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Abstract

Background—The presence of moderate to severe bone marrow (BM) fibrosis has been shown
to be an adverse feature in patients with primary myelodysplastic syndromes (MDS). However,
the clinical importance of BM fibrosis is not clear in therapy-related MDS.

Methods—We retrieved all t-MDS cases (n=266) diagnosed at our hospital over a 10-year period
(2003-2012). Reticulin and trichromestains were performed in cases in which BM fibrosis was
suspected on initial evaluation of hematoxylin & eosin stained slide. BM fibrosis was graded
according to European consensus guidelines, and a score of MF2/MF3 was defined as moderate/
severe fibrosis.

Result—Moderate/severe BM fibrosis was found in 47 (17%) patients. Compared to 219 patients
with no/mild BM fibrosis, the patients with moderate/severe fibrosis presented with severer
thrombocytopenia (p=0.039), higher numbers of circulating blasts (p=0.051) but similar degrees of
anemia and neutropenia, transfusion requirements, and similar incidences of hepatosplenomegaly
and constitutional symptoms. Histological examination revealed a comparable BM cellularity and
BM blast percentage, but markedly increased megakaryocytes (p<0.001) in the fibrotic group.
Although the risk distribution of cytogenetic data was similar according to the New
Comprehensive Cytogenetic Scoring criteria, —5 and —17 were more frequently observed in t-
MDS with moderate/severe BM fibrosis (p=0.031 and p=0.043 respectively). With a median
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follow-up of 11.5 months, patients with moderate/severe BM fibrosis showed a similar risk of
acute myeloid leukemia transformation, and a comparable overall survival in univariate and
multivariate analyses.

Conclusions—Moderate/severe BM fibrosis in patients with t-MDS is associated with certain
clinicopathological and genetic features. However, unlike the situation in patients with primary
MDS, moderate/severe BM fibrosis does not add additional risk to patients with therapy-related

therapy-related myelodysplastic syndromes; bone marrow fibrosis; cytogenetics; overall survival,
AML transformation

Background

Assessment of bone marrow (BM) fibrosis has been shown to have clinical and prognostic
implications in various hematological neoplasms. BM fibrosis adversely affects therapeutic
efficacy and outcome in patients with chronic myelogenous leukemia and plasma cell
myeloma. [1,2] In primary myelofibrosis (PMF), collagenous BM fibrosis has been reported
to predict an adverse outcome [3-5] even within the poor risk patient group defined by the
International Prognostic Scoring System (IPSS). [6] In myelodysplastic syndromes (MDS),
the clinical relevance of BM fibrosis was not well recognized in the past and this
histological feature was not incorporated into the 2008 World Health Organization (WHO)
classification. [7] Recently, several studies have been conducted in patients with primary (de
novo) MDS patients. These studies show that moderate to severe BM fibrosis occurs in
about 10-20% of primary MDS patients; and BM fibrosis is closely associated with
multilineage dysplasia, profound cytopenia(s), and red cell/platelet transfusion dependence.
[8-10] Additionally, primary (de novo) MDS patients with moderate/severe BM fibrosis
have an inferior overall survival, either attributable to profound BM failure or to an
increased rate of leukemic evolution. [11] In MDS patients who received hematopoietic
stem cell transplantation (HSCT), a delayed BM engraftment was observed in patients with
any degree of BM fibrosis, and additionally, moderate/severe BM fibrosis was found to be
an independent risk for an inferior event free survival post HSCT. [12] Therapy-related
MDS (t-MDS) occurs in patients who have received cytotoxic therapies for prior
malignancy, or rarely, for non-malignant diseases. [7] In general, t-MDS is clinically
aggressive and these neoplasms respond poorly to conventional therapy used for patients
with primary (de novo) MDS. [13-16] Due to a general poor outcome of patients with t-
MDS, in the 2008 WHO classification t-MDS and therapy-related acute myeloid leukemia
(t-AML) are not considered as separate entities, but are classified together as therapy-related
myeloid neoplasms (t-MN). [17,18] However, heterogeneity in survival has been observed
in t-MDS patients. Bacher et al reported that patients with t-MDS and t-AML share genetic
features but can be separated into prognostically relevant subgroups by using blast count and
cytogenetic risk profiles. [19] Recently, Quintas-Cardama and colleagues proposed a
prognostic model that can separate t-MDS patients into three groups that have different
overall survival and risk of transformation to AML. [20] In this study, our aim is to assess
the prognostic importance of moderate/severe BM fibrosis as a risk factor for t-MDS
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patients and to determine if this BM histological feature should be used in the development
of risk-adapted therapeutic strategies.

Material and Methods

Patients

Over a 10-year period (2003-2012), we identified 440 t-MDS patients diagnosed and treated
at M.D. Anderson Cancer Center. After a retrospective review of clinical charts and
pathology reports, 266 patients were included in this study based on the following criteria:
(1) Confirmed history of chemotherapy and/or radiation therapy prior to the diagnosis of t-
MDS; (2) The bone marrow biopsyspecimen obtained at time of initial diagnosis of t-MDS
was available for assessment of fibrosis; and (3) BM fibrosis was not due to primary cancer
or other concomitant disease. For patients who received only radiation therapy, we excluded
patients treated with brachy therapy only, radioisotopes, and those patients whose treatment
fields did not include hematopoietic bone marrow. A total of 174 patients were excluded due
to the following reasons: 1). the initial diagnosis was made at the referring centers, and there
was no clear documentation of the presence or absence of BM fibrosis; and there were no
material available for review at the time of this study; 2). BM biopsy in adequate for fibrosis
assessment. 3). BM had concomitant tumor/lymphoma infiltrate. 4). Ambiguous clinical
history, could not confirm causative relationship between cytotoxic exposure and MDS. 5).
Follow-up information was not available. The study was conducted in accordance with the
Declaration of Helsinki and the regulations of the Ethical Committee of M.D. Anderson
Cancer Center.

Bone Marrow Assessment and Laboratory Data

The diagnosis of a t-MDS was established using the criteria described by the WHO 2008.
[7] All diagnoses were confirmed in conjunction with clinical follow-up. Reticulin and
trichromestains were performed in cases in which fibrosis was suspected on initial
hematoxylin & eosin evaluation of BM biopsy specimens based on any of the following
features: increased stromal cells, cellular streaming/crushing, scarring/scleredema, dilated
sinuses and osteosclerosis. BM fibrosis was graded according to European Myelofibrosis
Network criteria [21] as MF 0, 1, 2 and 3. An MF score of 2 or 3 was considered to be
moderate or severe BM fibrosis. Figure 1 illustrates a case of t-MDS with MF-2 fibrosis. A
500-cell count or a 200 cell count in hemodiluted specimens was performed based on
examination of multiple fields of BM aspirate smears. Myeloblasts were enumerated as a
percentage of total BM nucleated cells. Due to significant BM fibrosis, some patients had a
“dry tap” and in these cases, CD34 immunohistochemical study was performed on the BM
biopsy specimen to better assess the number of BM blasts. Peripheral blood (PB) blasts were
<20% in all the cases. The complete blood count (CBC) data at the time of diagnosis
including white blood cell count (WBC), absolute neutrophil count (ANC), hemoglobin
level (Hb), and platelet count were recorded. Other clinical findings relevant to BM fibrosis,
including hepatosplenomegaly and constitutional symptoms were recorded.
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Cytogenetic Classifications

Conventional cytogenetic analysis was performed using standard methods as previously
described. [22] Twenty metaphases were analyzed, if available, and the results were reported
using the International System for Human Cytogenetic Nomenclature. In some cases a lesser
number of metaphases were available and fluorescence in situ hybridization (FISH) was
performed in order to confirm clonal cytogenetic abnormalities. Overall, we only included
karyotype information with adequate metaphases for clonality analysis. The cytogenetic risk
score was assigned to each case following the New Comprehensive Cytogenetic Scoring
System for primary MDS and oligoblastic AML as well as the International Prognostic
Scoring System-Revised (IPSS-R) grouping criteria. [23,24]

Molecular Analysis

NPM1 mutations were assessed by using primers designed to amplify mutational hotspots
spanning codons 956-971 of exon 12, followed by capillary electrophoresis as described
previously. [25] The FLT3 internal tandem duplication (FLT3-1TD) and tyrosine kinase
domain codon 835/836 point mutations (FLT3-D835) were detected by a fluorescent-based
multiplex PCR assay followed by capillary electrophoresis. [25] For FLT3-D835 point
mutation analysis, PCR products were digested with Eco RV before capillary
electrophoresis. JAK2 V617, K-RASand N-RAS mutations at codons 12, 13 and 61 were
tested using PCR followed by pyrosequencing as described previously. [26] Mutations in
exons 8 and 17 of the KIT gene were detected using Sanger sequencing. [27] Mutation
studies were performed as a part of routine MDS/AML work up at our hospital and no
additional testing for this study was conducted.

Treatment for Therapy-Related MDS and Follow-up Evaluation

Therapies received by patients with t-MDS were grouped as follows: growth factor and/or
supportive care; standard cytotoxic chemotherapy; hypomethylating agents,
immunomodulatory therapy (thalidomide/lenalidomide, investigational drugs, and
immunosuppressive agents); and allogeneic hematopoietic stem cell transplantation (HSCT).
If a patient had received more than one treatment, the patient was ascribed to the category
corresponding to the more intensive treatment. In patients with moderate/severe BM fibrosis
at the time of diagnosis, BM fibrosis was reassessed in some patients with follow-up BM
biopsy available.

Statistical Analyses

For continuous variables, data were reported as medians and ranges and were compared by
Mann-Whitney U test. For numerical variables, data were reported as the number of patients
if not specified otherwise. Fisher’s exact test or x2 was used for category comparison.
Overall survival was calculated from the day of t-MDS diagnosis to death from any cause or
to the last follow-up date. Distribution of OS was estimated by the Kaplan-Meier method;
and comparisons between subgroups were performed using the log-rank test. Multivariate
prognostic analysis was performed using the Cox regression model with categorical
variables. All p values were two-tailed and were considered significant when <0.05.
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RESULTS

Patients Characteristics

The demographic and hematologic features of the t-MDS patients are listed in Table 1. The
prior diseases were grouped as hematological malignancies, solid tumors and non-
hematological diseases (autoimmune diseases). The details of these prior malignancies are
shown in the supplement Table 1. Of the 266 patients with t-MDS, moderate/severe BM
fibrosis was present in 47 patients (17%), including 28 men and 19 women with a median
age of 64 years. The age and gender were comparable between t-MDS patients with or
without moderate/severe BM fibrosis. Hepatosplenomegaly, consumptive symptoms, and
transfusion dependence were not statistically different either. Notably, while white cell
count (WBC), absolute neutrophil count (ANC), and hemoglobin (Hb) levels were
comparable, t-MDS patients with significant BM fibrosis had severer thrombocytopenia (42
x 109/L vs. 62 x 10%/L, p=0.039). With a comparable BM cellularity, cases with moderate/
severe fibrosis showed significantly increased megakaryocytes (p<0.001). The BM blasts
were comparable between cases with or without significant fibrosis; however, t-MDS
patients with significant BM fibrosis had a higher number of peripheral blood circulating
blasts (p=0.051).

Moderate/severe BM fibrosis was observed more frequently in t-MDS patients with a
history of solid tumor versus hematological malignancy (46.8% vs. 28.3%, p=0.027). As for
treatment modalities, there seemed more patients with moderate/severe BM fibrosis received
radiation therapy alone (n=6, 12.8%) for prior malignancies, compared with patients with no
or only mild BM fibrosis (n=5, 2.3%). However, when we combined all patients who
received radiation, either radiation alone or radiation as an adjuvant to chemotherapy, we
could not find any correlation of BM fibrosis with radiation therapy (p=0.908) (Table 1).

Cytogenetic Features in Patients with Significant BM Fibrosis

The median metaphases obtained for karyotyic analysis was 20 (range, 3-30) in the group
with moderate/severe BM fibrosis and also 20 (range, 2—40) in the non-fibrotic group (not
significant). Overall cytogenetic analysis was available/successful in 262 of 266 (98.5%)
patients (Table. 2), including 45/47 (95.7%) in the group with moderate/severe BM fibrosis
and 217/219 (99.1%) patients in the non-fibrotic group. Cases of t-MDS with or without
moderate/severe BM fibrosis had a similar frequency of an abnormal karyotype at the time
of diagnosis (80.0% versus 82%); a comparable cytogenetic risk distribution by the New
Comprehensive Cytogenetic Scoring System for primary MDS and oligoblastic AML; [24] a
comparable rate of a complex karyotype (more than 3 abnormalities) as well as amonosomal
karyotype (at least one monosomatic chromosome and at least one structural abnormality).
In both groups, abnormalities involving chromosomes 5 (=5 or —=5q) and 7 (=7 or —=7q) were
the most frequently observed cytogenetic abnormalities; and -5, =7 and —17 were closely
related with complex and monosomal karyotypes (Table 2). Additionally, +8, del (5q), del
(7q) and =7 were observed at similar frequencies (11.1% vs 9.7%, p=0.785; 15.6% vs. 24%,
p=0.246; 2.2% vs. 9.2%, p=0.141 and 42.2% vs. 33.6%, p=0.305) in t-MDS with or without
moderate/severe BM fibrosis. However, t-MDS cases with moderate/severe BM fibrosis had
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a higher frequency of -5 and —17 (24.4% vs. 11.5%, p=0.031; 17% vs. 7.3%, p=0.043,
respectively).

Mutations Studies

RAS, FLT3, KIT, NPM1 and JAK2 V617 mutations were performed in variable subsets of
patients as a part of the routine work-up. These mutations were infrequent in t-MDS
patients. In patients with moderate/severe BM fibrosis, 1 of 32 (3.1%) had a RAS mutation, 1
of 33 (3%) had FLT3 ITD, 0 of 22 (0%) had KIT mutation, 1 of 12 (8.3%) had NPM1
mutation, and 2 of 11 (18.2%) had JAK2 V617mutation. Of t-MDS patients with no/mild
BM fibrosis, RAS mutation was present in 2/92 (2.2%), FLT3 ITD in 2/103 (1.9%), KIT
mutation in 0/38 (0%), NPM1 mutation in 1/35 (2.9%), and JAK2 V617 in 1/9 (11.1%)
cases. There were no statistically significant differences in the frequency of these mutations
between two groups.

Bone Marrow Fibrosis Post Treatment for t-MDS

The presence or absence of moderate/severe BM fibrosis did not affect therapeutic decisions
and the two groups of patients received comparable treatment modalities including best
supportive care (12/47 vs. 66/219), immunomodulatory agents (2/47 vs. 5/219),
hypomethylating drugs (23/47 vs. 88/219), induction chemotherapy (3/47 vs. 32/219) and
allogeneic hematopoietic stem cell transplantation (HSCT) (7/47 vs. 28/219) (p=0.501). At
our hospital, for MDS follow-up assessment, BM biopsy is only required for patients who
either have inadequate BM aspirate material obtained or who are status post HSCT. Overall,
a total of 28 patients with moderate/severe BM fibrosis had follow-up BM biopsy specimens
available. Sixteen of these patients received hypomethylating agent treatment, and of these
patients, 3 patients had complete hematological response (CR), 1 patient had stable disease
and 9 patients had disease progression. None of these 16 patients (including 3 patients with
CR) showed improvement of BM fibrosis, including the three responders. Eight (8) of 28
patients received best supportive care only and 3 patients received induction chemotherapy,
and none of the patients showed improvement of BM fibrosis. Seven (7) of 28 patients
received HSCT, of them, 5 patients achieved CR or BM CR after HSCT, and two of these
five patients showed complete resolution of BM fibrosis.

Bone Marrow Fibrosis and Patient Outcome Analysis

Outcomes were assessed by using AML progression and overall survival (OS) after
excluding patients treated with HSCT. With a median follow-up of 11.5 months, t-MDS
with and without moderate/severe BM fibrosis showed similar rates of AML progression
(9/39 vs. 48/191, p=0.482) and time to progression (8 months vs. 9 months, log rank,
p=0.926) (Figure 2A) by Kaplan-Meier estimate. Moderate/severe BM fibrosis was not a
significant hazard for AML progression in multivariate analysis when age, gender, BM
blasts, ANC, Hb, platelet count and cytogenetic risk were co-analyzed (p=0.558). Moderate/
severe BM fibrosis was also not a hazard for an inferior overall survival (median 10 months
vs. 12 months in non-fibrotic group, log rank, p=0.972) by Kaplan-Meier estimate (Figure
2B), or by Cox Regression analysis (p=0.772). The effects of moderate/severe BM fibrosis
on outcomes were compared in t-MDS patients with less than 5% BM blasts, as well as in
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patients with = 5% BM blasts; moderate/severe BM fibrosis did not correlate significantly
with AML progression or median OS in neither of these groups. (Figure 3)

DISCUSSION

In this study, we show that moderate/severe BM fibrosis is present in about 17% of t-MDS
patients. This frequency is similar to that reported in primary (de novo) MDS patients [11].
Patients with primary MDS who have moderate/severe BM fibrosis have been shown to be a
subgroup of patients who experience severer anemia, transfusion dependency, a high
probability of AML progression and an inferior overall survival, [11] In contrast, in the
therapy-related setting, moderate/severe BM fibrosis was not associated with severer
anemia, or transfusion dependency; importantly, not a hazard for leukemia transformation or
an inferior outcome.

The differences are likely attributable to clinical and biological differences between t-MDS
and primary MDS. Compared with primary MDS, t-MDS cases show a higher frequency of
cytogenetic abnormalities and these cytogenetic abnormalities are skewed towards higher
risk groups (our unpublished data) using the New Comprehensive Cytogenetic Scoring
System for primary MDS and oligoblastic AML criteria. [24] In additional, prior cytotoxic
exposure often cause additional damage at the cellular and DNA level of hematopoietic
cells; and these underlying genetic/epigenetic alterations likely explain chemo-resistance
and poor responses to conventional therapy in t-MDS. [14,13,15,16] It has been known that
in t-MDS, many of the well-known risk factors for primary MDS, such as morphological
dysplasia and a precise division of BM blasts, may not be so important. [17] Rather, the
clinical and biological behavior of this group of diseases may largely depend on underlying
genetic/epigenetic alterations. In t-MDS patients, we did observe that moderate/severe BM
fibrosis was accompanied by significantly increased megakaryocytes and severer
thrombocytopenia. It has been shown that in many diseases, BM stromal fibrosis is
associated with abnormalities of the number and/or function of megakaryocytes and
platelets. [28] Our data indicate that similarly, megakaryocytic proliferation and their
pathologic interaction with BM stroma likely play a central role in BM fibrosis occurring in
therapy-related MDS. We also looked into specific cytogenetic alterations and found that
monosomy 5 and 17 (often in the context of a complex karyotype) were significantly more
frequent in the BM fibrotic group. Our previous study showed that myeloid neoplasms with
isolated monosomy 17 frequently present with both myelodysplastic and myeloproliferative
features, associated with significant BM fibrosis and osteosclerosis. [29] In PMF and post
polycythemia vera/essential thrombocythemia fibrosis, chromosomal abnormalities are
observed in less than one third of patients, and the most frequent karyotypic abnormalities
are del (20q), del (13q), trisomy 8 and 9, and duplication 1q. [30] However, during disease
progression to AML or MDS, cytogenetic abnormalities are observed in >90% of these
patients, and are often of a complex karyotype with frequent involvement of chromosomes 5
and 7. [31] These findings indicate that these chromosomal aberrations, at least in part, may
be responsible for the concurrence of dysplasia and BM fibrosis in various myeloid
neoplasms, through promoting proliferation of hematopoietic stem cells, megakaryocytes,
stromal cells and interrupting their interactions at multiple levels. Interestingly, the
cytogenetic criteria used in primary myelofibrosis scoring systems increasingly resemble
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those used in MDS; these similarities likely reflect the overlapping molecular genetic
alterations underpinnings of these two heterogeneous disorders. JAK2 V617 mutations are
positive in approximately 50-60% PMF cases, and predict the risk of major clinical events
including leukemic transformation. [32] JAK2 V617 mutations were low in primary MDS,
and were detected in only 1 of 24(4%) patients in the study conducted by Della Porta and
colleagues. [11] In our t-MDS patients, JAK2 V617 mutation frequency was similarly low
(2/11, 18%) and did not distinguish cases with or without moderate/severe BM fibrosis.
However, we only tested JAK2 V617 mutation in a small subset of cases; and a clear
conclusion may require further validation in larger numbers of cases. The frequencies of
other gene mutations (RAS, FLT3, KIT and NPM1) were similarly low in patients with t-
MDS, and showed no difference between patients with or without moderate/severe BM
fibrosis.

Hypomethylating agents and HSCT showed encouraging results in patients with t-MDS.
[33,34] Our study showed that the presence moderate/severe BM fibrosis did not affect
overall responses to hypomethylating agents and/or HSCT; however, substantial BM fibrosis
did not regress in patients who received hypomethylating agents, even in those patients who
achieved complete hematological responses. Similar findings have been reported in
myeloproliferative neoplasms that moderate/severe BM fibrosis is not significantly altered
by supportive or conventional chemotherapy. [35,36] In contrast, 2 of 5 patients who
achieved CR or BM CR after HSCT, showed complete resolution of BM fibrosis at the time
of last follow-up, likely attributable to graft-anti-fibrosis effect. We also show that
moderate/severe BM fibrosis is more frequently observed in patients with t-MDS secondary
to solid tumors as opposed to hematological malignancies. It is not yet clear if BM fibrosisis
more prone to occur after certain types of therapies that are more frequently administered to
solid tumor patients.

In conclusion, moderate/severe BM fibrosis can be seen in a subset of t-MDS patients and is
associated with lower platelet counts, and a higher frequency of -5 and —17chromosomal
abnormalities. However, moderate/severe BM fibrosis is not an adverse risk factor for
survival and AML progression in patients with t-MDS. We believe that that clinical
aggressiveness of t-MDS is mostly attributable to genetic/epigenetic alterations. These
findings not only further illustrate the differences of MDS occurring in the de novo versus
therapy-related setting, but also provide useful information for future risk models for t-MDS
patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Bone marrow (BM) features of a therapy-related myelodysplastic syndromes (t-MDS) case

with MF-2 BM fibrosis. A. Hematoxylin and eosin (H&E magnification 200x) showing a
hypercellular BM; B. Markedly increased dysplastic megakaryocytes (H&E 1000x); C,
Reticulin stain (400x) showing markedly increased reticulin fibrosis; D. Trichrome stain
(400x%) showing focal small bundles of fibrosis.
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Figure 2.

In patients with therapy-related myelodysplastic syndromes who did not receive
hematopoietic stem cell transplant, the presence or absence of significant bone marrow
fibrosis has no impact on cumulative incidence of transformation to acute myeloid leukemia
(A) (p=0.926, log-rank test) or overall survival (P = 0.972, log-rank test) (B).
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The presence of moderate/sever bone marrow (BM) fibrosis is not a significant predictor for
cumulative incidence of acute myeloid leukemia evolution (A & B) or overall survival (C &
D) in patients with<5% (A & C) or = 5% BM blasts (B & D).
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Table 1

Demographic and Clinicopathologic Comparison of the Patients with t-MDS with or without Moderate/Severe
Bone Marrow Fibrosis

Bone Marrow Fibrosis

(MF 0-1) (MF 2-3) p
(n=219) (n=47)
Age (Years) 64 (22-88) 64 (18-79) 0.603
Gender (Male/Female) 124/95 28/19 0.419
Cancer history
Hematopoietic malignance 152 (69.4%) 23 (48.9%) 0.027
Solid tumor 62 (28.3%) 22 (46.8%)
Non malignant disease 5 (2.3%) 2 (4.3%)
Prior Treatment for cancer
Radiation only 5(2.3%) 6 (12.8%) 0.004
Chemotherapy only 155 (70.8%) 28 (59.6%)
Chemotherapy and radiation 59 (26.9%) 13 (27.7%)
Peripheral blood
« White blood cell count (x10 /L) 3.0 2.9 0.872
« Absolute neutrophil count (x10%L) 1.4 13 0.872
« Hemoglobin (g/dL) 9.8(6.8-16.0) 9.3(5.5-13.8)  0.260
* Platelets (x10%L) 62 (6-388) 42 (7-434) 0.039
« Peripheral myeloblasts (%) 0 (0-18%) 0 (0-15%) 0.051
Bone marrow (BM) findings
« Myeloblasts (%) 3 (0-19%) 4 (0-13%) 0.144
« Cellularity (%) 50 (5-100%) 50 (10-100%)  0.190
« Megakaryocyte numbers
Decreased (<1/HPF) 41 (37.6%) 4 (9.8%) <0.001
Normal (2-5/HPF) 28 (25.7%) 8 (19.5%)
Increased (=6/HPF) 40 (36.7%) 29 (70.7%)
Hepatosplenomegaly 5(2.3%) 2 (4.4%) 0.343
Constitutional symptoms 24 (11.0%) 9 (20.0%) 0.084
Transfusion dependency 64 (29.0%) 16 (35.6%) 0.243
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Cytogenetic Comparison of the Patients with t-MDS with or without Moderate/Severe Bone Marrow Fibrosis

Bone Marrow Fibrosis

MF0-1 MF2-3 P

Patients 217/219 (99%)  45/47 (96%)
Normal karyotype 39 (18.0%) 9(20.0%)  0.832
Complex Karyotype 98 (45.2%) 24 (53.3%) 0.330
Monosomal 96 (44.2%) 24 (53.3%) 0.324
Karyotype
Cytogenetic Categories by IPSS-R

Very good risk 2 (0.9%) 1(2.2%)

Good risk 52 (24.0%) 11 (24.4%)  0.462

Intermediate risk 26 (12.0%) 6 (13.3%)

Poor risk 49 (22.6%) 5 (11.1%)

Very poor risk 88 (40.6%) 22 (48.9%)
Trisomy 8 21 (9.7%) 5(11.1%) 0.785
Del (5)q 52 (24.0%) 7(15.6%)  0.246
Monosomy 5 25 (11.5%) 11 (24.4%)  0.031
Del (7)q 20 (9.2%) 1(22%)  0.141
Monosomy 7 73 (33.6%) 19 (42.2%)  0.305
Monosomy 17 16 (7.3%) 8(17.8%)  0.043

Abbreviation: IPSS-R: revised international prognosis scoring system for myelodysplastic syndromes.
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