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ABSTRACT

The incidence of myelodysplastic syndromes increases with
age and a high prevalence of co-morbid conditions has been
reported in these patients. So far, risk assessment in myelodys-
plastic syndromes has been mainly based on disease status.
We studied the prognostic impact of comorbidity on the nat-
ural history of myelodysplastic syndrome with the aim of
developing novel tools for risk assessment. The study popula-
tion included a learning cohort of 840 patients diagnosed with
myelodysplastic syndrome in Pavia, Italy, and a validation
cohort of 504 patients followed in Duesseldorf, Germany.
Information on comorbidity was extracted from detailed
review of the patients’ medical charts and laboratory values at
diagnosis and during the course of the disease. Univariable
and multivariable survival analyses with both fixed and time-
dependent covariates were performed using Cox’s proportion-
al hazards regression models. Comorbidity was present in
54% of patients in the learning cohort. Cardiac disease was
the most frequent comorbidity and the main cause of non-
leukemic death. In multivariable analysis, comorbidity had a
significant impact on both non-leukemic death (P=0.01) and
overall survival (P=0.02). Cardiac, liver, renal, pulmonary dis-
ease and solid tumors were found to independently affect the
risk of non-leukemic death. A time-dependent myelodysplas-
tic syndrome-specific comorbidity index (MDS-CI) was devel-

oped for predicting the effect of comorbidity on outcome.
This identified three groups of patients which showed signif-
icantly different probabilities of non-leukemic death (P<0.001)
and survival (P=0.005) also in the validation cohort. Landmark
survival analyses at fixed time points from diagnosis showed
that the MDS-CI can better define the life expectancy of
patients with myelodysplastic syndrome stratified according
to the WHO-classification based Prognostic Scoring System
(WPSS).Comorbidities have a significant impact on the out-
come of patients with myelodysplastic syndrome. Accounting
for both disease status by means of the WPSS and comorbidi-
ty through the MDS-CI considerably improves risk stratifica-
tion in myelodysplastic syndromes.
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Introduction

Myelodysplastic syndromes (MDS) represent one of the
most common hematologic malignancies in Western coun-
tries.! Their annual incidence increases dramatically with age,
from 0.4 cases per 100,000 under the age of 30 to about 40
cases per 100,000 population over the age of 65.** These fig-
ures might nevertheless underestimate the real incidence of
myelodysplastic syndromes, as a recent study conducted with-
in US Medicare beneficiaries aged 65 years or more calculated
an incidence of 162 per 100,000 for 2003, yielding a total of
45,000 new cases per year in the US.

Myelodysplastic syndromes are heterogeneous disorders
ranging from indolent conditions with a near-normal life

expectancy to forms approaching acute myeloid leukemia
(AML).! The World Health Organization (WHO) classification
of myeloid neoplasms® represents a very useful tool for defin-
ing the different subtypes, and also provides prognostic infor-
mation.” In fact, unilineage dysplasia is associated with a better
prognosis compared with multilineage dysplasia, while the
presence of excess blasts involves a worse prognosis.”
Additional disease-related factors of considerable prognostic
relevance include cytogenetic abnormalities,” degree of bone
marrow failure, i.e. number and severity of peripheral cytope-
nias, and bone marrow fibrosis.’

In 1997, Greenberg et al'® developed the International
Prognostic Scoring System (IPSS) for myelodysplastic syn-
dromes, based on percentage of bone marrow blasts, cytoge-
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netic abnormalities, and number of cytopenias. The IPSS
has been used widely in clinical decision-making and clini-
cal trials, and also by the US Food and Drug Administration
(FDA) and the European Medicines Agency (EMA) in their
approval of novel drugs for myelodysplastic syndromes.
However, the IPSS does not consider the severity of anemia
and transfusion requirement, which are definitely associat-
ed with reduced survival in myelodysplastic syn-
dromes.”””*""** To overcome this limitation, we developed a
prognostic model that accounts for the WHO categories,
cytogenetics and transfusion dependency." This WHO
classification-based prognostic scoring system (WPSS) is
able to classify patients into five risk groups with different
survival and probability of leukemic evolution. More
importantly, it predicts survival and leukemia progression
at any time during follow up and can, therefore, be used for
implementing risk-adapted treatment strategies.

Older age per se has a negative impact on survival of
MDS patients, in particular of those with low disease-relat-
ed risk.”*" However, age indirectly affects also the survival
of high-risk patients by limiting their eligibility to intensive
treatments.”* In addition, aging is associated with an
increasingly high risk of developing comorbidity," and a
high prevalence of co-morbid diseases has indeed been
reported in MDS patients.>”" Clearly, there is a need of
properly assessing co-morbid conditions in MDS patients,
in both clinical practice and clinical trials.

In 1987, Charlson et al. developed and validated a
method for classifying comorbid conditions for use in lon-
gitudinal studies, defining the Charlson comorbidity index
(CCI).” More recently, Sorror et al** analyzed those chron-
ic medical conditions that predict the risks of non-relapse
mortality after allogeneic stem cell transplantation, and
developed a hematopoietic cell transplantation (HCT)-
specific comorbidity index (HCT-CI) that was shown to
be a valuable predictor of transplantation outcomes in
patients with acute myeloid leukemia or myelodysplastic
syndromes.”” The HCT-CI has been found to have prog-
nostic relevance also in myelodysplastic syndrome
patients receiving best supportive care”" in whom it can
capture more comorbidities than the CCI. Nonetheless,
both tools have been developed in different clinical set-
tings, and this may considerably limit their usefulness in
the general MDS population. As highlighted by Geraci et
al* the currently available scoring models reflect the com-
mon observation that the overall survival of patient popu-
lations decreases as the burden of comorbid illness
increases, but generally fail to provide information on the
underlying mechanisms, e.g. on how a given comorbidity
leads to reduced survival.

In this work, we studied the prevalence of comorbidity in
myelodysplastic syndrome patients and its relationship
with demographic and disease-related factors. We later
developed a disease-specific comorbidity index and inte-
grated it with an improved MDS-based prognostic assess-
ment.

Design and Methods

Patients’ characteristics and clinical procedures

These investigations were approved by the local Ethics
Committees (Pavia, Italy, and Duesseldorf, Germany), and the pro-
cedures followed were in accordance with the Helsinki
Declaration of 1975, as revised in 2000.

The patient population comprised a “learning cohort” the analy-
sis of which was aimed at defining the set of variables to be includ-
ed in the prognostic model and their weighted scores, and a “vali-
dation cohort”, in which the prognostic value of the scoring system
was to be confirmed. The “learning cohort” included 840 consecu-
tive patients diagnosed with myelodysplastic syndromes at the
Fondazione IRCCS Policlinico San Matteo, Pavia, Italy, between
1992 and 2007, while the “validation cohort” consisted of 504
patients seen at the Heinrich-Heine-University Hospital,
Dusseldorf, Germany, between 1982 and 2006 (Table 1).

Until 2001, diagnosis of myelodysplastic syndrome was made
according to the FAB criteria;” in 2002 all cases were reclassified
according to the 2001 WHO classification criteria.*® More recently,
the 2008 updated WHO classification criteria®’” were applied.
The WPSS" was employed for risk assessment.

Information on comorbidity was extracted from detailed review
of the patients’ medical charts and laboratory values at diagnosis
and during the course of the disease. The clinical definition of
comorbidities introduced by Sorror et al” was adopted (Table 2).
The CCI” and the HCT-CI*' were calculated according to the orig-
inal reports.” In the learning cohort, data were available for all 840
patients at the time of diagnosis, while information on comorbid-
ity changes with time was available on 725 patients. In the testing
cohort, data were available for all 504 patients at the time of diag-
nosis, while information on comorbidity changes with time was
available on 192 patients.

Statistical analysis

Numerical variables are summarized by median and range; cat-
egorical variables are described with count and relative frequency
(%) of subjects in each category. Comparison of numerical vari-
ables between groups was carried out using a non-parametric
approach (Mann-Whitney test or Kruskall Wallis ANOVA).
Comparison of the distribution of categorical variables in different
groups was performed with either Fisher’s exact test (2x2 tables)
or the ¥’ test (larger tables).

Survival analyses were performed with the Kaplan-Meier
method. Overall survival (OS) was defined as the time (in months)
between the date of diagnosis and the date of death (for cases) or
last follow up (for censored patients). Leukemia-free survival (LES)
was defined as the time (in months) between the date of diagnosis
and the date of leukemic transformation (for cases) or last follow
up (for censored patients). When estimating the occurrence of
non-leukemic death (NLD), only deaths for all causes except
leukemic evolution were considered as events. Patients who
underwent allogeneic transplantation or acute myeloid leukemia
(AML)-like chemotherapy were censored at the time of the ther-
apeutic procedure. Where available, clinical variables were ana-
lyzed as time-dependent risk factors.

Univariable and multivariable survival analyses with both fixed
and time-dependent covariates were performed by means of
Cox’s proportional hazards regression models. To decide which
parameters of the covariates (categoric, with indicator variables,
vs. continuous, with a single parameter) was preferable, we car-
ried out likelihood ratio (LR) tests, none of which were significant.
Therefore, we decided to treat all covariates as continuous vari-
ables to simplify presentation of the results. Cumulative hazard
was estimated with the Aalen-Nelson method. In order to com-
pare different statistical models, we used the LR test and the
Akaike information criterion (AIC),” which allows the evaluation
of a model by combining goodness of fit and complexity, a lower
AIC indicating a better trade-off between fit and complexity.

Landmark analyses were carried out to illustrate the effect of
time-dependent prognostic factors.”’ A landmark analysis consists
in carrying out a survival analysis in which follow up is set to start



some time (namely, the landmark time) after the initial time of
entry in the study. This implies that only patients who have sur-
vived up to the landmark time point are included in the analysis.
The time-dependent risk factors are evaluated at the landmark
time point and analyzed as fixed covariates.

Analyses were performed using Statistica 7.0 (Statsoft Inc,
Tulsa, OK, USA) and Stata 9 (StataCorp LP, College Station, TX,
USA) software. More detailed information about statistical meth-
ods is available at futp://www.statsoft.com/textbook/  and
http://wwow.stata.com/support/fags/stat/.

Results

Prevalence of comorbidity in MDS patients and its
relationship with demographic and disease-related
factors

One or more comorbidities were present at diagnosis in
455 out of 840 (54%) patients in the learning cohort (Table
2). Cardiac disease, found in 25% of patients, was the most
frequently observed comorbidity. A significant association
was found between age and comorbidity, whose preva-
lence ranged from 29% in patients under the age of 50 to
71% in those over the age of 75 (P<0.001).

By applying univariable Cox’s regression analysis, the
presence of comorbidity at diagnosis significantly affected
overall survival (HR 1.51, P=0.001) and probability of non-
leukemic death (HR 2.05, P<0.001), while no effect was
noticed on leukemia-free survival (HR 0.87, P=0.38). The
main causes of non-leukemic death included cardiac failure
(63%), infection (23%), hemorrhage (7 %) and hepatic fail-
ure (4%). There was a significant difference in prevalence of
non-leukemic death among WHO subgroups, ranging from

Table 2. Definition of comorbidities according to Sorror et al.,* and their prevalence in the Pavia learning cohort of MDS patients.

Risk assessment in MDS -

85% of total deaths in RA/RARS to 25% in RAEBR-2 ¢

(P<0.001), and increased with age, from 43% in patients
under the age of 50 to 76% in those over the age of 75

Table 1. Clinical and hematologic characteristics of the Italian and German
cohorts of MDS patients classified according to the 2008 WHO criteria.

Characteristic Learning cohort Validation cohort P

(Pavia, Italy) (Duesseldorf, Germany)
Number of patients 840 504

<0.001

Median age (range) 66 (18-92) 73 (18-92)
Sex (male/female) 504/336 289/215 NS
WHO classification:
RCUD/RARS/MDS del(5q) 270 (32%) 96 (19%) <0.001
RCMD 291 (35%) 232 (46%)
RAEB-1 118 (14%) 76 (15%)
RAEB-2 161 (19%) 100 (20%)
Informative cytogenetics 632/840 (75%) 261/504 (52%) -
Transfusion-dependency* 291/840 (35%) 215/489 (44%)  <0.001
IPSS risk**
Assessable cases/total cases (%) 632/840 (75%) 261/504 (52%) -
Low 227/632 (36%) 73/261 (28%) 0.013
Intermediate-1 259/632 (41%) 115/261 (44%)
Intermediate-2 117/632 (19%) 50261 (19%)
High 29/632 (5%) 23/261 (9%)
WPSS rigk***
Assessable cases/total cases (%) 632/840 (75%) 246/489 (50%)
Very low 145/632 (23%) 27246 (11%)  <0.001
Low 170/632 (27%) 61/246 (25%)
Intermediate 112/632 (18%) 58/246 (24%)
High 172/632 (27%) 74/246 (30%)
Very high 33/632 (6%) 26/246 (10%)

*Transfusion-dependency was defined according to WPSS criteria." ** IPSS and *** WPSS were
calculated according to Greenberg et al."” and Malcouvati et al," respectively.

Comorbidity Definition Prevalence
Cardiac Arrhythmia* %
Heart valve disease™* 2% 25%
Coronary artery disease *** or myocardial infarction 8%
Congestive heart failure or ejection fraction <50% 19%
Cerebrovascular Transient ischemic attack and/or ischemic or hemorrhagic cerebrovascular accident 5%
Mild to moderate DLCO and/or FEV1 66%-80% or dyspnea on moderate or slight activity 3%
pulmonary
Severe pulmonary DLCO and/or FEV1 <65% or dyspnea at rest or requires oxygen 2%
Mild hepatic **** Chronic hepatitis, persistent bilirubin > ULN to 1.5 x ULN or AST/ALT > ULN to 2.5 x ULN 14%
Moderate to severe Cirrhosis, fibrosis, persistent bilirubin > 1.5 x ULN or AST/ALT > 2.5 x ULN 3%
hepatic ****
Renal Persistent creatinine > 2 mg/dL, renal dialysis, or renal transplant 4%
Solid tumor Malignancy at any time point in the patient's history, excluding non-melanoma skin cancer 10%
Rheumatological One or more of the following conditions: systemic lupus erythematosus, rheumatoid arthritis, 2%
polymyositis, mixed connective tissue disease, polymyalgia rheumatica
Gastrointestinal One or more of the following conditions: Crohn’s disease, ulcerative colitis, or peptic ulcer requiring treatment 6%
Diabetes Diabetes requiring treatment with insulin or oral hypoglycemics 11%
Endocrine One or more of the following conditions: thyroid disorders, adrenal disorders, parathyroid gland disorders, 5%
pituitary gland disorders, or hypogonadism
Obesity Body mass index >35 kg/m? 2%
Psychiatric Depression or anxiety requiring psychiatric counseling or treatment 2%

DLCO indicates diffusion capacity of the lung for carbon monoxide; FEVI: forced expiratory volume in one second; ULN: upper limit of normal; AST: aspartate aminotransferase; ALT: alanine
aminotransferase. *Atrial fibrillation or flutter; sick sinus syndrome, or ventricular arrhythmias; **Except mitral valve prolapse; ***One or more vessel-coronary artery stenosis requiring
medical treatment, stent, or bypass graft; ****HCV infection was documented in 7% of patients.
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(P=0.002). The negative effect of comorbidity on the prob-
ability of non-leukemic death was noticed in all WHO cat-
egories (HR 1.94-2.25, P values 0.023-<0.001), while the
effect on overall survival was mainly noticeable in sub-
groups without blast excess (HR=1.8, P<0.001).

We then evaluated the prognostic effect of comorbidity
by a multivariable Cox’s analysis including age, sex, WHO
category, cytogenetics and transfusion-dependency, all
assessed at the time of diagnosis. Comorbidity showed a
significant effect on both overall survival (HR 1.42, P=0.024)
and probability of non-leukemic death (HR 1.55, P=0.01).
When stratifying by WPSS category, the impact of comor-
bidity on overall survival and risk of non-leukemic death
was significant in the very-low, low, and intermediate
WPSS risk groups (OS: HR 8.56-1.95, P values 0.02-0.031;
NLD: HR 8.89-2.45, P values 0.01-0.026).

Two-hundred and three patients (24%) developed
comorbidity during follow up, the occurrence of cardiac dis-
ease representing the most frequent event (39%). In multi-
variable analysis with time-dependent covariates, the onset
of comorbidity at any time during the clinical course had a
significant effect on overall survival (HR=1.51, P=0.01) and
risk of non-leukemic death (HR=2.29, P<0.001).

Prognostic effect of currently available comorbidity
indices and development of an MDS-specific
comorbidity index (MDS-CI)

We calculated the HCT-CI and CCl in the learning cohort
at the time of diagnosis. In multivariable analysis including
age, sex, WHO category, cytogenetics and transfusion-
dependency, the CCI did not show any significant effect on
the risk of non-leukemic death and overall survival (P=0.13

Table 3. Calculation of the MDS-specific comorbidity index (MDS-CI).
The five comorbidities listed were found to be independently associat-
ed with the risk of NLD in multivariable analysis, and each of them was
assigned a score proportional to the regression coefficient of the mul-
tivariable Cox’s proportional hazards model. This score is taken into
account if the specific comorbidity is present, and the MDS-CI is
obtained as the sum of individual variable scores.

HR obtained through a  Variable weighted
multivariable Cox’s score (to be taken
survival analysis into account if
with NLD the specific
as an outcome comorbidity
is present)
Cardiac disease 3.57 (P<0.001) 2
Moderate-to-severe 2.55 (P=0.01) 1
hepatic disease
Severe pulmonary disease ~ 2.44 (P=(0.005) 1
Renal disease 1.97 (P=0.04) 1
Solid tumor 2.61 (P<0.001) 1
MDS-Cl risk Sum of individual variable Proportion of
scores patients in the
learning cohort
belonging to the
risk group (%)
Low risk 0 546/840 (65%)
Intermediate risk 1-2 244/840 (29%)
High risk >2 50/840 (6%)

NLD: non-leukemic death.

and P=0.11, respectively), while the HCT-CI showed a bor-
derline effect on the risk of non-leukemic death (HR 1.32,
P=0.064) and no effect on overall survival (HR 1.18, P=0.10).

In order to define the MDS-CI, we performed multivari-
able Cox’s survival analyses with fixed and time-dependent
covariates in the learning cohort, including all the comor-
bidities that were found to have a significant effect on non-
leukemic death in univariable analysis (cardiac disease, dia-
betes, cerebrovascular disease, moderate-to-severe hepatic
disease, severe pulmonary disease, renal disease and solid
tumor; HR 2.49-4.82, P values ranging between 0.018 and
<0.001). Cardiac disease (HR 3.57, P<0.001), moderate to
severe liver disease (HR 2.55, P=0.01), severe pulmonary
disease (HR 2.44, P=0.005), renal disease (HR 1.97, P=0.04)
and solid tumors (HR 2.61, P<0.001) were found to inde-
pendently affect the risk of non-leukemic death, while dia-
betes and cerebrovascular disease did not retain their prog-
nostic value. As shown in Table 3, each comorbidity was
assigned a score proportional to the regression coefficient of
the multivariable Cox’s proportional hazards model. The
MDS-CI score was calculated as the sum of these weighted
scores, and then categorized into three risk groups: low
(score equal to 0), intermediate (score equal to 1 or 2), and
high risk (score equal to 3 or higher).

In the learning cohort, 546 (65 %) patients were classified
as low, 244 (29%) as intermediate, and 50 (6%) as high risk
at diagnosis. The MDS-Cl risk groups showed significantly
different probabilities of overall survival (P<0.001) and non-
leukemic death (P<0.001) (Figure 1A). In multivariable
analysis considering age, sex, WHO categories, cytogenet-
ics and transfusion-dependency, the MDS-CI maintained a
significant effect on both non-leukemic death (HR 1.89,
P<0.001) and overall survival (HR 1.67, P<0.001). We car-
ried out the same multivariable analysis without censoring
follow up at the time of therapeutic intervention (14% of
patients in the learning cohort received erythropoiesis stim-
ulating agents, 1% received immunosuppressive therapy, 4
patients received lenalidomide, 8% received low-dose
chemotherapy, 5% underwent AML-like chemotherapy at
the time of leukemic evolution, 4% underwent allo-stem
cell transplantation, while no patient received treatment
with hypomethylating agents). In this model, the MDS-CI
retained a significant effect on both non-leukemic death
(HR 1.81, P<0.001) and overall survival (HR 1.62, P<0.001).

We then evaluated the effect of changes over time of the
MDS-CI by time-dependent Cox’s survival analyses.
Longitudinal data on comorbidity were available for 725
patients. To exclude potential selection bias, we compared
the repeated-measures cohort and patients evaluated at
diagnosis only, and found no statistically significant differ-
ence in characteristics at diagnosis and overall survival. In
univariable analysis, the MDS-CI significantly affected the
risk of non-leukemic death (HR 2.80, P<0.001) and overall
survival (HR 1.92, P<0.001) (Figure 1A and B). These results
were confirmed in multivariable analysis, including age,
sex, WHO categories, cytogenetics and transfusion-depen-
dency as time-dependent covariates (NLD: HR 2.89,
P<0.001; overall survival: HR 2.41, P<0.001).

Finally, we calculated the risk of progression to a higher
MDS-CI category during the course of the disease. The
cumulative hazard of MDS-CI progression was 0.32 for the
whole MDS population. A significantly higher risk of MDS-
CI progression was found in transfusion-dependent com-
pared with transfusion-independent patients (cumulative
hazard: 0.71 vs. 0.09, P<0.001) (Figure 2).
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At diagnosis, 245 out of 504 (49%) patients of the valida-
tion cohort were classified as low-risk, 194 (38%) as inter-
mediate-risk and 65 (13%) as high-risk according to the
MDS-CI, with a significantly higher proportion of high-risk
patients compared to the learning cohort (P<0.001). The
MDS-CI risk groups showed significantly different proba-
bilities of overall survival (P=0.005) and non-leukemic death
(P<0.001). In multivariable analysis, MDS-CI showed an
independent negative effect on both non-leukemic death
(HR 1.44, P<0.001) and overall survival (HR 1.30, P<0.001).

We next evaluated the effect of changes over time of the
MDS-CI through time-dependent Cox’s survival analyses.
Longitudinal data on comorbidity were available for 192
patients. No significant differences in the clinical character-
istics at diagnosis and in overall survival were found
between the repeated-measures cohort and patients evalu-
ated at diagnosis only. In univariable analysis, the MDS-CI
significantly affected the risk of overall survival (HR 2.09,
P<0.001) and non-leukemic death (HR 2.46, P<0.001)
(Figure 1C and D). These effects were maintained in multi-
variable analysis (NLD: HR 1.49, P<0.001; OS: HR 1.31,
P<0.001).

0 24 48 72 96 _ 120 144 168 192 216 240
Time (months)

Figure 2. Risk of progression to a higher MDS-CI category during the
course of the disease. Cumulative hazard of MDS-CI progression in
the Italian cohort according to the presence or absence of transfu-
sion dependency.

A comparison of hazard ratios obtained for overall sur-
vival and non-leukemic death in the learning and in the val-
idation cohort showed no relevant differences. This was
confirmed by a multivariable analysis on the pooled dataset
in which there was no significant difference in the effect of
the MDS-CI on patient outcome between the two cohorts.

Risk stratification of MDS patients based on both
disease status and extra-hematologic comorbidities

In order to verify whether the comorbidity assessment
provided by the MDS-CI could improve the WPSS prognos-
tic stratification of myelodysplastic syndrome patients, we
fitted two separate multivariable Cox’s time-dependent
analyses including age, sex and WPSS category as covariates
with and without MDS-CI, respectively, and compared
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them by the likelihood ratios test. The model comparison
resulted in a significant P value (P<0.001), thus confirming
the importance of accounting for MDS-Cl in the prognostic
model. The same result was obtained by using the Akaike
information criterion (AIC for the model with vs. without
MDS-CI 2,480 vs. 2,585, respectively).

Based on the above observations, we analyzed the inter-
action between WPSS and MDS-CI in order to establish
whether the effect of MDS-CI varied in the WPSS sub-
groups. The likelihood ratios test resulted statistically signif-
icant (P<0.001), thus confirming a different effect of MDS-
Cl in the WPSS subgroups. We, therefore, carried out strat-
ified time-dependent Kaplan Meyer survival analyses of
overall survival in order to assess the prognostic effect of
MDS-CI in the five WPSS categories. Patients with very
low and low risk were pooled together in a single group
because of the small number of patients with high MDS-CI
in the WPSS very low risk group. The MDS-CI had a signif-
icant effect on overall survival in the very low/low and in
the intermediate WPSS risk subgroups (P<0.001 in both
analyses) (Figure 3A and B, respectively). In the high and
very high WPSS risk categories, no significant difference
was found among the three MDS-CI risk groups (Figure 3C
and D). However, a significant effect was observed when
the low and intermediate MDS-Cl risk were pooled in a sin-
gle group and compared to the high risk group (P=0.04 and
P=0.03 in high and very high WPSS group, respectively).
The landmark analysis at fixed time points from the diag-
nosis (6, 12, 24, 36 and 60 months) reported in Table 4
describes probability of survival of patients who have sur-
vived up to these time points according to their current
WESS risk and MDS-CI.

Discussion

The findings of this study clearly indicate that comorbid-
ity is very common in myelodysplastic syndrome patients
and has a significant impact on their clinical outcome. By
combining the effect of five comorbidity factors, we devel-
oped a dynamic MDS-CI that proved to be capable of iden-
tifying three groups of MDS patients with different proba-
bilities of non-leukemic death and survival, both in the
learning and the validation cohort. In addition, the MDS-CI
significantly stratified the prognosis of patients classified
into WPSS risk groups. Although the retrospective nature of
the analysis implies that comorbidity was not uniformly
and systematically assessed, possibly leading to an underes-
timate of its prevalence and changes in time,” the very fact
that the prognostic value of comorbidity was confirmed in
a different patient cohort supports the reliability of our find-
ings.

In order to define the prognostic impact of comorbidity in
myelodysplastic syndromes, we initially used two available
indices, i.e. the CCI* and the HCT-CL,* and found that nei-
ther of these two scores adequately stratified untreated
MDS patients. In fact, the CCI has been developed in a dif-
ferent clinical setting, most of the comorbid conditions
included in the CCI are rarely observed in myelodysplastic
syndromes and the weights assigned to each comorbidity
in this score do not account for possible interactions with
disease-specific clinical features. The HCT-CI was original-
ly developed to predict the outcome of patients receiving
allogeneic transplantation and is, therefore, unlikely to be
equally effective in a more heterogeneous population of
patients.”” We adopted the same clinical definition of

Figure 3. Impact of the
MDS-CI category with the
WPSS risk groups. (A-D)
Probability of overall sur-
vival of MDS patients strati-
fied into time-dependent
WPSS categories according
to time-dependent MDS-CI.
(A) Very low and low WPSS
risk patients were plotted
together in a single group.
(B) Intermediate WPSS risk
group. (C) High WPSS risk

group. (D) Very high WPSS
risk group.
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comorbidities as in the HCT-CI, but generated a dynamic
MDS-CI aimed at predicting survival and probability of
non-leukemic death in MDS patients who did not receive
disease-modifying treatments. We selected the comorbidi-
ties to be included in the score on the basis of a multivari-
able regression in order to account for a possible association
between different clinical conditions. The obtained score is
a linear combination of five clinical conditions, and identi-
fies three risk groups with significantly different probabili-
ties of overall survival and non-leukemic death.

The prognostic value of the MDS-CI was validated in a
large independent group of patients. Patients included in
this German cohort were found to have a worse outcome
with respect to Italian patients, mainly due to older age and

Table 4. Landmark analysis at fixed time points from diagnosis (6, 12, 24, 36
60 months) showing the probability of survival of patients who have survived
up to these time points, according to their current WPSS risk and MDS-CI.

WPSS Landmark MDS-CI Probability of surviving at fixed
risk time (mo. time points (months)
from diagnosis)
0 Low 0.9 0.99 0.97 0.92 0.81
Intermediate  0.97 0.95 0.89 0.81 0.62
High 0.89 0.74 0.54 0.00 -
12 Low 0.99 0.99 0.93 0.88 0.76
Intermediate  0.98 0.95 0.89 0.78 0.56
High 0.99 0.60 0.00 - -
24 Low 0.99 0.96 0.91 0.86 0.75
Very low/low Intermediate ~ 0.99 0.93 0.85 0.69 0.61
High 0.70 0.00 - - -
36 Low 0.99 0.96 0.93 0.86 0.76
Intermediate .98 0.95 0.78 0.70 0.46
High - - - - -
60 Low 0.9 0.93 0.88 0.90 0.72
Intermediate  0.95 0.90 0.90 0.81 0.4
High - - - - -
0 Low 0.98 0.95 0.86 0.76 0.62
Intermediate (.88 0.81 0.711 0.58 0.32
High 0.66 0.48 0.00 - -
12 Low 0.99 0.99 0.8 0.65 0.51
Intermediate .96 0.89 0.76 0.6 0.00
High 0.75 0.4 0.00 - -
24 Low 0.93 0.93 0.77 0.69 0.5
Intermediate Intermediate (.89 0.76 0.61 0.00 -
High - - - - -
36 Low 0.99 0.84 0.65 0.53 0.40
Intermediate  0.93 0.53 0.00 - -
High - - -
0 Low 0.93 0.73 0.49 0.32 0.23
Intermediate  0.87 0.70 0.46 0.3 0.21
High 0.99 0.43 0.00 - -
12 Low 0.85 0.69 0.45 0.39 0.29
Highwvery high Intermediate 085  0.65 039  0.19 0.9
High 0.50 0.00 - - -
24 Low 0.90 0.69 0.58 0.42 0.30
Intermediate 081 0.69 0.34 0.34 0.17
High - - - -

higher disease risk. Significant differences in comorbidity
prevalence were also noticed, but despite these discrepan-
cies, the three MDS-Cl risk groups showed significantly dif-
ferent probabilities of non-leukemic death and overall sur-
vival in the validation cohort as they did in the learning
cohort. In multivariable analysis, hazard ratios between
MDS-CI groups were comparable in size between the two
cohorts, suggesting that the prognostic value of the score is
reproducible in different patient populations.

The findings of this study indicate that the MDS-CI
improves the prognostic stratification of patients classified
according to the WPSS, and provide a rational basis for inte-
grating WPSS and MDS-CI in clinical decision making in
myelodysplastic syndromes. The MDS-CI significantly
affected overall survival and probability of non-leukemic
death in patients with very low, low and intermediate
WPSS risk," while it did not retain a significant effect in
high-risk patients. Using a competitive risk approach, we
previously showed that non-leukemic death represents the
leading cause of death in low-risk subgroups, while the risk
of leukemic death significantly exceeds that of non-
leukemic death in high-risk patients.” Taken together, these
observations suggest that comorbidity has a different clini-
cal significance in MDS subgroups. In low-risk patients,
comorbidity affects the natural history of myelodysplastic
syndromes by directly increasing the risk of death. In high-
risk patients, the clinical relevance of mild or moderate
comorbidity is overcome by the severity of the myelodys-
plastic syndrome. In these patients, however, comorbidity
influences the outcome by limiting both eligibility to treat-
ments and treatment tolerance.”” As a consequence, the
implementation of comorbidity assessment into clinical
practice requires the combined use of different scores.
MDS-CI and HCT-CI are based on the same classification
of comorbidities and may be used in a complementary
manner to estimate the impact of comorbidity on the natu-
ral course of the disease and on the outcome after allogeneic
transplantation,®* respectively, thus providing the informa-
tion for a proper evidence-based evaluation of the risk-ben-
efit related to the transplantation choice.

The prognostic relevance of comorbidity may have
important implications in the management of myelodys-
plastic syndromes, as schematically illustrated in Figure 4.
In patients with very low and low WPSS risk, who are not
candidates for disease-modifying therapies, assessment of
comorbidity is essential for defining individual follow-up
schedules as well as optimizing supportive care. Among
these patients, life expectancy of subjects with isolated ery-
throid lineage dysplasia aged 70 years or older is not signif-
icantly shorter than that of the general population.” We and
others recently reported that treatment of anemia in
myelodysplastic syndromes with erythropoietin in selected
patients has a positive impact on outcome,™* suggesting
that preventing or adequately treating symptomatic anemia
in myelodysplastic syndromes may result in a survival ben-
efit. Once symptomatic anemia occurs, in patients with
clinically relevant comorbidity and in particular cardiac dis-
ease, an optimal management is mandatory in order to limit
the negative interaction between anemia and cardiac dis-
ease.

The additional risk of comorbidity should be carefully
considered when planning delayed treatment strategies in
patients belonging in the low WPSS risk groups.”?” In fact,
patients developing a regular transfusion requirement had a
significantly higher risk of developing comorbidity, whose
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and non-leukemic death.

Patients may be given reliable
information on their life expectancy
and risks of leukemic transformation

These patients may have RCUD or RARS or MDS with isolated deletion
Very low (59): their Hb is > 9 g/dL in males or 8 g/dL in females.
- WPSS risk In the presence of comorbidities, prevention of severe
Patient . anemia represents a crucial therapeutic objective.
Information
In patients with transfusion requirement and/or Hb < 9 g/dL (males)
or < 8 g/dL (females) and comorbid conditions, in particular cardiac
Low disease, optimal correction of anemia represents an important
« Diagnosis of MDS according WPSS therapeutic objective. In addition, since severe anemia is associated
to the WHO classification risk with an increased risk of developing comorbidities, allogeneic stem
« Estimation of the WPSS risk Clinical cell transplantation should be considered in patients who are eligible
« Calculation of the MDS-CI Decision for this procedure and in whom anemia cannot be adequately
« Calculation of the HCT-Cl in Making corrected with currently available treatments.
candidates to allogeneic stem
cell transplantation Intermediate In patients with transfusion requirement and/or Hb < 9 g/dL (males)
WPSS risk or < 8 (females), allogeneic stem cell transplantation should be
considered, and decision making regarding this latter procedure
— should be based on the HCT-CI.
Clinical
Trials
High or The presence of comorbidities may limit the access of these patients
very high to allogeneic stem cell transplantation. Clinical decision making
WPSS risk regarding this procedure should be based on the HCT-CI.

in designing clinical trials.

The information on life expectancy
and risks of leukemic transformation
and non-leukemic death may be used

Figure 4. Schematic representation of the potential of combined use of WPSS, a disease-related prognostic scoring system, and MDS-CI in
clinical decision making in MDS. It should be noted that we have recently shown that in MDS patients hemoglobin levels lower than 9 g/dL
in males and 8 g/dL in females are independently related to reduced overall survival.** Thus, severe anemia in MDS can be defined as a

hemoglobin level below these thresholds.

occurrence might affect their eligibility to allogeneic trans-
plantation.”” These observations reinforce the notion that
transfusion-dependency should be considered a major
parameter to define the timing of intervention in low-risk
MDS patients.”

Finally, the integration of WPSS and MDS-CI could be
useful in designing clinical trials in myelodysplastic syn-
dromes, in particular when patients classified into higher
WPSS risk groups are tested for potential disease-modifying
treatments.” So far, clinical trials have provided little infor-
mation on comorbidity, as only 20-40% of all phase II and
I clinical trials enroll patients aged 65 years or older.** As
a consequence, clinicians are provided with a weak base of
evidence when applying the results of clinical trials to
patients with comorbidity, as elderly MDS patients usually
are.
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