1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

fg)%
S

O

R HE

,NS

N4

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Clin Lymphoma Myeloma Leuk. 2014 October ; 14(5): 401-410. doi:10.1016/j.cIml.2014.03.001.

A PROGNOSTIC MODEL OF THERAPY-RELATED
MYELODYSPLASTIC SYNDROME FOR PREDICTING SURVIVAL
AND TRANSFORMATION TO ACUTE MYELOID LEUKEMIA

Alfonso Quintas-Cardamal-, Naval Daverl”, Hawk Kim?2, Courtney Dinardo?, Elias
Jabbourl, Tapan Kadial, Gautam Borthakur!, Sherry Piercel, Jiangin Shan?, Marylou
Cardenas-Turanzas?, Jorge Cortes!, Farhad Ravandil, William Wierdal, Zeev Estrov?,
Stefan Faderl, Yue Weil, Hagop Kantarjianl, and Guillermo Garcia-Manero?!

1Department of Leukemia, The University of Texas MD Anderson Cancer Center, Texas, U.S.A

2Division of Hematology-Oncology, Ulsan University Hospital, University of Ulsan College of
Medicine, Ulsan, Korea

Abstract

Background—We evaluated the characteristics of a cohort of patients with therapy-related
myelodysplastic syndrome (t-MDS) to create a prognostic model.

Patients and Methods—We identified 281 patients with MDS that had received prior
chemotherapy and/or radiotherapy for prior malignancy. Potential prognostic factors were
determined by univariate and multivariate analysis.

Results—Multivariate Cox regression analysis identified 7 factors that independently predicted
short survival in t-MDS: age =65 years (HR=1.63), ECOG performance status 2—4 (HR=1.86),
poor cytogenetics (=7 and/or complex; HR=2.47), WHO MDS subtype (RARs or RAEB-1/2;
HR=1.92), hemoglobin (<11g/dL; HR=2.24), platelets (<50x10°dL; HR=2.01), and transfusion
dependency (HR=1.59). These risk factors were used to create a prognostic model that segregated
patients into three groups with distinct median overall survival: good (0-2 risk factors; 34
months), intermediate (3—4 risk factors; 12 months) and poor (5-7 risk factors; 5 months)
(p<0.001) and 1-year leukemia free survival (96%, 84%, and 72%, respectively, p=0.003). This
model also identified distinct survival groups according to t-MDS therapy.

Conclusion—In summary, we devised a prognostic model specifically for patients with t-MDS
that predicts overall survival and leukemia-free survival. This model may facilitate the
development of risk-adapted therapeutic strategies.
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Introduction

The term myelodysplastic syndrome (MDS) refers to a heterogeneous group of
hematopoietic clonal disorders characterized by deregulation of apoptosis, dysplastic
features in hematopoietic precursors, peripheral blood cytopenias, and an increased tendency
to transformation to acute myeloid leukemia (AML).12 A significant fraction of patients
with MDS have a prior history of an antecedent malignancy (hematologic or otherwise)
treated with chemotherapy and/or radiotherapy.3-¢ Therapy-related MDS (t-MDS) is
included in the therapy-related myeloid neoplasms category of the 2008 WHO
classification’. The clinical course of therapy-related MDS (t-MDS) is customarily
progressive and associated with high resistance to standard chemotherapeutic approaches
used for MDS arising de novo.3:>6 Cases of t-MDS have been reported after chemotherapy
for acute lymphoblastic leukemia (ALL), Hodgkin’s and non-Hodgkin’s lymphoma,
sarcomas, testicular cancer, and adenocarcinoma of the breast among others.8-11 The
median latency interval from therapy of the primary malignancy and the diagnosis of t-MDS
or t-AML has been reported to be 64 months for patients with an antecedent hematologic
malignancy and 55 months for those with primary solid tumors.12 Alkylating agents,
through the formation of crosslinks and DNA monoadducts, and topoisomerase 11 inhibitors,
through the induction of chromosomal breakages, are the chemotherapeutic agents more
frequently associated with t-MDS. The use of alkylating agents or topoisomerase 1l
inhibitors has been associated with t-MDS after a latency of 3-5 years and 0.5-3 years,
respectively.13.14

Recurrent chromosomal abnormalities are present in 40%—70% of patients with de novo
MDS at diagnosis.1> However, those are present in 95% of patients with t-MDS, frequently
in the context of complex karyotypes.12 Frequent chromosomal abnormalities in patients
with t-MDS post-alkylating agents include —5/del(5q), —7/del(7q), and/or +8, whereas
translocations involving 11923 or 21g22, as well as t(17;19)(q22;12), have been frequently
reported in those patients with prior exposure to topoisomerase Il inhibitors. Of note, these
abnormalities are frequently associated with a multidrug resistant phenotype and are also
commonly found in patients with AML15:16

The inherent biological heterogeneity of MDS makes it necessary to develop prognostic
systems to predict long-term outcomes. Several classification systems and prognostic
models are currently available to segregate patients with MDS into subsets with distinct
prognosis, including the French-American-British (FAB)!, the World Health Organization
(WHO), and the International Prognostic Scoring System (IPSS) classifications!8. IPSS,
which classifies patients based on the presence of chromosomal abnormalities as assessed by
conventional cytogenetics, bone marrow blast burden, and the number of cytopenias is
currently the most widely accepted prognostic system for patients with MDS. However, the
IPSS score is neither applicable to patients with chronic myelomonocytic leukemia (CMML)
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with white blood cell (WBC) count greater than 12x10%L, nor to those with t-MDS. In
order to overcome these limitations, novel prognostic models have been developed, such as
the World Health Organization classification-based Prognostic Scoring System (WPSS)19, a
prognostic model specifically for patients with low risk MDS20, and a new global prognostic
model that predicts the risk of patients with MDS in a dynamic fashion at any time during
the course of therapy.2! While several independent predictors of survival (i.e., marrow blast
percentage and cytogenetics),20 are common to all these prognostic systems, others are
system specific. For instance, the main prognostic factors of WPSS are transfusion-
dependency, the WHO subtype of MDS, and chromosomal abnormalities whereas in the
global prognostic model developed by our group, factors such as blasts, hemoglobin,
cytogenetics, age, and platelet count are particularly important. However, the development
of all these systems were largely based on cohorts of patients with de novo MDS. Thus, the
utility of such models to prognosticate survival has not been validated in a large cohort of
patients with t-MDS. Furthermore, most available risk analyses have been performed using
mixed cohorts of patients involving patients with t-MDS as well as therapy-related acute
myeloid leukemia (AML). On these grounds, we interrogated a large cohort of patients with
t-MDS to validate the factors that independently predicted for survival and transformation to
AML. The resulting prognostic system could be used as a tool for risk-stratification
purposes in t-MDS.

Patients and Methods

Patient selection

This analysis focused on t-MDS arising in patients with an antecedent malignancy that
required prior chemotherapy or radiation therapy. Therefore, patients with MDS and an
antecedent malignancy who had not received chemotherapy or radiotherapy were excluded.
Patients with >20% blasts were classified as having AML, according to WHO criteria, and
they were also excluded. Basic demographic data were obtained from the MD Anderson
Cancer Center (MDACC) MDS database. All patients with t-MDS included in this analysis
were diagnosed and treated at MDACC between 1998 and 2007. Medical records were
reviewed for confirmation of diagnosis of a prior malignancy, details related to the therapy
for such prior malignancy, as well as t-MDS directed therapy.

Categorization of MDS therapy

Therapies received by patients with t-MDS were grouped as follows: growth factor and/or
supportive care; standard cytotoxic chemotherapy; non-cytotoxic therapy (hypomethylating
agents, thalidomide/lenalidomide, investigational drugs, and immunosuppressive agents);
and allogeneic hematopoietic stem cell transplantation (SCT). If a patient had received more
than one treatment category, the patient was ascribed to the more intensive treatment
category.

Analysis of risk factors

Risk factors analyzed for survival included hepatomegaly (present vs. absent), chromosome
alterations (59-, 20g-, Y-, normal vs. others), MDS subtype according to the WHO
classification (RA, RCMD, MDSu vs. others), hemoglobin, platelet counts, WBC counts,
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marrow blast% time from prior treatment to MDS, number of lines of therapy for prior
malignancies, serum albumin, serum B-2 microglobulin, serum creatinine, ECOG
performance status (0-1 vs. =2), age, sex, prior therapy (chemotherapy vs. radiotherapy
only), prior malignancies (hematological vs. solid tumors), prior transfusion, prior
lymphoma (lymphoma vs. non-lymphoma), prior hematopoietic SCT (autologous vs.
allogeneic vs. none) and serum ferritin level (<600 vs. >600ng/mL). Risk factor comparisons
utilized median values, adjusted with respect to statistical differences. Risk group
classification based on cytogenetics was identified and categorized on the basic analysis of
survival by every chromosomal alteration.

Statistical analysis

Results

For continuous variables, data are reported as medians and range. For nominal variables,
data are reported as the number of patients (with percentage in parentheses), if not specified
otherwise. Continuous variables were dichotomized and coded into binary variables to make
various categorical comparisons. This was based on cut-points commonly used in clinical
practice. Fisher’s exact test or x2 were used for the comparison of ratios. Distributions of
overall survival and leukemia-free survival (LFS) were estimated by the method of Kaplan
and Meier, and comparisons between subgroups were done using the log-rank test. Overall
survival time was the interval from the day of MDS diagnosis to death from any cause or to
last follow-up date. LFS was defined as the time to transformation to AML and it was
calculated as the interval from the diagnosis of t-MDS to the diagnosis of AML (i.e., = 20%
blasts) or last follow-up. Multivariate prognostic analysis was performed using the Cox
regression model, including all covariates associated with the overall survival and setting the
significance of the p value at <0.1 for univariate analysis. Age and gender were included in
multivariate analysis regardless of their p-values in univariate analysis. All p values were
two-tailed and were considered significant when <0.05. Risk point assignment was weighted
according to HR for each significant prognostic risk factor. HR and p-values were based on
final multivariate analysis model with categorical variables. A risk score was calculated by
adding all risk points. A prognostic model was built whereby patients were categorized in 3
discreet groups according to their risk score: good (0-2 risk factors), intermediate (3—4 risk
factors) and poor (=5 risk factors).

Patient characteristics

In order to strictly select patients with t-MDS, we excluded those classified as RAEB-T by
FAB classification (i.e., 20-29% blasts, currently classified as AML by WHO) and those
that had not received prior therapy for their malignancies. We analyzed all patients with
MDS referred to MD Anderson Cancer Center (MDACC) from 1998 to 2007. In summary,
1436 patients with MDS were evaluated during that period of time. Of those, 461 (32%) had
a prior malignancy and 316 (22%) had received prior chemo or radiation therapy for their
malignancy. We had data on 281 (20%) of them. The patient characteristics are shown in
Table 1. The incidence of t-MDS was slightly higher among male patients (59%) and the
median age at diagnosis of MDS was 67 years (range, 13 to 89). The most common
cytogenetic abnormality was =5 and/or -7, being detected in 151 patients (54%). Ninety-one
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patients (33%) had diploid or 5g- only, or 20g- only, or deletion of chromosome Y as a sole
abnormality. Prior malignancies included solid tumors (n=126, 45%), hematological cancers
(n=123, 44%) and multiple cancers (n=30, 11%). Prior therapy consisted of chemotherapy
alone (n=106, 38%), radiotherapy alone (n=73, 26%) or both (n=100, 36%). A total of 54
patients had received SCT (including auto-SCT in 52 patients [19%] and allo-SCT in 2
patients [0.7%]). In more detail, 120 patients (43%) received topoisomerase Il inhibitors and
157 (56%) alkylating agents. That said, patients were treated using 15 different
combinations or sequences of the drugs describe above and we cannot then correlate type of
therapy with specific cytogenetic subset. Patients with t-MDS were treated with supportive
care/cytokine support in 126 (45%), non-cytotoxic drugs in 77 (28%), cytotoxic
chemotherapy in 63 (23%), and SCT in 13 (5%) cases.

Applicability of IPSS in t-MDS

Because IPSS has never been validated in patients with t-MDS, we next applied the IPSS to
our cohort of patients with t-MDS to identify potential shortcomings of this prognostic
system in such setting. The distribution of patients per risk group according to IPSS follows:
low risk, 30 (11%); intermediate-1, 87 (32%); intermediate-2, 120 (44%); high risk, 35
(13%). As shown in Figure 1A, analysis of survival by the Kaplan-Meier method showed
significant differences regarding overall survival across IPSS risk groups (p<0.001).
However, IPSS stratification failed to discriminate significant differences in survival
between the groups of patients with intermediate-2 and high risk MDS (p=0.08).
Furthermore, although all four IPSS groups were statistically different regarding LFS
(p=0.001), when the group of patients with high risk t-MDS was removed from the analysis,
no statistically significant LFS rates were observed among the low, intermediate-1 and
intermediate-2 risk groups (p=0.2) (Figure 1B). Overall, these analyses unveiled important
deficiencies of IPSS stratification regarding overall survival and LFS when applied to
patients with t-MDS. These results supported the design of a specific prognostic system for
patients with t-MDS.

Prognostic factors for survival in patients with t-MDS

Next, we performed a univariate analysis to identify disease characteristics that predict for
shorter survival. The results are shown in Table 2. Univariate analysis for survival revealed
as significant the presence of hepatomegaly (no vs. yes; p=0.02), hemoglobin (<9.9 vs.
10.0-11.9 vs. 212.0, p<0.001), platelet (<30 vs. 30-49 vs. 50-199 vs. =200, p<0.001),
marrow blast percentage (<5, 5-10 and 11-19 p <0.001), cytogenetics (5g-, 20q-, Y-,
normal vs. others vs. 7- and/or complex; p<0.001), types of MDS by WHO classification
(RA, RCMD, MDSu vs. others; p<0.001), time from treatment to MDS (<5 vs. >5 years;
p=0.06), number of lines of therapy (1 vs. =2; p=0.06), serum albumin (=4 vs. <4g/dL;
p=0.01), serum B-2 microglobulin (<3 vs. >3mg/L; p=0.05), ECOG performance status (0-1
vs. =2; p<0.001), and prior transfusion (p<0.001). The impact of cytogenetics (low risk vs.
high risk) and WHO classification subtype (low risk vs. high risk) in overall survival is
graphically depicted in Figure 2. We then performed a multivariate Cox regression analysis
including all factors identified as significantly prognostic by univariate analysis (p value
<0.1) in addition to age (<65 vs. >65 years). When all candidate factors were incorporated
into the multivariate model, we identified 7 factors that were significantly and independently
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associated with short survival in patients with t-MDS: age (=65yrs vs <65yrs; HR=1.63),
ECOG performance status (2—4 vs. 0-1; HR=1.86), cytogenetics (=7 and/or complex vs.
others; HR=2.47), WHO MDS subtype (RARs, RAEB-1/2 vs. others; HR=1.92),
hemoglobin (<11g/dL vs. 211.0 g/dL; HR=2.24), platelets (<50 vs. 250x10%/dL; HR=2.01),
and transfusion dependence (yes vs. no; HR=1.59) (Table 3). No significant interactions
between covariates were found.

Construction of a specific t-MDS prognostic model

After identifying the 7 factors (age, ECOG performance status, cytogenetics, WHO MDS
subtype, hemoglobin level, platelet count, and transfusion dependence) that independently
predicted for survival by multivariate analysis with similar magnitude (all of their HR were
around to 2), we next developed a prognostic model for patients with t-MDS that segregated
patients into 3 discreet prognostic groups by the number of adverse factors: good (0-2 risk
factors), intermediate (3—4 risk factors) and poor (5-7 risk factors). No differences were
observed regarding the median time from prior chemo and/or radiotherapy to diagnosis of t-
MDS across the groups of patients in the good (n=57; 57 months), intermediate (n=154; 64
months) and poor (n=61; 69 months) risk categories (p=0.262; figure 3A). However, the
median overall survival for patients in the good, intermediate, and poor risk groups
according to the new prognostic system was significantly different at 34, 12, and 5 months,
respectively (p<0.001; figure 3B). Furthermore, this prognostic system also predicted
distinct 1-year leukemia free survival (LFS) rates, which were 96%, 84%, and 72% for
patients with good, intermediate, or poor risk, respectively (p=0.001; figure 3C). Overall,
transformation to AML occurred in 33 (12%) patients and its incidence progressively
increased according to risk: 3 (5%) in patients with good risk, 20 (13%) in those with
intermediate risk, and 10 (16%) in patients classified in the poor risk category according to
the new t-MDS model. These results suggest that patients with high risk t-MDS are exposed
to a higher risk of transformation to AML but also that most patients with t-MDS will die of
causes directly related to MDS without transformation to AML. In order to validate this
novel prognostic tool, we next applied this model to a test group of 189 patients with t-MDS
diagnosed at MDACC between 2008 and 2010. The median overall survival rates for
patients in the low, intermediate, and poor prognostic groups were 26, 13, and 7 months,
respectively (p<0.001) (Figure 3D), thus validating the present model.

The new t-MDS model predicts survival according to treatment modality

After demonstrating that the new t-MDS prognostic model segregated accurately three
distinct prognostic groups within the whole cohort of patients with t-MDS, we next studied
the prognostic power of the model according to the type of treatment used in these patients.
To that end, we divided the cohort of patients with t-MDS into four treatment groups: 1)
growth factor and/or supportive care, 2) standard cytotoxic chemotherapy, 3)
hypomethylating therapy and/or other non-cytotoxic therapies, 4) hematopoietic SCT. The
application of the new prognostic model to these different groups of patients predicted
distinct outcomes for those in the good, intermediate, and poor risk categories, regardless of
the therapy employed (Figure 4A-D), although statistical significance could not be reached
among patients who underwent hematopoietic SCT, in all likelihood, due to the small
number of patients in this group (5 with good risk, 8 with intermediate risk, and none with
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poor risk t-MDS). However, a trend was observed towards better overall survival amongst
patients with low risk disease.

Discussion and Conclusions

We describe here the characteristics and prognosis of patients with t-MDS and propose a
user-friendly prognostic model for such patients that can be readily applicable in a clinical
setting. The poor prognosis of patients with t-MDS and t-AML has been documented in a
small series of patients developing these myeloid malignancies after autologous or
allogeneic SCT, or chemotherapy for a variety of solid tumors, as well as for hematologic
malignancies.22-37 With the improvement of chemotherapeutic regimens and supportive
care measures, the number of long-term cancer survivors has increased, which may
potentially result in an augmented risk and incidence of t-MDS. The development of specific
prognostic tools for this emerging MDS subtype is very relevant, particularly in light of
recent data indicating that modern treatment modalities (e.g., hypomethylating agents) have
been shown to prolong the survival of patients with de novo MDS.38 The importance of the
present report is several-fold. First, this represents, to our knowledge, the largest single-
institution series of patients with t-MDS. Indeed, our series focuses exclusively on patients
with t-MDS excluding those presenting with t-AML. This is important as most large series
of t-MDS were reported prior to the issuance by the WHO of the current definition of AML
(i.e., 220% myeloblasts), and therefore defined AML according to the FAB criteria (i.e.,
>30% myeloblasts in a bone marrow aspirate and/or biopsy section).12 Therefore, older t-
MDS series included a significant number of patients with RAEB-T by the FAB
classification (i.e. 20-29% blasts), which would currently be best classified as AML
according the WHO criteria. Thus, the poor prognosis of patients with t-MDS in previous
series may have been overestimated given the overlap between the categories of high risk
MDS by the FAB and AML by the WHO classification systems. Second, we present a novel
prognostic system exclusively dedicated to patients with t-MDS. As such, it is important to
emphasize that the IPSS classification, which is currently accepted as the standard
prognostic system, was originally designed only for patients with newly diagnosed,
untreated MDS, thus excluding patients with t-MDS as well as those with CMML, whereas
the global MDS model only included a small proportion of patients with t-MDS.18:21 Third,
the prognostic system presented here constitutes the first attempt at developing a clinical
tool to prognosticate the survival of patients with t-MDS in the hypomethylating era. This is
highly relevant, since hypomethylating agents currently represent the mainstay of therapy
for patients with MDS.39 Because different therapies can impact the survival of patients with
t-MDS, a potential limitation of our prognostic model is the variety of therapies with which
the patients employed to construct the model were treated. However, we used this potential
shortcoming to our advantage by validating the prognostic model in patients receiving
different treatment modalities, including those currently considered standard of care. We
categorized treatment approaches into cytokine supportive approaches with or without other
supportive measures, classic chemotherapeutic agents, SCT, and modern hypomethylating,
immunomodulatory, and immunosuppressive therapeutic approaches. Our t-MDS model
clearly discriminated subsets of patients with distinct survival times among all treatment
categories, except in patients undergoing SCT, in whom, in spite of a clear survival trend

Clin Lymphoma Myeloma Leuk. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Quintas-Cardama et al. Page 8

amongst those patients in the good prognostic category, the model failed to segregate groups
with statistically different survival rates, in all likelihood due to the small number of patients
undergoing SCT in this series.

It has been recently reported that the outcomes of patients with t-MDS segregated based on
their bone marrow blast percentage, as stipulated by the WHO classification, are similar.40
The uniformly poor outcomes of patients with t-MDS according to morphologic criteria are
at variance with significant differences in survival observed when patients were stratified by
karyotypic abnormalities according to the IPSS.0 These results are partly in conflict with
our findings, indicating that the two factors that independently predicted for poor survival by
multivariate analysis among patients with t-MDS were the presence of karyotypic
abnormalities (other than 8+, 20g-, Y-, or a diploid karyotype) and the MDS subtype
according to the WHO classification (other than RA, RCMD and MDSu). Several factors
may account for this discrepancy between our study and that of Singh et al regarding the
prognostic importance of WHO subtype, such as differences in cohort size and the fact that
the WHO subcategories with the lowest risk (RA, RCMD and MDSu) were devoid of poor
prognostic significance in our model. A common feature between both studies was the high
prognostic value of cytogenetic abnormalities. This is in keeping with several other reports
on t-MDS.124142 For instance, a Japanese study claimed that chromosome 5 abnormalities,
hypoproteinemia, poor therapy outcomes for the primary malignancy, C-reactive protein
levels, and thrombocytopenia were poor prognostic factors.42 A prior report from our group
identified cytogenetic abnormalities, morphologic presentation (t-MDS vs. t-AML), age, and
marrow blast percentage as poor prognostic factors in patients with secondary myeloid
malignancies.?! Yet, a multivariate analysis demonstrated the cytogenetic pattern as the
most important determinant of remission rate and su rvival.1 In a large series of patients
with t-MDS or t-AML treated at the University of Chicago, abnormalities of chromosomes 5
and 7 had the worst overall survival compared to all other groups. Median survival times
after the diagnosis of t-MDS/t-AML by cytogenetic group were 7 months for chromosome 5
abnormalities, 9 months for chromosome 7 abnormalities, and only 5 months for patients
with both chromosome 5 and 7 abnormalities.12 Abnormalities of chromosome 5 are
frequently found in patients with t-MDS, as well as those involving chromosome 7 or
complex karyotypes.#344 Our data corroborated the poor prognosis conferred by isolated
deletion 5q in t-MDS, which is in contrast with the favorable prognosis that the WHO
classification bestows upon this chromosomal abnormality in patients diagnosed with de
novo MDS. Finally, it will be interesting to compare the impact of cytogenetics in patients
with MDS with a history of cancer that had not been treated with chemo or radiation
therapy, versus the group studied here.

The main limitation of this study is the presence of an unavoidable referral bias to MDACC,
with a possible difference existing between the patients employed to develop the prognostic
model presented herein and those seen in other clinical settings. Thus, validation of this
model in a large cohort of patients with t-MDS, ideally in the context of a multicenter study,
is warranted. Other limitations are the heterogeneity of treatments used that preclude
correlation with specific cytogenetic alterations and the exploratory nature of the analysis
using the model with therapy used for t-MDS. These limitations notwithstanding, we have
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veloped the first prognostic model for patients with t-MDS. This model is simple, readily
plicable to the clinical setting, and can be used to build risk-adaptive therapeutic
proaches for patients with t-MDS.
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Figure 1. Prognosis of patients with therapy-related myelodysplastic syndrome according to the
International Prognostic Scoring System
Kaplan-Meier plots depicting overall survival (A) leukemia-free survival (B).
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Figure 2. Survival according to cytogenetic abnormalities and WHO classification
Kaplan-Meier plots depicting overall survival by cytogenetics (A and B) and WHO

classification (C and D). Cytogenetic abnormalities and WHO classification were grouped

into 2 categories by survival (B and D).
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Figure 3. Risk stratification for survival of patients with therapy-related myelodysplastic
syndrome (t-MDS) according to the new prognostic model

(A) Time from prior therapy to t-MDS, (B) overall survival of patients with t-MDS
according to the new prognostic model, training set; C, leukemia-free survival of patients
with t-MDS in the good, intermediate, and poor risk categories, (D) overall survival of

patients with t-MDS according to the new prognostic model, test set.
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Table 1

Patient characteristics of 281 patients with therapy-related MDS

Parameter Median  Range
Age years 67 13-89
Hemoglobin g/dL 9.6 49-13.7
WBC 10%/L 3.0 0.7-37.4
Platelet 10%L 55 1-983
Marrow blast % 5 0-25
Albumin g/dL 4.0 1.6-8.9
B2 microglobulin mg/L 3.0 0.4-29.0
Creatinine mg/dL 1.0 0.5-5.2
Ferritin ng/mL 701.5 1.0-6427
Performance status ECOG 1 0-4
Line of prior Tx regimen 1 1-9
Time from prior Tx to Months 64.6 2.6-532.1
MDS
Time abnormal hematological disorder (AHD)  Months 4 0-141
N %
Male 164 59
IPSS Low 30 11
INT-1 87 32
INT-2 120 44
High 35 13
WHO RA 63 23
RARS 29 10
RCMD+/-RS 22 8
RAEB-1 90 32
RAEB-2 65 23
Other MDS 10 4
Prior cancer Hematological 123 44
Solid cancer 126 45
Multiple cancers 30 11
Status of prior cancer at MDS Active/stable 24 9
Prior Tx Chemotherapy only 106 38
RTx only 73 26
Prior transfusion yes 76 27
Prior HSCT
Autologous 52 18.5
Allogeneic 2 0.7
Hepatomegaly Yes 6 2.1
Splenomegaly Yes 8 2.8
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Parameter Median  Range

Cytogenetics Diploid 75 27
-5/5q 37 13
-7I79- 53 19
-5/5q-, ~7/79- 59 21
+8 8 3
200- 6 2
-Y 3 1
11q 27 10
Insufficient metaphases 6 2
Not done 7 2
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Table 2

Prognostic factors for survival identified by univariate analysis

Characteristics Group median  95%cC.I. p

Age, years <65 12.2 9.1-17.4 0.29
265 10.4 8.1-13

Hemoglobin, g/dL <9.9 8.8 6.8-10.8 <0.001
10.0-11.9 12.2 9.1-21.5
212.0 42.0 27.9-NR

WBC, 10%/L <3 10.6 8.5-14.4 0.44
>3 10.6 8.7-14.7

Platelet, 109/L <30 6.3 4.7-9.1 <0.001
30-49 8.6 5.8-17.3
50-199 13.7 12.2-18.4
2200 17.7 10.2-n.r.

Marrow blast, % <5 15.1 12.6-22.6 <0.001
5-10 8.8 8.0-10.8
11-19 6.3 43-12.1

Albumin, g/dL <4 8.7 6.8-12.6 0.01
>4 12.9 10.6-18.4

R-2MG, mg/L <3 11.9 9.1-17.7 0.05
>3 9.3 7.3-12.9

Creatinine, mg/dL <1 10.6 8.6-14.4 0.86
>1 10.6 8.9-18.2

Ferritin, ng/mL <700 14.8 10.9-NR 0.06
2700 9.1 6.3-21.8

Performance status (ECOG) 0 14.4 8.7-26.2  0.001
1 10.8 9.3-14.7
2-4 5.5 34-12.1

Line of prior Tx regimen 1 12.4 9.4-153  0.06
2 9.1 6.7-12.2

Time from prior Tx to MDS, years <5 12.4 9.4-15.3 0.06
>5 9.1 6.7-12.2

Time to AHD, mos 0 75 5.3-13.2 0.58
1-6 10.1 8.7-14.7
7-12 11.0 7.8-17.7
>12 15.1 9.4-23.4

Gender Male 10.7 85-147  0.95
Female 10.6 8.7-14.7

WHO RA 17.3 12.6-29.7 <0.001
RARs 11.8 7.8-22.1
RCMD+/-RS NR
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Characteristics Group median  95%C.I. p
RAEB-1 9.4 6.7-12.6
RAEB-2 7.0 4.8-10.8
Other MDS NR

Prior cancer Hematological 10.4 7.7-13.1 0.65
Solid cancer 10.8 7.9-13.7

Prior Tx CTx included 10.2 79-125 047
RTx only 12.4 7.9-17

Prior transfusion Yes 7.0 6.0-9.7 <0.001
No 12.6 10.6-17.3

Prior HSCT none 10.6 8.4-12.8 0.69
Autologous 13.2 6.7-19.7
Allogeneic 3.7 -

Hepatomegaly Yes 3.3 1.4-NA 0.02
No 10.7 9.1-13

Splenomegaly Yes 15.1 4.8-NA 0.44
No 10.6 9.1-12.9

Cytogenetics Diploid, del(5q) alone, del(20q) alone,Y-,IM  19.6 14.4-32.1 <0.001
Others 13.7 10.4-26.2
-7, del(7q), =3 abnormalities 75 6.2-9.1

IPSS Low 52.8 19.6-NA <0.001
INT-1 15.3 12.4-22.6
INT-2 8.2 6.8-10.7
High 5.2 3.4-10.8

Page 19

Abbreviations: Tx, anti-cancer therapy; MDS, Myelodysplastic syndrome; SCT, Stem cell transplantation; 3-2MG, beta 2 microglobulin; AHD,
antecedent hematological disorder defined as history of any hematological alteration; WHO, World Health Organization; ECOG, Eastern

Cooperative Oncology Group.

Clin Lymphoma Myeloma Leuk. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Quintas-Cardama et al.

Table 3

Prognostic factors for survival identified by multivariate analysis

Characteristics Group HR  95% ClI p

Age 265Y 1.63 9.7-153 0.001
<65Y 7.1-12.6

Cytogenetics -7 and/or complex 2.47 5.9-10.1 <0.001
Others 3.9-19.2

WHO classification RARs, RAEB-1/2 192 5.8-13.3 0.001
Others 12.5.-20.2

Hemoglobin (g/dL) <11 224 8.1-269 <0.001
211 5.4-11.8

Platelets (mg/L) <50 201 29-111  0.003
>50 7.9-15.9

Transfusion dependence Yes 159 4.9-29.1 0.002
No

Performance status (ECOG) 2-4 186 7.7-19.1 0.001
0-1

Abbreviations: HR, hazard ratio; CI, confidence interval; WHO, World Health Organization
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