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Abstract. Background/Aim: We aimed to investigate clinical
associations of inflammatory biomarkers neutrophil-to-
lymphocyte-ratio (NLR) and platelet-to-lymphocyte-ratio (PLR)
in patients with myelofibrosis, myeloproliferative neoplasm
with inflammatory background. Patients and Methods: We
retrospectively analyzed a cohort of 102 myelofibrosis patients.
NLR and PLR were assessed in addition to other disease-
specific parameters. Results: NLR and PLR were significantly
higher in myelofibrosis than in healthy controls. Higher NLR
was significantly associated with Janus-kinase-2 (JAK2)-
mutation, wild-type-Calreticulin (CALR), older age and
parameters reflecting increased proliferative potential of
disease (higher leukocytes, higher hemoglobin, larger spleen-
size), whereas there was no significant association with
C-reactive-protein (CRP). Higher PLR was significantly
associated with absence of blast-phase-disease, absence of
constitutional-symptoms, lower percentage-of-circulatory-
blasts, smaller spleen-size and lower CRP. In the Cox-
regression-model, higher-NLR (HR=2.76, p=0.004), lower-
PLR (HR=1.99; p=0.042) and Dynamic-International-
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Prognostic-System (DIPSS) (HR=3.26; p<0.001) predicted
inferior survival independently of each other. Conclusion: In
the context of myelofibrosis, elevated NLR and PLR are more
likely to represent myeloproliferation itself and not necessary
the extent of inflammation.

Primary myelofibrosis (PMF) is a clonal disorder of
hematopoietic stem cells (1) resulting in enhanced neoplastic
myeloproliferation and increased inflammation. It is classified
as a Philadelphia chromosome negative myeloproliferative
neoplasm (Ph-MPN) together with polycythemia vera (PV)
and essential thrombocytosis (ET) (2). Most of Ph- MPN
patients bear somatic mutations in either Janus-kinase-2
(JAK2), calreticulin (CALR) or myeloproliferative-leukemia-
virus-oncogene (MPL) genes (3) that consequently activate
JAK/signal-transducer-and-activator-of-transcription (STAT)
signaling pathway, resulting in profound chronic
inflammation (4, 5). PMF shows the most aggressive
biological behavior among Ph- MPNs and bears the highest
risk of disease progression and death (6). Clinical
characteristics of PMF include proliferation or cytopenias of
various myeloid lineages, elevated number of circulatory
blasts, development of bone marrow fibrosis, extramedullary
hematopoiesis in enlarged spleen and liver, and development
of often debilitating constitutional symptoms. PV and ET
patients can develop bone marrow fibrosis and clinical
characteristics resembling PMF during the course of the
disease when this condition is termed secondary
myelofibrosis (SMF) (7). Risk of death in myelofibrosis

3157



ANTICANCER RESEARCH 38: 3157-3163 (2018)

patients is usually assessed using the International Prognostic
Scoring System (IPSS) (8), the Dynamic IPSS (DIPSS) (9)
and DIPSS-plus (10) that take age >65 years, hemoglobin
<100 g/1, white blood cells (WBC) >25><109/l, circulatory
blasts =1% and presence of constitutional symptoms into
account (IPSS at the time of diagnosis and DIPSS during
course of the disease). DIPSS-plus additionally includes
platelets <100x10%/1, transfusion dependency and poor risk
cytogenetics as adverse prognostic factors.

Neutrophil-to-lymphocyte-ratio (NLR) and platelet-to-
lymphocyte-ratio (PLR) are inflammatory biomarkers that
have been consistently associated with poor clinical outcomes
in a variety of malignant (11-15) and cardiovascular diseases
(16-19) when elevated. Ph- MPNs are burdened with
significant cardiovascular morbidity (20) and many predictors
of decreased cardiovascular survival were shown to be
prognostic in myelofibrosis as well (21-25). However, NLR
and PLR have not been thoroughly studied in Ph- MPN
patients so far. Therefore, we aimed to investigate clinical
associations of NLR and PLR, and to assess their prognostic
properties in the context of myelofibrosis.

Patients and Methods

A total of 102 patients with myelofibrosis who were evaluated in
our institution in the period from 2006 to 2018 and were fulfilling
2016 WHO criteria (2) for PMF and IWG-MRT (7) criteria for
SMF diagnosis were retrospectively analyzed. There were 80
(78.4%) patients with PMF and 22 (21.6%) patients with SMF. A
total of 82 (80.4%) patients were evaluated at the time of
diagnosis and 20 (19.6%) patients were evaluated at the time of
referral. All procedures were in accordance with the ethical
standards of the responsible committee on human experimentation
(institutional or regional) and with the Helsinki Declaration of
1975, as revised in 1983. All patients provided written informed
consent for molecular analyses. The study was approved by the
Institutional Review Board.

Patients were staged according to the DIPSS prognostic scoring
system (9). Spleen and liver size were assessed by palpation. Bone
marrow fibrosis was graded according to the current European
consensus (26). Hematological and disease specific clinical
parameters were recorded (age, gender, WBC, differential blood
count, circulatory blasts, hemoglobin level, mean corpuscular volume
(MCV), red cell distribution width (RDW), platelets, mean platelet
volume (MPV), C reactive protein (CRP), lactate dehydrogenase
(LDH), serum albumin, serum iron, total iron binding capacity
(TIBC), ferritin, transfusion dependency, presence of constitutional
symptoms, blast phase disease, JAK2, CALR or MPL mutational
status). NLR and PLR values of PMF and SMF patients were
compared to 30 age and gender matched healthy controls.

Molecular analyses. For molecular analyses, DNA was isolated from
blood by QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany,
ID 51104). JAK2 V617F was assessed by allele-specific PCR as
described previously (27), CALRI and MPL exon 10 mutations were
screened by high-resolution melting dye assays (28, 29) and any
sample sequence that deviated from normal was Sanger sequenced.
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Statistical methods. The normality of data distribution was tested
using the Kolmogorov-Smirnov test. Numerical variables were
presented as median and interquartile range (IQR), or as arithmetic
meantstandard deviation depending on normality of data
distribution. Categorical variables were presented as proportions.
The Mann Whitney U-test, the Kruskal-Wallis test, the 2 (Chi
squared) test and the Spearman rank correlation were used where
appropriate. Survival analyses (30) were performed using methods
of Kaplan and Meier, the Cox-Mantel version of the log-rank test
(31) and the Cox regression analysis. Receiver operating
characteristic (ROC) curve analysis using survival status as a
classification variable was performed for determining optimal cut-
off values for survival analyses. p-Values<0.05 were considered
statistically significant. Associations of different prognostic factors
with survival were screened for using custom made MS Excel
workbook (32). Analyses were performed using MedCalc Statistical
Software version 18 (MedCalc Software BVBA, Ostend, Belgium).

Results

Patient characteristics. A total of 102 myelofibrosis patients
were analyzed. Mean age was 65.7+£10.8 years, there were
61/102 (59.8%) male patients. Patients’ characteristics are
shown in Table I.

Median follow-up of our cohort was 66 months. Median
survival was 70 months, there was no difference in survival
between PMF and SMF patients (p=0.570).

Clinical associations of NLR. Median NLR in our
myelofibrosis cohort was 4.8 IQR (2.7-8.2). NLR statistically
significantly differed between diseased patients and controls
(p<0.001): both PMF and SMF patients had similar NLR
(median NLR 4.9 vs. 4 for PMF and SMF patients,
respectively; p=0.739), and both PMF and SMF patients had
higher NLR than healthy controls (median NLR 1.4 for
controls, p<0.05 for both comparisons) as shown In Figure
1A.

Higher NLR values were statistically significantly
associated with higher WBC count (Rho 0.54; p<0.001),
higher absolute neutrophil count (Rho 0.78; p<0.001) and
lower absolute lymphocyte count (Rho -0.25; p=0.012) as
expected from NLR definition. In addition, higher NLR
values were observed in JAK2 mutated patients (median
NLR 2.9 vs. 6.4 for JAK2 wild type and mutated patients,
respectively; p<0.001), CALR wild type patients (median
NLR 6.3 vs. 2.7 for CALR wild type and mutated patients,
respectively; p<0.001) and in patients without blast phase
disease (median NLR 2.4 vs. 5 for patients with and without
blast phase disease, respectively; p=0.010). Higher NLR
values were also statistically significantly associated with
older age (Rho 0.27; p=0.007), higher hemoglobin (Rho
0.21; p=0.033), lower percentage of circulatory blasts
(Rho -0.22; p=0.026), higher absolute monocyte count (Rho
0.47; p<0.001), higher absolute basophil count (Rho 0.43;
p<0.001), higher absolute eosinophil count (Rho 0.35;
p<0.001), larger liver (Rho 0.21; p=0.039), larger spleen
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Table 1. Patient characteristics.

Number of patients 102
Diagnosis
PMF 80/102 (78.4%)

SMF 22/102 (21.6%)
Age (years) 65.7+10.8
Gender

Male 61/102 (59.8%)

Female 41/102 (40.2%)
Bone marrow fibrosis

Grade 0-1 45/102 (44.1%)

Grade II-11I
JAK?2 mutated
CALR mutated
MPL mutated
Constitutional symptoms
Massive splenomegaly
Blast phase disease
WBC (x109/1)
Absolute neutrophil count
Absolute lymphocyte count
=1% circulatory blasts
Hemoglobin level (g/)
Platelets (x109/1)

57/102 (55.9%)
60/99 (60.6%)
12/76 (15.8%)

2/76 (2.6%)

35/101 (34.7%)
30/94 (31.9%)
9/102 (8.8%)

10.8 IQR (6.9-16.6)
74 IQR (3.9-12.1)
1.5 IQR (1-1.9)
38/102 (37.3%)
1142252

348.5 IQR (185.5-574)

RDW (%) 19.5 IQR (17.6-21.2)
LDH (U/) 538.5 IQR (336.8-758.5)
CRP (mg/l) 4.7 IQR (2-14.1)

NLR 48 IQR (2.7-8.2)

PLR 258 IQR (118-437.4)

PMF: Primary myelofibrosis; SMF: secondary myelofibrosis; JAK2:
Janus kinase 2; CALR: calreticulin; MPL: myeloproliferative leukemia
virus oncogene; WBC: white blood cells; IQR: interquartile range;
RDW: red cell distribution width; LDH: lactate dehydrogenase; CRP:
C reactive protein; NLR: neutrophil to lymphocyte ratio; PLR: platelet
to lymphocyte ratio.

(Rho 0.21; p=0.038), lower serum iron (Rho -0.33;
p=0.002), higher TIBC (Rho 0.22; p=0.042), lower
transferrin saturation (Rho -0.35; p=0.001) and lower
ferritin (Rho —0.31; p=0.034). NLR showed no statistically
significant association with degree of bone marrow fibrosis
(»=0.850), DIPSS risk category (p=0.773), CRP (p=0.448)
or other tested parameters.

Clinical associations of PLR. Median PLR in our myelofibrosis
cohort was 258 IQR (118-437.4). PLR statistically significantly
differed between diseased patients and controls (p<0.001): both
PMF and SMF patients had similar PLR (median PLR 258 vs.
238.7 for PMF and SMF patients, respectively; p=0.977), and
both PMF and SMF patients had higher PLR than healthy
controls (median PLR 91.8 for controls, p<0.05 for both
comparisons) as shown in Figure 1B.

Higher PLR values showed statistically significant
association with higher platelets (Rho 0.78; p<0.001) and
lower absolute lymphocyte count (Rho —0.42; p<0.001) as
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Figure 1. Both primary (PMF) and secondary myelofibrosis (SMF)
patients presented with elevated A) neutrophil to lymphocyte ratio
(NLR) and B) platelet to lymphocyte ratio (PLR) in comparison to
controls. n.s.: Non-significant.

expected from PLR definition. In addition, higher PLR
values were observed in patients with an absence of blast
phase disease (median PLR 59.4 vs. 2694 for patients with
and without blast phase disease, respectively; p=0.010) and
patients with an absence of constitutional symptoms (median
PLR 158.7 vs. 277.3 for patients with and without
constitutional symptoms, respectively; p=0.015). Higher
PLR values were also statistically significantly associated
with lower percentage of circulatory blasts (Rho —0.32;
p=0.001), lower spleen size (Rho —0.24; p=0.021), lower
CRP (Rho -0.33; p=0.002), lower serum iron (Rho —0.29;
p=0.006), higher TIBC (Rho 0.32; p=0.003), lower
transferrin saturation (Rho -0.34; p=0.001), lower ferritin
(Rho -0.35; p=0.014) and lower MPV (Rho -0.3; p=0.002).
PLR showed weak association with lower DIPSS risk
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A) Overall survival by NLR

Table II. Cox regression model comparing prognostic properties of
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and the Dynamic International Prognostic Scoring System
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Figure 2. Overall survival of myelofibrosis patients stratified by A)
neutrophil to lymphocyte ratio (NLR) and B) platelet to lymphocyte
ratio (PLR). HR: Hazard ratio.

categories that was of borderline statistical significance
(Rho —0.2; p=0.052). PLR showed no statistically significant
association with any of the driver mutations (p>0.05 for
associations with JAK2, CALR and MPL), degree of bone
marrow fibrosis (p=0.240) or other tested parameters.

NLR and PLR were statistically significantly correlated
(Rho 0.31; p=0.002).

Negative prognostic implications of high NLR and low PLR.
We determined optimal cut-off values for NLR and PLR for
survival analyses using ROC-curve analysis and separated
patients in groups with NLR =10 (higher NLR) and NLR
<10 (lower NLR) as well as PLR =275 (higher PLR) and
PLR <275 (lower PLR). In the univariate analyses, patients
with myelofibrosis and higher NLR experienced shorter
overall survival than patients with lower NLR (HR=2.05;
p=0.030) as shown in Figure 2A. On the opposite, patients
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*Statistically significant at p<0.05. HR: Hazard ratio; 95%CI: 95%
confidence interval.

Table III. Cox regression model comparing prognostic properties of
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), red cell distribution width (RDW) and C reactive protein (CRP).

HR and 95%CI p-Value
NLR =10 4.57 (1.97-10.59) <0.001%*
PLR <275 3.55 (1.64-7.72) 0.001*
RDW >17.9 2.81 (1.06-7.49) 0.039%*
CRP 1.01 (1-1.02) <0.001*

*Statistically significant at p<0.05. HR: Hazard ratio; 95%CI: 95%
confidence interval.

presenting with lower PLR experienced shorter overall
survival in comparison to patients with higher PLR
(HR=2.43; p=0.005) as shown in Figure 2B.

We performed a series of Cox regression models further
investigating prognostic properties of NLR and PLR. We
observed that both higher NLR (HR=2.43; p=0.010) and
lower PLR (HR=2.7; p=0.003) remained statistically
significant when analyzed together. These associations also
remained statistically significant in the second Cox
regression model additionally adjusted for DIPSS, where
both higher NLR (HR=2.76; p=0.004), lower PLR
(HR=1.99; p=0.042) and DIPSS (HR=3.26; p<0.001) were
able to predict poor survival independently of each other. We
further explored how higher NLR and lower PLR perform
when analyzed in the Cox regression model adjusted for
particular DIPSS-contained components (Table II): all
analyzed parameters except age remained statistically
significant and could predict poor survival independently of
each other suggesting that NLR and PLR provide additional
prognostic information and have a potential for improvement
in prognostication of myelofibrosis patients.
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In addition, we investigated prognostic properties of NLR
and PLR in comparison to CRP and RDW that are
inflammatory biomarkers with already recognized prognostic
implications in PMF: all four parameters remained
significantly associated with survival in the Cox regression
model shown in Table III. Therefore, all four inflammatory
biomarkers possess independent prognostic information and
seem to represent different underlying pathophysiologic
processes.

Discussion

To the best of our knowledge, our study is the first to
investigate clinical associations and prognostic properties of
NLR and PLR in patients with myelofibrosis, as well as to
report unexpected findings of lower PLR as a negative
prognostic parameter despite the high cardiovascular burden
specific for the disease.

We could not identify prior studies investigating NLR or
PLR in a population of myelofibrosis patients. However, two
smaller studies assessed NLR/PLR in different Ph- MPN
cohorts (33, 34). First study (33) suggested that NLR (among
other inflammatory parameters) was elevated in a
heterogenous cohort of Ph- MPN patients, which is in line
with our findings of increased NLR in a population of
myelofibrosis patients. NLR was not associated with history
of thrombosis. Second study (34) investigated possible
relationship between NLR and PLR and history of
thrombosis in a cohort of PV and ET patients and found no
significant association for both parameters as well. It is
interesting to note that patients with a history of an unwanted
event (prior thrombosis) had lower median PLR values
(although difference did not reach statistical significance), a
trend similar to our findings.

Increase in circulatory neutrophils and platelets due to
neoplastic myeloproliferation, and concurrent decrease in
circulatory lymphocytes (35, 36) due to unknown
mechanisms, are typical findings in myelofibrosis. Since
directions of changes in all three components favor rise in
NLR and PLR, it is not surprising that these two parameters
are elevated in comparison to healthy controls. However, in
the context of myelofibrosis, higher WBC (8), but lower
platelets (10) are recognized as negative prognostic
parameters. This also seems to be reflected in prognostic
associations of NLR and PLR since higher NLR, but lower
PLR were predictive of poor survival.

Most of myelofibrosis patients die from complications of
disease progression (bone marrow failure, leukemic
transformation). These patients are also heavily burdened
with cardiovascular comorbidities due to inflammation and
accelerated atherosclerosis. Therefore, we initially expected
opposite prognostic properties of PLR than observed. It
should be noted that the lower PLR subgroup of

myelofibrosis patients still had significantly higher PLR
than healthy controls (data not shown). In addition, the
lower PLR subgroup gathered patients with features of more
advanced disease (leukemic transformation, larger spleen,
higher percentage of circulatory blasts) and higher
inflammatory status (higher CRP, more frequently present
constitutional symptoms) which is reflected in higher
mortality. It is evident however, that higher elevation in
PLR does not represent stronger inflammation.

Higher NLR was associated with parameters reflecting
higher proliferative potential of disease (JAK2 mutation,
higher hemoglobin, higher WBC) and otherwise unfavorable
features (older age, wild type CALR (37), higher monocyte
and basophil counts (38)) which is reflected by higher
mortality risk. However, NLR did not correlate with CRP or
presence of constitutional symptoms. Interestingly, in the
multivariate Cox regression model including higher NLR,
lower PLR, CRP and RDW (all considered to represent
inflammatory biomarkers), all four parameters remained
statistically significant and predicted inferior survival
independently of each other, further implying that they
quantify different underlying pathophysiologic processes. In
addition, both higher NLR and lower PLR predicted inferior
survival independently of DIPSS and DIPSS containing
components suggesting that NLR and PLR have good
potential for improvement of prognostication in patients with
myelofibrosis.

Limitations of our study include its retrospective design,
single center experience, small number of patients and
heterogenous study population. Nevertheless, our results
provide interesting insight into the biology of
myeloproliferative neoplasms and should be further explored
in larger prospective cohorts of patients.

In conclusion, higher NLR, but lower PLR are associated
with decreased survival and possess strong DIPSS
independent prognostic properties. In the context of
myelofibrosis, elevated NLR and PLR are more likely to
represent myeloproliferation itself and not the extent of
inflammation.
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