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The neutrophil-to-lymphocyte ratio(NLR) is increased in chronic inflammation and myeloproliferative neoplasms (MPN). We
hypothesize that NLR is associated with all-cause mortality and mortality by comorbidity burden in the general population and
individuals with MPN. We included 835,430 individuals from The Danish General Suburban Population Study, general
practitioners, and outpatient clinics. We investigated NLR on mortality stratified by prevalent and incident MPN, essential
thrombocythemia (ET), polycythemia vera (PV), myelofibrosis (MF), comorbidity burden (CCl-score), and the Triple-A risk score
using hazard ratio (HR) and 95% confidence interval (95%Cl). NLR 1-1.9 was the reference level. During a median follow-up of
11.2 years, 197,802 deaths were recorded. All-cause mortality increased for a stepwise increasing NLR with a HR (95%Cl) for
NLR = 6 of 2.06(2.03-2.09) for the whole population and 2.93(2.44-3.50) in prevalent MPN. ET, PV, and MF had a HR (95%ClI) for
NLR = 2 of 2.14(1.71-2.69), 2.19(1.89-2.54), and 2.31(1.91-2.80). Results were similar for incident MPN. Mortality was higher for
stepwise increasing NLR and CCl-score(pinteraction < 2%107'6), with a HR for NLR = 6 of 2.23(2.17-2.29), 4.10(4.01-4.20), and
7.69(7.50-7.89), for CCl-score 0, 1-2, or =3. The Triple-A risk score demonstrated alignment with NLR. Increasing NLR and
comorbidity burden were associated with lower survival in individuals without MPN but were even worse in prevalent and

incident MPN, ET, PV, and MF.
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INTRODUCTION

The neutrophil-to-lymphocyte ratio (NLR) is a biomarker that
encapsulates chronic inflammation and immunity [1-3]. Elevated
NLR is associated with cardiovascular disease [4, 5], autoimmune
disease [6-8], cancer [9, 10], and all-cause mortality in the general
population [11, 12].

The Philadelphia chromosome-negative classical myeloproli-
ferative neoplasms (MPN) cover essential thrombocythemia (ET),
polycythemia vera (PV), and myelofibrosis (MF) [13, 14]. MPN
represents a heterogeneous group of acquired hematopoietic
stem cell diseases with clonal proliferation of one or more myeloid
cell lineages in addition to the clonal makers as the JAK2V617F,
CALR, and MPL mutations [15-17]. MPN is associated with an
elevated comorbidity burden [18, 19], particularly vascular
complications [19-21], and elevated NLR [22]. Neutrophils appear

to express high cellular heterogeneity and plasticity in different
inflammation-mediated diseases [23, 24] and circulate in an active
state in vivo in MPN [25]. Neutrophils can suppress the cytotoxicity
of T-lymphocyte and natural killer (NK) cells, reflecting impaired
immunity [26-29], which may enhance the clonal progression,
evolution, and immune escape of the malignant clone. Hence, NLR
may be a suitable biomarker in the clinic that integrates
information beyond the absolute neutrophil and lymphocyte
count. However, our knowledge of NLR as a predictor for all-cause
mortality and mortality by comorbidity burden in individuals with
and without MPN is largely unknown. Therefore, in a Danish
longitudinal study comprising 835,430 individuals, we hypothe-
sized if NLR is associated with all-cause mortality and mortality by
comorbidity burden in the general population and individuals
with MPN.
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MATERIALS AND METHODS

Study population

From 2010 to 2013, the Danish General Suburban Population Study
(GESUS) enrolled 21,205 individuals aged >20 years with anthropometric,
hematological, and biochemical measurements and a detailed question-
naire [30]. GESUS was approved by the regional ethical committee (SJ-114,
SJ-452), the Danish Data Protection Agency (REG-50-2015) and adheres to
the Declaration of Helsinki. We included 18,938 individuals from GESUS
based on the availability of blood cell counts (Population 1). In addition, we
identified 816,492 individuals aged =20 years and retrieved the first
occurring neutrophil and lymphocyte count through the Laboratory
Information Management Systems (LIMS) from four major geographical
locations in Denmark between 2000 and 2012. The LIMS cohorts consisted
of individuals from general practitioner visits (Population Il) and outpatient
clinics from the Capital Region hospitals, Region Zealand hospitals, and
Region North hospitals with no inpatient hospitalization or emergency
room visits +15 days from the first blood sample date (Population IlI-V).
Therefore, all blood count measurements were taken by clinical indication.
The total study population covering 835,430 was stratified by population
origin, Supplementary Fig. 1. Since all individuals in Denmark receive a
unique Civil Personal Register (CPR) number at birth or immigration as
recorded in the Danish Civil Registration System [31], we could uniquely
identify included individuals across different registries [31].

Blood cell count measurements

The first occurring blood sample date or participation in GESUS was used
with an absolute neutrophil granulocyte (ANC) and absolute lymphocyte
count (ALC). Blood cell counts were measured by flow cytometry and
impedance using Sysmex XE-2100 (GESUS) or XE-5000 (Sysmex Corpora-
tion) or ADVIA 120 Hematology System (Siemens Healthineers, Erlingen,
Germany). Biochemical measures included C-reactive protein (CRP). All
medical laboratories in Denmark are certified by the DS/EN 1SO-15189 with
internal and external quality control programs.

The ANC and ALC were categorized based on clinical reference intervals.
Neutropenia, normal range neutrophil count, and neutrocytosis were
defined as a neutrophil count of <2 x 10/L, =2 x 10%/L to <8.8 x 10°/L and
>8.8 x 10%/L, respectively. Lymphopenia, normal range lymphocyte count,
and lymphocytosis were defined as a lymphocyte count of <1.3 x 10%/L,
>1.3x 10%/L to 3.5 x 10%/L, and >3.5 x 10%/L, respectively. Individuals with
severe neutropenia (<0.5 X 109/L) or lymphopenia (<0.3 x 109/L) were not
included in the analysis (N = 1369).

The NLR, as exposure, was calculated as a proxy for chronic
inflammation and used on a continuous scale with a 1-increment in NLR,
categorized as NLR< 1, 1-1.9, 2-2.9, 3-3.9, 4-4.9, 5-5.9, =6 or NLR 1-1.9
and >2.

Covariates

Sex and date of birth were ascertained through the Danish Medical Birth
Registry [32] and the Danish Civil Registration System [31] to calculate age
at the first blood sample date. The highest attainable education was
ascertained through the Danish Education Registry [33] and classified as
unknown, primary school, high school, vocational training, bachelor, or
higher-level education.

Medication

Lipid-lowering and antihypertensive medication were used as proxies for
dyslipidemia and hypertension using the Anatomical Therapeutic Chemical
Classification System (ATC), Supplementary Table 1. Hypertension and
dyslipidemia were defined if =2 redeemed prescriptions were logged in
the Danish National Prescription Registry [34]. The first redeemed
prescription date was used to define any use prior to the first occurring
blood sample date. Since glucocorticoid use impacts both the ANC and
ALC, any redeemed prescription, defined by ATC H02AB, —15 days (early
exposure) or —16 to —30 days (late exposure) from the first blood sample
date or participation in GESUS was investigated.

Comorbidities

The comorbidity burden was assessed by the Charlsons Comorbidity Index
(CCI) [35, 36], Supplementary Table 2. Comorbidities were retrospectively
assessed across 19 major disease categories to calculate the CCl-score
using the Danish National Patient Registry (DNPR) [37] and the
International Classification of Diseases 8th and 10th editions (ICD8 and
ICD10). The first blood sample date or participation in GESUS was used as
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the index date for a retrospective assessment. CCl was categorized as 0,
1-2, and =3. Additional disease entities were retrospectively assessed,
including ischemic heart disease (IHD), chronic obstructive pulmonary
disease (COPD), cancer, and a composite arterial, and composite venous
disease variable, Supplementary Table 3.

MPN-diagnosis

Information on prevalent MPN disease at the first blood sample date or
participation in GESUS was obtained through DNPR, Supplementary Table
4. Incident MPN was defined as an MPN diagnosis received during follow-
up among individuals with no MPN at the first blood sample date or
participation in GESUS. Both prevalent and incident MPN was defined by
ICD8 and ICD10, only from the department of hematology as the primary
reason for health care contact (A-diagnosis).

Outcome

All-cause mortality was ascertained through the Danish Register of Causes
of Death [38], with all causes of death included. For the mortality by
comorbidity burden, we only included natural causes of death, excluding
suicide, accidents, and violence. The mortality by comorbidity burden was
defined as any prevalent disease at the first blood sample date or
participation in GESUS as measured by the CCl-score but also IHD, COPD,
cancer of hematological and non-hematological origin, composite arterial,
and composite venous diseases. All-cause mortality by NLR and 1st-
occurring incident IHD, COPD, composite arterial, or venous diseases were
investigated.

Statistics

We used R 4.0.3, STATA SE 14.2 (StataCorp. College Station, TX), and
GraphPad Prism version 7 (GraphPad inc. La, Jolla, CA, USA). A two-sided
P value < 0.05 was considered statistically significant. Summary statistics
were presented as mean and standard deviation (SD). Pearson’s Chi-
squared tests were used for categorical variables. Unpaired Student’s t test
with Welch’s correction or ANOVA test was used for continuous variables.
If unequal variance was observed by Levene’s test, the Kruskal-Wallis test
was used. Adjusted NLR mean with a 95% confidence interval (95%Cl) was
investigated according to MPN and CCl score by multiple linear regression
analysis. In addition, the ANC and ALC were assessed across NLR groups.
We investigated the association between NLR and all-cause mortality using
the Kaplan-Meier curve with accompanying logrank-test and survival
probabilities using 5-, 10-, 15-, and 18-year follow-up periods. Cox
proportional hazard regression models were used to obtain
multivariable-adjusted hazard ratio (HR (95%Cl)) for NLR groups and on
a continuous scale with increments of 1. All-cause mortality was assessed
on the whole population with and without nearest neighboring
propensity-score matching (PSM) using 0.1 SD in distance in a 1:1 ratio
to equalize confounding variables for each NLR group compared to NLR
1-1.9. All-cause mortality across NLR groups was stratified with and
without MPN, ET, PV, and MF, whereas mortality by comorbidity burden
was stratified by NLR groups and the CCl-score with and without MPN. We
applied the —2 log-likelihood ratio test to assess interaction. We performed
a meta-analysis to account for population heterogeneity. Random-effect
model using DerSimonian and Laird was applied to estimate a pooled
effect size in HR (95%Cl) for each NLR group across population |-V.
Heterogeneity was investigated by I*-statistical analyses. During follow-up,
we investigated all-cause mortality and mortality by comorbidity burden
among individuals in transition to MPN (N = 1794). The availability of a 2nd
ANC and ALC from the LIMS within a week, month, or year prior to
diagnosis defined inclusion (N = 667). Individuals with no MPN included at
baseline were applied during follow-up if a 2nd ANC and ALC were
measured on the date of incident MPN diagnosis. The date of incident
MPN diagnosis or 2nd NLR defined a new index date during follow-up. The
Triple-A risk score [39] was calculated based on age, ANC, and ALC. Age
>70 or age 50-70 was given 4 and 2 points, respectively. ALC < 1.7 x 109/L
or ANC 2 8 x 10%/L was each given 1 point, resulting in the following risk
categories: low (0-1 points), intermediate-1 (2-3 points), intermediate-2 (4
points) or high risk (5-6 points). We investigated the association between
the Triple-A risk score, NLR, and all-cause mortality in the whole population
and MPN. All analyses at baseline (1st NLR) and follow-up (2nd NLR) were
adjusted for potential confounders, including age, sex, CCl, antihyperten-
sive medication, lipid-lowering medication, glucocorticoid use, population
origin, CRP level, and education. NLR 1-1.9 was used as the reference level
for all analyses, Supplementary Figs. 2, 3.
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Table 1. Baseline characteristics (1st NLR).

No MPN Transition to MPN? Prevalent MPN p value
N % / Mean (SD) N % / Mean (SD) N % / Mean (SD)
Sex
Female 471,929 56.7 1042 58.1 354 57.5 0.4
Male 361,091 433 752 419 262 425
Age 833,020 51.4 (18.8) 1794 61.4 (14.4) 616 68.3 (13.8) <22x107'®
Education
Primary school 201,035 24.1 524 29.2 186 30.2 <22x107'®
High school 39,975 48 47 26 11 1.8
Vocational training 294,608 354 710 39.6 225 36.5
Bachelor 135,398 16.3 285 15.9 65 10.6
Higher education 102,396 123 132 7.4 51 83
Unknown 59,608 7.2 96 54 78 12.7
Glucocorticoids
No use 820,581 98.5 1769 98.6 601 97.6 0.3
Early use 8474 1 15 0.8 10 1.6
Late use 3965 0.5 10 0.6 5 0.8
Comorbidities
Hypertension 207,457 24.9 713 39.7 349 56.7 <22x107'®
Hyperlipidemia 71,689 8.6 250 13.9 95 15.4 <22x107'®
IHD 60,607 7.3 198 11 118 19.2 <2.2x107'°
COPD 29,574 3.6 82 46 56 9.1 7.4x107"
Arterial disease 74,689 9 273 15.2 187 304 <2.2x107'°
Venous disease 19,541 23 69 3.8 53 8.6 <22x107'®
CCl-score
0 591,720 71 1097 61.1 246 39.9 <22x107'®
1-2 185,573 223 560 31.2 237 385
>3 55,727 6.7 137 7.6 133 21.6
Blood cell counts
Neutrophils (x10%/L) 833,020 5.1 (3) 1794 6.8 (4.4) 616 7 (5.9) <2.2x107'°
Lymphocytes (x10%/L) 833,020 2.1 (2) 1794 2.1 (1.4) 616 1.7 (0.9) <2.2x107'°
NLR 833,020 3.1 (3.4) 1794 3.9 (3.5) 616 5 (5.4) <2.2x107'°
CRP-level
No CRP 442,750 53.2 1121 62.5 506 82.1 <22x107'®
CRP < 10 mg/L 293,243 35.2 517 28.8 71 11.5
CRP > 10 mg/L 97,027 11.6 156 8.7 39 6.3

Early glucocorticoid use was defined as any redeemed prescription —15 prior to the first blood sample date.

Late glucocorticoid use was defined as any redeemed prescription —16 to —30 days prior to the first blood sample date.

Hypertension and hyperlipidemia were defined by antihypertensive or lipid-lowering medication.

The blood sample date was used as the index date for the retrospective assessment of comorbidities.

CCl Charlson comorbidity index score, NLR Neutrophil-to-lymphocyte ratio, Prevalent MPN Individuals with myeloproliferative neoplasm at the 1st NLR, /HD
Ischemic heart disease, COPD Chronic obstructive pulmonary disease, CRP C-reactive protein.

*Transition to MPN: Individuals with no MPN at the 1st NLR but diagnosed with incident MPN during follow-up.

RESULTS

Baseline characteristics, NLR, and CCl-score in MPN

At baseline, we included 835,430, of whom 1794 were in transition
to MPN, and 616 had prevalent MPN. Individuals with transition to
and prevalent MPN were older and had more comorbidities at the
1st NLR (Table 1). NLR was higher in individuals with transition to
and prevalent MPN than no MPN with a mean (95%Cl) difference
of 040 (0.25-0.54), p=85x 10® and 072 (047-0.97),
p=15x10"% respectively (Fig. 1A), and further increased by
the CCl-score (Fig. 1B, Pinteraction < 2.2 X 107'®). For incident MPN,
median time to diagnosis and 2nd NLR was 5.6 years (range: 0-18)

Blood Cancer Journal (2024)14:28

from the 1st NLR. Incident MPN had comparable NLR as prevalent
MPN. Additional information by NLR, population origin and CCl are
shown in Supplementary Tables 5-9 and Supplementary Fig. 4.

NLR and all-cause mortality in the whole population

During a median follow-up of 11.2 years (range: 0-18 years),
197,802 deaths were recorded. For the whole population, a
stepwise increase in NLR was associated with a stepwise decrease
in 10-year survival probability, with 49% for NLR = 6 compared to
90% for NLR 1-1.9 (Fig. 2A). The ability for NLR to predict all-cause
mortality was dependent on the reference interval for both ANC

SPRINGER NATURE
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A N (%) Mean (95%Cl)
1StNLR No MPN l 833,020 (99.7) 5.27 (5.23 - 5.31)
Transitionto MPN | =@ 1,794 (0.2)  5.67 (5.51-5.82)
Prevalent MPN ——i 616 (0.1) 5.99 (5.73 - 6.24)
2"YNLR No MPN ¢ 21,976 (97.1)  5.06 (4.80 - 5.32)
Incident MPN —c— 667 (2.9)  6.06 (5.63 - 6.48)
0.0 0?5 1?0 1:5

Adjusted Mean (95%Cl) difference in NLR

Mean (95%Cl) difference, p-value

0.40 (0.25 - 0.54), p=8.5 x 10°®

0.72 (0.47 - 0.97), p=1.5x 108

0.99 (0.86 - 1.33), p=7.0 x 10°°

B N (%) Mean (95%Cl)
1*NLR 0CClI No MPN 2 591,720 (71)  4.78 (4.74 - 4.82) T
Transition to MPN 1,097 (61.2) 5.18(5.03-5.33)
Prevalent MPN ==l 246 (39.9) 5.50(5.25-5.75)
1-2 CCl No MPN » 185,573 (22.3)  5.09 (5.04 - 5.13)
Transition to MPN 560 (31.2) 5.49 (5.33 - 5.64)
Prevalent MPN == 237 (38.5) 5.81 (5.55 - 6.06)
23 CCl No MPN [} 55,727 (6.7) 5.94 (5.89 - 5.99)
Transition to MPN 137 (7.6) 6.33 (6.18 - 6.49)
Prevalent MPN Fe-  133(216) 6.65(6.40-6.91) | Pinteraction <2.2x 1077°
2"YNLR 0CCl No MPN = 13,014 (59.2) 4.74 (4.47 - 5.01) T
Incident MPN —e— 309 (46.3) 5.73 (5.31-6.16)
1-2 CCl No MPN ==l 7,101 (32.3) 4.92 (4.65 - 5.20)
Incident MPN —a—] 267 (40.0) 5.92 (5.49 - 6.35)
23 CCl No MPN =c=] 1,861 (8.5) 5.52 (5.21-5.84)
Incident MPN f—a— 91 (13.6) 6.51(6.05-6.98) | Pinteraction <2.2x 10776
4 5 6 7

Adjusted Mean (95%Cl) in NLR

Fig. 1
vs. prevalent MPN stratified by an mcrease in CCl-score (0 CCl -

Mean (95%Cl) in NLR by MPN and CCl-score. Adjusted mean (95%Cl) in NLR comparing individuals with no MPN vs. transition to MPN
>3 CCl) at baseline (1st NLR). During follow-up, individuals in the transition to

MPN (1st NLR) were diagnosed (2" NLR). Plot A was stratified by MPN, and plot B was stratified by MPN and CCl score at the 1st and 2nd NLR.
The multiple-adjusted linear regression analysis was adjusted for age, sex, population origin, hypertension, hyperlipidemia, CCl score,
glucocorticoid use, CRP level, and education. Green colors represent no MPN. Yellow colors represent transition to MPN. Red colors represent
prevalent or incident MPN. We tested if MPN and the CCl score interacted on an increase in NLR at the 1st and 2nd NLR. CCl Charlson
comorbidity index score. NLR Neutrophil-to-lymphocyte ratio. Prevalent MPN Individuals with myeloproliferative neoplasm at the 1st NLR.
Transition to MPN: Individuals with no MPN at the 1st NLR but diagnosed with incident MPN.

and ALC (Supplementary Fig. 5). In the whole population,
increasing NLR was associated with a stepwise increase in all-
cause mortality with the highest HR (95%Cl) of 2.06 (2.03-2.09),
p<22x107'® among individuals with an NLR>6 compared to
NLR 1-1.9 (Fig. 3A, Supplementary Fig. 6). Results were similar in
the PSM models (Supplementary Table 11) and in the meta-
analysis for the general population, general practitioners, and
hospital cohorts. Notably, NLR< 1 was only associated with all-
cause mortality in the hospital cohorts (Supplementary Figs. 7-9).

NLR and all-cause mortality by MPN

The 10-year survival probability was lower among individuals with
prevalent and incident MPN compared to no MPN (Fig. 2B-D).
Among individuals with prevalent and incident MPN, we
investigated all-cause mortality across the NLR groups compared
to individuals with no MPN (Fig. 3B). For all NLR groups, individuals

SPRINGER NATURE

with prevalent MPN (Fig. 3B, Pinteraction < 2 X 107'°) or incident MPN
(Fig. 3G, Pinteraction = 0.0003) had a higher HR for all-cause mortality
than no MPN. The HR for all-cause mortality with NLR > 6 was 2.93
(2.44-3.50), p<2x 107", in individuals with prevalent MPN and
2.06 (2.03-2.09), p <2x107'® without MPN. Results were similar
for incident MPN. In individuals with prevalent or incident MPN
and an NLR 5-59 or NLR=6, the HRs (95%Cl) for all-cause
mortality were 1.66 (1.18-2.32) and 1.67 (1.28-2.19), respectively,
compared to individuals with MPN and an NLR 1-1.9 (Supple-
mentary Fig. 10).

NLR and all-cause mortality by MPN subtype

For NLR 1-1.9, individuals with prevalent PV or MF had a HR of
1.57 (1.06-232) and 2.75 (1.81-4.18) for all-cause mortality
compared to no MPN (Fig. 4A), whereas incident MF had a HR
(95%Cl) of 4.32 (1.93-9.68) (Fig. 4B). For NLR = 2, individuals with

Blood Cancer Journal (2024)14:28
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Plot A — Whole population Survival probability
1.00+ 10-year survival
- NLR groups % (95%Cl)
s 893 = NR<1 NLR <1 89 (89 - 89)
% NLR1-L9 NLR 1-1.9 (Reference) 90 (90 - 90)
a 0.50 R NRz29 NLR 2-2.9 82 (82- 83
5 == NLR3-3.9 L. (82-83)
E == NLR4-4.9 NLR 3-3.9 73 (72 - 73)
& 0-251 &= NIRS5-5.9 NLR 4-4.9 64 (64 - 65)
. . 1070 BN NLR26 NLR 5-5.9 59 (58 - 60)
ogrank test, p <2x’
0.00 NLR 26 49 (49 - 49)
0 2 4 6 8 10 12 14 16 18
Years
Plot B -~ No MPN Survival probability
1.001 10-year survival
% (95%Cl)
£0.751 RLE. —_—
5 89 (89 - 89)
3 NLR 1-1.9 (Reference) 90 (90 - 90)
E 0.50 NLR 2-2.9 82 (82 - 83)
2 NLR 3-3.9 73 (72-73)
‘,5, 0.251 NLR 4-4.9 64 (64 - 65)
B AP NLR 5-5.9 59 (58 - 60)
ogrank test, p <2x
0.001 NLR 26 49 (49 - 49)
0 2 4 6 8 10 12 14 16 18
Years
Plot C - Prevalent MPN Survival probability
1.00 10-year survival
% (95%Cl)
£0.751 __ &Phab
= NLR <1 56 (34 - 94)
3 NLR 1-1.9 (Reference) 54 (45 - 65)
0_': 0.501 NLR 2-2.9 50 (43 - 59)
g NLR 3-3.9 42 (34 - 53)
U’, 0.251 NLR 4-4.9 30 (21 - 44)
s NLR 5-5.9 24 (14 - 41)
A5 Logrank test, p <2x10- NLR 26 16 (11 - 24)
0 2 4 6 8 10 12 14 16 18
Years
Plot D - Incident MPN Survival probability
.00 10-year survival
% (95%CI
2075 % O5uC)
8 NLR <1 60 (36 - 100)
S — NLR 1-1.9 (Reference) 75 (66 - 86)
% G501 NLR 2-2.9 59 (51 - 69)
£ NLR 3-3.9 65 (57 - 74)
@ 0-25 NLR 4-4.9 49 (40 - 61)
Logrank test, p=7x10-1° NLR.E-5.9 BaEd - B)
0.001 NLR 26 35 (28 - 43)

0 2 4 6 8 10 12 14 16
Years
Fig. 2 Survival probability by NLR and MPN. Kaplan-Meier curves (plots A-D) for the whole population, no MPN, prevalent MPN, and
incident MPN. Survival probability on the y-axis and years of follow-up since the 1st NLR (plots A-C) or the 2nd NLR (plot D) on the x-axis. The
Logrank test was used to compare the survival distribution between NLR groups. When comparing no MPN vs. prevalent MPN (1st NLR), those
in transition to MPN were not excluded from the no MPN group. 10-year survival probability was calculated for plots A-D. NLR Neutrophil-to-
lymphocyte ratio.
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Fig. 3 All-cause mortality by NLR and MPN. The multivariable-adjusted Cox regression analysis was adjusted for age, sex, population origin,
hypertension, hyperlipidemia, CCl score, glucocorticoid use, CRP level, and education. The NLR 1-1.9 was used as a reference level for plot
A, whereas NLR 1-1.9 without MPN was used as a reference level in plots B, C. Plot B - Prevalent MPN at baseline (1st NLR). Plot C - Incident
MPN during follow-up (2nd NLR) contains individuals that developed MPN during the observational period. Using the likelihood ratio test, we
tested for interaction between MPN and NLR on all-cause mortality. Survival probabilities for plots A-C, see Supplementary Table 10. For all-
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cause mortality by NLR in individuals with prevalent or incident MPN only, see Supplementary Fig. 10.
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Fig. 4 All-cause mortality by NLR and MPN subtype. The multivariable-adjusted Cox regression analysis was adjusted for age, sex,
population origin, hypertension, hyperlipidemia, CCl score, glucocorticoid use, CRP level, and education. NLR 1-1.9 without MPN was used as
a reference level in both plot A and B. Plot A - Prevalent MPN at baseline (1st NLR). Plot B - Incident MPN during follow-up (2nd NLR) contains
individuals that developed MPN during the observational period. ET group only contains D473, see Supplementary Fig. 11 with ET defined as
D752/D473. For all-cause mortality by MPN subtype only, see Supplementary Fig. 12.

prevalent ET, PV, or MF had a higher HR for all-cause mortality
compared to no MPN (Fig. 4A). The HRs for all-cause mortality for
prevalent ET, PV, or MF with an NLR > 2 compared to no MPN were
2.14 (1.71-2.69), 2.19 (1.89-2.54), 2.31 (1.91-2.80), and 1.47
(1.45-1.49), respectively. Results were similar for incident ET, PV,
and MF, but confidence intervals were wider (Fig. 4B). In
individuals with prevalent or incident ET and NLR =2, the HR
(95%Cl) for all-cause mortality was 1.64 (1.02-2.62) compared to
individuals with ET and an NLR 1-1.9 (Supplementary Fig. 12). The
corresponding HR (95%Cl) for PV was 1.54 (1.02-2.33).

Blood Cancer Journal (2024)14:28

NLR and mortality by comorbidity burden

For all NLR groups, individuals with a higher CCl-score had a
higher HR for mortality by comorbidity burden compared to no
comorbidity (Fig. 5, Pinteraction < 2 X 107'°). Individuals with NLR = 6
and 0, 1-2, or 23 in the CCl-score had a HR (95%Cl) of 2.23
(2.17-2.29), 4.10 (4.01-4.20), and 7.69 (7.50-7.89), respectively. A
stepwise increase in NLR was also associated with higher mortality
by comorbidity burden defined by prevalent or incident IHD,
COPD, cancer, composite arterial, and venous diseases (Supple-
mentary Figs. 13, 14, Supplementary Table 13).
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Fig. 5 Mortality by comorbidity burden by NLR and CCl-score. The multivariable-adjusted Cox-regression analysis was adjusted for age, sex,
population origin, hypertension, hyperlipidemia, glucocorticoid use, CRP level, and education. The NLR 1-1.9 with 0 CCl was used as a reference
level in the Cox regression analysis. Using the likelihood ratio test, we tested for interaction between NLR and the CCl score on mortality by
comorbidity burden. Only natural causes of death were included (N =191,676). For survival probability, see Supplementary Table 12.

MPN and mortality by comorbidity burden

Higher CCl-score in prevalent MPN (Fig. 6A, pinteraction < 2 X 1079
and incident MPN (Fig. 6B, Pinteraction < 2 X 107'°) had a higher HR
for mortality by comorbidity burden compared to no MPN.
Prevalent MPN with 0, 1-2, or =3 in the CCl-score compared to no
MPN had a HR (95%Cl) of 1.92 (1.61-2.28), 3.00 (2.58-3.49), and
4.28 (3.56-5.14). Results were similar for incident MPN (Fig. 6,
Supplementary Table 15).

The Triple-A risk score and all-cause mortality

Individuals with higher Triple-A risk scores were older, had more
comorbidities, and had higher NLR (Supplementary Tables 16,
17, Supplementary Fig. 15, Fig. 7A). There was a stepwise
increase in the proportion of individuals with the high-risk
Triple-A category from no MPN, transitioning to MPN, to
prevalent MPN (Fig. 7B). In each Triple-A category, stepwise
increasing NLR was associated with higher mortality; this was
most pronounced in the high-risk Triple-A category and the least
pronounced in the low-risk Triple-A category (Supplementary
Fig. 16). Compared to low risk, intermediate-1, intermediate-2,
and high risk had a HR (95%Cl) of 1.38 (1.34-1.41), 1.55
(1.50-1.60), and 1.83 (1.76-1.89) for all-cause mortality in the
whole population. For MPN, only high-risk were associated with
mortality with a HR (95%Cl) of 3.00 (1.23-7.35) (Fig. 7C, D,
Supplementary Tables 18-19).
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DISCUSSION
In this study, individuals with MPN had higher NLR, CCl-score, and
Triple-A than those without MPN. Increasing NLR and CCl-score,
were associated with lower survival probability in individuals
without MPN but were even worse in both prevalent and incident
MPN, ET, PV, and MF; these results are novel. There was an
interaction between NLR and the CCl-score or MPN on all-cause
mortality or mortality by comorbidity burden. Considering only
individuals with MPN, NLR was associated with an increased risk of
mortality in the highest NLR groups. There was a stepwise
increased risk for all-cause mortality by a stepwise increase in the
Triple-A category in the whole population, but for MPN, only
individuals in the high-risk category had an increased risk of all-
cause mortality when adjusting for other residual confounders.
For the whole population, a higher NLR was associated with
higher all-cause mortality, like in previous large-scale population
studies [11, 12, 40, 41]. Still, an NLR< 1 was also associated with
higher all-cause mortality, but only in hospital cohorts. The effect
of both NLR and CCl or NLR and MPN exceeded the product of the
effect of the two exposures considered separately, which means
that the effect of NLR on mortality depends on the values for CCl
or the presence of MPN. Thus, having a higher NLR with a higher
CCl score or MPN disease indicates an even worse prognosis than
considering NLR alone. The ability of NLR to predict all-cause
mortality was dependent on whether the ANC and ALC were
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Fig.6 Mortality by comorbidity burden by MPN and CCl-score. The multivariable-adjusted Cox regression analysis was adjusted for age, sex,
population origin, hypertension, hyperlipidemia, glucocorticoid use, NLR, CRP level, and education. The No MPN with 0 CCl was used as a
reference level in the Cox regression analysis. Plot A - Prevalent MPN at baseline (1st NLR). Plot B - Incident MPN during follow-up (2nd NLR)
contains individuals that developed MPN during the observational period. We tested for interaction between MPN and CCl-score on mortality
by comorbidity burden. For survival probability, see Supplementary Table 14.

within or outside the reference intervals. Thus, NLR was
dependent on how severe the lymphopenia or neutropenia were.
These concepts and limitations are important for the applicability
of NLR in a clinical setting.

All-cause mortality was marginally higher for incident MPN with
higher NLR or CCl-score than for prevalent MPN. These results may
partly be explained by the selection of survivors among
individuals with prevalent MPN undergoing cytoreductive treat-
ment compared to newly diagnosed and treatment naive
individuals with MPN. When stratified by MPN subtypes, both
prevalent and incident ET or PV with an NLR > 2 had an increased
risk of all-cause mortality compared to no MPN with NLR 1-1.9 in
the whole population and when compared to ET or PV alone with
an NLR 1-1.9, with overlapping confidence intervals. Prevalent and
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incident MF had an increased risk of all-cause mortality,
irrespective of NLR, compared to no MPN with NLR 1-1.9 in the
whole population but not compared to MF alone with NLR 1-1.9.
Thus, while MF is a more aggressive phenotype than ET or PV, with
evidence of chronic inflammation, immune dysregulation, and
ineffective hematopoiesis [42], the NLR did not help risk stratify
individuals with MF. The observed risk estimates for prevalent
MPN, ET, PV, and MF may be attenuated by cytoreductive therapy
[22]. However, in this study, we did not have access to information
on cytoreductive treatment.

Generally, an increased NLR reflects a hyperproliferative drive of
the myeloid innate immune system [43] combined with adaptive
immune dysregulation [44-46], which are cardinal manifestations
of MPN [15]. Thus, the compartmentalization of the immune
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Fig. 7 All-cause mortality by the Triple-A risk score. Plot A: The absolute percentage of Triple-A risk score categories for each NLR grouping.
Plot B: The absolute percentage of Triple-A risk score categories among individuals with no MPN, in transition to MPN, and in prevalent MPN.
Plot C: Multivariable adjusted Cox-regression analysis on the whole population adjusted for age, sex, population origin, hypertension,
hyperlipidemia, CCl score, glucocorticoid use, CRP level, and education. Plot D: Multivariable adjusted Cox-regression analysis on prevalent
and incident MPN, adjusted for age, sex, hypertension, hyperlipidemia, CCl score, glucocorticoid use, CRP level, and education. For unadjusted
Triple-A risk score estimates, see Supplementary Table 18. Triple-A risk score - integration of age, absolute lymphocyte count (ALC), and

absolute neutrophil count (ANC). Neutrophil-to-lymphocyte ratio.

system as innate and adaptive is reflected within NLR using the
ANC divided by ALC [1, 47]. In MPN, neutrophils circulate in vivo in
an active state and demonstrate more inflammatory signaling
pathway activation and dysregulated apoptosis [48, 49]. All these
molecular deviations are due to the constitutive activation and
perturbed JAK-STAT signaling pathway mediated through the
oncogenic JAK2V617F mutation, being the most prevalent somatic
mutation in MPN [16, 17]. Also, during chronic inflammation, the
longevity of neutrophils is abnormally prolonged [50]. Neutrophils
appear to express high cellular heterogeneity with immunosup-
pressive potential through the expression of programmed death
ligand 1 (PD-L1), arginase-1, or the integrin MAC-1, which in turn
impairs the activation of lymphocytes [27, 28, 51, 52]. In addition,
NLR, but not the ANC or ALC separately, correlate with reduced
NK-cell cytotoxicity in healthy individuals [53].

Both NLR and MPN are associated with several inflammation-
mediated diseases [4-12, 18, 19, 22], which are reflected in our
study by increasing CCl-score in individuals with prevalent and
incident MPN compared to no MPN. Also, NLR correlates with
established inflammation biomarkers such as interleukin-6 (IL-6)
and CRP [4]. Furthermore, the anti-inflammatory canakinumab, a
monoclonal antibody targeted at IL-1beta, which also lowers NLR
[4], is currently in a phase-ll trial for MF [42]. These observations,
combined, make NLR a valuable biomarker for chronic inflamma-
tion and impaired immunity.

Individuals in transition to MPN had a lower NLR and Triple-A
risk score than prevalent MPN but higher than those who never
developed MPN at baseline. At the time of incident MPN
diagnosis, the NLR was comparable to the NLR for prevalent
MPN. This temporal sequence of results most likely reflects an
early and gradual development from Clonal Hematopoiesis of
Indeterminate Potential (CHIP) to overt MPN. CHIP is the
acquisition of leukemia-associated mutations without evidence
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of hematological malignancy [54-56]. Our study did not have
information on the somatic mutations in the Danish registries.
Therefore, our transition to MPN is predetermined, whereas the
transition for CHIP to any myeloid malignancy depends on the
acquired somatic mutation and other genetic and non-genetic
determinants [57, 58].

The Triple-A risk score was originally developed as a novel
prognostication tool for individuals with ET [39], but we did not
have sufficient power to investigate this group separately. We
observed residual confounding for the Triple-A risk score for all
confounding variables. Thus, the multivariable-adjusted Triple-A
risk estimates for all-cause mortality were lower than the
unadjusted risk estimates. In our study, the Triple-A showed
alignment with NLR. Also, in the low-risk category with age <50
years, even high NLR was only associated with a very low risk of
all-mortality compared to other Triple-A groups. Indicating that
the Triple-A is generalizable to the population at large. This study
had several strengths and limitations. We included information on
glucocorticoid use during the first and second blood sample dates
to account for a falsely elevated NLR. Since NLR is confounded [59]
by acute disease, trauma, cancer, and surgery, we excluded
individuals with any inpatient hospitalization or emergency room
visits £15days from the first blood sample date, only allowing
individuals with a general practitioner or outpatient clinic visits or
participation in a general population study. NLR is likely to exhibit
variations and fluctuations contingent upon the MPN stage and
during different cytoreductive treatments. Therefore, the 2nd NLR
for incident MPN preceded but was in close temporal proximity to
the MPN diagnosis to ensure that NLR was not affected by
cytoreductive therapy. Although the date of MPN diagnosis can be
affected by administrative and diagnostic delays in real life, the
first and second blood sample dates were exact. To reduce
misclassification bias, we only included individuals with an MPN
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disease diagnosed at the department of hematology. However,
with the limited number of individuals with ET, PV, and MF, we
were unable to substantiate the role of the Triple-A risk score
comprehensively [39]. Also, to avoid the introduction of collider
bias, we applied the whole population stratified with and without
MPN [60]. Although we observed population heterogeneity,
consistent results were obtained with and without propensity
score matching and for each cohort in the meta-analysis.

In conclusion, individuals with MPN had higher NLR and
comorbidity burden than individuals with no MPN. Increasing
NLR and comorbidity were associated with higher all-cause
mortality and mortality by disease burden in individuals without
MPN but were even worse in both prevalent and incident MPN, ET,
PV, and MF.
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