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Abstract: Systemic inflammatory reaction (SIR) is an unfavorable prognostic factor in
many malignancies and has a role in all stages of the neoplastic process: initiation, promo-
tion, and disease progression. Analysis of SIR can be performed by assessing indicators (eg,
lymphocyte-to-neutrophil, platelet-to-lymphocyte, and monocyte-to-neutrophil ratios) and
products of neutrophils and lymphocytes (ie, the systemic immune-inflammation index), or
by examining the relationship between levels of C-reactive protein and albumin (based on
the Glasgow Prognostic Score, modified Glasgow Prognostic Score, and C-reactive protein-
to-albumin ratio). Risk stratification is essential in the clinical management of cancer; hence,
the evaluation of these factors has potential applications in the clinical management of
patients with cancer and in the development of new therapeutic targets. This review sum-
marizes the current knowledge on SIR indicators and presents their clinical utility in
malignancies of the female genital organs.
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Introduction
The immune system has a two-fold role in the pathophysiology of neoplastic
diseases. It is protective against cancer, while contributing to its progression.' In
addition, cancer cells have the ability to escape from immune surveillance and
inhibit the immune response through induction of immune tolerance.>* Chronic
inflammation may contribute to the development of many cancers. Data indicate
a significant influence of systemic inflammatory response (SIR) in the formation of
the neoplastic microenvironment.”>~’ SIR participates in all stages of the neoplastic
process development: initiation, promotion, and progression of the disease.®

The importance of inflammation in neoplastic diseases was first reported in the
19th century, when Virchow discovered the presence of leukocytes in neoplastic
tissues.” In recent years, numerous clinical studies have confirmed that SIR is an

important indicator of survival in various types of cancers, including lung,'®'!

12,13 16,17 2022 23-25

gastrointestinal,l‘"15 liver, esophageal,lg’19 breast, ovarian,

26,2
1’6,7

colon,

. .28 29 - 30 31
cervica pancreatic,”” prostate,” kidney,” and bladder cancers.”” It must be
emphasized, however, that increased systemic inflammation is not pathognomonic
solely for malignancies. Increased SIR is predominately observed in autoimmune

32-34

diseases including rheumatoid arthritis, spondyloarthropathies,>>® Crohn’s

disease,’” diabetes,*® and Hashimoto’s thyroiditis®® and has even been reported in
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patients with COVID-19.%° Furthermore, multiple demo-
graphic and lifestyle factors, including sex, age, race,
marital status, body mass index, physical activity, smoking
history, and alcohol consumption are independently asso-
ciated with inflammatory biomarkers; these should be also
taken in consideration to more accurately assess their
prognostic power.*!

In the first part of this review, we aim to describe the
role of tumor microenvironment markers used for SIR
evaluation. In the second part, we discuss recent advances
in gynecological and breast cancers in relation to well-
established cancer markers. In addition we review the
potential predictive value of markers as independent risk
factors for disease-free survival (DFS) and overall survival
(OS) and their possible use in everyday clinical practice.

Strategy and Selection Criteria

Four indexed databases, PubMed, Embase, Scopus, and
Web of Science, were searched from January 1, 2000 to
December 31, 2020 using the keywords “breast cancer,”

9 ¢ EEINT3

“ovarian cancer,” “endometrial cancer,” “cervical cancer,”

“vaginal cancer,” and “vulvar cancer,” as well as “sys-

EERNT3

temic inflammatory reaction,” “systemic inflammatory

EERNT3

response,

EERNT3

neutrophil-to-lymphocyte ratio,” “monocyte-

to lymphocyte ratio,” “platelet-to-lymphocyte ratio,”
“C-reactive protein-to-albumin ratio,” “fibrinogen-to albu-

ERINT3

min ratio,” “neutrophils and lymphocytes-to-platelets,”
“systemic inflammatory index,” “Glasgow Prognostic
Score,” and “Modified Glasgow Prognostic Score.”
Medical subject-heading terms used included ‘“colonic
neoplasms” and “neoadjuvant therapy.” Relevant papers
were included if they had been published in English or
Polish and specifically addressed the aim of the study.
Studies were excluded if they were conference abstracts
or not published in peer review journals. This paper is
constructed as a narrative review rather than a systematic
review. In our opinion this allows full discussion of impor-
tant background details.

Pathophysiology of the Tumoral
Inflammatory Microenvironment
and Systemic Inflammatory

Reaction in Neoplasms

There is a significant relationship between chronic inflam-
mation and predisposition to tumor development in many
types of cancer.” Neoplastic cells secrete various cytokines
and chemokines, including interleukin 1 (IL1), IL6, tumor

necrosis factor-alpha (TNFA), and IL23, which recruit
inflammatory cells (eg, granulocytes, macrophages, and
mast cells).®’ Pro-inflammatory cytokines are involved in
the formation and development of neoplasms. They also
adversely affect patients with cancer by increasing fatigue
and pain, inducing toxicity and resistance to treatment, and
enhancing the development of cachexia and anorexia.”***?

Macrophages have a dominant role in the inflammatory
response.* ** Macrophages infiltrate malignant tumor tis-
sues in high numbers (so-called [TAMs]) and may account
for >50% of the tumor mass.*® Macrophages undergo
a characteristic phenotypic transformation under the influ-
ence of cytokines, predominately 1L10 and TNFB secreted
by cancer cells.*” Macrophages are transformed from pha-
gocytes that present antigens and produce pro-inflammatory
cytokines (a typical phenotype of M1 cells) into cells that
secrete anti-inflammatory and immunosuppressive cyto-
kines (M2 phenotype). Studies using human tumor samples
have demonstrated that a higher density of macrophages,
especially macrophages with the M2 phenotype, is closely
associated with worse clinical prognosis in many malignant
tumor types.*®* TAMs are phenotypically and functionally
differentiated cells.*>® Most TAMs in the tumor microen-
vironment are closely related to the M2-like phenotype.
Depending on their location, TAMs produce various types
of mediators,”” including proangiogenic factors such as
vascular endothelial growth factor (VEGF), TNFA, and
ILS8; others secrete different types of growth factors and
other proteins involved in proteolytic modification of the
extracellular matrix. TAMs also participate in the migration
of neoplastic cells through the secretion of chemotactic
factors.** TAMs can stimulate tumor cell proliferation,
migration, and genetic instability. Acting at the primary
tumor site or at sites of secondary localization, they pro-
mote invasion and metastasis. TAMs are generally asso-
ciated with poor prognosis in most human cancers;’' this
is in stark contrast with the traditional notion that macro-
phages have host-protecting roles in inflammatory micro-
environments. When exposed to signals from the tumor
microenvironment, macrophages show a surprising degree
of plasticity in functional reprogramming and adopt either
pro- or anti-inflammatory phenotypes in response to envir-
onmental stimuli.’' Available information suggests that
TAMs infiltrating established tumors acquire the properties
of an M2-like phagocytic population, including promotion
of tumor growth and angiogenesis, remodeling of tissues,
and suppression of anti-tumor immunity.>* Inflammation in
the neoplastic microenvironment also causes vascular
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changes; there is increased permeability of existing vessels
and formation of new vessels due to, for example, VEGE.®
TAMs promote angiogenesis and lymphoangiogenesis, as
well as tissue remodeling with fibrous tissue deposition.

Pro-inflammatory cytokines secreted by cancer cells
also increase levels of reactive oxygen species (ROS)
and their derivatives, which cause DNA damage and, in
excessive amounts, intensify the process of neoplastic
transformation.® Oxidative stress arising in neoplastic
tumors as a result of a disturbance of the pro- and anti-
oxidant balance initiates inflammation, which leads to the
further development of neoplastic disease.” Secondary
production of ROS is induced by inflammation through
feedback.>* The role of ROS in cancer cells depends on
their levels. Small amounts of ROS act as signaling mole-
cules, inducing carcinogenesis and heterogeneity. In large
amounts, they can act as tumor modulators, exerting
a genotoxic or even pro-apoptotic effect on neoplastic
cells.”

In addition to macrophages, neutrophils in the tumor
environment can undergo phenotypic transformation (e,
[TANs]),
depending on the signals received from neoplastic cells.

they become tumor-associated neutrophils
Thus, as well as their anti-tumor activity, they may have
pro-tumor activity and can thus initiate tumor develop-
ment, progression, or metastasis.’® TANs are very similar
to TAMs, and the two together constitute the essential
components of the tumor microenvironment.>’
Experimental studies of the neoplastic microenviron-
ment have demonstrated the presence of two subpopulations
of neutrophils in the circulation: 1) mature, low-volume,
and high-density cells (ie, high-density neutrophils), exhi-
biting anti-tumor activity (N1 phenotype); and 2) a large-
volume and low-density heterogeneous population with the
N2 phenotype (ie, low-density neutrophils), as well as
immature bone marrow-derived neutrophils such as myeloid
suppressor cells (ie, granulocytic myeloid-derived suppres-
sor cells). Under physiological conditions, high-density neu-
trophils account for approximately 95% of the population.
In the tumor environment, the percentage of low-density
neutrophils rapidly increases, potentially rendering them the

dominant fraction in the circulation.>®>°

Inflammatory Markers

The severity of inflammation can be assessed based on
a variety of biochemical markers. Potential hematological
biomarkers representing SIR in patients with cancer
include C-reactive protein (CRP), albumins, and changes

in blood counts. As hematology tests are routinely per-
formed in the majority of patients with cancer, these bio-
markers can be used as easily measurable and inexpensive
parameters to determine SIR severity in patients with
cancer.

CRP is synthesized by hepatocytes. It is a non-specific
yet sensitive marker of acute inflammatory response and is
expressed in selected neoplastic cells.®® Numerous studies
have indicated that an increased CRP level value is an
indicator of poor prognosis in various types of
cancer,' 1618242930 The correlations between the expres-
sion of this marker and the risk of cancer progression and
long-term survival are not fully understood. Several pro-
inflammatory cytokines (eg, IL1, IL6, and TNFA) pro-
duced by neoplastic cells induce CRP synthesis by the
liver and other tissues.*” CRP may accelerate angiogen-
esis by increasing levels of vascular growth factors and
ILs, thereby increasing tumor cell invasion and metastasis
by Dbinding to integrins in the neoplastic
microenvironment.®'*®? Increased levels of CRP in serum,
detected prior to the initiation of therapy, may indicate
a high degree of tumor aggressiveness and may be asso-
ciated with resistance to treatment and poor treatment
outcomes in patients.®?

Albumin,

response, is generally used for assessing nutritional

another marker of acute inflammatory
status.®® Malnutrition and inflammation suppress albumin
synthesis, thereby reducing immune defense, impeding
treatment response, and contributing to adverse outcomes
in patients with cancer.®* Low serum albumin concentra-
tions may be due to the production of cytokines (eg, IL6),
which modulate albumin production by hepatocytes.*
Alternatively, TNFA can increase the permeability of the
microcirculation, thereby enhancing the transcapillary pas-
sage of albumins. Moreover, the presence of micro-
metastases of neoplastic cells in the liver may induce the
production of various cytokines (IL1, IL6, and TNFA) by
Kupffer cells that can modulate albumin synthesis by
hepatocytes.>* Hypoalbuminemia is rare in the early
stages of cancer; however, as the disease progresses, levels
of albumin are significantly decreased and serve as prog-
nostic indicators in patients with various types of
cancer.'***?* Low serum albumin levels prior to the initia-
tion of anti-cancer therapy represent an independent indi-
cator of poor prognosis in patients with cancer.®
Improvement in nutritional status has positive effects on
quality of life, response to cancer therapy, and survival of
patients with cancer.®®
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Changes in white blood cell levels also occur during
SIR. Neutrophilia, thrombocytosis, and lymphocytopenia
can be observed in the peripheral blood of patients with
cancer.”®*”"% Numerous studies have shown that cancer-
associated leukocytosis and/or neutrophilia and lymphocy-
topenia are unfavorable prognostic factors in these
patients.”%"!

As well as changes in white blood cell parameters,
thrombocythemia is also found in patients with cancer,
and its degree depends on the advancement of the neo-
plastic process.”*’®> Thrombocytosis increases the risk of
metastases and is also an indicator of poor prognosis. It is
thought that the increase in the number of platelets may be
the result of increased secretion of a number of cytokines
by the tumor, which may induce thrombopoiesis.”

In addition to the absolute values of blood counts, the
ratios of particular types of white blood cells, such as the
(NLR),
lymphocyte ratio (PLR), and lymphocyte-to-monocyte
ratio (LMR), as
inflammation index (SII) and CRP-to-albumin ratio

lymphocyte-to-neutrophil  ratio platelet-to-

well as the systemic immune-
(CAR), are important in the assessment of prognosis in
cancers.

NLR has attracted considerable interest over the past
decade as a potential prognostic factor in various types of
cancer and as an indicator for risk stratification of patients
with cancer.”?*>%’ Pretreatment NLR values were elevated
in patients with neoplasms of various organ localizations
(eg, colorectal, lung, ovarian, and esophageal).”>’*7® In
many studies, pretreatment NLR values have been consid-
ered to be prognostic factors related to OS and asympto-
matic survival.”” Higher NLR values are observed in more
advanced stages of the neoplastic process, where SIR is
markedly intensified.”’

Similar to NLR, LMR and PLR may reflect abnormal-
ities in the immune system and, thus, abnormal anti-tumor
activity.® Lower LMR has been associated with poor sur-

in both non-hematological and hematological
8

vival
malignancies.’

The ratio of neutrophils and lymphocytes to platelets
(ie, SII) is also used to assess prognosis in various types
of cancer. Increased SII is associated with a worse prog-
nosis in patients with colorectal, liver, pancreatic, and
bladder cancers; it is also linked to a higher frequency
of disease recurrence.”’ Elevated SII reflects changes in
the cancer microenvironment that favor disease progres-
sion and spread. Moreover, SII values are correlated with
poor histological differentiation of the tumor, larger

tumor size, and more advanced stage of TNM.”® SII was
first described by Hu et al in hepatocellular carcinoma.
Increased SII values were shown to be associated with
worse prognosis, which the authors of the study attributed
to several factors. Research has shown that patients with
an elevated SII value usually have thrombocytosis, neu-
tropenia, or lymphopenia prior to undergoing surgery.go
Neutrophils secrete various inflammatory mediators that
influence the promotion and proliferation of neoplastic
cells, thereby increasing invasion and metastasis to lymph
nodes or distant organs.®® Platelets secrete chemotactic
factors for cancer cells, induce the creation of optimized
conditions for metastases, cause epithelial transformation,
and increase the number of circulating tumor cells.®
Lymphopenia contributes to the avoidance of immune
surveillance by cancer cells and reduces the damage
caused by the autoimmune response.*® Collectively,
these factors explain the role of SII in promoting the
progression of neoplastic disease and its association
with worse prognosis.

CAR was initially assessed in patients with acute dis-

: 1,82
eases and seps1s.8 B

Recently, its prognostic value has
gained importance in cancers including hepatocellular
carcinoma,® gastric cancer,®® and esophageal squamous
cell carcinoma,85 as well as ovarian,% breast,87 and cervi-
cal cancers.?” Elevated preoperative CAR levels are
thought to be associated with poor survival of patients
with these tumor types. Moreover, the CAR index may
serve as a prognostic biomarker of cardiotoxicity during
anti-cancer therapy.®®

Other useful markers of inflammation include the
Glasgow Prognostic Score (GPS) and Modified GPS
(mGPS), which are calculated based on the concentrations
of CRP and albumin.

GPS was first described in 2003 by Forrest et al, who
demonstrated its prognostic value in non-small-cell lung
cancer.®” GPS is defined by hypoalbuminemia (<35 g/L)
and elevated levels of CRP (>10 mg/L): if both parameters
are abnormal, the assigned value is 2; if one of them is
abnormal, the assigned value is 1; and if both parameters
are normal, the assigned value is 0.%°

Some researchers use mGPS to evaluate prognostic
outcomes in cancer. This score is also calculated using
levels of CRP and albumin. Patients with CRP <10 mg/L
receive 0 points; those with CRP >10 mg/L are assigned 1
point; and those with CRP >10 mg/L and albumin <35 g/L

receive 2 points.®
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Numerous studies have shown a relationship between
increased GPS/mGPS and shorter OS in various types of
cancer (eg, colon, esophageal, liver, stomach, and
pancreatic).”® GPS and mGPS are particularly important
prognostic indicators for use before initiation of anti-
cancer therapy. Patients with low GPS and mGPS prior
to treatment were shown to have better prognosis versus
those with elevated scores.®” Hence, the GPS/mGPS indi-
cators represent cost-effective and available markers for
risk stratification in neoplastic disease, particularly before
the initiation of anti-neoplastic treatment. Thus, they may
facilitate clinical decision-making and improve outcomes
in patients with tumors.

The fibrinogen-to-albumin ratio (FAR) and fibrinogen
and NLR (F-NLR) are new inflammatory markers that
may have important roles in the assessment of prognosis
in patients with cancer. Fibrinogen and albumin play
important parts in the inflammatory response. Fibrinogen,
a glycoprotein synthesized by hepatocytes, is produced in
response to inflammatory cytokines. Similar to CRP, fibri-
nogen (a protein involved in the acute inflammatory
response) plays an important part in blood clotting.
Therefore, it is involved in maintaining normal hemostasis
in the body. Both the SIRand the hemostatic system are
closely related to the development of neoplastic
diseases.®”° Fibrinogen has the ability to directly bind to
VEGF, transforming growth factor B, platelet-derived
growth factor, and fibroblast growth factor. Therefore, it
has important roles in cell proliferation, epithelial trans-
formation, angiogenesis, and tumor cell metastasis.”’*">
Research has shown that elevated plasma fibrinogen levels
indicate poor prognosis in various types of cancer, includ-
ing esophageal squamous cell carcinoma and small-cell
liver carcinoma.”” Perisanidis et al proposed a treatment
that lowers the concentration of fibrinogen in plasma for
prolonging survival in patients with solid tumors.”*
Moreover, it has been suggested that therapies targeting
fibrinogen-dependent interactions may positively contri-
bute to the treatment of some types of malignant
neoplasms.”

The role of albumin in the inflammatory response has
been previously described in this paper. As already men-
tioned, the prognostic value of the albumin level before the
initiation of anti-tumor treatment has been reported in
various malignant neoplasms (eg, kidney, lung, ovarian,
and stomach).”” It has also been demonstrated that hypoal-
buminemia is associated with poor treatment outcomes in

patients with cancer.”?

Recent studies have shown that FAR is a potential new
prognostic tool for various cancers, including esophageal
squamous cell carcinoma,’® as well as being an indepen-
dent prognostic factor for hepatocellular carcinoma fol-
lowing surgery.”® Elevated FAR may also indicate an
increased risk of recurrence of liver tumors.”

F-NLR is another new predictive marker for cancer. As
previously mentioned, neutrophils promote tumor devel-
opment, invasion, and metastasis by secreting inflamma-
tory mediators and external factors, thereby altering the
neoplastic microenvironment. Lymphocytes inhibit tumor
proliferation and metastasis, induce cytotoxic cell death,
and produce inhibitory cytokines. Thus, lymphopenia may
cause an insufficient immune response to malignant neo-
plasms, which facilitates tumor progression and is conse-
Elevated
fibrinogen inhibits the elimination of cancer cells by cyto-
toxic cells or natural killer cells. Thus, the F-NLR index

reflects changes in the neoplastic microenvironment and

quently associated with a poor prognosis.”’

the inflammatory response in tumors. Recent studies have
indicated that elevated F-NLR levels are associated with
worse prognosis and clinical outcomes in patients with
malignant neoplasms, including lung, stomach, esopha-
geal, and colorectal cancers.”’” In addition, in colorectal
cancer, F-NLR was associated with a more advanced
T stage of the tumor, larger tumor size, and more invasion.
Thus, elevated F-NLR may promote tumor proliferation,
invasion, and metastasis.”’

Systemic Inflammatory Reaction in
Neoplasms of the Female Genital
Organs

Breast Cancer

In developed countries, breast cancer is the most common
malignancy in females, with a peak incidence observed
after 40 years of age.”® Based on a meta-analysis of 15
studies that included 8563 women with breast cancer,
Ethier et al confirmed that high NLR (cutoff point >2.5
or 3.0 depending on the analyzed groups) was associated
with worse OS (hazard ratio [HR]: 2.56, 95% confidence
interval [CI]: 1.96-3.35; p<0.001) and DFS (HR: 1.74,
95% CI: 1.47-2.07; p<0.001).”° In addition, higher prog-
nostic value for DFS was observed in patients with triple-
negative breast cancer versus those with other subtypes.””
This correlation was confirmed in studies including only
patients with early-stage disease, as well as in those com-
prising patients with both early-stage and advanced

Cancer Management and Research 2021:13

5495

Dove:


https://www.dovepress.com
https://www.dovepress.com

Mleko et al

Dove

disease. Similarly, Koh et al analyzed 157 women with
hormone receptor-positive but human epidermal growth
factor receptor 2 (HER2)-negative breast cancer. They
confirmed that NLR was an independent prognostic factor
for OS (HR: 24.87; 95% CI: 3.1-201.3; p=0.003).'%
However, a recent review by Corbeau et al showed limited
predictive value of NLR for OS and pathological complete
response in both patients with early-stage breast cancer
receiving neo-adjuvant chemotherapy and those with
advanced breast cancer.'” On the contrary, Cullinane
et al concluded that a lower NLR was associated with
a higher rate of pathological complete response (odds
ratio [OR]: 1.83, 95% CI: 1.15-2.91; p=0.0003) and
a higher 5-year DFS; however, the difference did not
reach statistical significance.'®> The association between
NLR and OS has been confirmed in many studies.
Nevertheless, it must be emphasized that this association
was mostly noted in univariate analyses, whereas multi-
variate analyses often failed to show that NLR was an
independent predictor of 0S.'”'% These results should
be interpreted with caution because a potential bias caused
by heterogeneity in the study groups may have signifi-
cantly influenced the multivariate analyses.

Among other inflammatory blood markers, PLR and
LMR were investigated in females with breast cancer. Cho
et al analyzed NLR, derived NLR (dNLR), PLR, and LMR
in the immediate preoperative period in female patients
treated for breast cancer with breast-conserving surgery.'%®
They analyzed the relationship between the aforemen-
tioned inflammatory markers and clinicopathologic vari-
ables, as well as disease-specific survival (DSS) and DFS.
Based on their analyses, they developed a nomogram to
predict 3- and 5-year DSS in patients with breast cancer. In
the univariate analysis, high NLR, dNLR, PLR, and low
LMR were significantly associated with poor DSS and
DFS. In the multivariate analysis, only PLR (HR: 3.226,
95% CI: 1.768-5.885 and HR 1.824, 95% CI: 1.824-6.321
for DSS and DFS, respectively) was still identified as an
independent predictor of outcomes.'®® Araki et al and
Vernieri et al confirmed through univariate analysis that
high levels of PLR and LMR are negative predictors of
(PFS)
survivors.'*” 1% Additionally, Ji and Wang analyzed nine

progression-free  survival in breast cancer
studies involving 2724 patients, revealing that increased
SII with a cutoff point of 600 increased the risk of poorer
OS (HR: 1.98, CI: 1.31-2.99; p=0.001) and DFS (HR:
2.05, CI: 1.30-3.24; p=0.002), as well as lymph node

involvement (HR: 1.35, CI: 1.15-1.59; p<0.001) in female

patients with breast cancer, particularly in the triple-
negative subgroup.'® Chen et al reported that SII was an
effective prognostic indicator of OS and DFS in female
patients with breast cancer undergoing neo-adjuvant
chemotherapy.''® By analyzing 262 patients with breast
cancer, they defined the optimal cutoff value of SII using
a receiver operating characteristic curve at a level of
0.85x10°/L. Patients with low SII had longer DFS and
OS (41.27 vs 30.45 months, respectively, HR: 1.694,
95% CI: 1.128-2.543, p=0.011; 52.86 vs 45.75 months,
respectively, HR: 1.288, 95% CI: 0.781-3.124, p=0.002),
as well as better 3-, 5-, and 10-year DFS and OS rates.'°

Most studies examining the prognostic value of SIR in
patients with primary breast cancer have shown that NLR,
PLR, and LMR are significantly associated with DSS and
DFS. PLR accurately predicted individualized survival
probability in breast cancer; thus, this practical model
could support clinicians and patients in clinical decision-
making and treatment optimization.'®?

In patients undergoing potentially curative surgery for
primary operable breast cancer, preoperative concentrations
of albumin predict survival, independent of tumor-based
factors.'®* Moreover, GPS was significantly associated
with breast cancer-specific survival and appeared to be
a useful indicator of poor outcome independent of treatment
in patients with metastatic cancer.

There is growing evidence that TAMs are associated
with poor prognosis in breast cancer. Over the years,
studies of the role of TAMs in breast cancer progression
have found them to be capable of inducing angiogenesis,
remodeling the tumor extracellular matrix to aid invasion,
modeling breast cancer cells to evade the host immune
system, and recruiting immunosuppressive leukocytes to
the tumor microenvironment.''" As well as these func-
tions, a potential role for TAMs in the activation of breast
cancer stem cells has emerged. Thus, TAMs in breast
cancer can enhance cancer cell invasion by degrading the
extracellular matrix; they can also stimulate tumor vascu-
larization and angiogenesis, and suppress the anti-tumor
functions of cytotoxic T cells, resulting in poor
prognosis.''’ A meta-analysis of 16 studies showed that
high density of TAMs was related to worse OS and
DFS.""" CD68+ which is a cell surface marker of TAMs,
was associated with breast cancer characteristics indicative
of poor prognosis: larger tumor size, higher tumor grade,
lymph node metastasis, vascular invasion, hormone recep-
tor negativity, HER2 expression, and basal phenotype.'"!

Another marker of TAMs, CDI163, was also an
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independent prognostic factor for worse DFS and/or OS in
patients with breast cancers.''' In summary, TAMs have
a significant role in breast cancer. Targeted therapies
directly targeting TAMs could therefore improve survival
rates of breast cancer patients.

Endometrial Cancer

Endometrial cancer is the most common type of uterine
corpus malignancy. This type of cancer has a high inci-
dence rate in developed countries; it shows a trend of
increasing incidence but is fortunately associated with
a low mortality rate.''> Endometrial intraepithelial neopla-
sia, previously defined as endometrial hyperplasia with
atypia, is an established precursor of endometrioid endo-
metrial cancer. A significantly elevated mean NLR was
observed by Cakmak et al in females with endometrial
hyperplasia with atypia, in comparison with patients with
endometrial hyperplasia without atypia and controls (6.5
[0.6-26.6] vs 3.3 [0.6-26.6] vs 24 [0.6-14.0];
p=0.004).""  Similarly, significantly
increased mean PLR values in patients with endometrial

they observed
hyperplasia with atypia versus those with simple endome-
trial hyperplasia and controls (182.9 [75.4—459.0] vs 159.9
[47.1-516.6] vs 126.8 [41.4-312.8], respectively;
p=0.024).'"* Ural et al observed elevated NLR only in
patients with endometrial cancer versus those with endo-
metrial hyperplasia and healthy controls (3.8+3.7 vs 3.3
+4.97 vs 2.5+2.52, respectively; p=0.024)."'* Furthermore,
they did not observe significant changes in PLR between
the three analyzed groups.''* Subsequently, Selen et al
confirmed in a multivariate analysis that low PLR
(<133.3) was related to a statistically significant OR
(8.01; p<0.001) for the diagnostic prediction of low-
grade endometrioid endometrial cancer compared with
endometrial intraepithelial neoplasia.''> Acmaz et al
investigated the diagnostic utility of elevated NLR and
PLR in females experiencing abnormal bleeding.''®
Although the NLR was significantly higher in patients
with cancer than in those with endometrial atypia and
controls (p=0.001 and p=0.025, respectively), there was
no difference between patients with simple endometrial
hyperplasia and controls.''® The PLR was significantly
lower in controls than in the other groups (p<0.001);
however, there was no significant difference between
patients with hyperplasia and those with cancer.''®
A meta-analysis performed by Pergialiotis et al confirmed
that females with endometrial carcinoma had significantly
higher NLR compared with healthy controls.''” The first

therapeutic option for females suffering from endometrial
cancer is surgery.''® Pretreatment NLR was shown to be
an accurate predictor of DFS and OS in endometrial can-
cer survivors.''” In a univariate analysis, Haruma et al
showed that NLR >2.412 is a predictor of poor DFS and
OS (HR: 2.365, 95% CI: 1.341-4.173; p=0.003 and HR:
4.088, 95% CI: 1.945-8.590; p<0.001), whereas PLR (cut-
off value: 175.72) was only significant for the prediction
of OS (HR: 2.054, 95% CI: 1.021-4.132; p=0.043).""?
Kadan et al found that the mean NLR was higher in the
node-positive group compared with node-negative patients
(3.4 vs 2.9, respectively); however the difference was not
statistically significant.'?® Cong et al revealed that NLR
and PLR, as well as LMR, are valuable predictors of OS in
patients with endometrial cancer. They demonstrated in
a multivariate analysis that high NLR >2.14 (HR: 2.71,
95% CI: 1.83-4.02; p<0.001), high PLR >131.82 (HR:
2.75, 95% CI: 1.90-3.97; p<0.001), and high LMR >0.22
(HR: 1.72, 95% CI: 1.20-2.45; p=0.003) were significantly
associated with worse OS. The combined indicator, high
NLR + high PLR + high LMR (HR: 4.34, 95% CI: 2.54—
7.42; p<0.001), showed the highest prognostic value.'?'
Eo et al analyzed 255 females with newly diagnosed
endometrial cancer and reported an LMR cutoff value of
3.28 for both DFS and OS.'*? The 5-year DFS rates in the
LMR-low and LMR-high groups were 64.5% and 93.9%,
respectively (p<0.0001). The 5-year OS rates in the two
groups were 76.7% and 96.5%, respectively (p<0.0001).
Thus, LMR is a strong prognostic factor predicting DFS
and OS (p<0.0001 and p<0.0001, respectively) in endo-
metrial cancer survivors.'*?

In addition, using a Cox regression model, Li et al
identified CRP and D-dimer as independent prognostic
indicators of poor OS. The HRs for CRP and D-dimer
were 0.215 (95% CI: 0.084-0.549) and 0.252 (95% CIL:
0.095-0.670), respectively.'*?

Substantial amounts of TAMs and regulatory T cells
were also detected in endometrial cancer. The increased
infiltration of TAMs was proportionally associated with
advanced International Federation of Gynecology and
Obstetrics (FIGO) stage, high tumor grade, increased
lymph vessel density, lymphovascular space invasion,
and lymph node metastasis.'** Thus, the presence of
TAMs indicated aggressive tumor behavior and appeared
to be an independent prognostic factor for recurrence-free
survival.'** In addition, type 2 endometrial cancers were
found to have nearly twice the TAM density of type 1
cancers. The CD68+ stromal TAM density was higher in
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patients with type 2 cancers compared with those with
type 1 cancers. This difference may be due to the predo-
minance of M1 macrophages in the stroma of type 2
cancers.' %>

Ovarian Cancer
The female reproductive organs provide favorable condi-
tions for the development of chronic inflammation.
Ovulation is associated with cyclic damage and restoration
of the epithelium covering the ovary, as well as frequent
inflammation of the pelvic organs, endometriosis, or poly-
cystic ovary syndrome, which generate conditions favor-
able for the activation of a number of pro-inflammatory
mediators.”®?%"12° Research suggests that ovarian cancer is
usually accompanied by systemic immunosuppression.
NLR, LMR, and PLR may be helpful indicators for
differentiating benign neoplasms from malignant changes
in the ovaries. Moreover, they are sensitive indicators
correlated with local advancement and response to first-
line chemotherapy. High NLR and PLR, as well as low
LMR prior to treatment initiation, are associated with
a significantly higher risk of disease progression in
patients with ovarian cancer.'® In a retrospective meta-
analysis of 13 studies involving 3467 patients with ovarian
cancer, Zhao et al found that high NLR was associated
with poor OS and PFS (pooled HR: 1.70, 95% CI: 1.35—
2.15; and HR: 1.77, 95% CI: 1.48-2.12, respectively).'*’
They also demonstrated that high PLR adversely affected
OS and PFS in ovarian cancer (pooled HR: 2.05, 95% CI:
1.70-2.48; and HR: 1.85, 95% CI: 1.53-2.25,
respectively).'””  Similarly, Huang et al conducted
a systematic review and meta-analysis of 12 observational
studies involving 3854 patients with ovarian cancer. They
showed that a high pretreatment NLR was significantly
associated with shorter OS (HR: 1.69, 95% CI: 1.29-2.22)
and PFS (HR 1.63, 95% CI: 1.27-2.09)."*® Elevated NLR
was also significantly correlated with advanced FIGO
stage (OR: 2.32, 95% CI: 1.79-3.00), increased serum
cancer antigen 125 (CA-125) concentration (OR: 3.33,
95% CI: 2.43-4.58), more extensive ascites (OR: 3.54,
95% CI: 2.31-5.42), and poorer response to chemotherapy
(OR: 0.53, 95% CI: 0.40-0.70)."* Increased NLR was
also confirmed in ovarian cancer patients with low CA-
125 levels (<35 U/mL).'** In this challenging group of
patients, NLR >1.72 showed increased sensitivity, with
appropriate specificity and a higher negative predictive
value.'?” The dNLR is defined as a number of neutrophils
divided by the difference between lymphocytes and

neutrophils. In a study of 262 patients with ovarian cancer,
258 patients with benign ovarian disease, and 232 healthy
controls, Wu et al reported that the highest median NLR
was observed in patients with ovarian cancer compared
with the other two groups (2.29 [1.50-3.55] vs 1.44 [1.14—
1.88] vs 129 [1.06-1.54], respectively; p<0.001)."'*°
Furthermore, at a cutoff value of <2.11, dNLR was able
to distinguish ovarian cancer from benign ovarian disease.
At a cutoff value of <1.9, dNLR showed diagnostic power
for distinguishing patients with ovarian cancer from

130 Moreover the dNLR value increased

healthy controls.
in parallel with the stage of ovarian cancer and was posi-
tively correlated with serum concentration of CA-125
(r=0.507, p<0.001).'3°

Moreover, increased values of the CAR have been
observed in patients with ovarian cancer. Elevated baseline
CAR is considered an independent unfavorable prognostic
indicator of OS in patients with ovarian cancer."”’

TAMSs have been strongly implicated in the progression
and chemoresistance of ovarian cancer. In ovarian cancer,
the overall and intratumoral M1/M2 ratio is a relatively
efficient TAM parameter for predicting the prognosis of
patients, especially in those with serous-tissue-type
cancer.'*> By performing immunohistochemical analysis
of both M1 and M2 macrophages in ovarian cancer,
Zhang et al found that patients with high proportions of
M1 macrophages had better prognosis, suggesting that M2
TAMs have an important role in the progression of ovarian
cancer.*? TAMs exhibit immunological checkpoint mod-
ulators, such as the B7 family and programmed death-
ligand 1 (PD-L1), which also play an important part in
the development, metastasis, and invasion of ovarian can-
cer, however, the underlying mechanism is poorly

understood.'*

Cervical Cancer

SIR also has an important role in cervical cancer, which is
one of the leading causes of mortality among females
worldwide.'** The use of hematologic parameters in deter-
mining prognosis and managing therapy for cervical cancer
has become more common among clinicians. This approach
justifies the use of NLR for estimating the mortality and
recurrence rates of cervical cancer. Elevated NLR was found
in patients with cervical cancer compared with healthy con-
trols and females with precancerous cervical changes,
including low- and high-grade intraepithelial neoplasia.'*
Furthermore, PLR values were significantly higher in cervi-
cal cancer survivors versus those with low- and high-grade
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intraepithelial neoplasia and controls. Moreover, logistic
regression analysis revealed that age (OR: 1.075, 95% CI:
1.020-1.132; p=0.007), NLR (OR: 1.643, 95% CI: 1.009-
3.142; p=0.047), and PLR (OR: 1.032, 95% CI: 1.003—
1.062; p=0.029) were predictors of the presence of cervical
cancer.'*” The median NLR and PLR were significantly
higher in patients with advanced-stage disease versus those
with early-stage disease (7.58 [1.36-33.20] and 247.89
[97.10-707.11], p=0.001).
a strong positive correlation was found between the staging
of cervical cancer and the NLR value (r=0.638) and PLR
(r=0.668). Thus, increased pretreatment NLR and PLR
values may provide useful information for predicting the

respectively; Furthermore,

stage of cervical cancer.'*® By analyzing 1066 patients with
cervical cancer, Lee et al demonstrated that pretreatment
NLR >1.9 was correlated with poor OS.?” Zhu et al con-
firmed that elevated NLR was linked to age, parametrial
involvement, tumor invasion depth, and histologic grade of
cervical cancer; and that PLR was related to age, parametrial
involvement, tumor invasion depth, and FIGO stage.137
Univariate analysis identified high PLR as a significant
poor predictor of PFS and OS, whereas NLR did not exhibit
predictive power.">” PLR is also used as a predictor of
lymph node metastasis in cervical cancer and improves
risk stratification for predicting patient survival.*’

Treatment with radical surgery is used in the early stages
of cervical cancer, whereas advanced cases are treated with
chemoradiotherapy or radiotherapy. Zhu et al were the first
to show that an increased post-/pre-radiotherapy eosinophil
ratio was independently associated with worse PFS and OS
in cervical cancer survivors.'*® Trinh et al retrospectively
reviewed patients with cervical cancer who received defini-
tive chemoradiation therapy and found that increased LMR
was negatively correlated with PFS and 0S."*

Zhang et al were the first to evaluate the prognostic
significance of pretreatment CAR in patients with stage
IB-IIA cervical cancer undergoing radical surgery.'*® At
a cutoff value of 0.15, patients with a high CAR had
significantly shorter PFS and OS (p<0.001).'*® Higher
CAR was also significantly associated with elevated
NLR and PLR (p<0.001 and p<0.001, respectively).140

Other studies showed that high SII was also associated
with poor prognosis in patients with cervical cancer. Higher
SII had a significant correlation with larger tumors but was
not correlated with other clinicopathological parameters. SII
can independently predict the OS of patients with cervical
cancer undergoing radical resection; thus, it is superior to the
existing systemic inflammatory indices. Therefore, SII may

be a reliable index for predicting the postoperative survival
of patients with cervical cancer.'®!

TAMs have been the subject of research in cervical can-
cer. Ding et al found that an increase in macrophages in the
tumor stroma was significantly associated with lymphatic
metastasis.'*' The mRNA expression levels of IL-1p and
IL-8 in cervical cancer cells cocultured with macrophages
were increased compared with those in cervical cancer cells
cultured alone. Moreover, the mRNA expression levels of
VEGF-C and VEGF-A were increased in macrophages cocul-
tured with cervical cancer cells compared with macrophages
cultured alone."" Taken together, these results suggest that
TAMs promote lymphangiogenesis mainly through interac-
tions with surrounding cervical cancer cells."*' Chen et al
observed that high counts of CD68+ and CD163+ macro-
phages were associated with high risk Human Papilloma
Virus (hr-HPV) infection and positively correlated with cer-
vical carcinogenesis. A high index of CD163+ macrophages
was significantly associated with higher FIGO stages and
lymph node metastasis, but there no such association was
found for CD68+ macrophages.'** This study supported
a critical role of TAMs as prospective predictors of hr-HPV-
related cervical carcinogenesis. CD163, as a promising TAM
marker, is superior to CD68 for predicting the malignant

transformation and metastatic potential of cervical cancer.'*?

Vulvar and Vaginal Cancers

Vulvar and vaginal cancers are rare gynecological malig-
nancies. Data on SIR in these tumors are limited.'** Based
on the data of 64 females with vulvar squamous cancer,
Etras et al found elevated NLR and PLR in the lymph
node-positive group. The best cutoff values for predicting
lymph node metastasis were 2.81 for NLR (84.5% sensi-
tivity and 89.5% specificity) and 139.5 for PLR (68.9%
sensitivity and 89.5% specificity).'** Subsequently, Six
et al confirmed that females with vulvar cancer with
lymph node involvement had elevated serum CRP levels
compared with lymph node-negative patients; however,
there was no association with 0S.'*

Correlations Between SIR and
Well-Established Cancer Markers in

Female Genital Organ Malignancies

CA-125 (cancer antigen 125), also known as mucin 16 or
MUCI6, is a protein that in humans is encoded by the
MUCI6 gene."*® CA-125 has applications as a tumor mar-
ker or biomarker that may be elevated in the blood of
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some patients with specific types of cancers, or in other
conditions that are benign. Increased CA-125 levels are
found in, for example, endometrial cancer, breast cancer,
liver cancer, and pancreatic cancer, as well as in conditions
unrelated to tumors, including heart failure and cirrhosis.
The CA-125 test is performed mainly in the diagnosis of
ovarian cancer. A high concentration of this protein occurs
in 80% of women diagnosed with this type of cancer.'*’
Testing blood levels of CA-125 has been proposed as
useful in the treatment and monitoring of ovarian cancer,
but the exact prognostic value of CA-125 levels is not
entirely clear. A limited number of studies found that
CA-125 levels were lower in ovarian clear cell carcinoma
(OCCQC) than in other histologic types and did not reflect
clinical outcomes of patients with OCCC.'* Few studies
have compared SIR markers with CA-125. Kim et al found
that CA-125 levels were best for predicting advanced-
stage disease, suboptimal debulking, and platinum resis-
tance, and that PLR and NLR may be the most effective

predictors of non-complete response and PFS in patients
with OCCC. Although most leukocyte differential counts
and SIR markers were statistically significant in predicting
advanced-stage disease, suboptimal debulking, and plati-
num resistance, CA-125 levels had the highest sensitivity,
specificity, positive and negative prognostic value, and
accuracy.'*® Specific leukocyte differential counts (neutro-
phils, monocytes, and platelets), and SIR markers (NLR,
MLR, and PLR) increased proportionally with a growing
burden of inflammation such as that in cancer, whereas
CA-125 levels were relatively low in the early stages of
ovarian cancer in comparison with other histologic types
of epithelial ovarian cancer because of the apparent initial
smaller volume of disease, as well as fundamental differ-
ences in the biology of malignancy.'*%'*
Carcinoembryonic antigen (CEA) is also a recognized
predictive marker in many cancers. CEA is mainly used as
a tumor marker to monitor treatment of colorectal carci-

noma, to identify recurrence after surgical resection, for
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staging, or to localize cancer spread through measurement
of biological fluids.'"*® CEA levels may also be raised in
breast carcinoma. Studies comparing SIR markers with
CEA found that levels of inflammatory markers were sig-
nificantly associated with CEA levels. In colorectal cancer,
prechemotherapy levels of systemic inflammatory markers
and CEA were associated with OS and/or PFS.'** High
prechemotherapy NLR, mGPS, and CEA levels indepen-
dently predicted poor survival and chemotherapy response.
CEA response was also an independent prognostic marker
for OS and PFS. High NLR and mGPS were correlated
with elevated CEA levels. Therefore the patterns of
changes in NLR and CEA levels can be used as prognostic
and predictive markers for chemotherapy response.148

CA 15-3 (carcinoma antigen 15-3) is a tumor marker for
many types of cancer, most notably breast cancer. This anti-
gen is present in normal breast epithelial cells and in breast
cancer cells.'* The use of CA 15-3 in the detection of breast
cancer is limited. Increases in its concentration are observed
depending on the stage of the disease in 30-40% of non-

metastatic breast cancer cases and 70% of metastatic breast
cancer cases.'*° This marker is not suitable for screening for
breast cancer; however, it is useful, especially in combination
with CEA, in monitoring the effectiveness of treatment and
diagnosing relapse.'>® Only a few studies have compared CA
15-3 with markers of systemic inflammatory response.
A study comparing CA 15-3 with the inflammation marker
sFas (circulating soluble Fas) found that sFas was more
useful for monitoring the response of breast cancer patients
to surgery and chemotherapy if the effects of systemic
inflammatory reactions were excluded.'>'

The Role of Chronic Inflammatory
Reaction in Neoplastic Disease

Relapse

The inflammatory response may play a part in tumor
formation and disease relapse after therapy. Surgical inter-
vention may create a favorable microenvironment for local
and accelerate of distant

recurrence the process
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metastasis.'”® Clinical data obtained from patients who
underwent delayed surgical resection of breast cancer sup-
ports the notion that surgery and the resulting healing
of distant
metastases.'°>'® The inflammatory response has a very

response may induce the development
important role in this process. In a mouse model, it was
shown that tumor recurrence was associated with a local
inflammatory response and SIR characterized by excessive
production of pro-inflammatory cytokines (eg, IL1B, IL6,
and IL8) and the mobilization of myeloid cells into the

circulation.'**

Monocytes, which differentiate into intra-
tumor macrophages (particularly TAMs), secreting factors
that stimulate tumor regrowth and angiogenetic factors,
have a special role in this process.'®

Therefore, the overproduction of pro-inflammatory
cytokines is associated with the risk of relapse and further
disease progression by inducing resistance to chemother-
apy. Pro-inflammatory cytokines (eg, IL1pB, IL6, and IL8)
may be predictive markers of the incidence and stage of
cancer, as well as prognostic markers of DFS and OS.'"’

Research on the use of anti-inflammatory drugs after
surgery has been initiated to investigate the SIR-to-healing
process following tumor resection. It has been shown that
the use of such agents can improve treatment outcomes in
patients with cancer and reduce the risk of disease recur-
rence after breast cancer surgery.'®” These findings are con-
sistent with the results of a retrospective analysis, which
showed that the perioperative administration of anti-
inflammatory analgesics reduced the frequency of metastasis
and early relapse in patients with breast cancer.'®

Conclusions

SIR is an unfavorable prognostic factor in numerous malig-
nant neoplasms. It contributes to the emergence and progres-
sion of disease and is also involved in the occurrence of
relapse after anti-cancer treatment (Figures 1-4). Assessment
of the inflammatory process can be performed using a number
of indicators. As risk stratification is essential in the clinical
management of neoplastic disease, the evaluation of the fac-
tors described in this article may be promising for the clinical
management of patients with neoplastic disease and the devel-
opment of new therapeutic targets for anti-cancer therapy.
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