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ABSTRACT

In the review we analyzed short history of the establishment of a novel hematological parameter for systemic
inflammation and stress coined as a neutrophil to lymphocyte ratio (NLR). Today NLR is widely used across almost
all medical disciplines as a reliable and easy available marker of immune response to various infectious and
non-infectious stimuli. We analyzed the immunological and biological aspects of dynamic changes of neutrophil
granulocytes and lymphocytes in circulating blood during endocrine stress, dysbalance of autonomic nervous
system and systemic inflammation. NLR reflects online dynamic relationship between innate (neutrophils)

and adaptive cellular immune response (lymphocytes) during illness and various pathological states. NLR is
influenced by many conditions including age, rice, medication, chronic disease like coronary heart disease, stroke,
diabetes, obesity, psychiatric diagnosis, cancer of solid organs, anemia and stress. A normal range of NLR is
between 1-2, the values higher than 3.0 and below 0.7 in adults are pathological. NLR in a grey zone between
2.3-3.0 may serve as early warning of pathological state or process such like cancer, atherosclerosis, infection,
inflammation, psychiatric disorders and stress. NLR is used as a reliable and cheap marker of ongoing cancer-
related inflammation and a valid indicator of prognosis of solid tumors. Majority of meta-analyses have explored
the prognostic value of NLR in various solid tumors and have found out the cut-off value of NLR above 3.0 (IQR
2.5-5.0). We summarized its privilege in oncology: NLR may be used for stratification of cancer, correlates with
the tumor size, stage of tumors, metastatic potential and lymphatic invasion. NLR has independent prognostic
role regarding overall, cancer free and cancer-specific survival. It is useful for monitoring oncological therapy,
including biological and immune check point inhibitors treatment. NLR is a very sensitive indicator of infection,
inflammation and sepsis, validated in numerous studies. Clinical research confirmed the sensitivity of NLR for
diagnosis/stratification of systemic infection, sepsis, bacteremia as well as its robust predictive and prognostic
value. NLR should be investigated daily, and follow-up its absolute values and dynamic course in acute disease or
critical illness. The severity of critical iliness, the level of stress and serious inflammation is expressed by dramatic
increasing of NLR values above 11 = 17, or even higher than 30. Improving the clinical course of sepsis, critical
iliness, lower risk of mortality are associated with decline of NLR values below 7. NLR is helpful in differentiating
more severe disease versus milder one. NLR is cheap, simple, fast responding and easy available parameter

of stress and inflammation with high sensitivity and low specificity, it should be used routinely in emergency
departments, ICUs, in acute medicine including surgery, orthopedics, traumatology, cardiology, neurology,
psychiatry and even oncology. Dynamic changes of NLR precede the clinical state for several hours and may warn
clinicians about the ongoing pathological process early. NLR is a novel perspective marker of cellular immune
activation, a valid index of stress and systemic inflammation, which open a new dimension for clinical medicine,
for better understanding of the biology of inflammation, coupling and antagonism between innate and adaptive
immunity and its clinical consequences for health and disease (Tab. 8, Fig. 3, Ref. 151). Text in PDF www.elis.sk
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Introduction

Twenty years ago, we established a new parameter of immune-
inflammatory reaction and neuro-endocrine stress, which is now
coined as a neutrophil-to-lymphocyte ratio (NLR) (Zahorec, 2001).
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A short history of invention of NLR

In the period of 1998-2000. we explored new biomarkers of
sepsis, namely procalcitonin and neopterin for the diagnosis of
severe bacterial or viral infection in ICU setting. We studied the
kinetics of procalcitonin, a valid biomarker of sepsis and systemic
infection, on a cohort of 90 ICU cancer patients at the department
of anesthesiology and intensive medicine, St. Elizabeth’s Cancer
Institute, Bratislava, Slovakia. We measured several blood pa-
rameters of systemic inflammation, such as acute phase proteins,
thrombocyte and leukocyte counts, including white blood cell
differential populations, together with the clinical course of criti-
cally ill patients. We were focused on the systemic inflammatory
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response syndrome (SIRS) after elective cancer surgery, referred
to as post-surgical SIRS, and biomarkers of sepsis during the ab-
dominal sepsis syndrome (Zahorec et al, 2000). We observed a
significant elevation of serum procalcitonin in the morning of the
first post-operative day (mean peak value 1.5 ng/ml, median 1.3 ng/
ml) and peak values of C-reactive protein on the second postopera-
tive day. The interesting observation was that there was a profound
decline in the lymphocyte count after surgery (induced by “sur-
gical SIRS”) and a more profound deep lymphocytopenia during
bacteremia, severe sepsis and septic shock (Zahorec et al, 2000).

We suggested that SIRS criteria defined by R. Bone (1992)
may be useful and more reliable. Instead of WBC count which has
low sensitivity and specificity in the diagnosis of sepsis, a new,
more specific marker and a more sensitive hematological parameter
can be used, namely serum procalcitonin and lymphocyte count,
respectively (Zahorec, 2000). In many clinical settings of SIRS
(after multiple trauma, acute pancreatitis, cardiogenic shock, post-
resuscitation disease, burns injury) and various critical illnesses
(abdominal sepsis, ARDS, septic shock, hemorrhagic shock), we
observed a significant elevation in serum procalcitonin, namely
10-100-fold above normal values together with marked lympho-
cytopenia (Zahorec 2000 a, b, ¢). In November, 2000, professor
Lamy (Liege, Belgium) attended Bratislava with a lecture on
experimental and clinical issues of sepsis. He mentioned one in-
teresting experimental trial which has been conducted on human
volunteers and was exploring the effect of an intravenous endo-
toxin on the synthesis of adhesion molecules (Jilma et al, 1999).
They followed up dynamic changes in neutrophil granulocytes
and population of lymphocytes during human endotoxemia by
serial investigations of complete blood count differential dur-
ing 24 hours after administration of 4 ng/kg of lipopolysaccha-
ride (Jilma et al, 1999). One hour after the administration of the
endotoxin, they observed a sudden drop in the neutrophil count,
which was followed by a steep increase in the neutrophil count
up to 8,000—-10,000/ul with the maximum peak taking place dur-
ing the period of 4-6 hours after endotoxin administration, and a
profound decline in the lymphocyte cell count in peripheral blood.
In conclusion, the acute experimental endotoxemia was asso-
ciated with significant neutrophilia (high neutrophil count of over
8,000 /ul) and profound lymphocytopenia (< 600—500/ul). These
results published by Jilma et al (1999) were a strong motivation
(first step) for further research aimed at better understanding of
this fascinating phenomenon — acute dynamic changes in circulat-
ing neutrophil and lymphocyte populations during the course of
endotoxemia, SIRS, and/or sepsis.

The second step was the article by Elebute and Stoner (1983)
who established a sepsis score to measure the grade of sepsis
syndrome using Bayesian method. The wisdom of their first sen-
tence is crucial: “It is frequently said, and with some truth, that
You cannot begin to investigate something until you can measure
it (Elebute and Stoner, 1983). The third stimulus was the article
by Jahangiri (1990) demonstrating the association between the
severity of lymphocytopenia and severity of the clinical course
of acute appendicitis proved by histopathological findings. The
most profound lymphopenia was associated with gangrenous ap-

Dysregulated innate immune response

Complicated

em =
. .~

Uncomplicated

Neutrophils

Lymphocytes Time (days)

Uncomplicated

Complicated

Magnitude of response Magnitude of response

Dysregulated adaptive immune response

Fig. 1. Neutrophil-lymphocyte ratio reflects Cellular Immune Re-
sponse to the supraphysiological insults as an interaction between
innate (neutrophil granulocytes — red lines) and adaptive immune
system (lymphocytes — blue lines) regarding physiological response
(healing and recovery) and pathophysiological response (complicated
- hyperinflammation ,,cytokine storm®, or prolonged inflammation or
prolonged immunosuppression, ), stimulated by Hotchkiss et al, 2016.

pendicitis. We conducted a pilot observational study on a cohort
of 90 ICU cancer patients and observed a pattern of dynamics of
elevation in the neutrophil count and decline in the lymphocyte
count that was identical to that observed by Jilma et al (1999) af-
ter elective major abdominal surgery, sepsis and bacteremia. The
most severe and marked elevation of neutrophil counts and very
deep decline in lymphocyte counts were observed in association
with most severe critical illnesses such as septic shock, hemor-
rhagic shock, multiple trauma, and acute pancreatitis (Zahorec,
2001). The most notable observation was that the dynamic changes
in circulating WBC populations counts, namely the dramatic in-
crease in circulating neutrophil count and very profound decline
in the lymphocyte count, both took place simultaneously, “hand-
in-hand”, but in opposite directions. This divergent course of the
latter leukocyte populations should be expressed by a number that
would measure the severity of immune-inflammatory response
to stress (Zahorec, 2001). Our results of clinical single-center
trial together with previous observations that both neutrophilia
and lymphocytopenia reflect the natural physiological response
of circulating leukocytes to stress, injury, trauma, major surgery,
bacteremia, systemic inflammation, SIRS and sepsis raise the ques-
tion as to how to express this phenomenon. We found out that the
optimal expression of the relation between dynamic changes of
neutrophils and lymphocytes would be their ratio. We suggested
the neutrophil-to—lymphocyte ratio as the most appropriate, simple
and reliable parameter of the intensity of neuroendocrine stress and
immune-inflammatory response, referred to as neutrophil/lympho-
cyte stress factor (NLSF). The ratio is the best expression of the
tight functional relation between two fundamental immunocompe-
tent leukocyte populations, i.e, neutrophil granulocytes (innate im-
mune system) and lymphocytes (adaptive immune system) (Fig. 1).
The neutrophil-to-lymphocyte ratio (NLR) is easily obtained by
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Tab. 1. Causes of neutrophilia (high and increased neutrophil count) and lymphocytopenia during stress, trauma, surgery, systemic infection,

inflammation, sepsis, bacteremia and critical illness.

Activity/Leukocyte population during stress

and inflammation

Increase in neutrophil granulocytes count in
the peripheral blood

Decrease in lymphocyte count
(lymphocytopenia in the circulating blood)

Reticulo-endothelial system, endothelial
glycocalyx activity

Demargination

Margination

Bone marrow

Increased release, mobilization to blood
circulation, immature bands

Low release, demobilization

Lymphoid tissue, lymphatic nodes, spleen

Distribution to blood circulation

Redistribution, accumulation in lymphatic
tissue, lymph nodes and interstitium

Sympathetic activation/ stimulation of
sympathetic ANS

Increase in mobilization and Neu count
in the blood, increase in activity of innate
immune response

Lymphopenia, immunosuppression of
adaptive immune response

Catecholamines: noradrenalin adrenalin

Increase in release, mobilization and
increase in neutrophil count in the blood

Decrease in count and activity of
lymphocytes, depressed adaptive immune
response

Cortisol and stimulation of parasympathetic

nervous system

Downregulation of inflammation

Decrease in number of circulating
lymphocytes in the blood

Delayed apoptosis, prolonged half-life of

Accelerated apoptosis, shorten half-life of

Apoptosis neutrophils

lymphocyte

dividing the absolute neutrophil count by absolute lymphocyte
count from peripheral complete blood counts. Originally, NLR has
been suggested as a simple index of the systemic inflammatory
response syndrome (SIRS) and stress in critically ill patients, to
evaluate the severity of sepsis and systemic infection, including
bacteremia (Zahorec, 2001).

Physiology and pathophysiology of neutrophilia and lympho-
cytopenia, expressed by neutrophil-to-lymphocyte ratio

Neutrophilia and lymphocytopenia per se were observed af-
ter trauma, major surgery and studied separately at the end of
20th century. Major surgery evokes an endocrine stress response,
characterized by an increase in serum cortisol, prolactin, plasma
adrenaline and noradrenaline (Dionigi et al, 1994). Furthermore,
surgical stress was accompanied by lymphopenia and granulocy-
tosis in peripheral blood. The changes in peripheral white blood
cells have been demonstrated after surgery as well as after cortisol
infusion in experiments on rabbits. Lymphocytes were isolated
from peripheral venous blood, labelled with indium-111-tropolene
and reinjected intravenously into the rabbits. The redistribution
of lymphocytes was imaged with a gamma-ray camera and cal-
culated with a connected computer 2, 4 and 7 hours after the skin
incision. The results indicate that major surgery induces a redis-
tribution of lymphocytes from peripheral blood to the lymphatic
tissue. Margination and redistribution are mostly responsible for
lymphopenia in peripheral venous blood (Toft et al, 1993). Dionigi
(1994) first noticed that lymphopenia during major surgery is due
to physiological response of lymphocyte population to high serum
levels of cortisol, prolactin and catecholamines. These observations
were confirmed recently by another experimental study exploring
the effects of stress hormones on the key immuno-competent cell
populations, i.e, on neutrophil granulocytes and lymphocytes.
Castrated male pigs (n = 34) were treated with physiological
doses of either adrenaline, noradrenaline, or cortisol via i.v. in-
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fusion for 48 h. Blood samples were collected before treatment
(=24 h, 0 h), during treatment (+2 h, +24 h, +48 h), and at hour
72 after the infusion. The pigs receiving cortisol showed strongly
decreased adaptive immune cell numbers (marked lymphopenia)
and increased counts of neutrophils (significant neutrophilia).
The catecholamine effects on immuno-competent cell numbers
were mostly similar to cortisol in direction but smaller in inten-
sity and duration. These findings indicate a shift from adaptive to
innate immunity in stressful situations (Reiske et al, 2020). This
general and natural physiologic reaction of the immune system to
the supra-physiologic insults governed by the vegetative nervous
system (interaction of sympathetic and parasympathetic autono-
mous nerve regulation modes) and endocrine system (the role of
stress hormones including catecholamines, cortisol, prolactin)
is conserved by evolution. Neutrophils play a pivotal role in the
innate immune response including phagocytosis, and release of
a variety of cytokines and molecule mediators. Lymphocytopenia
is a hallmark of stress while inflammation is due to demargination,
redistribution and accelerated apoptosis. NLR indicates the balance
between innate and adaptive immune responses and it is an ex-
cellent indicator of inflammation and stress together (Fig.1). The
opposite changes in neutrophil and lymphocyte counts are a mul-
tifactorial dynamic process depending on finetuning and regu-
lation of various immunologic, neuroendocrine, humoral and
biologic processes such as margination/ demargination, mobili-
zation/redistribution, accelerated/delayed apoptosis, influence of
stress hormones and sympathetic/parasympathetic imbalance of
the vegetative nervous system (Tab. 1). This observation is sup-
ported by the systems biology and by theory of endobiogeny. K.
Hedayat (2020) applied the theory of endobiogeny as a global
system approach to living systems. According to this theory , the
neuroendocrinne system is the manager of metabolism. The auto-
nomic nervous system calibrates and sequences timing, duration,
amplitude and intensity of endocrine function, and endocrinne
system manages the coherency of metabolic activity across all



Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and future perspectives

Tab. 2. Normal values of neutrophil-to-lymphocyte ratio in healthy adults of different races across the world, normal NLR median: 1.65 (range

1.2-2.15).

NLR (1.2-1.65-2.15)

Author, Year, Country Mean value = SD

Reference range of NLR

Number of participants, rice

Azab et al, 2014, USA, New York
Yanti et al, 2016, Indonesia

Forget et al, 2017, Brusel, Belgium
Mohamed et al, 2017, Sudan, Chartim
Aydin et al, 2015, Turkey

Lee et al, 2018 Soul, Korea

2.15 (1.5-2.9)
1.95 (1.35-2.17)
1.65 (0.78-3.53)
1.2 (0.75-1.65)
1.9 (1.1-2.2)
1.65 (0.86-2.44)

1.71-2.28 (-2.4) 9,427 adults, Latinos, Caucasians, African Americans,

1.15-4.09 265 young Indonesian adults; 21 y

0.8-3.5 413 healthy adults,18-66 y from Brussels region
0.75-1.9 300 black Sudanese adults, age 5-85 y

1.0-2.3 Turkey

0.4-3.19 12,160 Korean citizens

units of function based on three qualities: 1) constancy of action,
2) ubiquity of action, 3) autoregulation (Hedayat, 2020). Regard-
ing the observations that androgens stimulate the production of
RBCs in the bone marrow and estrogenes do for white blood cells
he suggested Genital ratio (activity of androgens/activity of estro-
gens). In the past Ch. Duraffourd developed Genito-thyroid index
= %Neutrophils/%Lymphocytes. The normal value is 1.5-2.5. It
was defined as the relative activity of estrogens in relationship to
that of thyroid. They explored also a number of biomarkers linked
to upstream influences on metabolism. The essential ones are:
complete blood count. Total protein, thyroid stimulating hormone
(TSH), lactate dehydrogenase (LDH), creatine kinase (CK) and
alkaline phosphatase bone isoenzyme (Hedayat, 2019). It means
that neutrophil-lymphocyte ratio is a part of the complex response
of cellular immune system to various stimuli coming from auto-
nomic nervous system, endocrinne system (prolactin, androgens,
estrogenes, cortizol, catecholamines, thyroid hormones ) and cir-
culating mediators . NLR reflects online dynamic relationship be-
tween innate (neutrophils) and adaptive cellular immune system
(Fig. 1), regarding the research of dynamic course of sepsis by
Hotchkiss et al (2013). SIRS and sepsis affect significantly the
physiology of hematopoiesis, erytropoiesis and differentiation of

promyeloid progenitor cells under the fine tuning and neuro-imu-
no-humoral regulation in microenviroment of the bone marrow,
defined as a stress hematopoiesis (Paulson et al, 2020). Elevated
values of NLR, high activity of neutrophils and lower activity of
lymphocytes (immune supression) and eosinophils are associated
with higher volume and distribution widths of the blood cells size
(RDW% — red cell distribution widths, MDW% — monocyte dis-
tribution widths %) are now well measured by flowcytometry of
the new type of hematologic cell analyzers (Crouser et al, 2017).
NLR is influenced by many conditions including age, race, medi-
cations (corticoids), and chronic diseases such as ischemic heart
disease, chronic heart disease, anemia, diabetes, obesity, depres-
sion disorders and cancer, i.e, those affecting the function, acti-
vity, behavior and dynamic changes in neutrophil and lymphocyte
counts (Fisher et al, 2016).

Normal range of physiological values of NLR in adults

In our original paper, we assumed that pathological values
of NLR are higher than 5. The priority of the article was clear,
namely to postulate that the increase in NLR measures the severity
of immune-inflammatory response and in general reflects the

NLR Meter
Grey zone, Mild to Moderate Severe Critical stress
Reverse Normal range, low inflamm. moderate inflammation inflammation and
severe health stress inflammation and stress and stress inflammation
3-7 7-11 11-17 17 - 23

Fig. 2. NLR-meter. Neutrophil-to-lymphocyte ratio reflects the intensity of immune-inflammatory reaction and (supra-) physiological stress to
insult(s) or disease. The optimal cut-off values to measure the intensity of stress and inflammatory response were refined in line with clinical
trials and observations (Farkas, 2020). The cut-off values are prime numbers based on numerous clinical trials. The cut-off prime numbers on
the picture above are intended merely to provide a general concept of NLR interpretation. Grey zone: latent, subclinical or low-grade inflam-

mation/stress (NLR 2.3-3.0), mild-to-moderate inflammation (NLR 3-

7), moderate and severe inflammation, systemic infection, sepsis and

SIRS (NLR 7-11), severe inflammation, infection, severe sepsis and SIRS, bacteremia (NLR 11-17), critical immune-inflammatory reaction
and stress with high intensity, e.g, septic shock, multiple traumas (NLR 17-23), critical systemic inflammation and supraphysiological stress,
polytrauma, major surgery, terminal cancer (NLR > 23 +). Daily follow-up of dynamic changes in NLR: upregulation/ increase is associated
with worsening of the clinical course, downregulation/decrease is associated with clinical improvement and good clinical outcome.
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intensity of supraphysiological insults, severity of ongoing dis-
ease, and pathological state in general (Zahorec, 2001). Simply,
high NLR values are associated with severe inflammation, stress,
injury, trauma or major surgery, or cancer, and marks the worsen-
ing of the prognosis regarding morbidity or mortality (Fig. 2). But
what are the normal physiological values of NLR? Several studies
explored the “normal” values of NLR in an adult healthy popula-
tion. The most robust is the study by Azab et al (2014) conducted
on a population of 9,427 citizens of the New York state. The ave-
rage value of neutrophil and lymphocyte counts were 4,300/ul and
2,100/pl, respectively, while the mean value of NLR was 2.15 (re-
ference range 1.71-2.28). The lowest average value of NLR was
assessed among Afro-American individuals (NLR = 1.76), the
mean value of NLR among Hispanic individuals was 2.08, while
NLR among Caucasian individuals was 2.24. The risk factors
like smoking, obesity and diabetes mellitus were associated with
mild elevation in NLR (2.21, 2.34, 2.44). Another epidemiological
study analyzed hemograms from 236 young adults in Indonesia.
They found the mean value of NLR to be 1.95 (reference range:
1.2-2.3). All values of NLR were in range of 0.77—4.5. (Yahti et
al, 2016). Another study on healthy Belgian adults were conducted
by Forget et al (2017). They analyzed hemograms of 413 healthy
adults and assessed the mean value of NLR to be 1.65, in range
of 0.77-3.53. Finally, an interesting study on 300 Sudanese has
been conducted to measure the neutrophil and lymphocyte counts
resulting in NLR in range of 0.75-1.65 with mean value of 1.2. In
African individuals, NLR is typically very low, namely in range
of 1.0 -1,2, which is due to relative or benign neutropenia in range
of 2.1-2.4 *10%/ul (Mohamed et al, 2017).

A robust epidemiological study (Lee et al, 2018) was conduc-
ted in the years 2014-2016 on a cohort of 12,160 healthy Korean
citizens (6,268 men; median age 47 y and 5,892 women; median
age 46 y). They analyzed 12,160 blood samples that had been
routinely examined for complete blood count and calculated he-
mogram ratios such as NLR, PLR (platelet-to-lymphocyte ratio),
LMR (lymphocyte-to-monocyte ratio) and MPV (mean platelet
volume, unit fl) The mean values of these parameters are as fol-
lows: NLR=1.65(+0.79,0.1-3.19), PLR =132 (+43.7), LMR =
5.31 (= 1.68) and MPV = 10.0 fl (= 0.79) (Tab. 2). The valuable
contribution of this robust trial was in the calculation of differ-
ent hematological ratios (mean values and reference ranges) in a
healthy adult population, which provides an important and valu-
able information for further research and design of clinical trials.

Neutrophil-to-lymphocyte ratio and cancer

Walsh et al (2005) were the first to apply the parameter for the
prognosis of cancer patients undergoing colorectal surgery. On a
cohort of 230 patients diagnosed with colorectal cancer, they as-
sessed NLR from pre-operative complete blood counts. Pre-oper-
ative NLR greater than 5 correlated with poor prognosis, namely
overall and cancer-specific survival of two years after the sur-
gery. They concluded that pre-operative NLR represents a simple
method for identifying colorectal cancer patients at higher risk and
with poor prognosis (Walsh et al, 2005). The fascinating results
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of the retrospective study indicate that NLR as a valid immune-
inflammatory parameter, predicted the clinical outcome of cancer
patients and thus had a remarkable prognostic value. The relation
between inflammation and prognosis of cancer expressed by NLR
has enhanced the epidemiologic research of NLR in various solid
tumors in the next years of 2005-2020 (Ohno et al, 2010, 2012,
Pichler et al, 2012, Guthrie et al, 2013, Guthrie 2016, Bowen et
al, 2017, Howard et al, 2019). NLR is a very sensitive marker of
acute, subacute and/or chronic inflammation in association with
infectious diseases (PAMP), non-infectious diseases (DAMP) and
diseases with mixed etiology (PAMP + DAMP) (Fig. 3, Tab. 3).
There is a growing body of evidence of parallels between cancer
and infectious diseases with characteristic changes in the blood and
hemograms (Hotchkiss Moldawer, 2014), clinically and laboratory
manifested as SIRS (Boshier et al, 2016). The values of NLR for
low-grade inflammation, subclinical or latent inflammation, and
stress of low intensity are associated with very low values in the
grey zone (NLR in range of 2.3-2.9, or in range of 2.5-3.0). Such
low values of NLR are typical for cancer of different solid tumors
(Bowen et al, 2017; Howard et al, 2019). The role of local and
systemic inflammation in the cancer disease was well recognized
a decade of years ago; several terms have been used to describe
this syndrome, such as cancer-associated systemic inflammation,
malignant SIRS, or cancer-induced inflammatory response (Mc-
Millan, 2003, Colotta 2009, Grivennikov, 2009, Mantovani et al,
2009, Hannahan and Weinberg, 2011). Sepsis, SIRS and cancer
have many common features such as immune activation, acute
phase response, anemia, systemic inflammation, hypercoagula-
tion and elevation in NLR (Arigami, 2016, Ishizuka et al, 2014,
Sun X 2016). At present, NLR is broadly used and accepted for
the purpose of evaluating ongoing systemic inflammation during
cancer development, severity stratification, and prognosis of can-
cer disease (Ohno et al, 2010, 2012, Pichler et al, 2012, Guthrie
et al, 2013, Guthrie, 2016, Arigami et al, 2016, Sun X et al, 2016,
Bowen et al, 2017, Howard et al, 2019, Cupp et al, 2020).

“ D
Cancer
SIRS
. Immune +
Necrosis )
Endocrinne system
- J

Fig. 3. Cancer-associated systemic inflammation or “cancer SIRS”
induced by immune activation and inflammation due to the tumor
growth and tumor microenvironment; necrosis inside the tumor, in-
fected necrosis, co-infection, progression of cancer. Even anticancer
(oncological) therapy may contribute to CASI worsening. NLR may
serve as the key sensitive parameter of CASI or “cancer SIRS”. NLR
per se is an immune-cell hallmark of SIRS (non-infectious, infectious
and mixed DAMP+PAMP). DAMP — damage-associated molecular
pattern, PAMP — pathology-associated molecular pattern.
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Tab. 3. Common parallels between cancer, SIRS, and sepsis in routine laboratory parameters, and hemogram(s).

CANCER - laboratory parameters and complete blood count

Infectious disease, bacteremia and sepsis, SIRS complete blood count,
biochemical parameters:

ANEMIA of cancer hbg < 120 g/l (Szkandera 2014, Gorphe 2017)

Anemia of inflammation, hbg < 120 g/1

Increase in ESR, RDW%, MPV, CD163 elevated

Increase in ESR, RDW%, MDW%, MPV, CD163

Thrombocytosis > 300.10%/pl, higher values of PLR > 200, or > 300

Thrombocytopenia < 150—100.10%pl,
or thrombocytosis > 300.10%/ul

Acute-phase proteins positive — CRP, fibrinogen, hyperfibrinogenemia
>3.8-4.0 g/l, ferritin

Acute phase proteins—CRP >40-150 mg/l, fibrinogen > 4,0 g/1, ferritin,
serum amyloid A,

Acute-phase proteins negative—transferrin, hypoalbuminemia, low
cholesterol (HDL-cholesterol)

Acute phase proteins negative—transferrin, hypoalbuminemia, low
cholesterol (low HDL-cholesterol)

Mild increase of NLR (2.5-5.0), PLR (= 200-300,) lymphopenia
(<21 %), monocytosis > 10% of WBC

Marked increase in NLR (5-31),
eosinopenia, monocytopenia

neutrophilia, lymphopenia,

Hyperglycemia, hyperlactatemia, high/low uric acid, low bilirubin,
increase in activity of LDH

Hyperlactatemia (> 2.2 mmol/l), hyperglycemia, metabolic acidosis

ESR - erythrocyte sedimentation rate, RDW — red distribution width, MPV — mean platelet volume, MDW% — monocyte distribution width in %, CRP — C-reactive
protein, hbg — hemoglobin, PLR — platelet to lymphocyte ratio, SIRS — systemic inflammatory response syndrome,

Several meta-analyses have explored the prognostic value of
NLR in various solid tumors. The best studies were done in gastro-
intestinal cancers. Bowen et al (2017) analyzed 144 studies com-
prising 45,905 patients. The mean, median, and mode cut-off val-
ues for NLR relative to overall survival from multivariate models
were 3.4,3.0 and 5.0 (IQR 2.5-5.0), respectively. The association
between NLR value, OS and disease-free survival was observed
in all subgroups based on tumor site, stage, and region. Evidence
suggests that NLR greater than the cut-off value (median NLR
>3.0) IQR 2.5-5.0 reduces OS independently of gastrointestinal
cancer type, or stage of cancer (Bowen et al, 2017). Howard et
al (2019) explored group-specific cut-off values of neutrophil-to-
lymphocyte ratio in different types of cancer for precise clinical
validation as a tool for risk stratification. The eight cancer types
including CRC were selected from 228 published studies and over
75,000 patients. A total of 5,363 patients were included in the final
analysis where 1,024 were out of colorectal cancer. They found
out the optimal cut-off value of NLR to be < 3.22 for overall sur-
vival. In each type of cancer, the overall survival and disease-free
survival are significantly better in patients with NLR lower than
median. Patients with NLR higher than median have poor clini-
cal outcome with shorter overall survival (Howard et al, 2019).

Majority of meta-analyses have assessed the cut-off value of
NLR to be above 3.0 (IQR 2.5-5.0) as a valid reliable prognostic
index for the purpose of evaluating the prognosis of various solid
tumors. Cancer is the leading cause of disease worldwide. There
is an increasing body of evidence that cancer-associated inflam-
mation is the key determinant of outcome in patients with cancer
(McMillan 2003, Grivenikov 2009, Mantovani 2009, Guthrie et al,
2013, Strumpfa et al, 2017, Howard et al, 2019). Cancer induces a
systemic inflammatory response syndrome (cancer-induced SIRS)
or cancer-associated systemic inflammation (CASI) manifesting
with changes in counts of leukocyte populations (Fig. 3), concen-
trations of acute phase proteins, coagulation factors, hemoglobin
and albumin (Mantovani et al, 2008, Boshier et al, 2016). Various
markers of inflammation have been examined over the past two
decades in an attempt to refine stratification of patients to treat-

ment and predict their survival (Guthrie et al, 2013). It has been in-
creasingly apparent that cancer-associated systemic inflammation
is the key determinant of disease progression and survival in most
cancers. At present, neutrophil-to-lymphocyte ratio has become a
routinely available marker of systemic inflammatory response. To
date, more than 140 studies have examined the clinical utility of
NLR to predict outcomes in a variety of cancers (Paramanathan et
al, 2014, Howard et al, 2019, Cupp et al, 2020). Many systematic
reviews have examined and commented on the clinical utility of
NLR, as follows:

— NLR is a valid and reliable marker of systemic inflammation
including CASI and SIRS (Boshier et al, 2016, Fisher et al, 2016,
Howard et al, 2019).

— NLR is widely available, physician and patient-friendly, and
economically feasible.

— NLR s an independent prognostic parameter in unselected co-
horts of studies exploring the survival after oncological treatment
in various types of cancer (Guthrie et al, 2013, Howard et al, 2019).
— NLR correlates with more advanced (TNM classification) and
aggressive disease (grade of cancer), evidenced by size (volume)
of tumor, increased tumor stage, nodal stage, lymphatic invasion
and metastatic lesions (together with an increase in platelet count
and fibrinogen concentration) (Li et al, 2014, Arigami et al, 2016,
Palaj et al, 2018).

— NLR has an independent prognostic role regarding overall,
cancer-free and cancer-specific survival (Howard et al, 2019,
Cupp et al, 2020).

— NLR is useful for monitoring oncological therapy regarding
chemotherapy, radiotherapy, patients with inoperable cancer on
palliative therapy (Ferrucci, 2015, Capone et al, 2018).

— NLR may be used for the purpose of monitoring immune
and biological modes of therapy (Shindo et al, 2019, Ishihara et
al, 2021).

— NLR reflects the intensity of immune-inflammatory response
and stress reaction to cancer.

— NLR is a sensitive marker of cancer-associated systemic in-
flammation together with other inflammatory markers such as CRP,
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Tab. 4. The neutrophil-to-lymphocyte ratio utility for laboratory screening and laboratory diagnostics, risk stratification, prognosis and clini-
cal outcome: Full citation of authors and titles on request.

Diagnosis, nosological entity

Cut-off values, IQR, range

First Author, year of publication

Infection, bacteremia, bacterial
pneumonia, viral infection,
COVID-19 pneumonia

NLR > 3-7 for bacterial infection

NLR > 10-11 for bacteremia, sepsis

NLR > 7-11 for bacter. pneumonia
NLR > 3-7 for mild COVID-19

NLR > 7-11 for severe COVID pneumonia

Wyllie 2005, Chalupa 2011, Holub 2012, de Jager 2010, 2012, Loonen 2014,
Sen 2016, Russel 2019, Marik 2020, Lian 2020, Liu 2020, Ye 2020, Fu 2020,
Ma 2020, Generali 2021, Imran 2021, Nestor 2021, Sciacchitano 2021

Acute pancreatitis

Mild AP
NLR >4-7.0
Moderate AP,
NLR >7-11
Severe AP,
NLR >11-17

Azab 2011, Suppiah 2013, Kokulu 2018, Cho 2018, Yu 2019, Kong 2020,
Ekin 2020, Mubder 2020

Acute appendicitis

Catarrhal AANLR >3.1-4.0
Seropurulent AA, NLR > 3.5-5.0
Gangrenous AA, NLR > 5.5-7.0

Ishizuka 2012, Kahramanca 2014, Toktas 2017, Goodman 1995, Celik 2019

Sepsis and septic shock, SIRS,
critical illness

Sepsis NLR >7- 17, IQR 3-23
Septic shock NLR > 11-17

In neutropenia: NLR < 0.7-0.5-0.2

SIRS non-infectious NLR > 3-13

Salciccioli 2015, Riché 2015, Gurol 2015, Gucyetmez 2016, Liu 2016, Hwang
2017, Arif 2017, Yoldas 2018, Ljungstrom 2017, Sari 2019, Farkas 2020, Marik
2020, Zhou 2021, Zhong 2021

Acute coronary syndrome
Acute myocardial infarction
NSTEMI, STEMI, prognosis

NLR > 3.34-4.0 (NSTEMI)
NLR > 3.8-5.5 (STEMI)
NLR > 5.7-6.3 (worse prognosis)

Tamhane 2008, Akpek 2012, Arbel 2012, Bhat 2013, Pan 2014, Kurtul 2015,
Chen 2018, Park 2018

Acute stroke, ischemic, NLR >4.1-5.0 Tokgoz 2013, Celikbilek 2014, Erturk 2014, Brooks 2015, Lattanzi 2016,
hemorrhagic NLR >4.6-5.4 2020, Giede-Jeppe 2017, Wang 2018, Ozgen et al 2020
NLR > 5.7-8.5 (worse prognosis)
Head and neck cancer, SCCM NLR >2.6-3.0 Millrud R.C 2012, Young 2014, Panje 2017, Gorphe 2018, Sato 2017,
NLR >4.0-5.0 Ferrandino 2016, 2020, Andersson 2019
Urology, renal cancer, NLR > 2.7-3.0 Ohno 2010,2012, Pichler 2013, Kuzman 2017, Hu 2015, Tan 2017, Luo
prostate cancer NLR >3.3-3.6 2015, 2018
Esophageal and gastric cancers NLR >2.6-4.0 Rashid 2010, Yamanaka 2007, Jung 2011, Aliustaoglu 2010, Shimada 2010,
NLR >4.0-5.0 Miyata 2011, Sato 2012, Jeong 2012, Lee 2013, Kim 2015, Ishizuka 2014,
NLR >5.0 Sun X 2016, Strumfa 2017, Yao 2018
Cancer of pancreas, pancreatic NLR > 4.0 Smith R 2009, Bhatti 2010, An 2010, Garcea 2011, Luo 2015, Yang 2015,
ductal adenocarcinoma NLR >5.0 Cheng 2015, Lee 2018, Zhou 2018, Howard 2019, Iwai 2020
NLR >3.6-5.1
Liver cancer HCC, hepatic NLR >4.0 Gomez 2008, Hakazun 2008, Neal 2011, Kinoshita 2012, Motomura 2013,
metastasis NLR >5.0 Aino 2013, Qi 2016, Wang 2020
Colorectal cancer NLR >2.5-3.0. IQR 2.3-5.5 Walsh 2005, Cook 2007, Chua 2011, Kantola 2012, Jankova 2013,
NLR >3.1-4.0 Templeton 2014, Ozgehan 2014, Malietzis 2014, Seong 2015, Mei 2017,
NLR >4.0-5.0 Benlice 2019, Yoshida 2020
Gynecology, cancer of Ovarium, NLR >2.6-3.3. NLR 2.5-3.9 Cho 2009, Li 2015, Wu 2017, Prodromidou 2017 ethier 2017, Zhoua 2017,
uterus cervix and, vulva NLR >2.3-5.26 Zhao 2018, Ding 2019, Lee 2021
NLR >2.6-4.0
Sarcoma, soft tissue sarcoma NLR >5.0 Idowu 2012, Szkandera 2015, Liu G 2018
NLR >4.0
Breast cancer NLR >3.0-3.3 Azab 2013, Dirican 2015, Liu 2016 Ethier J-L 2017, Yao 2014
NLR >2.57-4.0
Skin cancer, malignant NLR >4.0 Ferruci 2015, Zaragoza 2016, Ding 2018, Cohen et al 2020, Fattore 2021
melanoma NLR >5.0
Lung cancer, pulmonary NLR >2.63-3. 25 Sarraf 2009, Sakai 2011, Tomita 2011, Kao 2010, Yao 2012, Ishihara 2021
non-small and adenocarcinoma NLR >4.74-5.0
Orthopedics, poly trauma. NLR >3.3-4.0 Hefernnan 2012, Forget 2015, Emektar 2017, Fisher 2016, Angulo 2020,
burn injury NLR >4.0-5.0 Temiz 2019, Bac 2020, Wang 2020, Qiu 2021
NLR >3.6 - 4.0
NLR >3.5-5.5
Ulcer colitis, inflammatory NLR >3.3 Celikbilek 2013, Acarturk 2015, Gao 2015, Kang 2017, Argeny 2018
bowel disease (IBD) NLR >4.1-5.0
Psychiatry bipolar disorders, NLR >2.3-4.0 Aydin 2016, Demir 2015, Demircan 2016, Kalelioglu 2015, 2019,
depression, schizophrenia NLR >2.4-3.0 Karamustafalioglu 2019, Kulaksizoglu 2019, Ozdin 2020, Mazza 2018
NLR >2.5-4.0
Urgent medicine, NLR >10 Wyllie 2004, de Jager 2010, 2012, Loonen 2014, Vallejo 2017, Kim Park
emergency NLR > 12 2019, Westerdijk 2019

Veterinary medicine

NLR > 11 infection in dogs

Pierini et al 2019
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albumin, platelet count, fibrinogen (Guthrie et al, 2013, Seong,
2015, Arigami et al, 2016, Palaj et al, 2018).

— NLR may be used for the purpose of stratification of high-risk
patients and further cancer therapy (Pinato et al, 2014),

— NLR may identify novel treatment strategies for patients with
cancer (Pinato et al, 2014, Chen et al, 2017, Shindo et al, 2019,
Ishihara et al, 2021).

NLR in sepsis, systemic inflammation, and SIRS

In 2001, we analyzed the dynamic relation between neutro-
phil and lymphocyte populations as a number, and/or as a ratio,
which can be easily and automatically calculated by dividing ab-
solute/or relative neutrophil counts by absolute/or relative lym-
phocyte counts. The main issue was in the application of NLR in
patients with sepsis, SIRS or severe bacterial infection. W. Aird
(2003) pointed out that the hematologic system has the role of
being the primary organ involved in the pathogenesis of sepsis.
All blood cells are activated during systemic infection and sepsis,
which brings about significant changes in its counts, function, re-
ceptor expression and secretion of various signal molecules and
humoral substances. Complete blood count may provide a wealth
of valuable information which can be read from the hemogram.
NLR is such a parameter. The sensitivity of NLR in the diagno-
sis of bacteremia, infection and sepsis was validated in numerous
studies (de Jager, 2010, Salciccioli et al, 2015, Riché et al, 2015,
Liu et al, 2016, Hwang et al, 2017, Ljungstrom et al, 2017, Far-
kas, 2020, Marik et al, 2020, Ham et al, 2020). NLR has been
used as a valuable prognostic tool in septic patients. Akilli et al
(2014) conducted a prospective study of critically ill patients who
were admitted at emergency department (ED) and later required
ICU care. The patients with high NLR measured at ED had sig-
nificantly higher in-hospital and 6-month mortality rates. A ro-
bust retrospective study has been conducted on a large cohort of
critically ill patients by Salciccioli et al (2015). They assessed,

using multivariable regression, the relationship between initial
NLR and outcomes in cohorts of patients with and without sepsis.
Initial NLR was recorded on the day of ICU admission. A cohort
of 5,056 adult ICU patients was divided into four subgroups ac-
cording to quartiles of NLR: <4.99, 5-8.9, 8.9-16.2 and NLR >
16.21. The clinical, laboratory and outcome data were analyzed
across quartiles of NLR. They observed a significant association
between increased NLR and crude 28-day mortality, which was
13 % in first quartile, 20 % in third quartile and 28 % in fourth
quartile; p < 0.001. However, there was no association between
NLR and mortality in the sepsis subgroup (1,832 patients) (Sal-
ciccioli et al, 2015). Riché et al (2015) analyzed an association
between NLR and risk of death in a cohort of 130 patients with
septic shock. The medians of NLR in survivors and non-survivors
were 12.5 and 6.2, respectively (p < 0.001). The early death of
septic shock patients was associated with insufficient or abnormal
immune response, namely with neutropenia. The late death after
5 days depends on the course of NLR, increase in NLR during
the days following the ICU admission, which were significantly
associated with death. It is of importance that not only the initial
value of NLR is crucial, but also the dynamic changes in NLR are
an objective index of the severity of illness (Riché et al, 2015).
Hwang et al (2017) explored the prognostic value of the initial
NLR in a cohort of 1,395 septic patients. They followed up 28-
day hospital mortality according to the initial value of NLR. The
whole group was divided into five subgroups across the quintiles
of NLR. Their results of NLR medians are as follows: 0.2 (IQR
0.1-0.7) in quintile 1, NLR 8.6 (IQR 7.1-9.9) in quintile 3 and
31 (24.6-46.8) in quintile 5. The highest mortality was recorded
in quintiles 1 and 5 (24.4 % and 16.6 %, respectively). The com-
parison of initial NLR across quintiles confirmed that sepsis is
a heterogenous clinical syndrome with high variability of total
leukocyte counts (leukopenia vs leukocytosis) while the highly
dynamic course of neutrophil and lymphocyte counts results in
changes in NLR. They pointed out that not only the high values

Tab. 5. NLR as part of the panel of inflammatory biomarkers for cancer screening, stratification and prognosis of clinical outcome.

Panel of inflammatory markers

for cancer of inflammation

Hematologic and biochemical parameters

Authors, year of publication

First line NLR, neutrophils count, Hbg
trombocytes count, Albumin, CRP,

fibrinogen

Seong 2015, Kang 2017, Mohamed 2013, Sun 2016, Ishizuka
2014, Zheng 2009, Boshier 2016, Arigami 2016, Kanda 2017,
Zahorec 2021

Second line
lactate, LDH, uric acid, bilirubin,
ANLR, dNLR, lymphocytes count

PLR, RDW %, MPV, CRP/Alb, ESR,

Ishizuka 2014, Proctor 2012, Pinato 2014, Seong 2015, Kang
2017

Inflammation-based score for
cancer-associated inflammation and

nutrition-based score +PLT count)

PNI, PIS, mGPS, GPS, SII, Inflamatory
based score, Canton score (PNI + NLR

Onodera 1989, McMillan 2003, Proctor 2012, Chen 2017, Guth-
rie 2013, Pinato 2014, Seong 2015, Sun 2015

Bayesian method; combination of
clinical and pathological parameters

Specific oncomarkers, TNM classification,
pT, pN, N1, N2, MO M1, grade 1, vs grade 3,
tumor size (volume), lymphatic and

Akgul 2017, Lou 2017, Kang 2017, Chen 2017, Shi et al 2019,
Shindo et al 2019

angio invasion, microsatelite instability

LDH - lactate dehydrogenase, PNI — prognostic nutritional index (Onodera 1989), PIS — prognostic inflammatory score (Seong 2015), GPS — Glasgow prognostic score (Mc-
Millan and Proctor 2003, 2007, 2010), mGPS +NLR (Guthrie et al, 2013), Inflammation-based score — Pinato 2014, Mohamed 2013, SII — systemic immune-inflammation

index (Chen et al, 2017)
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of NLR, but even the very low values below 0.7 are associated
with significant morbidity and mortality (Hwang et al, 2017).
Many trials have explored the position of NLR as an inflamma-
tion biomarker in association with bacteremia, bacterial infection
and sepsis, as compared with procalcitonin, C-reactive protein,
interleukin-6 and lactate. C. de Jager et al (2010) demonstrated
the priority of NLCR and lymphocyte counts over CRP and total
white blood cell count for the diagnosis of bacteremia and sys-
temic infection on a cohort of 184 patients in the setting of emer-
gency department, 92 patients with positive hemocultures and 92
patients with negative hemocultures. They observed a significant
difference in NLCR between the study cohort (mean NLCR 20.9)
and an age-matched control group (NLCR 13.2; p < 0.001). In
the emergency care setting, both NLCR and significant lympho-
cytopenia were better predictors of bacteremia than the routine
parameters such as CRP level and total WBC count. Gurol et al
(2015) assessed procalcitonin as a reference marker and predictor
of sepsis and septic shock and compared it with NLR, CRP and
total leukocyte counts using ROC analysis. They concluded that
NLR was a valid indicator of sepsis when NLR was equal to or
higher than 5. They found a correlation between serum procalci-
tonin concentration and NLR values in critically ill patients with
sepsis; PCT values from 2—10 ng/ml and NLR in range of 11-15;
PCT values for septic shock above 10 ng/ml and NLR values
above 15-17. Significantly higher values of NLR. CRP, PCT and
IL-6 were observed in ICU patients with sepsis and septic shock.
Gucyetmez et al (2015) conducted a retrospective study in 1,257
ICU patients to distinguish sepsis form non-infectious SIRS by
means of hemogram and C-reactive protein levels while 816 pa-
tients (65 %) were categorized as having non-sepsis SIRS and
441 patients (35 %) had sepsis. They assessed the cut-off values
for discriminating sepsis to be as follows: NLR > 14.2, CRP > 40
mg/l, lymphopenia < 450/ul, platelet count < 150*10%/ul, SOFA
score > 4 points, and APACHE II > 13 p. When using multivariate
analysis, the likelihood of sepsis increased with SOFA score,
platelet count, lymphocytopenia and CRP levels. NLR value and
eosinophil count were not significant for distinguishing sepsis
from SIRS (Gucyetmez et al, 2015).

Ljungstrom et al (2017) performed a prospective study on
1,572 adults admitted to the emergency department with a sus-
pected sepsis syndrome. NLR was superior to C-reactive protein
but inferior to procalcitonin in terms of cut-off values. In a ret-
rospective study, sepsis patients (591) were divided according to
the presence of septic shock (228 patients) and subgroups were
formed according to mortality, namely subgroups of survivors (117
patients, 19.8 %) and non-survivors (111 patients, 18.8 %). They
followed up the patients for APACHE II and SOFA score, NLR
and C-reactive protein serum levels on days 1, 3 and on last day
of stay at ICU. The median values of initial NLR in septic shock
patients were as follows: 13.48, 10.97 and 8.19, respectively.
The NLR was a reliable and valid parameter for monitoring the
response to antibiotic and intensive therapy. The survivors and
responders to therapy had a significant decline in NLR values on
day 3. The opposite was true for unresponsive patients whose NLR
was increased. In cases of NLR being > 15 on day 3, the morta-
lity odds ratio was 6.96. NLR can predict mortality and therapy
responsiveness in ICU patients with sepsis and septic shock. The
dynamic changes in NLR in the first 3—5 days are crucial for the
prognosis and outcome in ICU patients (Sari et al, 2019). A recent
research on biomarkers of sepsis confirmed that reliable and valid
biomarkers used for the diagnosis, monitoring and stratification
of sepsis, systemic infection and SIRS include IL-6, NLR, pro-
calcitonin, C-reactive protein and lactate (Ljungstrom et al, 2017,
Marik et al, 2020).

The level of stress, major injury and/or inflammation and se-
verity of clinical state are easily derived from increasing values of
NLR (Fig. 1 and 2) (Zahorec, 2017). Amelioration of the course
of sepsis and SIRS, improvement in prognosis and lowered risk
of morbidity/mortality are associated with the decline in NLR
(Farkas, 2020, Zahorec, 2017). NLR is helpful in differentiating
a more severe disease from a milder one. NLR is a very rapid and
valid immunologic marker of ongoing inflammation, infection,
tissue injury, stress response to a disease, and organ dysfunction,
as well as reflects the severity of the disease per se.

Tab. 6. NLR as a part of sepsis biomarkers for laboratory screening of infection, bacteremia, systemic inflammation, sepsis and SIRS in criti-

cal ill patients.

Panel of biomarkers of sepsis

Panel of hematological and biochemical
parameters for inflammation and infection

Authors, year of publication

First line
Fbg, lymphocytes

PCT, CRP, IL-6, NLR, ANLR, Hbg, Alb,

Ljungstrom 2017, Hwang 2017, Jansma 2013, Salciccioli 2015,
Riché 2015, Yoldas 2018, Sari 2019, Sen 2020, Zhou 2020

Second line

D-dimer, Lactate

Presepsin (sCD14), nCD64, RDW%,
MDW%, sTREM-1, ferritin, eosinopenia,

Gucyetmez 2016, Liu 2017, Naess 2017, Sankar Webster
2015, Crouser 2017, 2019. Marik 2020

Ratios used for SIRS, infection and

sepsis detection /diagnosis MLR, RDW%, ferritin/transferin

CRP/Alb, PCT/ALB, CLR, PNI, PLR,

Bateman 2017, Iskandar 2016, Arif 2017, Neary C 2020

Bayesian methods for SIRS, infection
and sepsis, combination of clinical
sign and symptoms + biomarkers + age

6 SIRS criteria: altered mental status, tachypnoe,
dyspnoe, hypoxemia, fever, tachycardia,
hypotension, + oliguria, + acidosis

Elebute Stoner 1983, Bone 1992, Fisher et al 2016,
Orphanu 2020, Marik 2020

PCT - procalcitonin, CRP — C-reactive protein, IL-6 — interleukin 6, NLR — neutrophil-lymphocyte ratio, hbg — hemoglobin, Alb — albumin, Fbg — fibrinogen, RDW%
— red distribution width, MDW% — monocyte distribution width %, MLR — monocyte—lymphocyte ratio, CLR — C-reactive protein to lymphocyte count ratio, PNI —
prognostic nutritional index (pathology < 47,0), PLR — platelet lymphocyte ratio (normal values 70-200, pathology PLR < 70, or above PLR > 200, > 300)
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Tab. 7. Procedural issues and suggestions for routine clinical use.

Procedural issues of NLR Technological items

Suggestion for clinical use, Utility

Automatic calculation of NLR by means of hemogram analyzer,
blood counter

NLR as a standard parameter of hemogram

Automatic results of hemogram, complete blood count (CBC) and
differential

NLR = calculated as ratio between
absolute neutrophil count /absolute lymphocyte count

Serial investigation: Every 6—12 hours in acute disease, then on
a daily routine basis-morning

Follow up the dynamic changes, delta ANLR = NLR,- NLR , or derivate
NLR =NLR /NLR,

Quality of hemogram, right interpretation with clinical context,
careful evaluation

Screening and warning in emergency, acute on chronic disease,
subclinical inflammation

Compare with other laboratory parameters and clinical signs and
symptoms (Bayesian method)

Monitoring of the course of immune-inflammation response, early
diagnosis

Use different panels of markers according the primary diagnosis to
follow-up the course

Stratification of syndrome or disease, Combine NLR + hbg, fbg, Alb,
plts, CRP, PLR, PNI, IL-6, PCT

Hospital morbidity/mortality, long-term 2—5 y. mortality, use with
other signs and parameters

Prognosis and outcome, prediction

Tab. 8. The utility of NLR in clinical medicine, early diagnosis, decision-making process, evaluation of severity, stratification, monitoring the

therapeutic effectiveness, prediction and prognosis.

Properties and quality of NLR as an index

Utility in clinical disciplines

NLR highly sensitive parameter of inflammation, stress for evaluation
the course of disease

Reliable valid marker of inflammation, stress and infection (bacterial,
viral, including COVID-19)

Automatic & calculated NLR as a regular and routine parameter of
hemogram, Derive as much information from complete blood count as
possible: NLR, PLR, RDW %, MDW, MPV, LMR

High-speed response (T1/2 half-life, 6-8—12 hours), dynamic
immunologic parameter. Daily routine use as a part of complete blood
count (hemogram) is recommended

Cheap, simple and easily available parameter.
Useful in sorting out patients with severe illness vs. patients with milder
illness. NLR cut-off values should be adopted/refined for each diagnosis (Fig. 2)

Each clinical entity (disease or syndrome) has its own typical profile
of NLR for uncomplicated and complicated course (e.g, cancer, stroke,
acute myocardial infarction, appendicitis, pancreatitis, sepsis)

Index of immune-inflammatory response (SIRS), organ dysfunction,
endocrine stress, tissue injury, can be used in various clinical syndromes

Follow-up of intensity of inflammation, low-grade, moderate, severe
and critical (Fig. 2) Hallmark of non-infectious and infectious SIRS,

Rapid and dynamic parameter of cellular immune response in
inflammation and infection, can be used in retrospective and prospective
trials for evaluation the severity of disease

NLR for screening subclinical inflammation, warning of severity (on
emergency admission) warning of complications in clinical medicine,
e.g, in surgery, cardiology, neurology, psychiatry, oncology

Reflects imbalance between sympathetic/parasympathetic nervous
system (Kalelioglu, 2019)

Stratification according to the severity of disease, monitoring the
response to therapy

Measures of severity and/or intensity of immune-inflammation reaction
and stress (Fig. 1)

Hallmark of cancer, measure of CASI, for stratification, prediction and
prognosis (23, 25)

NLR for stratification of COVID-19 pneumonia and acute re-
spiratory failure

The neutrophil-to-lymphocyte ratio (NLR) is a simple, avail-
able and valid index of immune-inflammatory response, neuro-
endocrine stress and severity of illness. It is a very sensitive but
less specific hematologic parameter that reflects the intensity of
systemic infection/ inflammation, stress and severity of diseases
of various origins, including COVID-19 infection (Zahorec, 2017,
2020). Patients infected with COVID-19 exhibited higher leuko-
cyte counts, abnormal respiratory findings, and mildly or moder-
ately increased plasma levels of proinflammatory cytokines. Pa-
tient sputum showed positive polymerase chain reactions for novel
coronavirus SARS-CoV-2. The patients with COVID-19 infection
had significantly higher values of NLR (5.00; IQR 2.3-13.9) than
non-COVID patients (2.7; IQR 1.7-4.7; p < 0.001). Severely ill
patients with COVID-19 infection had severe lymphocytopenia,
higher NLR ratio (> 5-7), lower platelet counts, higher erythro-

cyte sedimentation rate (ESR), mildly to moderately increased C-
reactive protein and procalcitonin, and elevated LDH, whereas the
cytokines such as IL-2, L4, IL-6, IL-10 and IFN-gamma were not
increased or only moderately increased (Song et al, 2020). NLR
can be used as an objective parameter for the purpose of stratifi-
cation of patients with COVID-19 infection (Ma et al, 2020), as
well as for monitoring the response to the systemic therapy with
IL-1beta antibody — Canakinumab; (Generali et al, 2021). Not
only the initial value of NLR and D-dimer levels are important
for stratification, the dynamic changes of NLR values during hos-
pital stay are of importance too. A progressive increase in NLR
during the clinical course is associated with the severity of CO-
VID-19 disease, and poor clinical outcome (Fu et al, 2020, Ma
et al, 2020). The major pathogenesis of viral respiratory infection
is inflammation of respiratory pathways, which in case of severe
COVID-19 manifests as severe, unilateral or bilateral pneumonia
and is associated with severe hypoxemia and dyspnea. Severe cases
are coupled with leukocytosis and NLR values increased above
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3.13 (Liu et al, 2020), or above 5.0 (Song et al, 2020). The severe
course of COVID-19 is associated with the development of a se-
vere acute respiratory syndrome (SARS). Typical clinical signs
of SARS are dyspnea, tachypnea (above 24 breaths/min), severe
hypoxemia (SpO, < 86 %) and CT-confirmed bilateral pneumonia
(Zhou et al, 2020). The bad prognosis of COVID-19 is characte-
rized by ongoing severe bilateral pneumonia, development of acute
respiratory failure or ARDS with severe hypoxemia and very low
oxygenation index (paO,/FiO, < 150-100 mmHg), which should
be treated by non-invasive or artificial mechanical ventilation.
Neutrophil-to-lymphocyte ratio is an emerging biomarker of the
systemic inflammation and severity of illness, which can be used
alone or together with other biomarkers such as D-dimer levels,
serum ferritin, lactate dehydrogenase, troponins and blood levels
of CRP, PCT, and IL-6 for screening, early diagnosis/stratification
and prognosis of COVID-19.

Perspectives and future of neutrophil-to-lymphocyte ratio in
clinical practice

The concept of NLR has brought about a new and deep insight
of the dynamic course of immune-inflammatory response as a re-
action between innate and adaptive cell immune systems during
various pathological states and illnesses. The unique position of
NLR as a simple, cheap and easily available parameter is that it
reflects the complex relations and physiological cooperation among
three suprasystems: vegetative nervous system, neuroendocrine
and immune systems. NLR itself integrates the general activity of
these suprasystems, however, under clinical condition we cannot
differentiate between the contribution of each of them. The clini-
cal interpretation should be very careful, only in clinical context,
while taking in mind the influence of the neuroendocrine stress
(Kalelioglu, 2019), and many other factors such as anemia, age
and comorbidities (Fisher et al, 2019). The normal range of NLR
is in the range of 1-2 (0.8-2.2). The values above 3.0 and below
0.7 in adults are pathological. NLR in grey zone of the range of
2.3-3.0 may serve as a warning that there is a pathological process
present in organism, such as cancer, atherosclerosis or ischemic
heart disease, psychiatric disorders, subclinical infection and/or
inflammation (Fig. 1, Tab. 4). NLR may help clinicians in the pro-
cess of stating the right diagnosis or deciding for online monitoring
of immune-inflammation response or reaction to various insults.
The twenty-year experience of using NLR as a prognostic marker
provides wealth of evidence for routine clinical use. The parameter
of NLR parameter can be used for screening, early warning, strati-
fication according to the severity of disease, prediction and prog-
nosis. However, its correct employment in clinical practice needs
few important issues to be accounted for (Tabs 5—7), namely lon-
ger time for reading, understanding and right interpretation. NLR
assessments should be done at serial time points. The change in
NLR (ANLR) may be used for prediction and prognosis. The hete-
rogeneity of many diseases (cancer, ischemic heart disease) and
syndromes (including SIRS and sepsis) are affected by the strong
influence of genotype and phenotype (epigenetics). Due to this fact,
NLR should be used as part of a panel of other biomarkers (Tabs
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3 and 4). NLR is a novel parameter that is opening a new dimen-
sion in clinical medicine, while improving the understanding of
the biology of inflammation, pathophysiology of cellular immune
response, coupling and antagonism between innate and adaptive
immunity and its clinical consequences for health and disease. NLR
is a novel marker of cellular immune activation, a valid index of
stress and systemic inflammatory response syndrome of various
origins. The utility of NLR is summarized in Table 8. It can be used
for stratification and evaluation of the severity of disease in many
clinical disciplines (Tab. 4). NLR is a cheap, simple and easily
available parameter with high sensitivity and lower specificity. It
is a dynamic parameter with a quick response to insults, it reflects
improvement or deterioration of the clinical status. It can be used
as part of a panel with valid biomarkers of infection /inflamma-
tion. NLR alone or along with other markers may be helpful in
the process of decision making and management of various acute
and/or chronic diseases.
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