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Abstract: Despite the presence of many hematological prognostic indexes, clinical
course and overall survival are often highly variable even within the same patient
subgroup. Recent studies suggest that simple, cost-effective, low-risk tests such as
neutrophil to lymphocyte ratio (NLR) and lymphocyte to monocyte ratio (LMR) may
be used to evaluate the prognosis. Their role has been well confirmed in diffuse large
B-cell lymphoma (DLBCL), Hodgkin lymphoma (HL) and multiple myeloma (MM), but
until now the prognostic significance of NLR and LMR in leukemias has not been widely
reported. In this article, we analyze the literature data on prognostic value of NLR and
LMR in haematological malignancies in the context of classic prognostic factors and
clinical course.
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Introduction

Complete blood count (CBC) is an inexpensive and easy to perform diagnostic test,
widely used in everyday clinical practice. It is of great importance in diagnostics
and monitoring of different medical conditions, not only hematological ones.
Although used for years, new applications of CBC are still being discovered.
Recently, numerous studies focused on proportion of different types of leukocytes
in various medical conditions. Neutrophil to lymphocyte ratio (NLR) and lympho-
cyte to monocyte ratio (LMR) seem most valuable parameters.’

NLR has already proved itself useful in prognostics of infectious diseases,’
inflammatory conditions,’ surgical emergencies,4 postoperative complications® and
as a bone loss index in postmenopausal women.'® It can also be used for mortality
stratification in major cardiac events.”® Several studies have revealed the signifi-
cance of NLR as prognostic factor in patients with solid tumors such as gastric
cancer,’ breast cancer,'® head and neck cancers,'! hepatic cell carcinoma, ' lung
cancer,'® esophageal cancer,'® melanoma.'® Similarly, application of LMR as
a prognostic factor is under close investigation. There is a strong evidence for its
significance in formulating the prognosis in cardiovascular diseases and solid
tumors.'® While the prognostic role of NLR and LMR is undeniable in many
solid tumors, it is still unclear in many types of leukemias and lymphomas. The
reasons why NLR and LMR can be used as prognostic factors, remain speculative.
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Leukocytes Involvement in Tumor

Pathogenesis

Malignant tumors are encircled by matrix and stromal
cells, such as fibroblasts and myofibroblasts, neuroendo-
crine cells, adipose cells, immune and inflammatory cells,
the blood and lymphatic vascular networks. These ele-
ments form tumor microenvironment, a dynamic, myster-
ious and complicated background, linked with every step
of tumorigenesis. Nowadays, oncologists pay a lot of
attention to tumor microenvironment, as it significantly
influences therapeutic response and clinical outcome.'’
Hematological malignancies are characterized by slightly
different microenvironment than the one of solid tumors.
The presence of a prominent number of intratumoral
immune cells influences both antitumor immunity and
immunodeficiency.'® T cells are divided into CD4+
T (helper T cells, Th) and CD8+ T (cytotoxic T cells, Tc)
cells. IFN-y, TNF-0, and IL17, which present antitumor
effect are mainly produced by CD8+T cells.'® In patients
with B-cell lymphomas T cells typically comprise up to
50% of the intratumoral cells. The frequency and location
of T cells in biopsy specimens are predictive of the patient
outcome.'® Higher intratumor CD8+ cells level generally
predicts better outcome in patients with lymphomas.*
CD4+ T cells regulate immune response by enhancing
the production of antibodies by neighboring B cells,
macrophages activity stimulation, recruiting neutrophils,
eosinophils, basophils and stimulation of cytokines and
chemokines production.?' T CD4+ population comprises
of different subpopulations: T regulatory cells, T helper
cells, Th17 cells, T FH cells. T reg is a particularly impor-
tant subpopulation, in the context of host immune
response. Elevated numbers of Treg is often detected in
peripheral blood and biopsy specimens in patients with
cancer. Treg cells are highly prevalent in lymphoma
biopsy material and are believed to suppress antitumor
immunity by suppression of other CD4+ and CD8+
T-cell populations.”? CD8+ and CD4+ lymphocytes inter-
action is of importance in inducting tumor-cell
apoptosis.'® Low amount of lymphocytes infiltrating the
tumor can promote relapse or metastasis.”®> The presence
of lymphopenia usually signifies the severity of the pro-
cess and facilitates cancer cell escape from the immune of
tumor-infiltrating lymphocytes (TILs).* Numerous studies
have showed that tumor cells escape by expression of PD-
L1 and junction with PD-1 on lymphocytes.>> There is an
increasing evidence for contribution of B cells to tumor

response. There are different subsets of B cells, contribut-
ing to both pro- as well as antitumor immune responses.>
B cells are marked by different antigens depending on
physiological state, CD19 and CD20 are mainly expressed
by pre-B cells, immature B cells, and plasma cells, IgM,
IgD, and CR1 mark mature B cells; IgM, IgD, IgA, 1gG
are mainly expressed in memory B cells.'® Figure 1 pre-
sents schematic model of lymphocytes involvement in
tumor pathogenesis.

Cells of the monocyte lineage are crucial to the innate
immune response. Their main function is to serve as the first
line of resistance against microbes, but also to activate adap-
tive immune responses. There are two types of immunological
responses: immune response-1 and immune response-2, of
which the second one is prognostically unfavorable in malig-
nant tumors. Many genes, whose products take part in immu-
nologic response-2 are expressed by peripheral blood
monocytes. There is an association between their expression
level and cancer prognosis. Additionally, monocyte chemoat-
tractant protein plays important role in modulating
tumorigenesis.'”?° TNF o and IL-1, which are also secreted
from monocytes, are associated with poor prognosis in cancer
patients.”” Thus, monocytes play an important role in tumor
microenvironment and might be considered as markers of
a prolific tumor burden. There are two types of macrophages
activation: M1 and M2 activation, depending on the type of
stimulation. M1 activation is stimulated by lipopolysaccharide
and IFN-y. M1 macrophages infiltrate the tumor microenvir-
onment in response to inflammatory signals mentioned above
and release proinflammatory cytokines and chemokines,
which promote the differentiation of T and NK cells. M2
activation is stimulated by IL-4 and IL-13. Macrophages can
differentiate into a tumor-associated macrophages (TAMs).'®
TAM s influence tumor cells as well as the tumor microenvir-
onment. TAMs stimulate tumor cells proliferation, migration
and genetic instability and promote angiogenesis and lym-
phoangiogenesis, which facilitates metastasis.'>*® It was
proved in B-cell non-Hodgkin lymphomas and in Hodgkin
lymphoma that higher density of intratumoral macrophages is
associated with progression and poor prognosis.”’ CD68 is
a marker expressed on macrophages that correlates with over-
all survival. High number of CD68-expressing cells was asso-
ciated with poorer survival in Farinha et al study.*® While the
benefits of neutrophil actions are undeniable in the context of
infection or trauma, their effects in the context of oncogenesis
seem problematic.’' Figure 2 presents macrophages involve-
ment in tumor pathogenesis. Neutrophils exhibit anti-tumor
activity, but also suppress the cytolytic activity of immune
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Figure | A schematic model showing lymphocytes involvement in tumor pathogenesis. T CD8+ cells produce IFN-y, TNF-0, and IL17, what stimulates antitumor effect.
CD4+ T: enhance the production of antibodies by neighboring B cells, activate macrophages, recruit neutrophils, eosinophils, basophils and stimulate the production of
cytokines and chemokines production. T regulatory cells suppress antitumor immunity by suppression of other CD4+ and CD8+ T-cell populations. The figure is the authors'

interpretation based on references.'®?""22

cells such as lymphocytes.*” They secrete multiple cytokines
such as: interleukin-2 (IL-2), interleukin-10 (IL-10), tumor
necrosis factor o (TNF o), which are well known promotors
of tumorigenesis. This may be one of the reasons why upwards
of 15% malignancies worldwide are initiated by infections.”

In summary, the main cells, promoting immunodefi-
ciency are regulatory T (Treg) lymphocytes marked by
Foxp3+, myeloid-derived suppressor cells (MDSC)
marked by HMGBI1 and M2 macrophages marked by
CD163+.'"**3¢ Granulocytes may also promote cancer
development by inducing alterations in stromal cells and
through the expression of cytokines, such as hematopoietic
growth factor (HGF) and granulocyte colony-stimulating
factor (G-CSF).>”° IL-10 and TGF-p are antitumor

cytokines, which paradoxically can promote immunosup-
pression, by activation of Treg cells.

High NLR reflects a decrease in the number of lympho-
cytes and an elevated number of neutrophils in tumor micro-
environment. The LMR is calculated by dividing the absolute
lymphocyte counts by the absolute monocyte counts from the
blood test. The absolute neutrophil count might serve as
a marker of systemic inflammation, which provides favorable
environment for the development of malignant tumors. In
contrast, the absolute lymphocyte count reflects immunosup-
pression, which is associated with poor outcome in a number of
solid and hematological malignancies.** What follows from
the above considerations, NLR and LMR present biological
rationale, as they reflect the interaction between tumor
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Figure 2 Macrophages involvement in tumor pathogenesis. There are two types of macrophages activation: M| and M2 activation. M| activation is stimulated by
lipopolysaccharide and IFN-y. M| macrophages infiltrate the tumor microenvironment and release factors, which promote the differentiation of T and NK cells. Ml
macrophages present antitumorigenic effect. M2 activation is stimulated by IL-4 and IL-13. M2 macrophages present pro-tumourigenic effect. M2 macrophages can
differentiate into tumor-associated macrophages (TAMs), which stimulate tumor cells proliferation, migration and genetic instability and promote angiogenesis and

lymphoangiogenesis. The figure is the authors' interpretation based on references.

microenvironment and host’s immunologic response.*
Numerous studies have proved that inflammation plays
a crucial role in tumor initiation, growth and progression.*!
There exists plenty of evidence that systemic inflammatory
response is a determinant of prognosis in patients with malig-
nant neoplasms. Inflammatory response is reflected by agents
such as: elevated C-reactive protein (CRP) level, hypoalbumi-
nemia or high white cell, neutrophil and platelet counts.'® As
our understanding of the inflammatory microenvironment of
cancer has improved, many inflammatory indicators including
NLR, platelet to lymphocyte ratio, or CRP are under investiga-
tion as diagnostic and prognostic biomarkers of cancer.

NLR and LMR in B-Cell Lymphomas

Diffuse Large B Cell Lymphoma

Diffuse large B cell lymphoma (DLBCL) is the most com-
mon type of lymphoma among adults which accounts for
30-58% of non-Hodgkin lymphomas. The staging has been

18,28

established according to Ann-Arbor system. Currently,
International Prognostic Index (IP]) is prevalent in formulat-
ing the diagnosis. The IPI score is calculated taking into
account: patient’s age, serum lactate dehydrogenase level,
Eastern Cooperative Oncology Group (ECOG) performance
score, disease stage, and the number of extranodal disease

localizations.*

Approximately 60-70% patients can be
cured, using currently available regimens (most of all
R-CHOP), other patients fail to respond to treatment or
present poor long term OS. Highly heterogenic course of
the disease justifies the necessity of usage of new, more
precise prognostic factors.*?

Prognostic significance of NLR in diffuse large B
cell lymphoma has been demonstrated in numerous stu-
dies, the largest of which is meta-analysis by Mu et al*'
2515 patients, who took part in eleven trials published
before September 2017, were included in the study. All
patients were treated with R-CHOP (rituximab plus
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cyclophosphamide, doxorubicin, vincristine, and predni-
that high NLR is
a significant indicator for poor overall survival (OS)
(HR 1.826, 95% CI 1.238-2.692) and progression-free
survival (PFS)(HR 1.591, 95% CI 1.124-2.252) and this
may be used as an independent risk factor in DLBCL.

sone). It was demonstrated

The association between mortality risk and NLR was
non-linear. High pretreatment NLR was associated with
elder age, advanced Ann Arbor stage, higher incidence
rate of B symptoms, more frequent bone marrow invol-
vement and higher lactate dehydrogenase (LDH). There
was no association between NLR and sex, international
prognostic index (IPI) score or extra nodal disease.*'

On the contrary, in Wang et al meta-analysis,*’ per-
formed on less numerous group (9 studies, 2297 patients)
extranodal disease and IPI score corresponded with NLR
value. The presence of B group symptoms was not
associated with NLR. Identically, as in Mu’s at al.
study, NLR was a significant indicator for poor OS
(HR = 1.84, 95% CI = 1.52-2.22, p<0.001) and poor
PFS (HR = 1.64, 95% CI = 1.36-1.98, p<0.001). High
NLR was also associated with Ann Arbor stage and LDH
level, and was not related to sex, age or ECOG
score.*’*? These results are in accordance with previous
findings regarding DLBCL. Feng et al** proved that low
absolute lymphocyte count (ALC) is an adverse prog-
nostic sign in DLBCL.** Annibali et al*’ revealed that
NLR is an independent prognostic factor and it can help
to separate patients with low/intermediate IPI (IPI<3).*’

In contrast to the studies mentioned above, Azuma
et al*® failed to reveal predictive value of NLR. The
study was performed on 530 patients with de novo
DLBCL. The cutoff for NLR was estimated 5.2 and it
was not associated with OS and PFS. Authors suggest
that National Comprehensive Cancer Network -
International Prognostic Index (NCCN-IPI) might be the
most powerful predictor in patients with DLBCL, treated
with rituximab. A hypothesis has been made that NLR
might not be good to reflect the outcome of lymphoid
malignancies, as tumor-infiltrating lymphocytes (TILs)
(which are associated with better prognosis) number
might be decreased.*® “Derived” NLR is a variant of
NLR and is also a prognostic factor in DLBCL. It denotes
the difference between absolute leukocyte count and abso-
lute neutrophil count divided by absolute neutrophil count.
High derived NLR also represents poor prognostic factor
in DLBCL."’

Similarly, the usage of LMR in DLBCL outcome
assessment might be promising. Wanget al.>® investigated
the prognostic value of NLR, LMR, PLR (platelet to
lymphocyte ratio) and agreed an association of these fac-
tors with the expression of CD163+ M2 TAM (tumor
associated macrophages) and PD-1 (programmed death
cell 1)+TILs in tumor microenvironment. It turned out
that lower LMR, higher NLR, CD163+ M2 tumor-
associated macrophages (TAM) higher than 9.5% and
PDI1+ TIL lower than 4.5 cells per high power field were
associated with worst OS and PFS.>* Previously, LMR
was negatively correlated with TAM infiltration in tumor
microenvironment.*® Higher number of TAM, derived
from monocytes inhibit antitumor immunity. LMR < 2.71
was a negative prognostic marker for predicting OS
(HR,1.658;95% CI,1.930-2.703; p=0.042) and PFS
(HR,1.528; 95% CI, 1.006-2.315; p=0.049).%

Follicular Lymphoma

Follicular lymphoma (FL) is the most common indolent
non-Hodgkin lymphoma in Western countries. It is
a heterogeneous disease with a varying prognosis. The
management of FL is dependent on patient and disease
features. Most patients need treatment after 3—4 years after
formulating the diagnosis. Numerous tools are available for
risk stratification.*” Follicular Lymphoma International
Prognostic Index (FLIPI) score is most frequently used to
classify patients into risk groups: low, intermediate and high
risk group.’® The factors used to calculate FLIPI comprise:
age, Ann Arbor stage, hemoglobin level, number of nodal
areas and serum LDH level.>' As FLIPI does not always
reflect patient’s survival in the age of modern therapy, new
prognostic strategies, for example based on tumor micro-
environment parameters, are needed.”® As it is believed that
serum leucocyte levels reflect tumor microenvironment,
studies has been conducted, considering the relationship of
absolute monocyte count (AMC) as well as absolute lym-
phocyte count (ALC) and FL patient’s outcomes. Wilcox
et al>* found a positive correlation between OS and AMC
(AMC cut off value has been calculated 0-57 x 107 cells/
1).5% In contrast, Watanabe et al>> found no such association
with cut off value of 0-34 x 10° cells/L.>* As for ALC,
Siddiqui et al®* reported that an ALC < 1:0 x 10° cells/l
represented poor prognostic parameter for OS in FL, most
of all in patients with Grade 1 or 2 disease.”® Recently,

Marcheselli et al>> proved that only AMC is a powerful
predictor of PFS, and maybe OS in FL patients, treated with

combination chemotherapy regimens, containing rituximab.
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AMC could be used as simple predictive factor, indepen-
dently of the treatment regimen. This also can be merged
with other factors that determine the IPI and FLIPL>’

In comparison with DLBCL, there is less evidence for
prognostic value of NLR in FL. Lee et al*® performed
retrospective cohort study, in which 88 patients with FL
took part. LMR and NLR were evaluated as valuable
prognostic factors. The best cut-off values were 3.20 for
LMR and 2.18 for LMR. High LMR at diagnosis was
associated with superior PFS (HR 0.31, 95% CI 0.13 to
0.71), as well as high NLR at relapse was associated with
poorer post progression survival (HR 1.24, 95% CI 1.04 to
1.49). Authors conclude that LMR and NLR values might
be used alongside with FLIPI, to achieve credible prog-
nostic information.”® Belotti et al’® revealed that FL
patients with LMR above 2 had longer time to treatment
compared with those with LMR below 2. 2-year PFS in
patients treated with rituximab was superior in the LMR
above 2 group.”® Kumagai et al®’ evaluated the signifi-
cance of ALC/AMC ratio in FL patients treated with
rituximab-containing chemotherapy. It has been revealed
that decreased ALC/AMC ratio was associated with infer-
ior PFS (HR 2.714; 95% CI 1.060-6.948; p= 0.037) and
was an independent poor prognostic factor. ALC/AMC
ratio might be useful in selection of candidates for
“watch and wait strategy” among FL patients.’’

Mantle Cell Lymphoma

Mantle cell lymphoma (MCL) is a type of B-cell non-
Hodgkin lymphoma, representing approximately 7-9%
lymphomas in Europe. MCL is characterized by the trans-
location t (11;14), which results in cyclin D1 overexpres-
sion. Patients median age is 60 years old, strong male
predominance is observed.’® Patients are generally diag-
nosed in stage III/IV of the disease and present with
lymphadenopathy, blood and bone marrow involvement
and splenomegaly.’® In most patients with MCL the ther-
apy is applied at the time of diagnosis, but a subset of
patients with indolent MCL might be managed using
“watch and wait” strategy.®’

In risk stratification, International Prognostic Index (IPT)
has been used initially for patients with MCL but it has not
been very discriminatory, in particular considering the low
risk patients. Consequently, Mantle cell International
Prognostic Index (MIPI), was developed by the European
MCL Network.”® Prognostic factors for shorter overall sur-
vival (OS), according to MIPI are: elderly age, worse ECOG
score, higher LDH, and a higher white blood cell count at

diagnosis. In Hoster et al®' study patients have been classified
according to MIPI into low risk (median OS not reached),
intermediate risk (median OS 51 months), and high risk
groups (median OS 29 months).®" Although MIPI provides
important prognostic data, it is not always sufficient in eva-
luation of clinical course of the disease.”> MIPI has been
introduced for advanced staged patients, in pre-rituximab
era.®? Ki-67 index exhibits some additional discriminatory
application, as well as gene expression profiling.>® For exam-
ple, SOX11 expression is believed to identify low-risk, indo-
lent cases.*”

Little attention has been drawn to host immunity and
tumor microenvironment prognostic factors in MCL. Koh
et al®® demonstrated that the AMC, at the time of diag-
nosis, is an independent prognostic factor for OS in MCL
and is associated with poor clinical outcome.®® Then, more
precise prognostic significance of AMC in MCL patients
has been demonstrated by Von Hohenstaufen et al.**
Authors combined AMC and beta-2-microglobulin values
with MIPI, which resulted in more accurate prognostic risk
classification.** Goy et al® used ALC and AMC in com-
bination, instead of solely AMC. Superior ALC/AMC (cut
off calculated >2), after induction therapy, was associated
with longer overall survival in MCL.®® In contrary, in
George et al®® study, the connection between AMC and
the outcome was not observed.**®¢

The first and the only study aimed at investigating
NLR prognostic significance in MCL was published by
Haydaroglu et al.*> The absolute monocyte count (AMC),
NLR, PLR at diagnosis of mantle cell lymphoma has been
evaluated in 96 patients. AMC>/=580, NLR >/=2,43 and
PLR>/=120,85 turned out to be negative prognostic factors
for 5-year PFS. However, NLR has not be found as an
independent risk factor for PFS and OS.*? Also, prognostic
value of peripheral blood lymphocyte subsets counts has
been thoroughly analyzed.®> One and only research con-
sidering the subject was carried out on 68 MCL patients.
The parameters measured by peripheral blood flow cyto-
metry were established as follows: absolute CD4+ T cell
counts (ACD4C), CD8+ T cell counts (ACDSC), nature
killer cell counts, and CD4/CDS. Those values were com-
piled with clinical parameters and long-term outcomes.
High AMC, low ACD4C and low CD4/CDS ratio were
found to be poor prognostic factors for OS. It was reported
that low ACDA4C was a significant predictor of unfavorable
OS. The 3-year OS in patients with high ACD4C was
70%, whereas OS in patients with low ACD4C was calcu-
lated as 36%. No such difference was noticed in OS
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between patients with low and high ACD8C (42% vs
59%). The 3-year OS among patients with high CD4/
CD8 ratio amounted to 60%, while OS among patients
with low CD4/CDS ratio was 25%.°> Another study, com-
paring T cell subgroups in lymph node biopsy in patients
with MCL and patients with reactive lymph nodes,
revealed that higher levels of T cells, CD8+ T cells, and
most of all CD4+ T cells, correlated with indolent MCL.
Cell counts were decreased in more aggressive tumors.
High CD4/CDS8 ratio was associated with favorable
0S.%7 This is in accordance with Zhang et al study. On
the other hand, Zhou et al®® showed that low absolute
natural killer cells value predict lower OS in MCL
patients.®®

Primary Central Nervous System
Lymphoma

Primary central nervous system lymphoma (PCNSL) is
a rare neoplasm, with high fatality rate. The population
with higher risk of falling ill is elderly people and immu-
nosuppressed patients, for example HIV-infected or on
immunosuppressant medications.There are two prognostic
indexes, widely used in PCNSL. The International
Extranodal Lymphoma Study Group (IELSG) developed
a prognostication, in which unfavorable factors are: age
above 60, poor ECOG score, elevated serum LDH level,
elevated CSF protein level and involvement of deep brain
structure. Accordingly, patients are divided into three
groups, in which two-year survival is estimated to be 15
to 80%.% The second system has been developed in
Memorial Sloan Kettering Cancer Center and incorporates
only age and Karnofsky Performance Scale score. Patients
are also classified into three risk categories.”’ The serum
LDH level is an approved prognostic marker, other serum
biomarkers are under investigation.”' It appears that low
absolute lymphocyte count at diagnosis seems to be a poor
prognostic factor.”> NLR is also under investigation. In
Jung et al*? study, 39 patients with primary central nervous
system lymphoma were divided into a high NLR group
and a low NLR group. The cut-off value was established
for 2. The low NLR group exhibited better response to
induction of chemotherapy compared with the high NLR
group. The high NLR group also revealed a significantly
worse 3-year OS (HR 2.64, 95% CI 1.06-6.60; p=0.038)
and a worse 3-year PFS (HR 2.41, 95% CI 1.07-5.42;
p=0.034). Furthermore, pre-treatment high values of PLR
and RDW were also poor prognostic markers. What is

interesting, is the impact of systemic inflammation on
development of PCNSL.>* As we know central nervous
system is devoid of lymphoid aggregation. The role of
NLR, PLR and RDW suggests that systemic inflammation
could affect PCNSL. In Montesinos-Rongen’s opinion,
original cell of PCNSL develops outside the central ner-
vous system, but survives only in its immunodeficient
environment.”” In contrary to the studies mentioned
above, Le at al.”* reported that neither neutrophils, lym-
phocyte, or platelets counts nor their ratios (neutrophil-to-
lymphocyte ratio and neutrophil-to-platelets ratio)
predicted OS. Interestingly, the only factor associated
with OS was pretreatment hemoglobin. The presence of
anemia predicted poorer survival (HR, 0.77; 95% CI, O.-

67-0.88; p<0.001).”*

NLR and LMR in T and NK-Cell

Lymphomas
Primary Cutaneous T-Cell Lymphoma
Primary cutaneous T-cell lymphoma (PCTCL) is

a heterogenous group of non-Hodgkin’s lymphomas
(NHL) which accounts for two-thirds of cutaneous lym-
phomas. The most common variant of CTCL is mycosis
fungoides (MF), accounting for over half of all cases.”” In
its early stages, the disease tends to be indolent, with little
effect on patient’s life expectancy, however a subset of
patients undergo rapid progression and extracutaneous
spread of T cells. It is crucial to identify individuals with
high risk of progression.’® Traditionally, overall clinical
characteristics, such as skinstage (T) or histologic features
for example large cell transformation (LCT), identify
patients with poor prognosis. It is worth emphasizing that
there is great heterogeneity in these subclasses of PCL.
Moreover, in everyday medical practice, there are no
genetic markers available, that could identify subsets of
patients in a more accurate way.’’

What follows from the above considerations, is that
new prognostic markers are needed in MF. A complete
blood count is one of the tests considered useful in making
the prognosis. Elevated absolute lymphocyte count and
eosinophilia are associated with disease progression and
disease-specific death.”® Changes in the T-cell population
can also be correlated with the risk of disease progression.
In Abeni et al’® study, the number of CD8+ T cells below
600/mL has been associated with a worse prognosis in MF
patients. Moreover, exceedingly high risk of death was
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reported for patients with leukocytes> or = 9000 and CD8
+ < 600 cells microL.”®

Cengiz et al” revealed that high NLR at diagnosis of
MF represents a simple, poor prognostic factor. NLR
higher than 2.85 could be used for identifying high-risk
patients. In advanced stages of the disease high NLR was
associated with high beta-2-microglobulin level.” On the
contrary, Eren et al®® found no significant difference in
treatment demand, time to treatment, progression in stage
and time to progression in stage in patients with NLR>/=2
and NLR<2.%" The recent prospective study by Uysal et -
al®! considered screening tests in patients with early-
staged mycosis fungoides. No differences have been
detected between NLR value in different staging groups.
It may be possible that NLR could be a prognostic marker
only in patients with advanced disease.®' In 2019,
Vonderheid et al®*> found no association between NLR
and MF prognosis. What is interesting, the authors
reported prognostic significance of serum copper in
CTCL patients. Copper level higher than normal was
associated with an increased risk of disease progression
and shortened disease-specific survival for patients with
patch or plaque phase MF.*

Peripheral T-Cell Lymphoma

Peripheral T-cell lymphoma, unspecified (PTCLU) is
a group of heterogeneous diseases that cannot be further
classified into any other category according to World
Health Organization classification.® It encompasses
a group of lymphomas with generally poor prognosis,
with a 5-year survival rate of approximately 32%.%* In
PTCLU Ann Arbor score, PIT (Prognostic Index for
PTCLU) IPTCLP (International
Peripheral T cell Lymphoma Project Score) and modified

score, IPI score,

PIT are used to prognose the outcome.® It seems that NLR
also exhibits prognostic significance. In Beltran et al®
study NLR>/=4 was associated with worse OS after
adjustment for the PIT (HR 4.30, 95% CI 1.90-9.69; p <
0.001) and IPI score (HR 2.60, 95% CI 1. 12-6.04; p =
0.03).%¢ Kaito et al proposed a new prognostic index in
PTCLU comprising neutrophil to lymphocyte ratio, lactate
dehydrogenase and albumin. Its main goal is to predict the
effect of first-line chemotherapy. Authors measured time
to treatment failure rate (TTF) after 1 year from diagnosis.
It was calculated as 71.4% in patients with score 0 (no
adverse factor), 31.8% with score 1 (1 adverse factor) and
4.5% with score 2 (23 adverse factors). The prognostic
power of this model was superior to PIT power. Authors

conclude that patients with scores of 1 and 2, responding
to chemotherapy should be perfect candidates for upfront
stem cell transplantation. As for LMR, Cencini et al®’
proved that patients with lower ALC/AMC ratios (ALC/
AMC <2) had shorter OS and PFS. They also combined
ALC/AMC ratio and PTCL-U score, which resulted in the

division for 3 groups with different prognosis.®’

Extranodal Natural Killer/T Cell
Lymphoma

Extranodal natural killer/T cell lymphoma (ENKTL) is
a highly aggressive lymphoma derived from mature NK-
and T-cells. ENKTL can be pathologically divided into
two types, nasal and non-nasal ENKTL.The majority of
ENKTL occur in the upper aerodigestive tract. It can also
be situated in skin, testis and salivary glands. IPI and
PINK (prognostic index for NK/T cell lymphoma) are
useful prognostic models, verified in numerous studies.®®
Zhou study evaluated prognostic value of derived NLR
(dNLR) in 33 newly diagnosed ENKTL patients. Patients
with dNLR >3.6 presented shorter OS and PFS than
patients with dNLR<3.6. Low absolute lymphocyte count
was also adverse prognostic marker.®

T-Lymphoblastic Lymphoma

T-lymphoblastic lymphoma (T-LBL) is a neoplasm of
immature T-cell lineage (T-LBL) T-LBL is more common
in children than in adults and concerns mostly boys. The
pathologic characteristics of LBL are similar to those of
acute lymphoblastic leukemia (ALL),”® The difference
between acute lymphoblastic leukemia is that in LBL
bone marrow involvement is below 25% (or 20% accord-
ing to WHO).”" Lately, after the adoption of pediatric-
derived, lymphoblastic leukemia-like protocols the survi-
val in T-LBL has improved significantly. Due to rarity of
the disease, prognostication still remains a challenge.”
Although many of T-LBL prognostic factors have been
reported, such as age above 30-40, elevated LDH, bone
marrow involvement, stage IV, B symptoms, or early CNS
invasion, these need to be furtherly elaborated on. Meiwei
et al” reported that Ki-67>75%, elevated LDH, pleural
effusion and no OR after chemotherapy affected
survival.”® TPI score is frequently used. Feng et al
observed the outcome of 75 newly diagnosed adult
patients with T-lymphoblastic lymphoma (T-LBL) in cor-
relation to LMR, NLR and PLR values. Patients with
LMR</=2,8, NLR >/=3,3 and PLR>/=200 had inferior
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PFS and inferior OS. Authors proposed a “complete blood
count score” model, comprised of LMR, NLR and PLR.
3-year OS was 84%, 53% and 30% for low-, intermediate-
and high-risk patients. Prognosis established using this
model was much more accurate than when using IPI
score.”*

NLR and MLR in Hodgkin’s
Lymphoma

Hodgkin’s lymphoma is a neoplastic disease characterized
by the presence of cancerous Reed-Sternberg cells and
Hodgkin cells in the tumor background. Patients are com-
monly diagnosed in their 20s-30s.HL is highly curable
with combination chemotherapy, radiation or combined
modality treatment, even in advanced stages of the disease.
The Ann Arbor staging system with Cotswolds modifica-
tion is widely used. It is based on whether the involved
lymph nodes are situated on one or both sides of the
diaphragm, the number of sites involved, whether there
is contiguous extranodal involvement or disseminated
extranodal disease, and whether typical systemic symp-
toms (B symptoms) or bulky disease are present.”
Fluorodeoxyglucose (FDG) positron emission tomography
(PET) and computed tomography (CT) should be per-
formed. PET scans are interpreted using simple, reprodu-
cible criteria workshopped in Deauville, France. In 2014,
the Lugano classification modernized staging for lympho-
mas, as fluorodeoxyglucose (FDG) positron emission
tomography (PET) and computed tomography (CT) was
incorporated into standard staging. The Lugano staging is
not yet universally accepted.’® Prognostication in HL
seems to be of great importance, especially considering
the information, that at least 10-20% of patients are under-
or overtreated. Both under- and overtreatment might result
in serious adverse events, including patient’s death, due to
disease relapse or unnecessary toxic treatment.”’

Most recent study, considering prognostic role of NLR in
Hodgkin’s lymphoma has been published by Dogan et al.”®
A cut-off value 4.23 for NLR was used to predict the outcome.
High NLR values were associated with poorer treatment
response rate. The sensitivity and specificity of this index
was estimated as 60% and 65%.%® Romano et al® compared
NLR values of patients with HL and healthy individuals (5.0
vs 1.6). Higher NLR was associated with advanced stage,
increased neutrophil count, reduced lymphocyte count and
higher levels of markers of systemic inflammation. PFS at
60 months was 86.6% vs 70.1% in patients with NLR>/=6

and NLR<6. It was stated that NLR is a predictor of PFS in HL
patients independently of the stage at diagnosis. Authors pro-
pose that integration of PET-2 scan, NLR and LMR values
could be used to establish new prognostic system in HL.”’ In
Koh’s et al'® study it was proved that NLR values above 4.3
predicted poorer OS in advanced cHL.'* Marcheselli et al'®!
determined that NLR above 6 was associated with poorer PFS
and OS in every stage of cHL.'"" Risk stratification in early-
staged HL in the era of de-escalation treatment is more impor-
tant than ever. It seems crucial to identify patients who cannot
go under treatment de-escalation due to high relapse risk.
Positron emission tomography (PET) is widely used, but is
considered as not sufficient. Reddy et al'®* made an retro-
spective analysis, to determine whether NLR or PLR present
predictive significance. 338 patients with stage I and II classi-
cal Hodgkin lymphoma (cHL) were included. Cut off points
were appointed: 6.4 for NLR and 266.2 for PLR. Both NLR
and PLR were associated with worse FFP (freedom from
progression). Moreover, there was association between
adverse pre-treatment factors such as bulky disease, presence
of B symptoms, stage II disease, and NLR and PLR values.
Unfortunately, both NLR and PLR failed to predict relapse.'**

The prognostic value of LMR in HL has been contro-
versial for quite a long time. Few studies have proved that
correlation between LMR and survival outcomes does
exist, other reporter otherwise.'” Gu et al'® meta-
analysis on prognostic value of LMR in different cancer
types, found that LMR at diagnosis predicted poorer can-
cer-specific survival and PFS in HL.'® In 2019, Fung Lee
et al meta-analysis was released. The study concerns prog-
nostic value of LMR in HL. Eight retrospective studies
were involved. Low LMR was associated with poorer OS
and PFS, which might be due to more aggressive HL
nature or poorer treatment tolerance. Lymphopenia is
a proven prognostic factor in HL, which is convergent
with LMR prognostic significance.'® Table 1 summarizes
evidence for prognostic significance of NLR in lympho-
mas. A summary of the LMR data is presented in Table 2.

NLR and MLR in Multiple Myeloma

Multiple myeloma (MM) is a neoplastic disease classified as
a monoclonal gammopathy (plasma cell dyscrasia). Its
essence is an uncontrolled proliferation of B cells at the
final stage of differentiation, ie after the immunoglobulin
heavy chain class switch recombination. Plasmocytes pro-
duce monoclonal protein globulins or its fragments'®
Multiple myeloma accounts for approximately 1-2% of

all malignant tumors and 10-15% of hematological
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Table | Evidence for Prognostic Significance of NLR in Lymphomas

Disease | Study Area Number Results
of
Patients
DLBCL Mu et al USA, China, 2515 NLR is an indicator for poor OS (HR 1.826, 95% CIl 1.238-2.692) and poor PFS
meta-analysis*' Korea, Austria, (HR 1.591, 95% CI 1.124-2.252).
Croatia
Wang et al meta- USA, Taiwan, 2297 NLR is an indicator for poor OS (HR = 1.84, 95% Cl = 1.52-2.22, p<0.001) and
analysis*? Korea, Austria, poor PFS (HR = 1.64, 95% CI = 1.36—1.98, p<0.001).
China
Annibali et al.*® Italy 505 Patients with NLR<3.5 had higher 4-year OS probability than patients with NLR
ratio 23.5 (86% vs 64%) and higher 4-year EFS probability than patients with
NLR ratio 23.5 (76% vs 48%).
Azuma et al.* Japan 530 No prognostic significance of NLR
FL Lee et al.?® Hong Kong 88 High LMR (>3.20) at diagnosis was associated with superior PFS (HR 0.31, 95%
Cl10.13 to 0.71).
MCL Haydaroglu et al.3 Turkey 96 The group with a NLR = 2.43 had poorer 5-year PFS (21.0£3.81, 95% CI =
13.53-28.47, P < 0.001) and poorer 5-year OS (31.0%1.54, 95% CI =
27.96-34.03, P < 0.001).
PCNSL Jung et al*? Korea 62 worse 3-year overall survival (OS) (42.5 vs 71.2%; p=0.031) and a worse 3-year
progression-free survival (PFS) (37.3 vs 60.1%; p=0.028) in high NLR group
Le etal.”* France 182 No prognostic significance of NLR
MF Cengiz et al.”’ Turkey 119 ANC/ALC ratios of 2.85 or higher at diagnosis were positively correlated with
elevated beta-2-microglobulin, advanced disease stage, and disease progression
Eren et al.®° Turkey 117 no association between the NLR and treatment demand, time to treatment,
progression in stage, and TTP in stage in MF patients
Uysal et al.®' Turkey 112 no correlation between clinical responsiveness and NLR
Vonderheid et al.®2 USA 98 NLR not significantly associated with prognosis
PTCLU Beltran et al.® Peru 83 NLR 2 4 was associated with worse OS (HR 3.96, 95% CI 1.92-8.17; p < 0.001).
ENKTL Zhou et al.®’ China 33 Patients with high dNLR (23.6) revealed significantly shorter OS (P=0.001) and
PFS (P=0.008) than those with low dNLR
T-LBL Feng et al.”* China 75 NLR 23.3 correlated with inferior PFS and OS, when compared with patients
with NLR <3.3 (PFS: 7.5 and 39.5 months, p = 0.001; OS: 24.5 and 54 months,
p = 0.05)
HL Dogan et al.”® Turkey 232 High NLR values were significantly related to disease stage, early-stage risk
scoring and response to the treatment.
Romano et al.”® Italy 180 PFS at 60 months was 86.6% versus 70.1% in patients with NLR 2 6 or NLR <6
Koh et al.'® Korea 312 high ANC/ALC ratio (24.3) correlated with poor OS (P < 0.001)
Marcheselli et al.'®' Italy, Israel 990 Patients with NLR >6 had a worse PFS and OS compared to those with NLR <6
(84% vs 75% and 92% vs 88%, at 5 years; HR of 1.65 and 1.82).
Reddy et al.'® USA 338 Two-year FFP for patients with NLR 26 4 was 82 2% vs 95 7% with NLR <6 4 (P
<000l).

Abbreviations: DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma;

MCL, mantle cel lymphoma’ PCNSL, primary central nervous system lymphoma; MF

mycosis fungoides; PTCLU, peripheral T-cell lymphoma, unspecified; ENKTL, extranodular natural killer/T-cell lymphoma; T-LBL, T-lymphoblastic lymphoma; HL, Hodgkin’s
lymphoma; OS, overall survival; PFS, progression-free survival; EFS, event-free survival; FFP, freedom from progression; dNLR, derived NLR.

malignancies.'® Durie and Salmon were creators of the first
staging system in MM.'%" It was revised in 2006.'°° The
Durie-Salmon classification (DSS) uses serum immunoglo-
bulin M-component level, urine light chain M-component

level, hemoglobin value, calcium concentration and the

number of bone lesions to estimate tumor mass and predict
survival. It 2005, Greippet al., introduced International
Staging System (ISS). Patient classification and stratification
is based solely on albumin and beta-microglobulin level.'*®

ISS overcame many limitations of Durie-Salmon staging
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Table 2 Evidence for Prognostic Significance of LMR in Hematological Malignancies

Disease | Study Number of Area NLR Influence on | NLR Influence on
Patients os PFS/EFS
DLBCL Wang et al® 355 China LMR < 2.7| was a negative prognostic marker for
OS (HR, 1.658;95% Cl,1.930-2.703; p=0.042) and
a negative prognostic marker for PFS (HR,1.528;
95% Cl, 1.006-2.315; p=0.049)
FL Lee et al*® 88 Hong Kong high LMR (>3.20) at diagnosis was associated with
superior PFS (HR of 0.31 (95% Cl1 0.13 to 0.71))
Belotti et al*® 132 Italy 2-year PFS was superior in the LMR > 2 group
Kumagai et al®’ 99 Japan a decreased LMR was a significant poor
prognostic factor
MCL Goy et al®® 96 USA An elevated ALC/AMC >2 is associated with
improved OS in MCL.
HL Romano et al”® 180 Italy PFS at 60 months was 86.6% vs 70.1% in patients
with NLR 26 or NLR < 6.
Fung Lee et al meta- 3319 USA, ltaly, Israel, Hungary, Korea, low LMR was associated with a significantly
analysis' ¢ Greece, Serbia poorer OS (HR 2.66, 95% Cl 1.67, 4.26; P=
0.014; 12 = 62.5%; p=0.014). LMR was
associated with poorer PFS (HR 2.19, 95% ClI
1.46, 3.29, P<0.001; 12 =52.2%; p=0.079)
MM Romano et al. 208 Italy Patients with LMR < 3.6 had shorter PFS than those
with LMR 2 3.6 (18.5 vs 40.5 months, p =0.0003).

Abbreviations: DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; PCNSL, primary central nervous system lymphoma; MF,
mycosis fungoides; PTCLU, peripheral T-cell lymphoma, unspecified; ENKTL, extranodular natural killer/T-cell lymphoma; T-LBL, T-lymphoblastic lymphoma; HL, Hodgkin’s
lymphoma; MM, multiple myeloma; OS, overall survival; PFS, progression-free survival; EFS, event-free survival.

system. It is easy to compute, provides more equal distribu-
tion among risk subgroups and presumably, is better corre-
lated with post transplantation outcomes.'® It is currently
assumed that International Staging System (ISS) is the most
accurate to evaluate the prognosis in multiple myeloma.
However, clinical course of MM is so highly variable, that
clinicians need even more precise prognostic information.''°
Cytogenetics is good prognostic biomarker, but its cost and
convenience limits its application. Thus, the systemic inflam-
mation markers, such as NLR and LMR are recently under
close investigation in MM.'"!

Two meta-analyses considering the prognostic signifi-
cance of NLR in MM were published in 2018. Zeng et al''!
demonstrated poor OS (HR: 1.73, 95% CI: 1.23-2.44; P=
0.002) and PFS (HR: 1.74, 95% CI: 1.11-2.73; P=0.015)
when pretreatment NLR was elevated. Moreover, NLR was
associated with ISS, isotype of light chain and response to
treatment.''" Mu et al''® founded linear association between
increased NLR and risk of mortality in MM patients. There

was a linear association between NLR and ISS staging.''”

112
1

Kim et al "~ proposed ‘MPI analysis’, consisted of NLR

pretreatment, platelet count and CRP. One point is assigned

each for high NLR pretreatment, low PLT and high CRP
level. MPI might be effective in predicting the survival of
newly diagnosed MM patients undergoing active treatment.
Proposed risk categories were stratified in: low (0 points),
intermediate (1 point) and high (23 points). Median overall
survival corresponded with risk stratification. What is more,
prognostic significance of proposed index is significant
regardless of age, renal function and novel agent treatment.
It might be useful complementary to ISS in MM patients.''

It seems that NLR and LMR might have direct impact on
choosing the most appropriate treatment regimen. As we
know, MM patients can be treated with regimens consisting
of proteasome inhibitor, IMiDs or both. Some authors claim
that, high NLR is a poor prognostic factor only in patients
treated with thalidomide and lenalidomide. On the other side
low LMR predicts lower OS in all treatment groups.113
Dosani et al''* noticed that NLR and LMR do not always
correlate with each other and might have different biological
significance.''* All in all, NLR and LMR were confirmed as
prognostic markers in patients treated with novel agents.
Thus, high-risked patients (with NLR>/=2 or LMR<3.6)

should be addressed to regimens containing both proteasome
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inhibitor and IMiDs.'"* Elevated derived NLR level is an
independent adverse prognostic factor for transplantation-
ineligible MM patients. In Lee et al study, complete response
rate was lower in the high derived NLR group in comparison
to the low derived NLR group. The 2-year OS rate were:
72.2 in high derived NLR group and 84.7% in low derived
NLR group.'"® The data summary is presented in Tables 2
and 3 for LMR and NLR, respectively.

NLR and LMR in Leukemias

Until now the prognostic significance of NLR and LMR in
leukemias has not been widely reported. There is only one
paper, evaluating the role of NLR in formulating the
prognosis in acute leukemia patients. Mushtaq et al''®
explored the association of NLR, overall survival (OS)
and response to treatment in patients with relapsed/refrac-
tory acute myeloid leukemia (RR-AML). 63 adults with
RR-AML were included. Mean NLR was 1.54, 11%
patients had NLR of 3 or more. High NLR was an inde-
pendent poor prognostic factor. Median OS in patients
with NLR of 3 or more was 3.4 months (95% CI
3.2-3.7) vs 9.2 months (95% CI 7.1-11.3) in patients
with NLR <3.''

Similarly, the issue of NLR and LMR significance in
chronic lymphocytic leukemia, has been rarely raised.
Chiarenza et al''” evaluated the prognostic role of blood
neutrophils, monocytes and non-neoplastic lymphocytes in
400 CLL patients at diagnosis. To achieve this goal, absolute
neutrophil count (ANC), absolute monocyte count (AMC),
absolute T-lymphocyte count (ALC-CD3+), NLR and NMR
(neutrophil to monocyte ratio) were evaluated. Compared to
healthy individuals, CLL patients showed increased AMC
value and increase in the ALC-CD3+ value. There was no
difference in ANC. The median NLR ratio was higher in
CLL patients compared to healthy individuals. NMR median
value was higher in early stage compared to advanced stage
(8.0, 6.7, 5.1 in Binet A, B, C).

No correlation has been found between NLR, NMR and
genetic aberrations. Higher NLR and NMR were associated
with the absence of serum prognostic markers, such as CD38,
and CD49d.NLR and NMR were higher in untreated patients
than treated ones (median NLR 2.42 vs 1.95; NMR 8.0 vs
7.0). Low NLR and NMR ratio were markers of increased
risk to symptomatic progression. A strongest positive prog-
nostic factor in CLL was displayed by NMR value.''” The
data summary is presented in Table 3.

Table 3 Evidence for Prognostic Significance of NLR in Multiple Myeloma, Leukemias and Myeloproliferative Neoplasms

Disease | Study Area Number of NLR Influence on NLR Influence on PFS/
Patients os EFS

MM Zeng et al meta- Turkey, Korea, China, Italy, 1886 poor OS (HR: 1.73, 95% Cl: 1.23-2.44; P=0.002)

analysis' "' USA and
poor PFS (HR: .74, 95% CI: 1.11-2.73; P=0.015)
when pretreatment NLR elevated

Mu et al''® meta- Turkey, China, Korea, Italy, 1971 increased NLR predicted poorer OS (HR 2.084, 95%

analysis USA Cl: 1.341-3.238) and PFS(HR 1.029, 95% ClI:
1.016-1.042)

Lee et al''® 38 clinical centers 176 High dNLR was an independent poor prognostic
factor for OS (hazard ratio 2.217, 95% CI
1.015—4.842; p = 0.0458) in transplantation-ineligible
patients with MM.

RR-AML | Mushtaq et al.''® USA 63 Median OS in patients with NLR of 3 or more was
3.4 months (95% Cl 3.2-3.7) vs 9.2 months (95% Cl
7.1-11.3) in those with NLR <3 (P=0.040).

CLL Chiarenza et al.'"” Italy 400 NLR 2 3.0, predicted a good prognosis in CLL
patients

PMF Lucijanic et al.'"’ Croatia 102 higher- NLR (HR=2.76; p=0.004) predicted poorer
survival

Abbreviations: MM, multiple myeloma; RR-AML, relapsed/refractory acute myeloid leukemia; CLL, chronic lymphocytic leukemia; PMF, primary myelofibrosis; OS, overall

survival; PFS, progression-free survival; EFS, event-free survival; dNLR-derived NLR.
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NLR and LMR in Myeloproliferative

Neoplasms

Myeloproliferative neoplasms comprise polycythemia vera
(PV), essential thrombocythemia (ET), primary myelofibro-
sis (PMF), chronic myeloid leukemia (CML), chronic neu-
trophilic leukemia-not

leukemia, chronic eosinophilic

otherwise specified and myeloproliferative neoplasm,
unclassifiable.''® There exists little evidence for the prognos-
tic significance of NLR and LMR in myeloproliferative
neoplasms. Lucijanic et al''® investigated the prognostic
value of NLR and PLR in PMF. NLR and PLR were higher
in patients with PMF than in healthy individuals. Higher
NLR was associated with Janus-kinase-2 (JAK2)-mutation,
wild-type-Calreticulin (CALR), older age and higher leuko-
cytes, higher hemoglobin, larger spleen size. No association
with C-reactive-protein (CRP) value has been found. Higher
NLR (HR=2.76; p=0.004) and lower PLR (HR=1.99;
p=0.042) were independent markers of poor survival.'"’
Thrombosis leads to higher morbidity and mortality in
PV and ET. Kocak et al'?® evaluated the relation between
NLR values and thrombosis risk in myeloproliferative neo-
plasms mentioned above. No associations have been
found.'® In contrast, Zhou et al'?' proved that NLR at
diagnosis in ET is a valuable parameter for future thrombotic

1'22 evaluated the inflammation

events.'?' Hacibekiroglu et a
parameters in Philadelphia negative myeloproliferative neo-
plasia (PV, PMF, ET) patients and its impact on thrombosis.
No significant difference has been found between thrombosis
history and NLR value.'?* It seems that in myeloproliferative
malignancies, oxidative stress is of great importance as
a mechanism of tumorigenesis.'>> > This reflects an imbal-
ance between overproduction of reactive oxygen species and
the cellular antioxidant defense. High levels of oxidative
stress trigger cellular signaling pathways responsible for
chronic inflammation, involved in tumorigenesis.'**'*’
NLR and LMR may reflect chronic inflammation in myelo-
proliferative neoplasms. Table 3 summarizes evidence for
prognostic significance of NLR in myeloproliferative

neoplasms.

Conclusions

Despite the presence of numerous hematological prognos-
tic indexes, clinical progress and survival are often highly
varied even within the same patient subgroup. New prog-
nostic strategies are urgently needed, in order to use the
appropriate therapies and to personalize the treatment

intensity. Recent studies suggest that simple, cost-

effective, low-risk tests, such as cell count or its ratios at
diagnosis may be used to evaluate the prognosis. NLR and
LMR are tumor microenvironment biomarkers that can be
used as prognostic factors, not only in solid tumors, but as
well in hematological malignancies. The role of NLR and
LMR has been well confirmed in several hematologic
disorders such as DLBCL, HL and MM. However, there
is still little evidence for its significance in other abnorm-
alities of hematopoietic system. Particularly, the prognos-
tic significance of these parameters in acute and chronic
leukemias and also in myeloproliferative neoplasms, could
be an interesting field of research. The evaluation of the
exact clinical significance of NLR and LMR can help to
improve known prognostic indexes, in order to make prog-
nosis in hematological malignancies more precise.
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