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Myelodysplastic syndrome (MDS) represents a heterogeneous
group of disorders encompassing a wide range of pathologi-
cally distinct subtypes associated with different outcomes. Until
recently, clinical and cytogenetic features have dominated the
pathological classification and the prognostication of MDS.1-3

The wide use of next-generation sequencing and subsequent
molecular studies have examined the impact of different
genetic alterations on the pathogenetic derivation, diagnostic
assignment, and disease prognosis.4-9 The latest contribution to
the task of adopting molecular features into the clinical prog-
nostic scheme is represented by the Molecular International
Prognostic Scoring System (IPSS-M), a product of the Interna-
tional Working Group for Prognosis in MDS (IWG-PM).10 Here,
we took advantage of a large cohort of patients with MDS (n =
1281, supplemental Methods, available on the Blood website)
to validate the novel IPSS-M and to compare the score with the
well-established revised IPSS (IPSS-R). To present our clinical
experience, we used a cohort of treated and untreated patients
with MDS. Informed consent was obtained according to the
protocols approved by the institutional review board of the
Cleveland Clinic Foundation and in accordance with the ethical
principles set forth by the Declaration of Helsinki.

Overall, MDS–single-lineage dysplasia (SLD) and MDS–
multilineage dysplasia (MLD) were the most common World
Health Organization 2016 subtypes (477/1281, 37%), whereas
MDS–excess blasts 1/2 (EB1/2) represented 20% (253/1281) of
the cohort. The median age was 70 years (interquartile range:
62-77), and 58% (740/1281) of patients were male (Figure 1A).
Somatic mutations along with karyotypic abnormalities were
similar to the ones analyzed in the IWG-PM cohort. As
expected, our cohort did not significantly vary from the IWG-PM
cohort, but we had a higher percentage of treated patients
(60% vs 30% in the IWG-PM cohort).10 According to IPSS-R,
cases (n = 1281) were assigned to very-low-risk (20%, 261),
low-risk (34%, 439), intermediate-risk (17%, 222), high-risk (15%,
186), and very-high-risk (14%, 173) categories. When applying
IPSS-M algorithm to our cohort vs the IWG-PM, patients
were restratified at similar rates: very-low-risk (14% vs 14%),
low-risk (30% vs 33%), moderate-low-risk (13% vs 11%),
moderate-high-risk (12% vs 11%), high-risk (16% vs 14%), and
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very-high-risk (15% vs 17%) categories (supplemental
Figure 1A). MDS-EB1/2 cases were enriched among high-risk
(28%, 60/214) and very-high-risk (42%, 81/193) IPSS-M groups
(supplemental Figure 1B, upper panel). Bone marrow blasts
percentage followed an incremental pattern from very-low-risk
to very-high-risk subgroups (supplemental Figure 1B, lower
panel). However, 60% (770/1281) of the patients were treated
during the disease course with hypomethylating agents (HMA),
allogeneic hematopoietic stem cell transplantation (HSCT), or
lenalidomide (supplemental Figure 1C). Among the patients in
the low-risk subgroup (n = 336), 38% were treated with HMA at
one point of their disease (usually at progression), 16% were
treated with lenalidomide, and 14% underwent allogeneic
HSCT. Overall, 59% of the patients treated with HMA (n = 624)
were assigned to moderate-high-risk, high-risk, or very-high-risk
groups. To that end, disease-modifying treatment included
HMA, lenalidomide, and allogeneic HSCT similar to what was
reported in the original IWG cohort.10

Our higher-risk groups (high and very high, n = 407) were
enriched in cases harboring complex karyotype (75%), TP53MT

(75%), RUNX1MT (64%), and NRASMT (65%), and lower-risk
groups showed higher frequencies of normal karyotype (59%,
367/620), SF3B1MT (61%, 92/151), and JAK2MT (67%, 66/98)
(supplemental Figure 1D). Nearly all carriers of biallelic TP53MT

(96%, 55/57) were assigned to the very-high-risk group, similar
to the original cohort (91%) (supplemental Figure 2).

Overall, IPSS-M resulted in restratification of 579 (46%) patients
in our cohort (Figure 1B). Of these, 70% were upstaged and
30% were downstaged, paralleling the results of the IWG-PM
study (Figure 1A), in which 46% of the cases were restratified.
The highest rate of restaging was among patients originally
assigned to high-risk IPSS-R (59% [109/186] vs 62% in the
original cohort). Remarkably, 85% (159/188) of restratified low-
risk IPSS-R patients were upstaged to higher-risk groups per
IPSS-M (Figure 1C).

With a median follow-up time of 2.4 years, the 3-year overall
survival (OS) rate was 51% (95% confidence interval [CI]: 47.6-
53.8). The 3-year leukemia-free survival (LFS) and progression-
free survival (PFS) rates were 47% (95% CI: 44-50) and 65%
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Cohort
CC
N=1281

IWG-PM
N=2957

J-MDS
N=754

Age in years 70 (60,77) 72 (63,78) 71 (64,78)
Male sex 740 (58%) 1776 (66%) 539 (71%)
Marrow blast % 2 (1,4) 3 (1,6) 5 (1,10)
Hb median (IQR), g/dl 10 (8,11) 10 (8,11) 8 (7,10)
Plt median (IQR), x109/l 98 (45,215) 130 (69,236) 81 (41,146)

IPSS-R risk category

Very Low 261 (20%) 489 (17%) 48 (6%)
Low 439 (34%) 1078 (36%) 161 (22%)
Intermediate 222 (17%) 562 (19%) 160 (22%)
High 186 (15%) 355 (12%) 144 (20%) 
Very High 173 (14%) 269 (9%) 223 (30%)
Missing 0 (0%) 204 (7%) 0

IPSS-M risk category&

Very Low 178 (14%) 381 (14%) 43 (6%)
Low 384 (30%) 889 (33%) 136 (18%)
Moderate Low 164 (13%) 302 (11%) 80 (11%)
Moderate High 152 (12%) 281 (11%) 78 (10%)
High 214 (16%) 379 (14%) 145 (19%) 
Very High 193 (15%) 469 (17%) 272 (36%)

Re-stratification$ 579 (45%) 1232 (46%) 306 (42%)

Up-staged  404 (32%)  911 (34%)  -
Down-staged 175 (14%) 312 (12%) -

WHO subtype

MDS-EB1/2 253 (20%) 887 (31%) 415 (55%)
MDS-SLD/MLD 477 (37%) 921 (32%) 246 (33%)
MDS-RS-SLD/MLD 121 (9%) 461 (16%) 37 (4.9%)
MDS-del5q 37 (3%) 142 (4.9%) 9 (1.2%)
MDS-U 29 (2%) 85 (3%) 19 (2.5%)
CMML 137 (11%) 272 (9.5%) 14 (1.9%)
MDS/MPN-RS-T 5 (0.4%) 42 (1.5%) 4 (0.5%)
MDS/MPN-U 190 (15%) 51 (1.8%) 10 (1.3%)
Other 0 (0%) 10 (0.3%) 0 (0%)
Missing 32 (2%) 86 (3%) 0 (0%)

Treated patient# 770 (60%) 894 (30%) 232 (31%)

&: The denominator for the IPSS-M categories for IWG-PM cohort is 2701 patients. $: The denominator for the re-stratified
IWG-PM cohort is 2678 patients. #: Treatment includes hypomethylating agents, lenalidomide, allogeneic hematopoietic stem
cell transplant and chemotherapy.

Figure 1. Baseline characteristics of the validation cohort. (A) Characteristics of the validation cohort as compared with the original and the validation cohorts of the IPSS-M
study. (B) Cross heat map for distribution of patients with MDS according to the IPSS-R (x-axis) and the IPSS-M (y-axis) scores. (C) Bar histogram shows the total percentage of
patients restratified (upstaged or downstaged) according to the IPSS-M. CC, Cleveland Clinic cohort; CMML, chronic myelomonocytic leukemia; EB, MDS with excess blast; Hb,
hemoglobin; IQR, interquartile range; IWG-M, International Working Group for the Prognosis of MDS Cohort; J-MDS, Japanese validation cohort; MLD, multilineage dysplasia;
MPN, myeloproliferative neoplasm; Plt, platelet; RS-T, ring sideroblast-thrombocytosis; SLD, single lineage dysplasia; U, unspecified; WHO, World Health Organization.
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Figure 2. Comparison of the IPSS-M and IPSS-R. (A) Stratification of our cohort based on IPSS-M for OS, LFS, and PFS. (B) Model discrimination measured by the
concordance index via bootstrapping for the IPSS-R (light blue) and the IPSS-M system (red) across all the 3 outcomes end points (LFS, OS, and PFS) for the full cohort, treated
vs untreated patients, males vs females, and ≥60 vs <60 years old. (C) The cumulative AUC differences (ΔAUC) based on IPSS-M between treated and untreated patients
(y-axis) is plotted against the follow-up time intervals of 10 months (x-axis).
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(95% CI: 61-68), respectively (supplemental Table 2). Both IPSS-
M and IPSS-R risk scores showed significant differences in all
outcomes (supplemental Table 1, Figure 2A, and supplemental
Figure 3). Since IPSS-M aims at improving the IPSS-R with the
incorporation of molecular features, we also analyzed differ-
ences in all outcomes in patients originally assigned to the same
IPSS-R group. We noticed meaningful differences in patients
assigned to very-low-risk, low-risk, and intermediate-risk groups
(supplemental Figure 4). Performing reverse analysis, IPSS-R did
not significantly restratify patients within the same IPSS-M
subgroups in all clinical end points except for LFS in the very-
high-risk group and PFS in the IPSS-M high-risk group
(supplemental Figure 5).

To quantify the prognostic power of IPSS-M and IPSS-R, we
used Harrell C-index bootstrapping on OS, LFS, and PFS
(Figure 2B). IPSS-R and IPSS-M showed similar C-indices,
regardless of treatment in our cohort. The C-indices of IPSS-M
for LFS (0.73 vs 0.75) and OS (0.69 vs 0.74) for all patients in
our cohort vs the IWG-PM cohort were comparable. In terms of
LFS and OS, we noticed 2.0- and 2.8-point increases, respec-
tively, in the C-index from IPSS-R to IPSS-M, as compared with
5-point increase for all clinical end points in the IWG-PM cohort.
Similar observations were made when the cohort was stratified
for age (≥60 vs <60) and sex (male vs female) (supplemental
Figure 6). However, a general increase in C-index was
observed in the untreated group, indicating that both IPSS-M
and IPSS-R can provide more precise stratification in a treat-
ment-naïve scenario. To better quantify the differences of IPSS-
M performance based on treatment, we used a time-dependent
receiver operating characteristic (ROC) analysis and observed a
global increase of area under the curve (AUC) for LFS in the
untreated (never treated) cases as compared with the treated
cases. A time-dependent increase of AUC in PFS was also
noticed. Nevertheless, no difference was observed for OS
estimation between both groups (Figure 2C). The differences in
model fit based on treatment status quantified by the C-index
persisted across relevant clinical stratifications, using sex and
age (Figure 2C). Remarkably, no major changes in C-index for
all clinical end points between IPSS-R and IPSS-M were noticed
as compared with the IWG-PM study. Finally, we repeated the
time-dependent ROC analysis to better quantify the differences
in IPSS-R and IPSS-M and noticed nonsignificant differences
between the cumulative AUCs for all outcomes (supplemental
Figure 7).

The IPSS/IPSS-R have been the standard tools for MDS prog-
nostication in the last 2 decades.1,2 The new IPSS-M scheme
recently released by the IWG-PM may establish a new standard
to be used in a more rational way by assigning patients to
appropriate treatment modalities and clinical trials based on
genomic features. Aside from the potential usefulness of IPSS-
M, a meticulous validation in diverse clinical scenarios is
necessary to assure validity, facilitating its wide adoption in
clinical practice. When IPSS-R is used as a benchmark, IPSS-M
algorithm in the original study improves the accuracy of the
prediction (C-index) of 5 points for all considered outcomes.
However, in our cohort both IPSS-R and IPSS-M showed a
similar C-index at all end points. Despite a persisting impact of
clinical features on prognosis,2,11 our findings show that the
ability of IPSS-M to further discriminate outcomes of patients
LETTERS TO BLOOD
within the same risk group was significant, especially for certain
infrequent but impactful molecular alterations. Remarkably, in
our study upstaging was registered mainly in the low-risk IPSS-R
group, which is a cohort of clinical interest that needs long-term
follow-up to monitor for AML transformation.

Our comprehensive validation could not find significant differ-
ences between IPSS-R and IPSS-M when calculating C-indices
or time-dependent ROC for clinical outcomes. The significant
added prognostic value of IPSS-M in the original study10 was
likely a result of the substantial fraction (two-thirds) of untreated
patients included, which might not accurately represent an
actual clinical practice of more treated patients (62% in our
cohort). It is unlikely that a significant proportion of low-risk
patients does not eventually progress, and under current
practice standards they will receive disease-modifying therapy.
This is in contrast to historical cohorts in which treatment
options were limited.1,2 The information on patients who never
received treatment is useful to assess the need for treatment
but relatively less helpful in terms of real prognosis under cur-
rent clinical standard. This emphasizes the importance of vali-
dating the IPSS-M into independent cohorts to ensure
reproducibility in different clinical settings. In conclusion, MDS
patients should be stratified based on clinical and molecular
features to establish appropriate prognostication and AML
progression risk. IPSS-M score provided similar concordance
indices to IPSS-R in our well-annotated cohort of patients with
sufficient follow-up time. Particularly, IPSS-M better stratified
low-risk patients assigned within previously similar risk groups.
Multiple validation studies can further assess the novel score in
clinical practice and ensure reproducibility for future application
in clinical trials.
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Anti–platelet factor 4 (PF4) antibodies have a central role in the
pathophysiology of thrombosis and thrombocytopenia in
heparin-induced thrombocytopenia (HIT)1,2 and vaccine-
induced immune thrombotic thrombocytopenia (VITT).3-7

Here, we present the case of a patient with recurrent throm-
bosis and thrombocytopenia, secondary to a persistent anti-
PF4/polyanion monoclonal antibody due to an underlying
neoplastic condition, which we refer to as monoclonal gam-
mopathy of thrombotic/thrombocytopenic significance (MGTS).
The implications of these findings for the investigation of
unexplained thrombophilia are discussed.

A 64-year-old man presented for evaluation of recurrent
thrombotic episodes. His medical history included segmental
and subsegmental pulmonary emboli, portal vein thrombosis,
non-ST elevation myocardial infarction, splenic infarction, and
ST elevation myocardial infarction (Figure 1A). Extensive
investigations performed did not support a thrombophilia
diagnosis (supplemental Table 1 and supplemental Materials;
available on the Blood website). His platelet counts were noted
to be frequently decreased during these hospitalizations
(<150 × 109/L; Figure 1A). He had a history of thrombosis in the
absence of heparin administration, breakthrough thrombosis
even while on anticoagulation (apixaban/warfarin), as well
as adverse reactions to heparin on occasions when it was used,
as noted in supplemental Materials. Investigation for HIT
revealed positive PF4/polyanion HIT enzyme-linked immuno-
sorbent assay (ELISA) (1.983 optical density) and serotonin
release assay (SRA) (95% serotonin release).

Platelet counts were available for almost a decade prior to
presentation, and nadir counts were above the lower limit of the
normal reference range until ~4 years prior to presentation
(Figure 1A). Periodic infusions of intravenous immunoglobulin
were associated with transient increases in platelet counts
(supplemental Figure 1). One of the intravenous immunoglob-
ulin infusions was used in the setting of splenic infarction, and
others were administered due to concern for thrombosis in the
setting of worsening thrombocytopenia. Four years prior, he
was noted to have an immunoglobulin G (IgG) κ monoclonal
LETTERS TO BLOOD
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