Cancer Management and Research Dove

ORIGINAL RESEARCH

Hyperfibrinogenemia as a Poor Prognostic Indicator
in Myelodysplastic Syndrome

Cong Shi'*, Shengping Gong®*, An Wu?, Tingting Niu', Ningning Wu', Yi Zhang', Guifang Ouyang?,
Qitian Mu'

'Laboratory of Stem Cell Transplantation, Ningbo First Hospital, Ningbo, Zhejiang, People’s Republic of China; 2Cancer Radiotherapy and
Chemotherapy Center, Ningbo First Hospital, Ningbo, Zhejiang, People’s Republic of China; 3Hematology Department, Ningbo First Hospital, Ningbo,
Zhejiang, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Guifang Ouyang; Qitian Mu, Email nbhematology@ | 63.com; mugqitian@ | 63.com

Background: Myelodysplastic syndrome (MDS) is a group of heterogeneous myeloid clonal diseases originating from hematopoietic
stem cells. It has been demonstrated that fibrinogen (FIB) is associated with disease risk in several cancer types. Coagulation and
fibrinolysis problems are widespread in MDS patients. Therefore, FIB might be one of these indicators. We thus examined the role of
FIB levels in the prognosis of MDS.

Methods: A cohort of 198 MDS patients were retrospectively analyzed to explore the prognostic value of the plasma FIB levels at
diagnosis. Patients were divided into the high FIB group and low FIB group. The prognostic significance of FIB was determined by
univariate and multivariate Cox hazard models.

Results: In our cohort, the FIB levels in 198 MDS patients were higher than those in 100 healthy donors (3.9 g/L vs 2.9 g/L, P <
0.0001). MDS patients with high FIB levels had significantly shorter overall survival (OS; P = 0.001) and decreased leukemia-free
survival (LFS; P = 0.036). Multivariate cox proportional hazards regression analysis indicated that, in addition to older age, gender,
lower HB, poorer karyotype for OS, lower NE, and higher bone marrow blast percentage for OS and LFS, elevated FIB level was also
an independent adverse prognostic factor for OS (P = 0.045) but not for LFS (P = 0.188).

Conclusion: Elevated FIB levels may be associated with mortality risk among MDS patients and could predict disease progress and
patient prognosis. Thus, assessment of FIB levels may promote the determination of the prognosis of MDS patients.
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Background

Myelodysplastic syndrome (MDS) is a group of heterogeneous myeloid clonal diseases originating from hemato-
poietic stem cells, which was manifested as morphological dysplasia in hematopoietic cells and peripheral cytopenia,
and with a high risk of malignant transformation that may lead to secondary acute myeloid leukemia (AML)." The
prognosis of MDS is extremely heterogeneous. The treatment for MDS is tailored based on risk stratification
utilizing different clinical predictive models.” Although the molecular studies refined the prognosis in MDS, the
IPSS-R was the most widely used predictive model.> The IPSS-R was found to be the best predicting system for
overall survival.* The scoring system mainly includes the severity of hemocytopenia (anemia, thrombocytopenia,
neutropenia, decreased hemoglobin content), increased bone marrow blasts and cytogenetic factors. However, Della
Porta MGet al reported that it is very important to incorporate other factors, such as comorbidities, into the
treatment decision.” Recently, numerous promising biomarkers have been evaluated as potential prognosis predictors
for MDS. For instance, low absolute lymphocyte count (ALC) and absolute monocyte count (AMC) levels,
decreased serum ApoAl levels, as well as an increase in the number of mature monocytes in the bone marrow
can predict poor prognosis in MDS.®® However, none of these markers have been adopted into IPSS-R. In recent
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years, it has also been reported that high FIB is a poor prognostic factor in some tumors.'®"'? However, evidence of
the role of FIB in MDS is lacking. Therefore, in this work, we aimed to explore the relationship between FIB level
and the prognosis of MDS patients.

Materials and Methods

Patients

Clinical and follow-up data of 198 patients who were newly diagnosed with MDS in Ningbo First Hospital from 2009 to
2019 were collected. Diagnosis and classification of MDS and leukemic transformation were made according to the
2016™ WHO classification. Risk stratifications of MDS were made according to IPSS-R.* All patients received
symptomatic and supportive treatment. Among them, 74 patients acquired further treatment, of whom 63 (31.8%)
were treated with intensive chemotherapy, 19 (9.6%) with hematopoietic stem cell transplantation (HSCT) and 33
(16.7%) with hypomethylating agents. Peripheral blood samples were collected from 100 normal controls. Healthy
donors were defined as those who had not been hospitalized during the past 6 months and had no history of vascular
disease, thrombosis, or hemorrhage. Approval for the retrospective review of these records was obtained from the Ethics
Committee of Ningbo First Hospital and was in accordance with the Declaration of Helsinki. Informed consent was

obtained from all adult subjects or parents if subjects were under 18.

Plasma FIB Test

Peripheral venous blood specimens were collected from pretreatment patients. Blood samples were collected using tubes
with sodium citrate. The blood specimens were instantly centrifuged and detected within 2 hours based on the
manufacturer’s protocols. Detection of FIB level was performed using an ACL TOP750 automated coagulation analyzer
(Werfen, USA) with proprietary reagents.

Morphology Analysis

Morphology of MDS myeloid cells was observed through Wright-Giemsa-stained bone marrow smears. It was evaluated
subjectively by light microscopy at low power (10 x objectives) for overall quality and distribution and then analyzed at
high power (100 x oil objectives) for the differential count.

Cytogenetic Analysis

BM cells were collected and cultured in RPMI-1640 medium supplemented with 20% newborn calf serum for 24
h. R-banded metaphases and the karyotypes were identified in at least 20 metaphases according to the 2016™
International System for Human Cytogenetic Nomenclature (ISCN2016)."* The karyotypes were grouped into five
categories: very good, good, intermediate, poor, and very poor, according to IPSS-R.

Mutational Analysis

Molecular analysis was performed as a part of the routine clinical work-up. Mutational analysis for 16 common genes of
MDS including TP53, SRSF2, ASXL1, NRAS, DNMT3A, SF3B1, IDHI, TET2, EZH2, JAK2, CBL, ETV6, IDH2, ZRSR2,
U2AF1, and RUNX1, was conducted with the next-generation sequencing. The depth of sequencing was 2000 x. Variants
having a variant allele frequency of less than 1% were excluded from the analysis. Multiplex PCR was used to amplify
and assemble the sample collection. The Ion Proton platform was used for high-throughput sequencing. Further
bioinformatics analysis was conducted using the PolyPhen, HG19, 1000 genomes, COSMIC, ClinVar, and dbSNP
databases. Based on the clinical significance, we also classified sequence variations in somatic diseases into four
categories: Tier 1, variants with strong clinical significance; Tier 2, variants with potential clinical significance; Tier 3,
variants with unknown clinical significance; Tier 4, variants that are benign or likely benign."* The Kindstar Global
Medical Laboratory (Wuhan, China) completed the gene mutation detection process.
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Statistical Analysis

Statistical analyses were performed by SPSS 26.0. OS was calculated from the date of initial diagnosis of MDS to
the date of death, last follow-up or acquiring allo HSCT. LFS was determined from the date of diagnosis to the
date of leukemia transformation, last follow-up, or acquiring allo HSCT. OS and LFS were analyzed using the
Kaplan-Meier method and compared using the Log rank test. Multivariable analyses were used by the cox
proportional hazard regression model. Differences in the distribution of continuous variables between categories
were analyzed by Mann—Whitney U and categorical variables by Chi-squared test. The cutoff point of FIB was
calculated using the R package (version 4.0.3). The optimal cutoff value was 3.6 g/L. The high FIB level group
had FIB > 3.6 g/L, while the low FIB level group had FIB < 3.6 g/L. The P-value of < 0.05 was considered
statistically significant.

Results

Patient Characteristics

The data of 198 MDS patients consisted of 80 females and 118 males were collected over 10 years period with
a median age of 62 years (range 16-89 years). Among these MDS patients, the median duration of follow-up was 16
months, the median OS was 27 months (range 0—125 months), and 29 (14.6%) patients progressed to AML. Based
on the 2016™ WHO classification, all patients were classified as MDS as follows: 22 (11.1%) of MDS-SLD, 51
(25.8%) of MDS-MLD, 10 (5.1%) of MDS-RS, 52 (26.3%) of MDS-EBI, 45 (22.7%) of MDS-EB2, 5 (1.0%) of
MDS-del (5q), 13 (6.6%) of MDS-U. Besides, 169 patients were stratified into IPSS-R risk groups as follows: 9
(5.3%) in the very low-risk group, 34 (20.1%) in the low-risk group, 54 (32.0%) in the intermediate-risk group, 35
(20.7%) in the high-risk group and 37 (21.9%) in the very high-risk group. Of these, the median IPSS-R score was
4.5. Further information was provided in Table 1.

The Relation Between FIB and the Clinical and Laboratory Factors

In our cohort, the FIB was higher in 198 MDS patients than in 100 healthy donors (3.9 g/L vs 2.9 g/L, P < 0.0001;
Figure 1). MDS patients were divided into two groups to analyze the correlation between FIB level and the clinical and
laboratory characteristics. It showed that, compared with the low FIB group, the high FIB group had significantly higher
counts of BM blast (P = 0.001) and lower NE (P = 0.048), lower HB (P = 0.002), higher risk distribution in terms of
IPSS-R (P = 0.002), higher IPSS-R score (P < 0.0001), and higher frequency of leukemia transformation (P = 0.048).
Besides, the WHO subtype between these two groups had a significant difference (P = 0.005). There were no significant
differences in other factors between the two groups (Table 1).

High FIB Was Accompanied by More Frequent Gene Mutations
Mutations of 16 genes were detected in 54 patients, 37 (68.5%) of whom harbored mutations.

The detailed mutation ratios of the 16 genes were as follows: ASXLI (17.0%), TP53 (14.8%), RUNXI (11.1%),
SF3BI1 (11.1%), TET2 (11.1%), DNMT3A (7.4%), IDH2 (5.6%), SRSF2 (5.6%), NRAS (1.8%), EZH2 (5.6%), CBL
(3.7%), IDHI (1.8%), JAK2 (1.8%), ZRSR2 (4.0%), U24F1 (7.0%) and ETV6 (0.0%) (Figure 2). Although the
high FIB group harbored higher ratio of gene mutation in comparison with the low FIB group, the difference was
statistically insignificant (75.0% vs 61.5%, P = 0.287). Among these mutations, the high FIB group showed
a higher mutation frequency of 7P53 compared with the low FIB group (25.0% vs 3.8%, P = 0.052).

A High FIB Level Was Associated with a Poor Prognosis in MDS

It is observed that a higher level of FIB (> 3.6 g/L) was significantly associated with decreased OS and LFS in MDS
patients using the Kaplan-Meier survival analysis and Log rank test. Compared with the low FIB group, the median OS
in the high FIB group was significantly shorter (19 months vs 81 months, P = 0.001; Figure 3A). Meanwhile, when it
comes to LFS, the high FIB group was remarkably shorter than the low counterpart (P = 0.036; Figure 3B).
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Table | Comparison Between MDS with Low FIB Group and High FIB Group in 198 MDS Patients

Variable All Patients Low FIB Group (n=88) High FIB Group (n=110) Statistics P value
Gender(n) 198 x2=0.017 0.897

Male/Female, n 118/80 52/36 66/44
Age [years, median(range)] 62(16~89) 62(16~86) 61.5(18~89) Z =—0.074 0.941
BM Blast[%, median(range)] 4.75(0.0~19.5) 3.0(0.0~19.5) 6.5(0.0~19.5) Z =-3411 0.001
Peripheral Blood
NE [x10%/L, median(range)] 1.2(0.1~6.9) 1.3(0.2~6.9) 1.1(0.1~6.2) Z =—-1.980 0.048
HB [g/L, median(range)] 7.7(22~14.2) 8.8(2.9~14.2) 7.52.2~14.2) Z =-3.044 0.002
PLT [x10°/L, median(range)] 52(2~332) 55(6~322) 53.5(2~332) Z =—0.895 0.371
FIB[g/L, median(range)] 3.9(1.6~9.4) 3.1(1.6~3.6) 4.5(3.7~9.4) Z =—12.087 <0.0001
2016WHO classification x2=18.439 0.005

MDS-SLD, % (n/n) I'1.1% (22/198) 15.9% (14/88) 7.2% (8/110)

MDS-MLD, % (n/n) 25.8% (51/198) 30.7% (27/88) 21.6% (24/110)

MDS-RS-SLD, % (n/n) 1.5% (3/198) 3.4% (3/88) 0.0% (0/110)

MDS-RS-MLD, % (n/n) 3.5% (7/198) 4.5% (4/88) 2.7% (3/110)

MDS-5q-, % (n/n) 1.0% (5/198) 4.5% (4/88) 0.9% (1/110)

MDS-EBI, % (n/n) 26.3% (52/198) 22.7% (20/88) 29.1% (32/110)

MDS-EB2, % (n/n) 22.7% (45/198) 13.6% (12/88) 30% (33/110)

MDS-U, % (n/n) 6.6% (13/198) 4.5% (4/88) 8.1% (9/110)
IPSS-R cytogenetic risk group x2=8.493 0.075

Very good, % (n/n) 1.2% (2/169) 2.5% (2/81) 0.0% (0/88)

Good, % (n/n) 6.2% (104/169) 6.5% (53/81) 5.8% (51/88)

Intermediate, % (n/n) 2.1% (36/169) 2.0% (16/81) 2.3% (20/88)

Poor, % (n/n) 4.1% (7/169) 6.2% (5/81) 2.2% (2/88)

Very poor, % (n/n) 11.8% (20/169) 6.2% (5/81) 17.0% (15/88)
IPSS-R risk category ¥2=17.200 0.002

Very low, % (n/n) 5.3% (9/169) 8.6% (7/81) 2.3% (2/88)

Low, % (n/n) 20.1% (34/169) 30.9% (25/81) 10.2% (9/88)

Intermediate, % (n/n) 32.0% (54/169) 28.4% (23/81) 35.2% (31/88)

High, % (n/n) 20.7% (35/169) 17.3% (14/81) 23.9% (21/88)

Very high, % (n/n) 21.9% (37/169) 14.8% (12/81) 28.4% (25/88)
IPSS-R score[median(quartile)] 4.5(1.0~10.0) 3.5(1.0~10.0) 5.5(1.5~10.0) Z =—4.071 <0.0001
Gene mutation, % (n/n) 68.5% (37/54) 61.5% (16/26) 75.0% (21/28) x2=1.133 0.287
Leukemia transformation, % (n/n) 14.6% (29/198) 9.1% (8/88) 19.1% (21/110) x2=3.911 0.048
Complex karyotype, % (n/n) 17.8% (30/169) 12.3% (10/81) 22.7% (20/88) x2=3.113 0.078

Note: P value < 0.05 was considered statistically significant.

Abbreviations: BM, bone marrow; NE, neutrophil; HB, hemoglobin; PLT, platelet; FIB, fibrinogen; MDS-SLD, MDS with single lineage dysplasia; MDS-MLD, MDS with
multilineage dysplasia; MDS-RS-SLD, MDS with ring sideroblasts and single lineage dysplasia; MDS-RS-MLD, MDS with ring sideroblasts and multilineage dysplasia; MDS-EBI,
MDS with excess blasts |; MDS-EB2, MDS with excess blasts 2; MDS-U, MDS unclassifiable; IPSS-R, Revised International Prognostic Scoring System.

In univariate analysis, OS was adversely associated with older age (> 60 years; P < 0.0001), male (P = 0.003), higher-
risk IPSS-R cytogenetic (P = 0.001), higher BM blast percentage (> 5%) (P < 0.0001), higher IPSS-R risk category (P <
0.0001), lower HB (< 10 g/dl; P = 0.006) and NE (< 0.8 x 10°/L; P = 0.005) counts, and higher FIB level (> 3.6 g/L; P =
0.001). LFS was adversely associated with higher BM blast percentage (> 5%; P < 0.0001), higher IPSS-R risk category
(P = 0.039), lower NE (< 0.8 x 10°/L; P = 0.001) count and higher FIB (> 3.6 g/L; P = 0.036).

Multivariate analyses showed that older age (> 60 years; P < 0.0001), male (P = 0.008), higher BM blast
percentage (> 5%; P < 0.0001), higher-risk IPSS-R cytogenetic (P = 0.032) were adverse factors and high FIB
level was a significant prognostic factor for worse OS (P = 0.045). Meanwhile multivariate analyses that included
NE, BM blast, IPSS-R risk category, and FIB showed that BM blast percentage (> 5%; P = 0.001) was an adverse
factor (Table 2). Therefore, elevated plasma FIB level could predict a poor OS independent of the IPSS-R, but not
for LFS.
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Figure | Comparison of plasma FIB between 198 MDS patients and 100 healthy donors. * P < 0.0001.
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Figure 2 Mutation spectrum of 16 common genes in 54 MDS patients. Each column represents an individual patient sample, and each colored cell represents a mutation of
the gene.

Discussion

The above results showed that pretherapy plasma FIB at high level was associated with higher BM blast percentage,
higher IPSS-R scores, higher frequency of leukemia transformation, and lower NE, HB, and PLT count. Elevated plasma
FIB level correlated with shorter overall survival and leukemia-free survival period, indicating that higher FIB level
reflected a poor prognosis in MDS patients. The cox regression analysis revealed that FIB level was an independent OS
factor for MDS patients. But not for LFS, and may be associated with the limited number of cases of leukemia
conversion lacking.

FIB not only plays a critical role in hemostasis but also is important for tumor biology. FIB is synthesized mainly by
liver epithelium upon inflammation. Tumor cells can synthesize and secrete FIB. As an extracellular matrix component,
FIB can stimulate cancer cell proliferation and angiogenesis by binding TGF-p, VEGF, PDGF, and FGF-2."> Tumor cells
are capable of manipulating the microenvironment by endogenously synthesizing and secreting FIB for functions critical

to primary tumor growth.'®
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Figure 3 Overall survival and leukemia-free survival according to FIB in MDS. (A) Overall survival of 198 patients with primary MDS as stratified by FIB < 3.6 g/L vs FIB > 3.6
g/L (P = 0.001). (B) Leukemia-free survival of 198 patients with primary MDS as stratified by FIB < 3.6 g/L vs FIB > 3.6 g/L (P = 0.036). P value < 0.05 was considered
statistically significant.

Recently, considerable attention has been paid to the association between the progression of malignancies and FIB level.
Hyperfibrinogenemia is known as a poor prognostic factor in cancer. Several experimental studies have shown that FIB plays
a critical role in tumor progression by inducing tumor cell proliferation, EMT, migration, angiogenesis, and hematogenous
metastasis.'”'? It has been demonstrated that the FIB acts as a reservoir for secreted growth factors that regulate tumor cell
proliferation, apoptosis, angiogenesis, and metastasis.? In some studies, FIB level was significantly associated with clinical tumor
stage and patient outcome.”' In our study, the WHO subtype was significantly correlated with FIB level. Otherwise, plasma
fibrinogen levels are reportedly predictive of a poor prognosis in AML and diffuse large B-cell lymphoma (DLBCL).*>*
Reduced Von Willebrand factor cleaving protease ADAMT-13 antigen levels were discovered to be inversely related to MDS
prognosis by Castelli R et al** Although FIB was reported to be a prognostic factor in several malignancies, to the best of our
knowledge, there was a study has demonstrated that a high plasma FIB level at diagnosis may be a factor that predicts the
prognosis of patients with lower-risk MDS.** However, whether hyperfibrinogenemia is a prognostic factor in patients with MDS
remains unclear. In this study, the FIB level was higher in MDS patients than in healthy donors, which predicted shorter LFS and
OS, and was an independent predictor for OS as revealed by cox regression analysis.

It is well known that IPSS-R was widely used in evaluating the prognosis of MDS. Furthermore, FIB could function as an
independent prognostic factor of MDS, and it is a common and convenient indicator in pretreatment examination. In addition, this
study provides a new idea for the prognostic evaluation of MDS, and also a potential therapeutic target. The mechanisms involved
in the association between hyperfibrinogenemia and adverse survival in MDS ultimately remain to be elucidated.

Due to a high degree of heterogeneity, the prognosis of MDS patients may be related to other factors that were not
involved in the study. Our statistical analysis showed that primitive patients with elevated FIB level had significantly
higher counts of BM blast and higher IPSS-R scores than those with decreased FIB levels. The WHO subtype between
the two groups was significantly different. These indicators have been established to be associated with poor prognosis
and leukemia transformation.

The research had some limitations. Firstly, various gene mutations were linked to MDS prognosis. However, in our
cohort, the number of patients who had received gene mutation analysis was modest, with just 54 instances analyzed.
Secondly, the study was a retrospective study, the comorbidities at diagnosis were limited to the information obtained
from medical records. Nevertheless, it clearly demonstrated that elevated pretreatment plasma FIB level represents
a biomarker of worse survival in patients with MDS. FIB as a prognostic factor could provide convenience for predicting
the prognosis of MDS patients and be a useful supplement to IPSS-R. As this study is a retrospective analysis, it is only
valid for generating a hypothesis, and the value of FIB should be validated in large prospective trials. Further internal and
external validations are needed to clarify the prognostic role of the FIB for MDS patients.

1862 "= Cancer Management and Research 2022:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

a0

¥1:7707 Yo4easay pue JuswaSeuely Jadued)

:sdyyy

€981

Table 2 Univariate and Multivariate Analyses for Overall Survival and Leukemia-Free Survival in 198 Patients with Primary MDS

Variables Univariate Analysis for OS Multivariate Analysis for OS Univariate Analysis for LFS Multivariate Analysis for LFS
P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI)

Age=60(years) <0.0001 2.200(1.441-3.359) <0.0001 2.453(1.505-3.998) 0.137 1.755(0.837-3.680) - -

Gender(male) 0.003 1.902(1.246-2.905) 0.008 1.941(1.186-3.178) 0.213 1.651(0.750-3.632) - -

HB<10g/dI 0.006 2.105(1.233-3.592) 0.126 1.551(0.884-2.721) 0.855 1.083(0.462-2.537) - -

NE<0.8x10%/L 0.005 1.798(1.194-2.708) 0.214 1.373(0.833-2.264) 0.001 3.315(1.590-6.912) 0.205 1.665(0.757-3.662)
PLT<100x 10%/L 0.067 1.628(0.967-2.743) 0.134 1.585(0.868—2.896) 0.361 1.568(0.5974.117) - -

BM blast>5% <0.0001 3.037(2.013-4.581) <0.0001 2.636(1.600—4.342) <0.0001 5.781(2.326—-14.371) 0.001 5.706(2.027-16.061)
IPSS-R, cytogenetic risk group 0.001 1.376(1.135-1.666) 0.032 1.247(1.020-1.525) 0.039 1.393(1.016-1.910) 0.236 1.217(0.879—1.683)
IPSS-R, risk category <0.0001 1.827(1.491-2.239) - - <0.0001 2.032(1.414-2.918) - -

FIB>3.6g/L 0.001 1.989(1.308-3.025) 0.045 1.641(1.012-2.663) 0.036 2.324(1.028-5.250) 0.188 1.735(0.760—4.043)

Notes: The significant factors in univariate analysis (P < 0.1) were used to determine the influence on OS and LFS by multivariate analysis. P value < 0.05 was considered. statistically significant.
Abbreviations: HB, hemoglobin; NE, neutrophil; PLT, platelet; BM, bone marrow; IPSS-R, Revised International Prognostic Scoring System; FIB, fibrinogen.
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Abbreviation

MDS, Myelodysplastic syndromes; FIB, Fibrinogen; OS, Overall survival; LFS, Leukemia-free survival; IPSS-R, Revised
International Prognostic Scoring System; AML, Acute myeloid leukemia; IPSS, International Prognostic Scoring System;
WHO, World Health Organization; BM, Bone marrow; HSCT, Hematopoietic stem cell transplantation; ISCN2016,
International System for Human Cytogenetic Nomenclature (2016); ALC, Absolute lymphocyte count; AMC, Absolute mono-
cyte count; NE, Neutrophil; HB, Hemoglobin; PLT, Platelet; MDS-SLD, MDS with single lineage dysplasia; MDS-MLD, MDS
with multilineage dysplasia; MDS-RS-SLD, MDS with ring sideroblasts and single lineage dysplasia; MDS-RS-MLD, MDS
with ring sideroblasts and multilineage dysplasia; MDS-EB, MDS with excess blasts; MDS-U, MDS with unclassifiable.
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