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Abstract Background Single nucleotide polymorphisms (SNPs) in vascular endothelial growth
factor A (VEGFA) are associated with susceptibility to several diseases including cancer.
Correlations between VEGFA rs3025020 genotypes with clinical and laboratory features
of primary myelofibrosis (PMF) are unstudied.
Methods DNA was analyzed by real-time polymerase chain reaction for VEGFA
rs3025020 genotypes in a cohort of 844 subjects with PMF and in two cohorts of
normal subjects (N¼247 and N¼ 107).
Results Frequency of rs3025020 minor allele (T) was not significantly different in
subjects with PMF compared with normals; however, the T-allele was more frequent in
PMF subjects with a calreticulin (CALR)-mutated genotype compared with normals (35
vs. 27%; OR¼1.47 [95% CI, 1.09, 1.98] p¼ 0.011), especially in subjects with a CALR-
type 2/type 2-like mutation (43 vs. 27%; OR¼2.01 [1.25, 3.24] p¼0.004). CALR
mutants with the rs3025020 TT genotype had higher CXCR4 expression on CD34-
positive blood cells, and those who carried CT/TT genotypes had lower platelet
concentrations compared with other genotypes at diagnosis. Overall, subjects with
the rs3025020 CT/TT genotype had a lower cumulative incidence of deep vein
thrombosis in typical sites (1.6 vs. 4.2%; OR¼ 0.37 [0.15, 0.90] p¼0.029) and longer
interval from diagnosis to first thrombosis (HR¼ 0.37 [0.14, 0.95] p¼0.039).
Conclusion Persons with PMF and the VEGFA rs3025020minor T-allele are more likely
to have a CALR mutation compared with other somatic driver mutations and lower
cumulative incidence and hazard for deep vein thrombosis in typical sites.
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Introduction

Primary myelofibrosis (PMF) is a myeloproliferative disor-
der mostly caused by gain-of-function driver mutations in
Janus kinase-2 (JAK2), calreticulin (CALR), or myeloprolif-
erative leukemia virus (MPL).1 Persons with these muta-
tions often have additional variations in ASXL1, EZH2,
DMNT3A, IDH1, and IDH2.2 However, the mutation topog-
raphy of PMF does not completely account for the different
phenotypes including clinical and laboratory co-variates
and risks of thrombosis, progression, and transformation
to acute myeloid leukemia. Other gene loci are also impor-
tant. For example, considerable data indicate some single
nucleotide polymorphisms (SNPs) such as JAK2, MECOM,
TERT, HBS1L-MYB, THRB-RARB, glucocorticoid receptor,
and monocyte chemoattractant protein-1 predispose to
developing PMF and/or correlate with clinical and prog-
nostic features.3–11

Vascular endothelial growth factor A (VEGFA) is a pro-
angiogenic protein correlated with the development and
progression of myeloproliferative neoplasms, including
PMF.12 SNPs in VEGFA are associated with susceptibility to
several diseases, including cancer.13–15 We now report cor-
relations between VEGFA rs3025020 genotypes and clinical
and laboratory features of PMF.

Materials and Methods

Study Population
Stored DNA from blood granulocytes of 844 consecutive
subjects with PMF, seen at the Center for the Study of
Myelofibrosis of the IRCCS Policlinico S. Matteo Foundation
in Pavia and included in a database, was the primary source
material of this study. Clinical data were collected on the
first visit and prospectively thereafter. Diagnosis was con-
firmed by reviewing the initial bone marrow biopsy and
based on the WHO diagnostic criteria at the time of their
first visit and re-classified according to 2017 revised WHO
criteria.16 After the first examination, visits were scheduled
every 6 months.

Control Populations
We used two control cohorts, one of healthy Italian partic-
ipants in a bonemarrowdonor registrywhoseblood samples
were anonymized (N¼247), and data generated from the
public database 1000 Genomes Project_Phase 3_EUR_Sub-
population (Tuscans in Italy) (N¼107).

SNP Analysis
DNA was isolated from blood granulocytes, obtained by
density gradient centrifugation, using the QIAamp DNA
Blood Mini Kit (QIAGENSciences Inc. Germantown, Mary-
land, United States). SNP genotyping used a pre-designed,
two-labeled (VIC-FAM) TaqMan Assay C_1647366_10
(Applied Biosystems, Foster City, California, United States).
Reactions were done on a CFX96 Realtime PCR Detection
System (Biorad Company, Hercules, California, United States)
according to the manufacturer’s instructions.

Data Analyzed
Data were collected at diagnosis and analyzed included age,
spleen size by clinical measurement, CBC with differential,
serum lactate dehydrogenase level and cholesterol concen-
tration, percentage of blood blasts, and International Prog-
nostic Scoring System (IPSS) risk category.17 Inmost subjects,
blood concentrations of CD34-positive cells,18 and blood
CXCR4 expression on CD34-positive cells were also quanti-
fied.19 Diagnoses of bone marrow biopsies were analyzed
and fibrosis graded according to EUMNET consensus crite-
ria.20 Cytogenetic analyses used standard techniques and
were reported according to the International System for
Human Cytogenetic Nomenclature criteria.21

JAK2V617F and MPLW515 were detected by the real-time
polymerase chain reaction or high-resolution melting anal-
yses. CALR mutations were identified by capillary electro-
phoresis and bi-directional sequencing. Next generation
sequencingwas used to detectmutations in selectedmyeloid
neoplasm-related genes. Genomic and transcript analyses
were performed using the diagnostic panel commercially
available Oncomine Myeloid Research Assay (Thermofisher,
Waltham, Massachusetts, United States). The genomic and
transcript analysis were performed with IonReporter soft-
ware applying the last release ofMyeloidworkflow (Thermo-
fisher). Variations causing missense, frameshift, an altered
stop/initiation codon, in-frame insertion/deletion or var-
iants affecting splice site were regarded as mutations.

Statistical Analyses
Analyses considered clinical and laboratory co-variates at
diagnosis. Continuous variables were presented as means
(þSD) or median with interquartile range (IQR). Categorical
variables were expressed as percentages. Pearson χ-test with
one degree of freedom was used to compare allele and
genotypes frequencies. Deviations from the Hardy-Weinberg
equilibrium were tested by the Fisher exact test.

The independent contribution of rs3025020 SNP to odds
of PMF phenotypes was assessed by logistic regression
analysis. Since this was an exploratory study, we did not
introduce a correction for multiple comparisons.22 End
points for associations with genotypes were blast transfor-
mation-free survival and survival. We further analyzed the
outcome ofmajor thromboses, including arterial thromboses
(myocardial infarction, stroke), deep vein thrombosis and
pulmonary embolism, and thrombosis in atypical sites (por-
tal vein thrombosis, Budd-Chiari syndrome, and cerebral
sinus thrombosis). Competing risk analysis was used to
compute thrombosis cumulative incidence rates, considering
overall mortality as the competing event. The Fine and Gray
competing risks regression was used to study the determi-
nants of thromboses.23 Subhazard ratio (sHR) and 95% CI
were computed. In this analysis, conventional risk factors
measured at diagnosis, including age, sex, JAK2V617F muta-
tion, CALR mutation, white-blood cell count were analyzed.
In multivariable regression, non-collinear variables associat-
ed with thrombosis with p<0.1 at univariable analysis, and
with a frequency of missing values lower than 20%, were
used to assess whether VEGFA rs3025020 status
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independently predicted thrombotic occurrence. Results
were considered statistically significant when two-sided p-
values were less than 0.05. These computations were per-
formed with STATA 12 (Stata Corporation, College Station,
Texas, United States).

All other computations were performed with STATISTICA
software (Dell Technologies Inc. Round Rock, Texas, United
States).

Results

Demographic and clinical co-variates of the 844 subjects
with PMF are displayed in ►Table 1. In total, 499 were male
(59%). Median age was 52 years (IQR, 40–61). Fifty-seven
percent had a prefibrotic myelofibrosis. The IPSS risk distri-
butionwas low in 61%, intermediate-1 in 17%, intermediate-
2 in 14%, and high in 9% of the subjects. JAK2V617F was

Table 1 Baseline characteristics of subjects with primary myelofibrosis at diagnosis analyzed for rs3025020 VEGFA polymorphism

Primary myelofibrosis (N¼844)

Demography

Age, y, median (IQR) 52 (40–61)

Sex male, N (%) 499 (59.1)

Clinical-hematological co-variates

Hemoglobin, g/L, mean (�SD) 128 (29)

White blood cell count�10Eþ 9/L, mean (�SD) 9.9 (6.4)

Platelet count� 10Eþ9/L, mean (�SD) 510 (347)

Monocyte count�10Eþ 9/L, mean (�SD) 606 (507)

Spleen size, cm Eþ 2, mean (�SD) 148 (99)

IPSS score, low, N (%) 515 (61)

IPSS score, intermediate-1, N (%) 144 (17)

IPSS score, intermediate-2, N (%) 110 (13)

IPSS score, high, N (%) 77 (9)

Plasma LDH, x ULN, mean (�SD) 1.64 (1.13)

Serum cholesterol, mg/dL, mean (�SD) 159 (43)

Blood CD34-positive cells� 10Eþ6/L, mean (�SD) 59 (160)

CXCR4 expression on blood CD34-positive
cells, %, mean (�SD)

42 (25)

Molecular characteristics

JAK2V617F N (%) 541 (65.7)

CALR mutation, N (%) 171 (20.7)

MPL mutation, N (%) 44 (53.5)

Triple negative, N (%) 67 (8.1)

ASXL1 or EZH2 mutations,

• positive, N (%) 45 (18.7)

• negative, N (%) 195 (81.3)

Bone marrow histology (fibrosis)

Grade-0, N (%) 259 (30.8)

Grade-1, N (%) 225 (26.7)

Grade-2, N (%) 241 (28.6)

Grade-3, N (%) 117 (13.9)

Abbreviations: IQR, interquartile range; LDH, lactic dehydrogenase; SD, standard deviation; Triple negative, subjects without any of the
myeloproliferative neoplasm driver mutations (JAK2V617F, CALR, MPLW515); ULN, upper limit of normal.
Note: Spleen size was measured using the spleen index calculated by multiplying the length of the longitudinal axis by the transverse axis. Monocyte
concentration was available in 452 subjects; plasma LDH activity was available in 469 subjects; serum cholesterol concentration was available in 421
subjects; blood CD34-positive cell concentration was available in 398 subjects; CXCR4 expression on CD34-positive blood cells was available in 295
subjects.
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detected in 66% of subjects tested, 60% of whom had a
heterozygous mutation, and 40% had a homozygous muta-
tion. Thirty-nine of 136 subjects tested by cytogenetics (29%)
had an abnormal karyotype. A total of 72 subjects (14%) had
died after a median follow-up of 77 months (IQR, 36–150).
Median survival is 21 years. Eighty-eight subjects (17%) had
blast transformation (BT) at a median of 26 years.

Association with VEGFA rs3025020
Genotype frequency distributions of VEGFA rs3025020 were
consistent with the Hardy-Weinberg equilibrium in subjects
with PMF and controls. Frequencies of the VEGFA rs3025020
alleles in PMF subjects did not differ significantly from local
controls (OR¼1.19 [0.95, 1.40] p¼0.11), and “Tuscans in
Italy” cohort (OR¼1.02 [0.75, 1.39] p¼0.89; ►Table 2).

VEGFA rs3025020 SNP and PMF Somatic Driver
Mutations
PMF cohorts defined by the somatic driver mutations, i.e.,
JAK2V617F, CALR, MPL mutants, or the so-called “triple nega-
tive” (no detectable driver mutation) were in Hardy-Wein-
berg equilibrium (►Supplementary Table S1). Compared
with local healthy controls, rs3025020 T-allele variant was
not enriched in subjects with JAK2V617F (28.8 vs. 27.1%;
OR¼1.0 [0.85, 1.37] p¼0.49). Conversely, in subjects with-
out JAK2V617F the VEGFA rs3025020 T-allele was more fre-
quent than in the local controls (34 vs. 27.1%; OR, 1.39 [1.04,
1.80] p¼0.015), andwas higher than subjects with JAK2V617F

(37.2 vs. 28.8%; OR¼1.27 [1.02, 1.58] p¼0.028).
Subjects with a CALR mutation had a higher VEGFA

rs3025020 T-allele frequency compared with local controls
(35.4 vs. 27.1%; OR¼1.47 [1.09, 1.98] p¼0.011), mostly
because of an increased frequency in subjects with a CALR-
type 2/type 2-likemutation comparedwith controls (42.8 vs.
27.1%; OR¼2.01 [1.25, 3.24] p¼0.004).

VEGFA rs3025020 Genotype and PMF Co-variates
Associations between VEGFA rs3025020 genotypes and PMF
co-variates at diagnosis are displayed in ►Supplementary

Table S2. There were no significant correlations with age or
sex. Subjects with the CT/TT genotype had a higher mean
white blood cell (WBC) count compared with the CC geno-
type (10.4 vs. 9.5�10Eþ9/L; p¼0.04). Subjects with the

VEGFA rs3025020 TT genotype had higher mean CXCR4
expression on CD34-positive cells compared with those
with the CC/CT genotypes (54.4 vs. 40.8%; p¼0.005). We
detected no significant association between rs3025020 ge-
notype and frequency of non-driver clonal mutations, cyto-
genetic abnormalities, or degree of bone marrow fibrosis at
diagnosis.

We found inconsistent correlations between WBC or
CXCR4 expression on CD34-positive cells and driver muta-
tions in the whole cohort of PMF subjects. The association
between VEGFA rs3025020 CT/TT genotype and higher mean
WBC count was statistically significant only in JAK2V617F

cohorts (11.5 vs. 9.8�10Eþ9/L; p¼0.005;
►Supplementary Table S3), and was only significant in
subjects with an allele burden>50% (homozygous genotype)
(14.7 vs. 11.3�10E9/L; p¼0.002) (►Supplementary

Table S4). Higher CXCR4 expression on CD34-positive cells
was significant in subjects with the rs3025020 TT genotype
compared with the CT/CC genotype only in subjects without
JAK2V617F (59.9 vs. 23.7%; p¼0.002; ►Supplementary

Table S5), and this association was detected only in subjects
with a CALR mutation (►Supplementary Tables S6–S10>).

We also detected an association between the VEGFA
rs3025020 CT/TT genotype and a lower platelet concentra-
tion compared with the CC genotype in subjects with a CALR
mutation (mean: 629 vs. 782�10Eþ9/L; p¼0.013;
►Supplementary Table S7). Associations of the VEGFA
rs3025020 CT/TT genotype with a lower platelet concentra-
tion at diagnosis and the rs3025020 TT genotype with higher
CXCR4 expression on CD34-positive cells were detected in
type 1/type 1-like and type 2/type 2-like CALR mutation but
were statistically significant in type 2/type 2-like CALR
mutation (993 vs. 617�10Eþ/L; p¼0.0031; and 69 vs.
32%; p<0.001; ►Supplementary Table S8).

VEGFA rs3025020 Genotype and Thrombosis
In total, 168 subjects (20%) had a major thrombotic event.
Cumulative frequency of the first thrombotic event was 8.7,
10.4 and 15.9% in CARL- and MPL-mutated and triple
negative individuals, respectively. On the contrary, subjects
carrying the JAK2V617F mutation had the highest risk of
thrombosis compared with all the other groups (25.2%).
56.5% of the subjects had vein thrombosis in atypical sites,

Table 2 Genotype and allele frequencies of the rs3025020 polymorphism of VEGFA in 844 patients with primary myelofibrosis
(PMF), 247 subjects of healthy control population, and 107 subjects reported from “Tuscan from Italy”

N rs3025020 polymorphism

CC CT TT CC/CT CT/TT T allele frequency

PMF subjects, N (%) 844 407
(48.2)

354
(41,9)

83
(9.8)

761
(90.2)

437
(51.8)

520/1688
(30.8)

Local healthy controls, N (%) 247 134
(54.3)

92
(37.2)

21
(8.5)

226
(91.4)

113
(45.7)

134/494
(27.1)

Tuscans from Italy, N (%) 107 51
(47.7)

47
(43.9)

9
(8.4)

98
(91.6)

56
(52.3)

65/214
(30)
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77% of which were synchronous with PMF diagnosis
(►Table 3). Twenty-nine percent of the subjects had arterial
thrombosis and 14.3% had deep vein thrombosis in typical
sites. The frequency of thrombotic events was lower in
subjects with the VEGFA rs3025020 CT/TT genotypes
compared with those with the VEGFA rs3025020 CC geno-
type (17.8 vs. 22.1%; OR, 0.76 [0.54, 1.07] p¼0.117). A lower
frequency of thrombotic events in subjects with the VEGFA
rs3025020 CT/TT genotype was detected in the three
thrombosis categories but significant only in the deep
vein thromboses in typical site category (OR¼0.37 [0.15,
0.90] p¼0.029). Subjects with the rs3025020 TT or CT
genotype (N¼437) developed seven events (1.6%), with a
post-diagnosis cumulative event rate of 0.21 per 100 per-
son-years compared with a VEGFA rs3025020 CC genotype
(N¼406) who had 17 events (4.2%) with a post-diagnosis
cumulative event rate of 0.60 per 100 person–years
(p¼0.025).

With the KM analysis, the VEGFA rs3025020 genotype
was significantly associated with the risk of incurring into

deep vein thromboses in typical sites; it resulted higher in
patients who had CC genotype with respect to those with
CT/TT genotype (HR¼0.37 [0.14, 0.95] p¼0.038). With
the Fine and Gray model, with thrombotic event of inter-
est and overall mortality of the competing risk, the
cumulative incidence of deep vein thrombosis in typical
sites at the end of follow-up was 6.7% (95% CI, 3.1, 12.2)
(►Fig. 1). When refining the assessment of VEGFA
rs3025020 status for the risk of thrombosis, we showed
an increase in risk for CC genotype with respect to CT/TT
genotype, with sHR for CT/TT 0.37 (0.14, 0.95) p¼0.039.
At the time of thrombosis, 17% of patients were under
cytoreductive therapy (90% hydroxyurea). Cytoreductive
therapy use was not a prognostic factor of longer throm-
bosis free survival in the Cox proportional hazards
model. When the sHR of thrombotic events was adjusted
for the risk factors for thrombosis, the outcome resulted
independently predicted by the VEGFA rs3025020 CC
genotype and by older age at the initial assessment
(►Table 4).

Table 3 Major thrombotic events stratified for rs3025020 VEGFA polymorphism

rs3025020 polymorphism CC vs. CT/TT
Odds ratio
(95% CI)

TT vs. CC/CT
Odds ratio
(95% CI)

All cases CC CT TT CC/CT CT/TT

843 406 354 83 760 437

Overall thrombotic events, N
(% of PMF cases)

168
(19.9)

90
(22.1)

66
(18.6)

12
(14.4)

156
(20.5)

78
(17.8)

0.76 (0.54, 1.07)
p¼ 0.11

0.65 (0.34, 1.23)
p¼ 0.19

Arterial thrombosis, N (% of
PMF cases)

49
(5.8)

28
(6.9)

17
(4.8)

4
(4.8)

45
(5.9)

21
(4.9

0.68 (0.38,1.22)
p¼ 0.19

0.80 (0.28, 2.29)
p¼ 0.68

• In year before diagnosis, N
(% of thromboses)

14
(28.6)

7
(25)

7
(41.2)

0
(0)

14
(31.1)

7
(33.3)

• At diagnosis, N (% of
thromboses)

12
(24.5)

9
(32.1)

2
(11.8)

1
(25)

11
(24.4)

3
(14.3)

• After diagnosis, N (% of
thromboses)

23
(46.9)

12
(42.8)

8
(47.1)

3
(75)

20
(44.4)

11
(52.4)

Deep vein thrombosis in
typical sites, N (% of PMF
cases)

24
(2.8)

17
(4.2)

7
(1.9)

0
(0)

24
(3.1)

7
(1.6)

0.37 (0.15, 0.91)
p¼ 0,029

0.18 (0.01, 2.98)
p¼ 0.23

• In year before diagnosis, N
(% of thromboses)

3
(12.5)

2
(11.8)

1
(14.3)

0
(0)

3
(12.5)

1
(14.3)

• At diagnosis, N (% of
thromboses)

5
(28.8)

3
(17.6)

2
(28.6)

0
(0)

5
(20.8)

2
(28.6)

• After diagnosis, N (% of
thromboses)

16
(66.6)

12
(70.6)

4
(23.5)

0
(0)

16
(66.6)

4
(57.1)

Venous thrombosis in
atypical sites, N (% of PMF
cases)

95
(11.3)

45
(11.1)

42
(11.9)

8
(9.6)

87
(11.4)

50
(11.4)

1.03 (0.67, 1.59)
p¼ 0.86

1.76 (0.79, 3.93)
p¼ 0.16

• In year before diagnosis, N
(% of thromboses)

7
(7.4)

1
(2.2)

5
(11.9)

1
(12.5)

6
(6.9)

6
(12)

• At diagnosis, N (% of
thromboses)

73
(76.8)

37
(82.2)

29
(69)

7
(87.5)

66
(75.9)

36
(72)

• After diagnosis, N (% of
thromboses)

15
(15.8)

7
(15.5)

8
(19)

0
(0)

15
(17.2)

8
(16)

Abbreviation: PMF, primary myelofibrosis.
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VEGFA rs3025020 Genotypes and Survival
We detected no significant correlations between VEGFA
rs3025020 genotypes and survival or risk of BT (HR, 1.02
[0.78, 1.34] p¼0.88; HR¼1.14 [0.82, 1.56] p¼0.42).

Discussion

Our study indicates that persons with PMF with a CALR
mutation, especially type 2/type 2-like, have an increased
frequency of T-allele VEGFA rs3025020 genotypes. This
association is in keeping with data of other SNPs in persons
with MPNs. Trifa et al reported associations of TERT
rs2736100 and MECOM rs2201862 genotypes with CALR-
mutated MPNs.7 The TERT rs2736100 correlation was inde-
pendent of molecular subtype, whereas the MECOM
rs2201862 T-allele genotype was restricted to patients
with type-1/type-1-like mutations. Lighezan et al reported
associations between TET2 rs1548483 genotype and
JAK2V617F- and CALR-mutated PMF, especially with CALR-
type 2 mutations.24

The imbalance of rs3025020 frequency in CALR-mutated
PMF may arise directly from an effect(s) of the VEGFA
polymorphism or linkage to other gene(s).We found subjects
with a CALR mutation with the VEGFA rs3025020 T-allele
genotype having lower platelet concentrations at diagnosis
than other VEGFA rs3025020 genotypes, and those with the
TT genotype having higher CXCR4 expression on CD34-
positive cells compared with other genotypes. These corre-
lations were strongest in subjects with CALR- type 2/type 2-
like mutations.

In CALR-mutated PMF persons, thrombocytosis is the
dominant phenotype reflecting myeloproliferation; in PMF,
reduced CXCR4 expression on CD34-positive cells is associ-
ated with disease activity and poor prognosis.19 This implies
that the VEGFA rs3025020 T-allele acts directly, or through
tight linkage to another gene(s), to regulate
myeloproliferation/disease activity in this setting. The cor-

relations we found in CALR-mutated persons were poorly
consistent across other driver mutations: in persons with
homozygous JAK2V617F mutations we found association of
the CT/TT genotype with a higher WBC concentration at
diagnosis. The mechanism(s) underlying this requires fur-
ther study.

The most interesting and clinically-important correlation
we detected was the association between rs3025020 and
thrombosis risk. The high incidence of thrombosis in our
subjects allowed us to distinguish between arterial and deep
vein thromboses in typical and atypical sites. Subjects with a
rs3025020 T-allele genotype had a lower cumulative inci-
dence and hazard of thromboses, particularly deep vein
thrombosis in typical sites. Current knowledge about the
potential impact of the VEGFA rs3025020 on angiogenesis
and endothelial function is limited and the mechanism(s)
unknown.

The low frequency of deep vein thrombosis in our series
did not allow to dissect whether the different PMF driver
clonal mutations had influence on the risk of thrombosis.
However, the coincidence of high susceptibility to CALR
mutation and low risk of thrombosis in subjects bearing
the T-allele of rs3025020 VEGFA polymorphism claims for a
hypothetical explanation of the low risk of thrombosis in
CALR-mutated PMF reported in literature25 (we confirmed in
this study).

Our study has limitations. First, it was retrospective,
limiting the validity of interpreting some results, especially
comparisons of rates and hazards of thromboses. Second, not
adjusting for multiple comparison might result in false
positives. However, the results of this study clearly illustrate
and prove the concept that the constitutional genetic back-
ground is an important determinant of the risk of thrombosis
in PMF.

In conclusion, we found that persons with PMF and VEGFA
rs3025020minor T-allele genotypes are more likely to have a
CALR driver mutation compared with other driver mutations
and a lower cumulative incidence and hazard for deep vein
thrombosis in typical sites. If validated there may be clinical
and therapy implications.

Fig. 1 Cumulative incidence of deep vein thrombosis in typical sites
in 844 subjects with PMF stratified for the rs3025020 VEGFA poly-
morphism genotypes: subjects with CT/TT genotype had a significant
lower risk of thrombosis (p¼ 0.039).

Table 4 Multivariate proportional hazards regression:
predictive factors for deep vein thrombosis in typical sites

Parameter Hazard
ratio

95%
confidence
interval

p-Value

Age at diagnosis >65 y 3.08 1.21, 7.82 0.018

rs3025020 CT/TT 0.38 0.15, 0.96 0.042

CALR-mutated 0.55 0.13, 2.28 0.411

WBC count >12�10Eþ9/L 1.31 0.51, 3.41 0.577

JAK2V617F-positive 0.86 0.29, 2.52 0.782

Sex, male 0.75 0.30, 1.86 0.537

Abbreviations: CALR, calreticulin; WBC, white blood cells.
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What Is Known on This Topic?

• Vascular endothelial growth factor A (VEGFA) is a
special type of cytokine, which is secreted by various
cells such as vascular endothelial cells, and plays an
important role in regulating blood vessel formation,
tumor growth and development and atherosclerosis.
VEGFA is known to exert a major influence on the
development and progression of primary myelofibro-
sis (PMF).

• The human VEGFA gene is located on chromosome
6p21.3, whose single nucleotide polymorphisms
(SNPs) can affect gene expression by altering key
regulatory sequences or by altering mRNA stability
at key regulatory loci.

• rs3025020 VEGFA gene polymorphism is a predispos-
ing polymorphism for many diseases including malig-
nancy. No documentation of increased susceptibility
to vascular disease has been reported. Correlations
between VEGFA rs3025020 genotypes with clinical
and laboratory features of PMF are unstudied.

What Does This Paper Add?

• Subjects with PMF who carry the minor T-allele of the
rs3025020 VEGFA polymorphism emerged as enriched
in the CALR-mutated PMF.

• CALR-mutated subjects who carry VEGFA rs3025020
CT/TT genotypes displayed lower platelet count and
those carrying TT genotype displayed higher expres-
sion of CXCR4 on CD34-positive cells, both markers of
myeloproliferation/disease activity.

• Individuals who carry the T-allele of VEGFA rs3025020
had an overall lower risk of deep vein thrombosis in
typical sites.

• Higher susceptibility of the VEGFA rs3025020 T-allele
in CALR-mutated PMF and lower risk of thrombosis in
individuals carrying the T-allele provide a hypothetical
explanation of the known low-thrombotic risk in
CALR-mutated PMF.
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