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Karyotype are Independently Associated with an
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Purpose: The aim of our study was to evaluate the clinical characteristics of myelodys-
plastic syndrome (MDS) patients with concomitant mild-to-moderate myelofibrosis (MF),
and to assess its independent prognostic role in MDS patients diagnosed by World Health
Organization 2016 classification (WHO2016C) with long-term follow-up.

Patients and Methods: A total of 157 patients with primary MDS associated with or without
MF were examined retrospectively with long-term follow-up. MF graded as MF-1/MF-2 was
defined as “mild/moderate”. Cytogenetics testing and fluorescence in situ hybridization (FISH)
were also conducted in all MDS patients.

Results: Thirty-four (21.7%) of 157 MDS patients had MF. Also, 24 (15.3%) MDS patients
based on WHO2016 criteria were defined as MF-1 and 10 (6.4%) as MF-2. MDS patients
with MF-1/2 had a higher prevalence of death (p=0.002), leukemic progression (p=0.013),
O blood type (p=0.039) as well as less hypercellular proliferation (p<0.001) and less
supportive treatment (p=0.003) compared with those without mild/moderate MF.
Cytogenetics testing did not show a significant difference between MDS patients with and
without MF. Multivariate analyses showed that MF (mild/moderate), a monosomal karyotype
(MK) and % bone-marrow blasts were independently associated with shorter overall survival
(OS) and progression-free survival (PFS). Age was an independent indicator of the adverse
OS of MDS patients. Compared with those without MF, MDS patients with mild/moderate
MF were significantly associated with worse OS and PFS in MK-negative subgroups and
relatively low-risk Revised International Prognostic Scoring System for Myelodysplastic
Syndromes (IPSS-R) stratification in long-term follow-up.

Conclusion: Mild/moderate myelofibrosis and monosomal karyotype are independent indi-
cators of a poor clinical outcome in MDS patients. In long-term follow-up, MDS with mild/
moderate MF can be a prognostic marker for MDS patients with a specific MK stratification
and IPSS-R stratification.
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Introduction

Myelodysplastic syndrome (MDS) is characterized by a heterogeneous clonal
hematologic neoplasm with dysplasia. MDS with myelofibrosis (MF) is seen in
10-20% of MDS patients.' Bone marrow (BM) biopsy is essential for the diagnosis
and evaluation of MDS patients. In general, moderate-to-severe myelofibrosis is
associated with an adverse prognosis in patients with primary MDS.'® However,
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according to the World Health Organization 2016 classifi-
cation (WHO2016C),” severe MF (MF grade 3 [MF-3]) is
thought to be rare in MDS patients and is more likely
diagnosed as MDS/myeloproliferative neoplasms or pri-
mary MF. MF-1 or MF-2 are usually accompanied with
primary MDS. According to WHO2016 classification, the
clinical importance of mild-to-moderate BM fibrosis in
MDS patients is not clear. Whether BM fibrosis is a risk
factor in the prognosis of MDS patients stratified accord-
ing to WHO2016C is not known. Patients with MDS with
MF are usually studied from molecular aspects, but the
(eg.
[MKs]) are controversial. Furthermore, the long-term
effect of MF has not been evaluated.

We carried out a retrospective study on the prevalence

aspects of cytogenetics monosomal karyotypes

and importance of mild/moderate MF on MDS patients
according to WHO2016C. We wished to evaluate the
clinical characteristics of MDS with concomitant mild-to-
moderate MF. We also wanted to assess the impact of
cytogenetics at long-term follow-up.

Patients and Methods

Ethical Approval of the Study Protocol
The study was conducted following the Declaration of
Helsinki 1975 and its later amendments. The study proto-
col was approved by the institutional ethics review board
of Shandong Provincial Hospital Affiliated to Shandong
First Medical University (Shandong, China). Written
informed consent was obtained from all patients.

Patients

According to WHO2016C, 157 patients with primary
MDS were recruited from Shandong Provincial Hospital
Affiliated to Shandong First Medical University from
1 January 2011 to 31 December 2016. The inclusion
criteria were: (i) patients had been admitted to the hema-
tology department and diagnosed as having primary MDS;
(ii) the BM had been aspirated and biopsied for the initial
diagnosis and could be assessed clearly. The exclusion
criteria were patients who had been diagnosed with
a myeloproliferative neoplasm, myelodysplastic/myelopro-
liferative neoplasm, or had therapy-related MDS.

All patients were followed up by telephone and out-
patient appointments until 31 December 2019. Clinical
demographics, complete blood counts, BM-blast counts,
clinical data recorded

other and follow-up were

meticulously. All information was reviewed by different
researchers to avoid biases.

BM Biopsy

All BM biopsies were of length 1-1.5 cm and diameter
0.2 cm. BM aspirates were fixed in formalin and
embedded in paraffin. Sections were stained with hema-
toxylin and eosin for morphology studies. Paraffin sections
were stained using the Gomori silver-impregnation
method. BM aspirates also underwent Wright staining
and Giemsa staining.

Fibrosis was assessed according to European consensus
guidelines.® Grade 0 (absence of fibrosis) was defined as
“the presence of scattered linear reticulin with no intersec-
tions”. Grade 1 (MF-1, mild fibrosis) was defined as the
presence of “a loose network of reticulin with many inter-
sections, especially in perivascular areas”. Grade 2 (MF-2,
moderate fibrosis) was defined as “the diffuse and dense
increase in reticulin with extensive intersections, occasion-
ally with only focal bundles of collagen and/or focal
osteosclerosis”. Grade 3 (MF-3, severe fibrosis) was
defined as “a diffuse and dense increase in reticulin with
extensive intersections with coarse bundles of collagen,
often associated with significant osteosclerosis™® MEF-1
and MF-2 were defined as mild/moderate fibrosis.

Cytogenetics

Cytogenetic testing was carried out and reported using
standard methods in BM samples according to the
2013 International
Nomenclature.’

System for Human Cytogenetic

Twenty metaphases were evaluated.
Fluorescence in situ hybridization (FISH) was also under-
taken to confirm additional clonal cytogenetic abnormal-
ities. Cytogenetic risk stratification was assigned according
to the Revised International Prognostic Scoring System for
Myelodysplastic Syndromes (IPSS-R):'® “low” risk con-
taining a normal karyotype and isolated loss of Y; “high”
risk containing a complex karyotype (>3 abnormalities),
trisomy 8, and abnormalities of chromosome 7; “intermedi-
ate” risk containing all other abnormalities.'® Besides, com-
plementary FISH for abnormalities of chromosomes 5, 7, 8,
20 and Y was undertaken in all patients as described
previously."" A “complex karyotype” was defined as the
presence of >3 chromosome abnormalities. A “MK” was
defined as the presence of a single autosomal monosomy
accompanied with >1 structural abnormality or >2 distinct
autosomal chromosome monosomies.
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Definitions Table | Characteristics of MDS Patients with or without
All patients were followed up wuntil death or Myelofibrosis
31 December 2019 by telephone, on the ward, or in out- Characteristics Myelofibrosis (Number of Cases) P
patient clinics. “Overall survival” (OS) of patients with MDS Grade 0 Grade 1-2
was defined from the date of the diagnosis to the date of last (n =123, %) (n =34, %)
contact with the patient or death. “Progression-free survival” Sex (male) 66 (53.7%) 20 (58.8%) 0.59
(PFS) was defined from the date of the diagnosis to the date rge 255 yours 5 e 2 G85% 020
of leukemia transformation, relapse, death, or last contact
with the patient without disease progression. WHO 2016

classification
Statistical Analyses o aynreme 78(5(‘,74/_"6)%) j:?,/)s/)
Statistical analyses were carried out using SPSS v18.0 MLD 71 (57.7%) 18 (52.9%)
(IBM, Armonk, NY, USA) and Prism 7 (GraphPad, San EB-1 9 (7.3%) 6 (17.6%)
Diego, CA, USA). Numerical variables are described by EB2 '8 (14.6%) 6 (17.6%) 030
their median and range and Categorical variables are IPSS-R risk
described by counts and frequencies. The differences Very low ! (0'8%)° 0 (0'0%3
between patients with or without MF were compared by :':t:rme dinte jg :;2;;; T 4( I(:'Z 2)
the Pearson chi-square test or Fisher exact test for catego- High 25 (20.3%) 8 (23.5%)
rical variables, as appropriate. Differences in continuous Very high 16 (13.0%) 7 (20.6%) 032
variables were compared with the Mann-Whitney U-test | wac, x10°L, median | 2.7 (0.4-23.5) 22 (0.6-48.0) 024
for two groups. OS and PFS were estimated by the (range)
Kaplan—Meier method and compared by the Log rank HGB, gL, median 67 (29145 595 (29-102) 010
test. The Cox regression model was employed for univari- (range)
able analysis and multivariable analysis to identify the X ‘
most independent prognostic factors for OS and PFS. ::C;)XIO L medan | 11 @121 1o @12 o7
P < 0.05 (two-tailed) was considered significant. -

PLT, x10'%/L, median | 40 (3-441) 47.5 (2-3246) 0.70
Results (e
Clinical Characteristics of MDS Patients B Blase % 10007159 25 00179 010
with MF Death 65 (52.8%) 28 (82.4%) 0.002%
A total of 157 MDS patients were enrolled (86 [54.6%] men Leukemic 25 (20.3%) 14 (41.2%) 0.013*
and 71 [45.4%] women; median age at the time of diagnosis, | 2sformation
54 [range, 11-82] years). Thirty-four (21.7%) of these Degree of BM
157 MDS patients had BM fibrosis (20 [58.8%] men and hyperplasia
14 [41.2%] women). According to the European consensus® :Z:Z:::::ir 2(5) E;;;; :’(2(:75;?)
on BM fibrosis, 24 (15.3%) MDS patients were diagnosed as Normal 38 (30.9%) 10 (29.4%) <0.001*
MF-1 and 10 (6.4%) patients were MF-2. The demographic
and clinical characteristics of MDS patients with and without Bl?:e;y::ine g 40 (325% 5 (147%
mild/moderate MF are listed in Table 1. MDS patients with AB 10 (8. |.%) 0 (0%;)
mild/moderate MF had a higher prevalence of death (52.8% vs A 25 (20.3%) 10 (29.4%)
82.4%, p=10.002) and leukemic progression (20.3% vs 41.2%, B 33 (22.8%) 14 (298%)
p = 0.013) compared with MDS patients without MF. Besides, ° 20183 ' G249 0¥
MDS patients with mild/moderate MF received more aggres- Therapy
sive treatment (decitabine/chemotherapy/hematopoietic stem- Chemotherapy 4 @.3%) 3 (8.8%)
cell transplantation) (p = 0.003) than those without MF. More (Continued)
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Table | (Continued).

Characteristics Myelofibrosis (Number of Cases) P
Grade 0 Grade 1-2
(n=123,%) (n =34, %)
Decitabine 12 (9.8%) 11 (32.4%)
HSCT 7 (5.7%) 0 (0%)
Supportive therapy 100 (81.3%) 20 (58.8%) 0.003*

Note: *Significant difference.

Abbreviations: ANC, absolute neutrophil count; BM, bone marrow; EB, excess
blasts; HGB, hemoglobin; HSCT, hematopoietic stem cell transplantation; IPSS-R,
International Prognostic Scoring System-Revised; MDS, myelodysplastic syndrome;
MLD, multilineage dysplasia; PLT, platelet; SLD, single lineage dysplasia; WBC, white
blood cell count; WHO, World Health Organization.

hypercellular proliferation was observed in MDS patients with
mild/moderate MF (47.1%) than those without MF (14.6%)
(p <0.001). MDS patients with MF tended to possess type-O
blood compared with MDS patients without MF (32.4%
vs.16.3%, p = 0.039). There was no significant difference in
sex, age, WHO2016C, IPSS-R risk stratification, leukocyte
count, absolute neutrophil count, hemoglobin level, thrombo-
penia, or an excess number of BM blasts in MDS patients with
and without MF.

Cytogenetics

Cytogenetic analysis was successful in 155 (98.7%) of 157
MDS patients. FISH was conducted in all MDS patients and
provided additional information in 28 (17.8%) MDS
patients. Sixteen (47.1%) of 34 MDS patients with mild/
moderate MF had a compatible abnormal karyotype with 68
(55.3%) of 123 MDS patients without MF. Compared with
MDS patients without MF, the prevalence of an MK and
a complex karyotype was comparable between patients with
or without MF. The most frequently typical karyotype was
+8 with a similar frequency (26.5% vs 17.9%, p=0.33) in
patients with and without myelofibrosis. Besides, abnorm-
alities involving a 5q deletion in chromosomes in MDS
patients without MF tended to have a higher prevalence
compared with those in MDS patients with mild/moderate
MF (14.6% vs 2.9%, p = 0.077). All other karyotypes in the
FISH panel showed a comparable prevalence in MDS
patients with and without MF (Table 2).

Prognostic Impact of MF in MDS Patients
Follow-up data were available for all MDS patients. The
median OS of 157 patients was 38.9 (range, 0.8-108)
months, and the median PFS was 35.5 (0.8-108) months.
To identify independent prognostic factors, we undertook

Table 2 Cytogenetics of MDS Patients with or without
Myelofibrosis

Cytogenetics Myelofibrosis (Number of P

Cases)

Grade 0 Grade -2

(n =123, %) (n =34, %)
Abnormal 68 (55.3%) 16 (47.1%) 0.40
Monosomal karyotype | |1 (8.9%) 3 (8.8%) 1.00
Complex karyotype 8 (6.5%) 3 (8.8%) 0.71
59- 18 (14.6%) I (2.9%) 0.077
-5 6 (4.9%) 0 (0%) 0.34
79- 9 (7.3%) 3 (8.8%) 0.72
-7 14 (11.4%) 4 (11.8%) 1.00
+8 22 (17.9%) 9 (22.6%) 0.27
20g- 20 (16.3%) 2 (5.9%) 0.17
-Y 5 (4.1%) 0 (0%) 0.59

univariate analyses using age, sex, WHO2016C, white
blood cell count, hemoglobin level, absolute neutrophil
count, platelet count, percentage of BM blasts, blood type,
cytogenetic risk group of IPSS-R, BM cellularity, and MF as
factors. We also undertook univariate analyses of common
MDS alterations in cytogenetics (—5, del(5q), —7, del(7q), del
(20q), +8, -Y), MK, and complex karyotypic abnormalities.
Univariate analyses showed the OS of MDS patients to be
closely related to sex (hazard ratio [HR], 1.64; 95% confi-
dence interval (CI), 1.02-2.34), age (2.02, 1.33-3.06),
WHO2016C (1.19, 1.00-1.42), MF (2.04, 1.30-3.18), %
BM blasts (1.13,1.10-1.17), MK (3.88, 2.13-7.05), complex
karyotype (5.19, 2.67-10.09) and IPSS-R (2.00,1.63-2.44).
Univariate analyses also showed the PFS of MDS patients to
be closely related to sex (HR, 1.63; 95% CI, 1.06-2.51), age
(1.50, 0.98-2.28), WHO2016C (1.28, 1.08-1.53), MF
(1.87, 1.18-2.99), % BM blasts (1.14,1.10-1.81), MK
(3.46,1.90-6.29), complex karyotype (4.07, 2.12—7.85) and
IPSS-R (2.13,1.72-2.63). The univariate analysis also
showed that MDS patients with chromosome (—5) or with
(=7) were related to the worse OS and PFS than those without
them (p<0.001). Meanwhile, MDS patients with cytogenetics
(del(5q), del(7q), del(20q), +8, -Y) did not show any differ-
ences in OS and PFS, compared with those without corre-
sponding cytogenetics. Considering their close correlation
with IPSS-R and MK, we did not involve chromosome
(=7) and (—5) as covariates in the multivariate model. The
other factors we tested were not significant. Multivariate
analyses showed that MF (p = 0.014; HR, 1.77; 95% CI,
1.12-2.77), MK (<0.001; 3.50; 1.90-6.46), % BM blasts
(<0.001; 1.12; 1.08-1.16) and age at the diagnosis (0.002;
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Table 3 Cox Regression Analysis for Overall Survival in MDS Patients
OS variables Univariate Analysis Multivariate Analysis
p HR 95% ClI p HR 95% ClI
Sex (male) 0.040 1.54 1.02-2.34 0.10
Age (>55 years) 0.001 2.02 1.33-3.06 0.002* 1.02 1.01-1.04
WHO classification 0.048 1.19 1.00-1.42 0.24
Myelofibrosis 0.002 2.04 1.30-3.18 0.014* 1.77 1.12-2.77
BM blasts <0.001 1.13 I.10-1.17 <0.001* 1.12 1.08-1.16
Monosomal karyotype <0.001 3.88 2.13-7.05 <0.001* 3.50 1.90-6.46
Complex karyotype <0.001 5.19 2.67-10.09 0.28
IPSS-R <0.001 2.00 1.63-2.44 0.068

Note: *Significant difference.

Abbreviations: BM, bone marrow; Cl, confidence interval; HR, hazard ratio; MDS, myelodysplastic syndrome; OS, overall survival; PFS, progression-free survival; WHO,

World Health Organization.

Table 4 Cox Regression Analysis for Progression-Free Survival in MDS Patients

PFS variables Univariate Analysis Multivariate Analysis

P HR 95% ClI p HR 95% ClI
Sex (male) 0.024 1.61 1.07-2.43 0.067
Age (>55 years) 0.009 1.73 1.15-2.60 0.19
WHO classification 0.017 1.23 1.04—1.45 0.16
Myelofibrosis 0.002 2.02 1.30-3.15 0.003* 1.99 1.27-3.11
BM blasts <0.001 1.14 I.10-1.18 <0.001* 1.14 I.10-1.19
Monosomal karyotype <0.001 3.28 1.81-5.96 <0.001* 3.05 1.67-5.56
Complex karyotype <0.001 4.07 2.12-7.85 0.41
IPSS-R <0.001 2.02 1.65-2.47 0.17

Note: *Significant difference.

Abbreviations: BM, bone marrow; Cl, confidence interval; HR, hazard ratio; MDS, myelodysplastic syndrome; OS, overall survival; PFS, progression-free survival; WHO,

World Health Organization.

1.02; 1.01-1.04) were independently associated with
a shorter OS in MDS patients (Table 3). MF (mild/moderate)
(p = 0.003; HR, 1.99; 95% CI, 1.27-3.11), MK (<0.001;
3.05; 1.67-5.56) and % BM blasts (<0.001; 1.14; 1.10-1.19)
were also independent indicators for shorter PFS (Table 4).

MDS  patients MF  had
a significantly shorter OS (median, 17.7 vs 47.6 months,
p =0.001) and PFS (13.5 vs 42.0 months, 0.002) compared
with those without MF (Figures 1A and 2A). OS declined
gradually according to MF severity in MDS patients. MDS
patients with MF-1 had much shorter OS than those with
MF-0 (median, 25.5 vs 47.6 months, p=0.048). OS of MDS
patients with MF-2 was shorter than that of cases with MF-1
(median, 13.5 vs 25.5 months, p = 0.049) (Figure 1B). PFS
of MDS patients with MF-1 was shorter than that of patients
with MF-0 (median, 25.5 vs 42.0 months, p=0.047). PFS of
MDS patients with MF-2 was not significantly different
from that of patients with MF-1 (median, 9.9 vs 25.5
months, p = 0.076) (Figure 2B).

with  mild/moderate

Outcome of MDS with MF in Subgroup

Analyses with Long-Term Follow-Up

We undertook subgroup analyses for OS and PFS in MDS
patients with long-term follow-up based on IPSS-R risk stra-
tification and MK, which also affected OS and PFS indepen-
dently. Subgroup analyses showed that MDS patients with
mild/moderate MF represented an inferior OS (median, 36.4
months vs not reach, p = 0.008) compared with those without
MF in the relatively low-risk group of IPSS-R (including very
low, low, and intermediate risk) (Figure 1C). However, there
was no significant difference in OS between patients with
mild/moderate MF and those without MF in the relatively
high-risk group (including high and very high risk) of IPSS-
R (Figure 1D). In the relatively low-risk group of IPSS-R,
MBDS patients with mild/moderate MF had shorter PFS (med-
ian, 36.4 months vs not reach, p = 0.009) compared with those
with MDS without MF. There was no significant difference
between patients with mild/moderate MF and without MF in
the relatively high-risk group of IPSS-R (Figure 2C and D).
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Figure | Comparison of overall survival (OS) of MDS patients with or without mild/moderate myelofibrosis (MF). (A) OS in MF+ and MF— MDS patients. (Log rank test, p =
0.001). (B) OS of MDS patients according to MF grade (Log rank test,p = 0.001); OS of MDS patients with grade | vs grade 0 (Log rank test, p = 0.048); OS of MDS patients
with grade 2 vs grade 0 (Log rank test, p < 0.001); OS of MDS patients with grade 2 vs grade | (Log rank test, p = 0.05). (C) OS of MDS patients with relatively lower IPSS-R
risk with or without mild/moderate MF (Log rank test, p = 0.008). (D) OS of MDS patients with higher IPSS-R risk with or without mild/moderate MF. (Log rank test, p =
0.22). (E) OS of MK- MDS patients with or without mild/moderate MF (Log rank test, p = 0.001). (F) OS of MK+ MDS patients with or without mild/moderate MF (Log rank
test, p = 0.52).

Abbreviations: MDS, myelodysplastic syndrome; MF, myelofibrosis; MK, monosomal karyotype; OS, overall survival; PFS, progression-free survival.
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rank test, p = 0.002). (B) PFS of MDS patients according to MF grade (Log rank test,p = 0.001); PFS of MDS patients with grade | vs grade 0 (Log rank test, p = 0.047); PFS of
MDS patients with grade 2 vs grade 0 (Log rank test, p = 0.001); PFS of MDS patients with grade 2 vs grade | (Log rank test, p = 0.076). (C) PFS of MDS patients with
relatively lower IPSS-R risk with or without mild/moderate MF (Log rank test, p = 0.009). (D) PFS of MDS patients with higher IPSS-R risk with or without mild/moderate MF
(Log rank test, p = 0.31). (E) PFS of MK- MDS patients with or without mild/moderate MF (Log rank test, p = 0.002). (F) PFS of MK+ MDS patients with or without mild/
moderate MF (Log rank test, p = 0.091).

Abbreviations: MDS, myelodysplastic syndrome; MF, myelofibrosis; MK, monosomal karyotype; OS, overall survival; PFS, progression-free survival.
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According to the MK subgroup, MDS patients with mild/
moderate MF were associated significantly with worse OS
(median, 22.5 vs 67.5 months, p = 0.001) and PFS (17.7 vs
53.3 months, 0.002) compared with those without MF in the
MK-negative subgroup; however, they did not show
a significant difference in OS or PFS compared with those
without MF in the MK-positive subgroup (Figure 1E and F;
Figure 2E and F).

We also undertook subgroup analyses for OS and PFS in
MDS patients with long-term follow-up based on supportive
and non-supportive treatment (hematopoietic stem-cell

transplantation, decitabine, chemotherapy). There were no
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differences in OS (median,13.9 vs 19.3 months, p = 0.30) or
PFS (10.0 vs 13.3 months, 0.72) between MDS patients with
or without mild/moderate MF in the non-supportive-
treatment subgroup. However, in the supportive-treatment
subgroup, MDS patients with mild/moderate MF were asso-
ciated significantly with worse OS (median, 25.5 vs 67.5
months, p = 0.028) and PFS (25.5 vs 67.5 months, 0.016)
compared with those without MF (Figure 3).

Discussion
Severe MF is thought to be rare in MDS patients. Mild and
moderate MF in MDS patients is associated with higher
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Figure 3 Comparison of overall survival (OS) and progression-free survival (PFS) of MDS patients with or without myelofibrosis (MF) according to different treatments. (A)
OS of MDS patients with or without mild/moderate MF in the supportive-treatment subgroup (Log rank test, p = 0.028). (B) PFS of MDS patients with or without mild/
moderate MF in the supportive-treatment subgroup (Log rank test, p = 0.016). (C) OS of MDS patients with or without mild/moderate MF in the HSCT/decitabine/
chemotherapy subgroup (Log rank test, p = 0.30). (D) PFS of MDS patients with or without mild/moderate MF in the HSCT/decitabine/chemotherapy subgroup (Log rank

test, p = 0.72).

Abbreviations: HSCT, hematopoietic stem cell transplantation; MDS, myelodysplastic syndrome; MF, myelofibrosis; OS, overall survival; PFS, progression-free survival.
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mortality, leukemic progression, less hypercellular prolif-
eration, O-type blood, and more aggressive treatment com-
pared with that in patients without MF. Cytogenetics did
not show a significant difference between MDS patients
with and without MF. Furthermore, we showed that MF
(mild and moderate) also had an adverse prognosis on
MDS patients, as well as those with an MK and more
BM blasts. Compared with those without MF, MDS
patients with mild/moderate MF were also associated sig-
nificantly with worse OS and PFS in the MK-negative
subgroup, relatively low-risk group of IPSS-R and suppor-
tive treatment subgroup in long-term follow-up.

We showed that MF occurred at mild and moderate
grades in 21.7% of patients at the time of the initial
diagnosis.
reported previously (10-20%).%3%!%* Compared with
other studies,">'* mild/moderate MF in MDS patients

was not associated with a lower platelet count and more

This prevalence is comparable with that

severe anemia in our study. Some scholars have shown
that MDS patients with MF have a lower prevalence of
anemia’ and lower platelet count compared with those
without MF."!* The differences in results between studies
are likely attributable to the evolving definition of MDS
and distribution of enrolled patients.

Interestingly, compared with patients with MDS with-
out MF, MDS patients with mild/moderate MF had type-O
blood: this has not been reported previously. Jaff and
colleague showed that significantly more patients with
primary MF had group-B blood.'> Several scholars have
reported that the ABO blood type might be related to some
cancer types, such as cancer of the pancreas,'® and skin.'”
It has been reported that compared with the type-O blood,
the non-O blood type is associated with shorter OS for
some cancer patients.'®'®!” 4BO is located on chromo-
9q34
phenotypes. In the future, we will undertake studies to

some and related to some genetic-coding
ascertain the differences in MDS patients with MF and
O blood type and those with different blood types.

In our study, MDS with MF showed a similar percentage of
BM blasts with those without MF. Fu and colleagues showed
MDS with severe MF to be accompanied by higher numbers of
BM blasts.'* However, our research subject focused on MDS
patients with mild/moderate MF rather than those with severe
ME. Besides, MDS patients with mild/moderate MF in our
study tend to have an increased rate of leukemic evolution and
death consistent with MDS patients with severe MF reported

by Della Porta and colleagues.’

We observed a much higher prevalence of abnormal kar-
yotypes in MDS patients with MF due to a combination of
cytogenetics testing and FISH. Fu and colleagues indicated that
monosomy 5 and 17 were significantly more frequent in a BM-
fibrosis group.l3 However, we showed the most frequent kar-
yotype of a typical abnormal karyotype in MDS patients was
+8. There was no significantly different distribution of abnor-
mal karyotypes between MDS patients with mild/moderate MF
and MDS cases without MF. However, in the previous studies,
MDS patients with and without myelofibrosis have been
reported differently in cytogenetics. Compared with cases
with primary MDS without MF, MDS patients with moder-
ate/severe MF show a higher frequency of cytogenetic abnorm-
alities according to Della Porta and colleagues.” Fu and
coworkers showed that MDS patients with or without MF
have a similar cytogenetic risk distribution and frequency of
an MK.!

In recent decades, moderate-to-severe myelofibrosis has
been indicated as an adverse prognosis in patients with myelo-
in  myelofibrosis

syndromes proliferation

6,21,22

dysplastic

neoplasms, therapy-related MDS and primary MDS," inde-
pendent of age, performance status, and IPSS-R risk in multi-
variate analysis.® We also revealed the independent prognostic
importance of mild/moderate MF in MDS patients. In multi-
variate analyses, MF (mild/moderate) and the percentage of BM
blasts had an independent negative impact on OS and PFS, as
shown by Machherndl-Spandl and colleagues in MDS patients
with severe MF."? In primary MF BM fibrosis has been reported
to be an adverse outcome even within the poor-risk group
defined by the IPSS.'** However, in the long-term follow-up
of MDS patients, we showed that mild/moderate MF played
a vital part in the relatively low-risk group of IPSS-R, but had no
obvious effect on MDS cases in the relatively high-risk group of
IPSS-R.! The reason may be due to the lower degree of fibrosis
in MDS patients in our study due to the strict definitions in
WHO2016C. More patients with severe MF were suspected of
having MDS/myeloproliferative neoplasms or myeloprolifera-
tive neoplasms. Besides, consistent with the previous study,*
age also influences the clinical outcome of patients with MDS in
our study. In our study, the MK was also an independent
indicator of prognosis in MDS, as stated previously.'
Stratification of the MK subgroup demonstrated that MDS
patients with mild/moderate MF were associated significantly
with worse OS and PFS than those without MF in the long-term
follow-up of the MK-negative subgroup. However, there were
no differences in OS or PFS in MDS cases without MF in the
MK -positive subgroup. Recent studies have shown that MK are
an additional adverse risk factor in MDS patients.''*>=" The
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combination of MK and MF in MDS should be carefully
considered when studying outcomes in MDS patients.

MBDS patients with mild/moderate MF received more che-
motherapy or decitabine and less supportive treatment com-
pared with those without MF. To avoid the effect of treatment
bias, we also undertook subgroup analyses for OS and PFS in
MDS patients based on supportive treatment and non-
supportive treatment. There were no differences in the prog-
nosis between MDS patients with or without mild/moderate
MF in the non-supportive subgroup. However, in the suppor-
tive-treatment subgroup, MDS patients with mild/moderate
MF were associated significantly with worse OS and PFS
than those without MF.

We revealed the characteristics of MDS patients with MF,
and the effects of mild/moderate MF on the prognosis of
patients, but our study had some limitations. First, the number
of patients with MF was relatively low because of the low
incidence of MDS. Secondly, patient selection bias, geographic
factors and ethnic differences should be reasons for the differ-
ence of our study with previous documents. Our study was in
Chinese patients, which hampers the generalizability of our
data. Thirdly, a few articles tested the gene mutation of
MDS,?*?° but very small proportion of MDS patients did the
gene mutation examination in our study. New, prospective,
well-designed studies with a large cohort of MDS cases with
mild/moderate MF are needed to confirm our findings.

Conclusions

Cytogenetics did not show a significant difference between
MDS patients with and without mild/moderate MF. Mild/
moderate MF and MK were independent indicators of a poor
clinical outcome in patients with MDS. Long-term follow-up
revealed that MDS with mild/moderate MF could be
a prognostic marker for MDS patients with a specific MK
stratification and IPSS-R stratification.
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