variable was unclear.
Thus, in this collaborative IWG-PM project, with the large number
of patients evaluated from multiple coalesced databases (n = 7012),
we have integrated the various recently independently defined
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Figure 4. AML evolution based on IPSS-R prognostic risk-based categories.
Progression to AML related to MDS patients’ prognostic risk categories (Kaplan-
Meier curves, n = 6485; Dxy 0.52, P < .001). The number of patients in each
category and their proportional representation are shown in Table 1.
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Figure 5. Survival based on patient ages > 60 years vs < 60 years related to their IPSS-R prognostic risk-based categories (Kaplan-Meier curves). Age-related
differential survivals are shown for patients in all groups, particularly for those in lower risk categories.

clinical factors for MDS in a comprehensive method and assessed
their relative prognostic impact. Multivariate analyses demon-
strated that the same major features present in the IPSS (cytoge-
netic subgroups, marrow blast percentage, and cytopenias) retained
major prognostic impact in IPSS-R (in descending order of
statistical weight). However, more precise prognostication of these
clinical outcomes (survival and AML evolution) in the IPSS-R was
demonstrated by effective refinement of these features within the
IPSS-R (depth of cytopenias, splitting of marrow blasts < 5%, and
more precise cytogenetic subgroups). The IPSS-R also demon-
strated improved predictive prognostic power with more precise
prognostic categories® versus 4 groups in the IPSS. In particular, a
substantial proportion of those patients previously placed within
the IPSS Intermediate-1 and -2 categories were more precisely
separated into all 5 IPSS-R categories.

Analogous to the IPSS, based on our clinical outcome data,
lower-risk patients are composed within the IPSS-R Very low and
Low categories; higher-risk patients are composed within the High
and Very high categories. However, as shown in Table 9, the

Table 6. IPSS-R survival related to age

IPSS-R has permitted improved refinement of risk categories for
the IPSS Intermediate-1 and Intermediate-2 patients because a
substantial portion of the patients who would have been catego-
rized as IPSS Intermediate-1 are now in the IPSS-R Low category;
a substantial portion of the patients who would have been
categorized as IPSS Intermediate-2 are now in the IPSS-R High
category. In other words, the “better risk” IPSS Intermediate-1
patients have been categorized into the lower-risk IPSS-R cat-
egory; the “poorer risk” IPSS Intermediate-2 patients are now in
the higher-risk IPSS-R category. Remaining within the IPSS-R
Intermediate category are those who, indeed, have “intermediate”
risk (Tables 5 and 7). On review, the clinical outcome data indicate
that the IPSS-R Intermediate category appears closer to the initial
IMRAW IPSS Intermediate-1 group (survival 3.0 years for IPSS-R
Intermediate vs 3.5 years for IPSS Intermediate-1) than it is to IPSS
Intermediate-2'; the proximity of AML evolution for the IPSS-R
Intermediate category is also closer to Intermediate-1 than to
Intermediate-2 (ie, the “lower risk” patient group). However, per
Table 7, the proportion of patients dying with leukemia for the

IPSS-R prognostic risk categories

Ages, y Very low Low Intermediate High Very high

All 8.8 5.3 3.0 1.6 0.8

=60 NR 8.8 5.2 2.1 0.9
(13.0-NR) (8.1-12.1) (4.0-7.7) (1.7-2.8) (0.8-1.0)

> 60-70 10.2 6.1 3.3 1.6 0.8
(9.1-NR) (5.3-7.4) (2.5-4.0) (1.5-2.0) (0.7-1.0)

> 70-80 7.0 4.7 2.7 1.5 0.7
(5.9-9.0) (4.3-5.3) (2.4-3.1) (1.3-1.7) (0.6-0.8)

> 80 52 3.2 1.8 15 0.7
(4.2-5.9) (2.8-3.8) (1.6-2.6) (1.2-1.7) (0.5-0.8)

= 60 (median, 52) NR 8.8 5.2 2.1 0.9

> 60 (median, 74) 75 47 2.6 1.5 0.7

= 70 (median, 62) 13.3 7.7 3.9 1.7 0.9

> 70 (median, 77) 5.9 4.2 25 1.4 0.7

Data are median (95% ClI).
NR indicates not reached.
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Figure 6. Age-adjusted IPSS-R risk categories. The nomogram describes predicted survival based on patient age and IPSS-R risk status (IPSS-RA). To determine an
age-adjusted risk categorization, for example, follow the horizontal line, starting at the IPSS-R risk score 3.5 on the vertical axis (Int [Intermediate] risk category per Table 4) to
the age of the patient and record the color at that point. If the patient is 45 years, the 3.5'-line and the vertical 45-year line cross in the gray field, placing the patient in the Low
risk category, whereas if the patient is 95 years the 3.5'-line and the 95-year line cross in the yellow field, placing the patient in the Intermediate risk category. As indicated, for
most patients in the Very high risk category there is no change of risk group, whereas for most patients in the lower risk categories there is greater possibility of category
change. Note the “dotted” vertical line at 70 years, which is at the median age of the IWG-PM patient cohort from which the basic risk category scores were calculated (ie,
without need for age correction for these patients). The formula to generate the age-adjusted risk score in the figure: (years — 70) X [0.05 — (IPSS-R risk score X 0.005)].
Example: For the 45-year-old patient with an IPSS-R risk score of 3.5 (Intermediate risk): (45-70) X [0.05 — (3.5 X 0.005)] = —0.81. Thus, 3.5-0.8 = 2.7 [age-adjusted

IPSS-R score, IPSS-RA: Low risk].

IPSS-R Intermediate category is distinctively worse than for the
lower-risk categories. As survival is the major endpoint for most
MDS clinical trials, and of predominant concern to patients and
caregivers, it seems reasonable to suggest placement of IPSS-R
Intermediate patients into the lower-risk group regarding their
potential therapeutic management. However, given the distinctive-
ness of this patient category, assessment of these patients within
both lower- and higher-risk treatment protocols appears warranted.
Clinical trial evaluation and recommendations by practice guide-

Table 7. Mortality of MDS patients with or without AML evolution

lines committees will be needed to substantiate this point. Use of
the additional differentiating features (eg, age, performance status,
ferritin, LDH; see below) could be of particular value for categori-
zation of these patients.

A major component of this schema was the provision of
5 cytogenetic subgroups (vs 3 in the IPSS) based on an increased
number of specific prognostic chromosomal categories'> versus
6 in the IPSS. This increase in defined cytogenetic categories, with
their increased prognostic weight, was the result of a larger number

Patients who

Risk category No. (%) of patients Died, no. (%)

Died with AML, no. (%) Died without AML, no. (%)

Very low 1313 350 (27)
Low 2646 1053 (40)
Intermediate 1433 782 (55)
High 898 633 (71)
Very high 722 619 (86)
Total 7012 3437 (49)

46 (13) 304 (87)
174 (17) 861 (83)
205 (26) 568 (74)
207 (33) 421 (67)
193 (31) 422 (69)
825 (24) 2576 (76)
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Table 8. Refinements of the IPSS-R beyond the IPSS

1. New marrow blast categories
= 2%, > 2%-< 5%, 5%-10%, > 10%-30%
2. Refined cytogenetic abnormalities and risk groups
16 (vs 6) specific abnormalities, 5 (vs 3) subgroups
3. Evaluation of depth of cytopenias
Clinically and statistically relevant cutpoints used
4. Inclusion of differentiating features*
Age, Performance Status, serum ferritin, LDH; 82-microglobulint
5. Prognostic model with 5 (vs 4) risk categories
Improved predictive power

*For survival.
tProvisional.

of patients available for analysis of some of the relatively rare
cytogenetic categories. This increased number of cases permitted
specific characterization of many of the cytogenetic subgroups that
had previously been labeled in the IPSS as “other” and also
separated the prior Good and Poor groups into Very good and Good
and Poor and Very poor, respectively, thus improving their
prognostic accuracy.

Splitting patients with marrow blasts < 5% into those with
0%-2% and > 2-< 5% provided groups with very low risk versus
low risk features. The issue of splitting this “low blast group” into
2 separate subgroups may present a challenge for reporting these
values in some routine clinical laboratories. However, these
differences in blast enumeration were reproducible within the

LOwW
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Table 9. Distribution (%) of IWG-PM patients who would previously
have been categorized by IPSS now categorized by IPSS-R

IPSS Very low Low Intermediate High Very High
Low (37) 44 52 4 0 0
Intermediate-1 (40) 6 45 38 10 1
Intermediate-2 (16) 0 1 24 45 30
High (7) 0 0 3 19 78
Total 19 38 20 13 10

% indicated within rows. Kendall tau = 0.73.

various databases from the different institutions in our study. The
discriminatory lower blast percentages should be of particular
importance in helping to ensure balanced representation of patients
in clinical trials.

The presence of 10%-20% marrow blasts had similar impact on
clinical outcomes as did 21%-30% blasts. Thus, these 2 categories
were combined in the prognostic model. The underlying reason(s)
for this finding is unclear but could relate to the stringent entry
criteria for our patient cohort (eg, excluding treated patients and
those with high circulating blasts or patients’ innate biologic
similarity). Of interest, this similarity of clinical outcomes
for patients within both the low marrow blast group and the
10%-30% blast group was also demonstrated in the IMRAW
database from which the initial IPSS was generated.

Scoring the depth of cytopenias by subdivision at clinically and
statistically relevant cutpoints rather than solely counting their
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Figure 7. Comparison of IPSS-R and IPSS subgroups within the IWG-PM database patient cohort. Vertical axis represents IPSS-R categories’ and horizontal axis, IPSS
categories. The proportion of patients in each category is shown in Table 9. Kendall = = 0.73.
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Table 10. IPSS-R prognostic risk category: clinical outcomes of
Medical University of Vienna patients (n = 200)

Verylow Low Intermediate High Very high

Patients, % 21 38 18 14 8
Survival

All* 9.3 6.3 3.4 1.2 0.6

Hazard ratio 0.8 1 2.1 4.3 9.4

95% Cl 04-15 0.7-1.5 1.3-3.5 2.4-7.7 4.3-20.8
AML transformation

AML/25%*t NR NR 24 0.8 0.6

Hazard ratio 0 1 8.0 18.7 52.2

95% Cl 0- 0.3-3.9 3.1-20.5 7.0-49.7 13.8-198.2

NR indicates not reached.
*Medians, years (95% Cl; P < .001).
tMedian time to 25% AML evolution (95% CI; P < .001).

presence was demonstrated as being useful. The degree of anemia
is an important correlate of poor clinical outcomes in MDS?7 and
appears to be a good surrogate for RBC transfusion dependence.?®
In this regard, low hemoglobin levels have recently replaced RBC
transfusion dependence as a prognostic parameter of the WPSS.?
Underlying this finding, chronic anemia may contribute to the high
nonleukemic mortality related to cardiac disease in MDS
patients.>3%8

The other cytopenia cutpoints also have clinical relevance. The
ANC of 0.8 X 10%L (in IPSS-R) is associated with higher potential
infectious risk rather than that of 1.8 X 10%L (in the IPSS).2930
Severe thrombocytopenia has been associated with increased
morbidity and poor survival in MDS patients.?®-31-33

The impact of age was a major prognostic parameter for overall
survival, although not for AML evolution. This effect has previ-
ously been shown with the IPSS and in other studies.!-?%343¢ In the
IPSS-R prognostic model, the data are shown for age 70 years (the
near median age of our patient cohort). However, to incorporate the
model for different patient ages (IPSS-RA), we provide a formula
(in “Results”), which permits statistical adjustment of survival
prognosis for patients of all ages. This formula and the Figure 6
nomogram for calculating the impact of age for modifying the risk
score/category provide resources for clinicians and for trial design
and analysis. These age-related survival data are also shown in
Table 6, Figures 5 and 6, and supplemental Figure 5. Our approach
herein for providing age as an important, although optional, feature
to assess predicted survival permits this variable to be used if total
mortality risk is the aim but to not be used if solely disease-related
risk is the objective. Age as a variable has some prognostic
influence in all risk groups, but with more impact in lower than in
higher-risk patients.

Additional differentiating features in the IPSS-R were additive
to the 5 major parameters for predicting survival, albeit not for
AML evolution: performance status, serum ferritin, and LDH
levels. Serum LDH,>!! ferritin,'? and (,-microglobulin!®!* have
previously been shown to have prognostic importance for survival
in MDS. Thus, our analyses have helped determine that these
clinical features, of the many previously reported, were also
reproducible in our large patient cohort after multivariate analysis.
Relevant is that, although these features had some additive impact
on survival (often moving patients either into a higher or lower risk
category based on dichotomized values), this effect was relatively
minor for determining prognostic risk categories compared with
that of the 5 major features (see gains in Dxy’s and score points
shown in supplemental Table 1, which would be added to the basic
IPSS-R prognostic score values seen in Table 3). None of these
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features had additive prognostic impact on the potential for AML
transformation.

Our data indicated the importance of performance status as
contributing to prognosis for survival in MDS. Other studies have
demonstrated the impact of comorbidities on survival in MDS,>18-
20,3739 which may in part be reflected by performance status.

The negative impact of elevated serum ferritin levels for
survival in our patients may relate to prior RBC transfusions
contributing to iron overload and its complications or may reflect
the severity of the anemia and degree of ineffective erythropoiesis
because of the patients’ poorer innate marrow function.>!240 In
addition, as serum ferritin is an inflammatory marker and this value
was obtained early in our patients’ disease courses (ie, before high
RBC transfusion burden), this abnormality may reflect the effects
of inflammatory cytokines in MDS.41:42

Although high serum [3,-microglobulin levels had significant
negative impact on survival in our patients, as this feature was
essentially reported from only one institution in our cohort, we
have included this as a provisional predictive parameter. In
addition, renal dysfunction alters these levels and could confound
these results.

Marrow fibrosis did not show incremental prognostic value for
clinical outcomes in our study despite previous reports demonstrat-
ing poor prognosis of this morphologic feature.!>!7 The absence of
this variable as an additive factor could relate to the low number of
patients assessed for this feature (19%) as well as the variable ways
the degree of fibrosis was reported from the different institutions in
our study.

Comparison of the [PSS-R with the IPSS categorizations of our
IWG-PM patients indicated that a substantial proportion of patients
within the IPSS lower-risk group (27%) would be “upstaged” with
the IPSS-R categorization, and 18% in the higher risk group would
be “downstaged” by IPSS-R. Such findings have implications for
more precisely evaluating patient prognosis and their potential
management.

Our data showed that the risk of dying related to leukemic
evolution, for our patients observed until death, was increased in
those with more advanced prognostic risk categories, Table 7).
Thus, mortality from complications of bone marrow failure (with-
out leukemic evolution) and patient comorbidities plays a major
role in the clinical outcome of the lower-risk patients in contrast to
the more prominent role of leukemic evolution in the higher-risk
patients. The proportion of patients dying is lower in our patent
cohort compared with the patient group within the original
IMRAW patient sample,! predominantly because of a lower
proportion of our patients dying after AML transformation. This
was probably related to the more stringent entry criteria used in our
current patient cohort.

Regarding the stringent inclusion criteria in our study, to be
more precise with the diagnostic entity of MDS, and as recom-
mended by National Comprehensive Cancer Network practice
guidelines for MDS, relative stability of peripheral blood counts for
1-2 months was required to exclude other possible etiologies for
their cytopenias, such as drugs, other diseases, or incipient
evolution to AML.** Exclusion of these patients had minimal
influence on the estimates of survival and time to AML evolution
(data not shown). In addition, we excluded patients with secondary
MDS as their clinical and biologic features (higher degree of AML
progression, decreased survival and differing distribution, inci-
dence and types of aberrant and poor risk cytogenetics) distinc-
tively differ from those of primary MDS patients.**

20z aunr g0 uo 3senb Aq Jpd 552002 | 8€08UZ/0 1 SISE L/YSE/ZL/0Z L/Pd-ajoie/poo|qAau suoledligndyse//:djy woly papeojumoq



2464 GREENBERG et al

An external validation cohort of untreated primary MDS
patients from the Medical University of Vienna was evaluated and
demonstrated that the IPSS-R model also fit these data well. In
particular, the validity of the model for this cohort was indicated by
the high prognostic power (ie, Dxy’s) and clearly differing
temporal medians and hazard ratios between prognostic risk
categories for both survival and AML evolution, including age-
related survival. Further validation of the IPSS-R in other patient
cohorts is warranted.

Some of the patients in the IWG-PM project were also assessed
by the WPSS parameters.>3 However, because of the relatively low
proportion of our patients having several of this system’s parame-
ters reported (cellular dysplasia, RBC transfusions), these clinical
variables were not included in our analysis. Modification and
refinement of the WPSS (WPSS-R) based on the additional features
present in the IWG-PM database will be the subject of a separate
publication.

In conclusion, the IPSS-R retained continuity with the IPSS and
was shown to possess improved prognostic ability for survival and
AML evolution compared with the IPSS along with determining
additional predictive features, particularly age, having significant
impact on survival in primary untreated MDS patients. As such, the
IPSS-R should prove beneficial for determination of prognostic
status of untreated patients with this disease and aid design and
analysis of clinical trials for this disease. Given recent molecular®-+7
and flow cytometric studies*®*° showing prognostic value in MDS,
further investigations to determine the impact of these technologies
on the IPSS-R are warranted and ongoing.
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