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Summary

Breast cancer is the most common malignant disease among women, constituting around a quarter of all cancers in 
women worldwide. This type of cancer is mainly affected by genetic, environmental, and lifestyle factors such as nutrition 
and physical activity.

A retrospective study including 192 women with breast cancer was performed for six years (from 2015 to 2021). We 
investigated the relationship between indirect hematological parameters, neutrophil-to-lymphocyte ratio – NLR, platelets-
to-lymphocyte ratio – PLR, systemic immune-inflammation index – SII and the treatment outcome. Additionally, we also 
followed the overall survival (OS) rate.

The obtained results report assessed parameters before and after surgical intervention. Of importance is to emphasize 
that at a cut-off value of 2.65 (P = 0.001) and 3.30 (P < 0.001), a decline in the NLR value was noticed after surgical removal 
of the breast cancer. The same decrease was observed for SII after surgery (P < 0.001). Through the study, SII has been shown 
to be a more relevant parameter compared to NLR and PLR. The study outcome recommends the cut-off value of 2.65 as the 
optimal for NLR in predicting the effectiveness and successfulness of the surgical procedure.
KEYWORDS: �breast cancer, neutrophil-to-lymphocyte ratio (NLR), platelets-to-lymphocyte ratio (PLR),  

systemic immune-inflammation index (SII), non-adjuvant treatment

Corresponding author: Donatella Verbanac, Department of 
Medical Biochemistry and Hematology, University of Zagreb 
Faculty of Pharmacy and Biochemistry, A. Kovačića 1, 10000 
Zagreb, Croatia. e-mail: Donatella.Verbanac@pharma.unizg.hr

INTRODUCTION

In the last years, cancer has become a leading 
public health problem. The incidence of various 

types of cancer has increased in recent years(1). 
According to the GLOBOCAN’s (online database 
providing global cancer statistics and estimates of 
incidence and mortality in 185 countries for 36 
types of cancers, and for all cancer sites combined) 
data, 19.3 million people got diagnosed with can-
cer in 2020, while almost 10 million people died 
due to cancer. Breast carcinoma is the most com-
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mon cancer among women, with an estimated 
2.26 million cases diagnosed (approximately 24.5% 
of all cancers in women) and 685 thousand deaths 
worldwide in 2020(2). Vast majority of breast can-
cer are carcinomas. According to the data of the 
Croatian National Cancer Registry in 2019, breast 
cancer was the most common cancer site among 
Croatian women (2 999 new cases, 25% of all new 
caners in women), too(3).

Different stimuli lead a normal physiological 
healthy and functional cell to transform into a 
pathologically altered cell. Many genetic factors 
affect breast cancer, such as mutations in the 
BRCA, HER2, PALB2, CHEK2, CKD1, and STK11 
genes(4,5,6,7,8,9). By activation of oncogenes and 
deactivating tumor-suppressors, there is an un-
controlled growth and division of affected cells, 
which transfers their DNA defects to the next gen-
eration of daughter cells(10). Moreover, breast 
cancer is also influenced by endogenous and ex-
ogenous factors like genetic instability, nutrition, 
lack of physical activity, use of different medica-
tions, and sex hormones(11,12,13,14,15,16,17,18).

Tumor markers are molecules synthesized by 
tumor cells or by physiologically healthy cells in 
the presence of cancer. By utilizing different tu-
mor markers, it’s possible to identify the presence 
of cancer and obtain additional information about 
the cancer itself(1). In breast cancer, the choice of 
therapy and the overall outcome significantly de-
pend on present tumor markers, such as sex hor-
mone receptors (estrogen and progesterone), 
HER2/neu receptors, Ki-67 proliferation index, 
CA 15-3, and CEA(1,19,20,21,22,23,24).

Metastatic breast cancer implies expansion of 
tumor cells into other parts of the body. Almost ev-
ery organ in the human body can be affected by 
metastasis, but in breast cancer, the most common 
sites of metastasis are bones, lungs, brain, and liver. 
The metastases can also spread into regional lymph 
nodes or the contralateral breast(25). Generally, 
metastatic tumor cells are more aggressive and 
they are more challenging to treat. They spread 
through the bloodstream and the lymph system. 
The occurrence of metastasis is possible months af-
ter making the first diagnosis and initiation of ther-
apy. About 30% (20-40%) of women with breast 
cancer, develop metastasis at some point. In half of 
the women with breast cancer metastasis develops 
within the first five years of diagnosis(26). The sole 
purpose of treating metastatic breast cancer is to 

maximally preserve patient’s quality of life. De-
spite a good screening program and significant de-
velopment of diagnostic capabilities, there are still 
too many women diagnosed with breast cancer at 
an already advanced stage(27).

Various research in epidemiology and clini-
cal oncology shows a significant impact of the im-
mune system on carcinogenesis. Chronic inflam-
mation processes in the microenvironment of the 
cancer contribute to the progression, proliferation, 
invasion, and metastasis of the tumor cells. Re-
search has confirmed how cells involved in in-
flammation processes and immune response can 
be detected and monitored using blood count – a 
cheap, fast, repeatable, and relatively non-inva-
sive method. Consequently, blood count is a fa-
vorable search to predict the immune response in 
cancer patients(28,29,30).

Neutrophils are the largest subgroup of leu-
kocytes in the peripheral bloodstream. They par-
ticipate in the earliest stages of the immune re-
sponse (so-called innate immunity) while excreting 
specific granules filled with enzymes and other 
molecules to defend our organism(31). In carcino-
genesis, neutrophils may contribute to the devel-
opment of tumor mass while supporting migra-
tion, invasion, and penetration of tumor cells 
through the basal membrane(28).

Lymphocytes are unique adaptive immune 
system cells that synthesize antibodies to defend 
our body against microorganisms and other harm-
ful substances(31). They have a dual role in carci-
nogenesis. First, CD8+ cytotoxic T lymphocytes 
(CTL) have a supervisory function and if they de-
tect some suspicious cells with tumor antigens, 
they can destroy them immediately(28,32,33). The 
roles of CD4+ helper lymphocytes are not that 
clear. Some research assumes that CD4+ lympho-
cytes help CD8+ lymphocytes differentiate and 
mature. Other research supposes that CD4+ in-
crease susceptibility to the destruction of the tu-
mor cells by CTL while excreting cytokines(32).

Thrombocytes have a critical role in the ini-
tial response to blood vessel damage and main-
taining hemostasis. Various signaling molecules 
(proteins, growth factors, bioactive lipids, reactive 
oxygen species, magnesium and calcium ions) ini-
tiate the coagulation cascade, vasoconstriction, 
and inflammatory response, which leads to a fast-
er and better repair of the damaged tissue. Tumor 
cells can secret interleukins, which promote the 
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synthesis of the thrombopoietin by the liver(34). 
The increased levels of circulating thrombopoietin 
can lead to thrombocytosis. Consequently, an in-
creasing number of thrombocytes in the blood-
stream can cause disseminated intravascular co-
agulopathy (DIC)(28). As a result, severe hemody-
namic and inflammatory reactions contribute to 
carcinogenesis and metastasis. Thrombocytes also 
release different chemokines, cytokines and 
growth factors which support growth and devel-
opment of cancers, carry on angiogenesis, and fa-
cilitate penetration of the basal membrane(35). 
Moreover, once tumor cells enter the bloodstream, 
they are coated with thrombocytes to protect 
themselves from the CTL and facilitate adhesion 
on blood vessel walls in distant organs(35,36).

Neutrophil-to-lymphocyte ratio (NLR) is an 
excellent indicator of the whole immune response 
of the human body. It unites neutrophils as early 
reactants of the acute phase and lymphocytes as 
components of the adaptive immune system spe-
cifically directed to destroy cancers. For now, NLR 
has proved helpful as a prognostic marker in mel-
anoma, nasopharyngeal, gastric, and colorectal 
cancers. In general, high NLR values before sur-
gery are associated with poor treatment outcomes 
and higher mortality rates(28,29,37).

Platelet-to-lymphocyte ratio (PLR) is an indi-
rect hematological inflammatory parameter similar 
to NLR. It shows the organism’s immune response 
to cancer by combining thrombocytes as compo-
nents of the immune system and bloodstream, that 
facilitate tumor cell growth, invasion, and metasta-
sis and lymphocytes which seek to destroy tumor 
cells. Some publicized research asserts NLR as a 
better prognostic marker to PLR in pancreatic and 
gastric cancers, while others claim that PLR is bet-
ter in pancreatic and ovarian cancers. However, 
high PLR values are generally associated with poor 
disease outcomes and often indicate the presence of 
lymph node metastases(28,37).

Systemic immune-inflammation index (SII) is 
the ratio of the multiplication of neutrophils (N) 
and thrombocytes (T) to lymphocytes (L) (SII = 
NxT/L). It unites all three components of the im-
mune response to carcinogenesis: neutrophils, 
lymphocytes, and thrombocytes. According to re-
cent research, SII is considered a better prognostic 
marker than all other hematological inflammatory 
parameters in hepatic, pancreatic, and gastric can-
cers(38).

Based on these facts, we decided to investi-
gate the relationship between indirect hematolog-
ical inflammatory parameters (NLR, PLR, SII), 
and the treatment outcome, as well as the overall 
survival (OS) of patients with breast cancer after 
five years.

MATERIALS AND METHODS

This retrospective study was based on clini-
cal, pathohistological and hematological data ob-
tained from 192 women treated for breast cancer 
at the University Hospital for Tumors, Sestre mi-
losrdnice University Hospital Center (Zagreb, 
Croatia) during six years, May 2015 – May 2021. 
All included subjects were female, the median age 
of patients was 53 (24-84), and all were diagnosed 
with breast cancer. Within the covered patient 
group there were different tumor stages: 125 
women were diagnosed with breast cancer stage I, 
62 women were diagnosed with breast cancer 
stage II, and five women were diagnosed with 
breast cancer stage III or IV. There were also dif-
ferent lymph node stages within the covered pa-
tient group: 120 women didn´t have lymph node 
metastases, 42 women had lymph node metasta-
ses stage I, 23 women had lymph node metastases 
stage II, and seven women had lymph node me-
tastases stage III. The most used surgery was 
breast segmentectomy (131 women), while 41 
women underwent ablatio mammae, and 20 
women had mastectomy. Only 90 of 192 patients 
were undergoing chemotherapy – therefore, only 
90 patients had values for both time points.

Data was obtained from the hospital infor-
mation system (IN2 d.o.o., IBIS) and laboratory 
information system (Samson informatika d.o.o., 
KLINLAB). EDTA vacuettes of 3mL with the anti-
coagulant K3EDTA were used for sample collec-
tion. Blood parameters were determined on two 
hematological analyzers in the Department of 
Medical Biochemistry and Hematology laborato-
ry immediately after blood extraction: Sysmex 
XN-1000 and Sysmex XN-550 (Sysmex Corpora-
tion, Kobe, Japan). Values of leukocytes, lympho-
cytes, and neutrophils were recorded in two-time 
points: i) within a month before surgery (N=192) 
and ii) before the start of chemotherapy, i.e. be-
tween two and three months after surgery (N=90). 
Retrospectively, from the recorded absolute val-
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ues, it was possible to calculate NLR, PLR, and SII 
according to their equations at each time point. 
Statistical data analysis was done using MedCalc 
(MedCalc Software, version 19.8, Ostend, Bel-
gium) and Microsoft Excel 2016 (Microsoft Corpo-
ration, Redmond, USA).

Cut-off values for NLR (2.13), PLR (88.23), and 
SII (547) were based on the research study per-
formed by Jiang et al.(38). Five-year OS rate was 
presented with Kaplan-Meier analysis based on the 
initial values obtained before surgery. Logrank test 
was applied to compare the Kaplan-Meier curves 
of different patient groups (low and high NLR val-
ue, low and high PLR value, and low and high SII 
value). McNemar test was used to determine if 
there was a significant change in the classification 
of patients based on NLR, PLR, and SII values after 
the surgery. Additionally, based on the initial sta-
tistical analysis and borderline results for NLR, 
data was tested with higher cut-off values (2.65 and 
3.30) published by Huszno and Kolosza(39), Forget 
et al.(40), and Hernández et al.(41).

RESULTS

The median age of patients included in the 
study was 53 (24 – 84). Table 1. shows the descrip-
tive statistics of the indirect hematological inflam-
matory parameters (NLR, PLR, SII). Kolmogorov-
Smirnov test confirmed the data for all of the indi-
rect hematological inflammatory parameters 
(NLR, PLR, SII) does not follow normal distribu-
tion (P < 0.05). Total follow-up time ranged from 1 
to 60 months, while 4 patients were followed up 
less than 12 months.

Kaplan-Meier curves for low (N = 41) and 
high (N = 49) NLR groups based on the cut-off 
value of 2.13 (Figure 1.) didn’t show any differ-
ence in the OS of patients after five years (Logrank 
test: P = 0.855; 57 months mean survival time for 
both groups).

Kaplan-Meier curves for low (N = 7) and high 
(N = 83) PLR groups based on the cut-off value of 
88.23 (Figure 2.) show differences in the OS of pa-
tients after five years. However, the difference in 

Tablica 1. 
Descriptive analysis of the indirect hematological inflammatory parameters (NLR, PLR, SII) 

Median (95% CI) Min – max Interquartile range P-value*

NLR 2.08
(1.97 – 2.28) 0.77 – 7.34 1.64 – 3.00 < 0.001

PLR 134.33
(125.56 – 143.55) 47.21 – 587.5 104.51 – 167.83 0.002

SII 500
(479 – 587) 118 – 2203 374 – 782 < 0.001

Figure 1. Kaplan-Meier curves of five-year rate OS for patient 
groups based on low and high NLR values at cut-off value of 2.13

Figure 2. Kaplan-Meier curves of five-year rate OS for patient 
group based on low and high PLR values at cut-off value of 88.23



Lib Oncol. 2022;50(2-3):66–80

70

the curves’ appearance isn’t statistically signifi-
cant (Logrank test: P = 0.398; 59 months mean sur-
vival time for low PLR group and 57 months for 
high PLR group).

Kaplan-Meier analysis for low (N = 44) and 
high (N = 46) SII groups based on the cut-off value 
of 547 (Figure 3.) show there is no statistically sig-
nificant difference between the two groups (Lo-
grank test: P = 0.437; 57 months mean survival 
time for both groups).

Tables 2. to 4. show the change between pa-
tient group classification based on the calculated 
hematological parameters (NLR, PLR and SII) be-
fore (vertical values) and after (horizontal values) 
surgery. The patients’ classification based on NLR 
and PLR values didn’t change due to surgery. 
However, the change was significant for the pa-
tient group with high SII values before surgery 
since all of them were reclassified into the low SII 
group after surgery. Likewise, none of the patients 
that were in the low SII group have been reclassi-
fied into the high SII group after the surgery.

Tables 5. and 6. compare the change of NLR 
classification before and after surgery based on 
different criteria for cut-off values. Patients’ clas-
sification before and after surgery changes signifi-

Figure 3. Kaplan-Meier curves of five-year rate OS for patient 
groups based on low and high SII values at cut-off value of 547

Table 2. 
Results of McNemar test for patient distribution according to NLR values before and after surgery at cut-off value of 2.13

B
ef

or
e 

su
rg

er
y After surgery Difference (%) 95% CI P-value*

NLR ≤ 2.13 > 2.13 N (%)

- 13.33 - 25.73 –
(- 0.94) 0.058

≤ 2.13 30 11 41 (45.6%)

> 2.13 23 26 49 (54.4%)

N (%) 53 (58.9%) 37 (41.1%) N = 90

Table 3. 
Results of McNemar test for patient distribution according to PLR values before and after surgery

B
ef

or
e 

su
rg

er
y After surgery Difference (%) 95% CI P-value*

PLR ≤ 88.23 > 88.23 N (%)

- 6.67 - 14.08 –
0.75 0.146

≤ 88.23 4 3 7 (7.8%)

> 88.23 9 74 83 (92.2%)

N (%) 13 (14.4%) 77 (85.6%) N = 90

Table 4. 
Results of McNemar test for patient distribution according to SII values before and after surgery

B
ef

or
e 

su
rg

er
y After surgery Difference (%) 95% CI P-value*

SII ≤ 547 > 547 N (%)

- 51.11 - 61.44 –
(- 40.78) < 0.001

≤ 547 44 0 44 (48.9%)

> 547 46 0 46 (51.1%)

N (%) 90 (100.0%) 0 (0.0%) N = 90
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cantly depending on the applied cut-off value. By 
changing the initial cut-off value from 2.13 to 2.56 
and 3.30 significance of McNemar test changed as 
well.

Additionally, Kaplan-Meier analysis was 
preformed based on the new cut-off values for 
NLR (Figures 4. and 5.). However, the statistical 
significance in both cases did not change since the 
P-value of Logrank test for 2.65 and 3.30 cut-off 
were 0.851 and 0.332, respectively.

DISCUSSION

Cancer is often defined as a chronic inflam-
matory condition of the affected tissue which 
abounds with immune cells. As in other inflam-
matory reactions, some factors contribute to the 
progress and growth of the inflammation, e.g. 
cancer, as well as other factors that block and pre-
vent the spreading of the pathological changes. 
Inflammatory cells and mediators are present in 

Table 6. 
Results of McNemar test for patient distribution according to NLR values before and after surgery at cut-off value of 3.30

B
ef

or
e 

su
rg

er
y

After surgery Difference (%) 95% CI P-value*

NLR ≤ 3.30 > 3.30 N (%)

- 17.78 - 26.26 –
(-9.30) < 0.001

≤ 3.30 67 1 68 (75.6%)

> 3.30 17 5 22 (24.4%)

N (%) 84 (93.3%) 6 (6.7%) N =90

Table 5. 
Results of McNemar test for patient distribution according to NLR values before and after surgery at cut-off value of 2.65

B
ef

or
e 

su
rg

er
y

After surgery Difference (%) 95% CI P-value*

NLR ≤ 2.65 > 2.65 N (%)

- 18.89 - 29.05 –
(-8.72) 0.001

≤ 2.65 50 4 54 (60.0%)

> 2.65 21 15 36 (40.0%)

N (%) 71 (78.9%) 19 (21.1%) N = 90

Figure 5. Kaplan-Meier curves of five-year rate OS for patient 
groups based on low and high NLR values at cut-off value of 3.30

Figure 4. Kaplan-Meier curves of five-year rate OS for patient 
group based on low and high NLR values at cut-off value of 2.65
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the microenvironment of most, if not all, cancers, 
irrespective of the trigger for the development(42).

Neutrophils are a subgroup of leukocytes 
abundant with different granules. The presence 
and activity of neutrophils lead to the release of 
enzymes (such as metalloproteinase, elastases, 
collagenases), growth factors (e.g., vascular endo-
thelial growth factor – VEFG), as well as reactive 
oxygen species which altogether result in matrix 
remodeling, growth, and development of the can-
cer, angiogenesis, and metastasis(43,44,45). On the 
other hand, some lymphocytes present the tumor-
specific immune response(28).

Lymphocytes have several mechanisms of 
stopping the spreading and destroying the cancer. 
One way of inducing apoptosis is by secreting in-
terleukins (IL-6, IL-8, and IL-17) which inhibit fur-
ther growth of tumor cells(46,47). Additionally, 
other ways of inducing apoptosis are based on 
CD8+ cytotoxic T lymphocytes (CTL). The first 
mode of action implies the secretion of proteins 
called perforins and granzymes by CTLs. Perfo-
rins disturb the membrane structure of tumor cells 
and allow the entry of intercellular fluid into tu-
mor cells. Whilst serin-proteases granzymes split 
a variety of proteins in tumor cells and can further 
activate caspases. The second mode of action takes 
place along the widespread CD95 or Fas receptor. 
CD95L, the ligand on the CTLs surface, interacts 
with CD95 receptor on tumor cells and conse-
quently activates caspases again, leading to apop-
tosis of tumor cells(32).

Thrombocytes are also important compo-
nents of the immune response to cancers. Affected 
by different signal molecules from tumor cells, 
thrombopoiesis is increased in the bone marrow, 
which leads to thrombocythemia in the peripheral 
blood stream. The risk of DIC is increased due to 
the increased number of circulating thrombocytes. 
Through their physiological function of repairing 
damaged endothelial blood vessel tissue, throm-
bocytes have a dual role: to stop and assist the 
spread of tumor cells. Vasoconstriction, clotting, 
and inflammatory response stimulation oppose 
carcinogenesis. Meanwhile, matrix remodeling, 
amplified expression of adhesion receptors and 
excretion of chemokines as well as cytokines, con-
tribute to easier penetration of tumor cells into the 
intracellular space and blood stream. Therefore, 
they benefit carcinogenesis and metastasis. More-
over, clots between tumor cells and thrombocytes 

are formed which facilitate the survival of tumor 
cells in the blood stream(36).

NLR has been shown as a cheap, easily avail-
able, and useful prognostic marker in various in-
flammatory diseases and cancers of different tis-
sues and organs. NLR encompasses the two most 
significant groups of leukocytes that participate in 
carcinogenesis as well as in immune response 
against carcinogenesis. In 2019 the Zagreb score 
was developed and investigated at the University 
Hospital for Tumors in patients with colorectal 
cancer (CRC). The potential Zagreb score was cal-
culated by adding 1 point for elevated NLR for 
more than 75%, minimally three consecutively el-
evated percentage of immature granulocytes 
(%IG), doubling of immature granulocytes rela-
tive value to absolute neutrophils count ratio (IG 
ratio) and immature granulocytes relative value to 
leucocytes count ratio (IT ratio) at three consecu-
tive time points. The study showed Zagreb score 
has the potential to predict the need for re-opera-
tion in time(48). Due to its prognostic significance 
for post-surgery complications in CRC patients 
and very short turnaround time (TAT), for more 
than two years, NLR has been routinely used at 
the University Hospital for Tumors in agreement 
with the anesthesiology, resuscitation and inten-
sive care specialists. Multiple times thanks to, 
among other parameters, the increase in NLR val-
ue it was possible to respond in time and initiate a 
necessary re-operation or change the antibiotic 
therapy to prevent further life-threatening com-
plications. Based on the experience gained from 
the implementation of NLR in CRC patients, our 
goal was to evaluate its potential or patients with 
breast cancer. After reviewing the professional lit-
erature, it has been found that most research con-
siders NLR as a predictive prognostic marker just 
before chemotherapy in breast cancer patients. In 
this research, the predictive value of NLR has been 
investigated in patients with breast cancer before 
and after surgery.

The predictive value of NLR has been proven 
in patients with hepatocellular carcinoma (HCC)
(49) and lung cancer(50,51). Mouchli et al. investi-
gated the prognostic value of NLR in post-thera-
peutic recurrence and survival of patients with 
HCC. In their research they concluded that pre-
treatment NLR is of great prognostic value for 
survival outcome and cancer recurrence in pa-
tients with HCC(49). Cedres et al. demonstrated 
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that patients with non-small cell lung cancer 
(NSCLC) and NLR values < 5 have twice longer 
survival than patients with NLR values ≥ 5 (me-
dian survival 11.1 months vs. 5.6 months, P = 
0.017)(51). Ozyurek et al. came to similar conclu-
sions but via lower cut-off values: patients with 
NSCLC and NLR < 3 had a median survival of 31.1 
months, while patients with NLR ≥ 3 had a medi-
an survival of 18 months (P = 0.003)(50).

Based on the similar inclusion criteria with 
our study design, the research from Jiang et al. has 
been chosen as the source of cut-off values. Even 
though our study included a smaller number of 
participants (N = 192 vs. N = 249), its novelty lies 
in the examination of the prognostic value of these 
parameters before surgery in contrast to their re-
search which examined their prognostic value be-
fore chemotherapy. The study by Jiang et al. de-
termined SII as the only factor independently as-
sociated with survival (P = 0.017) – high SII is 
related to the shorter mean OS time compared to 
low SII (65 vs. 41 months, P ≤ 0.001)(38). Our study 
results didn’t confirm that. Moreover, the five-
year OS rate for patient groups at the University 
Hospital for Tumors based on low and high SII 
values didn’t show any statistically significant dif-
ference (P = 0.437). Jiang et al. also related low 
NLR and low PLR values with better mean OS 
time (64 vs. 50 months, P ≤ 0.001; 61 vs. 59 months, 
P = 0.007)(38). In the current study, high and low 
values in relation to cut-off values for NLR and 
PLR didn’t show statistically significant differenc-
es in the OS time (P = 0.855 and P = 0.398). How-
ever, Jiang et al. didn’t identify a significant inde-
pendent association between NLR or PLR and OS 
time upon multivariable analysis (P > 0.05) and 
therefore concluded that pretreatment SII is of su-
perior prognostic value than NLR and PLR in 
breast cancer(38). By comparing the results from 
Table 2., 3. and 4. in the current study, we could 
make similar conclusion: SII values before and af-
ter surgery (P < 0.001) have been a more relevant 
parameter than NLR (P = 0.058) and PLR (P = 
0.146).

Guo et al. conducted a meta-analysis of 17079 
individuals to investigate the prognostic value of 
NLR and PLR for breast cancer patients. Pooled re-
sults have shown that patients with high NLR val-
ues before treatment were associated with worse 
OS and poor disease-free survival (DFS) compared 
to those with low NLR values (OS: P < 0.001 and 

DFS: P < 0.001)(52). Liu et al. came to similar con-
clusions in their meta-analysis which involved 
eighteen eligible studies. The combined results 
demonstrated that patients with high NLR values 
before treatment had poorer outcome in DFS (HR = 
1.87, 95% CI = 1.41 – 2.48) as well as a decreased OS 
(HR = 1.72, 95% CI = 1.30 – 2.27)(53). Contrary to 
this meta-analysis, our study did not show any as-
sociation between NLR values before treatment 
and OS (P = 0.855). This might be due to several 
reasons. First, this was a retrospective designed 
study with a smaller sample size (N = 192). Second, 
the current study used cut-off values from another, 
previous study done by Jiang et al.(38) and didn’t 
investigate own values based on the included pa-
tients. Third, there wasn’t enough data for patient 
exclusion due to other potential causes of elevated 
NLR, PLR and SII values such as an acute infection 
or chronical inflammatory disease. Finally, the de-
termination period before and after surgery for ob-
taining NLR, PLR and SII values wasn’t strictly uni-
form. The median time for measurements in the 
current study was 12 days before surgery (mini-
mum 0 days, on the day of surgery and maximum 
59 days before) and 53 days after surgery (mini-
mum 21 and maximum 122 day after).

Since our results did not confer with the ma-
jority of literature, the study was expanded by ex-
amining different cut-off values for NLR classifica-
tion to see if the initial cut-off was too low. By look-
ing for similar study designs, we decided to use 
the cut-off values from the studies by Huszno and 
Kolosza(39) as well as Forget et al.(40) and Hernán-
dez et al.(41). Huszno and Kolosza carried out a 
retrospective analysis of 436 breast cancer patients 
and found that five-year OS was lower in the group 
with NLR > 2.65 compared to the group with NLR 
≤ 2.65 (82.5 vs. 89.6%, P = 0.053)(39). Based on that, 
in the current study an additional Kaplan-Meier 
curve of OS in patients with breast cancer based on 
low or high NLR values was made using a NLR 
cut-off value of 2.65. Still, no statistically signifi-
cant difference was found (P = 0.851). By applying 
the new cut-off value of 2.65 in Table 5., i.e. in com-
parison of NLR values before and after surgery, a 
statistically significant difference was found (P = 
0.001). It is worth mentioning that twenty-one out 
of thirty-six patients with high NLR values (NLR > 
2.65) before surgery had a decline in NLR values 
after surgery and were included in the group with 
low NLR values (NLR ≤ 2.65) afterward. Forget et 
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al. primarily investigated the association between 
intraoperative NSAIDs use in conservative breast 
cancer surgery and breast cancer DFS. Similarly, 
they also evaluated the association between breast 
cancer DFS and preoperative NLR and determined 
that an NLR > 3.3 before surgery was associated 
with a shorter DFS (P = 0.01) and OS (P = 0.046)(40). 
Meanwhile, Hernández et al. analyzed the prog-
nostic value of NLR in breast cancer patients treat-
ed with neoadjuvant chemotherapy. Retrospective 
research of 150 breast cancer patients showed that 
low NLR values (< 3.33) were associated with a 
better survival (P = 0.024)(41). Consequently, an-
other Kaplan-Meier analysis was done, using an 
NLR cut-off value of 3.30 according to the study by 
Forget et al.(40) and Hernandez et al.(41). Howev-
er, this cut-off value also did not show a statistical 
difference in the OS between low and high NLR 
patient’ groups (P = 0.332). By applying the new 
cut-off value of 3.30 in Table 6., i.e. in comparison 
of NLR values before and after surgery, a statisti-
cally significant difference was found (P < 0.001). 
Finally, seventeen out of twenty-two patients with 
high NLR values (NLR > 3.30) before surgery had 
a decline in NLR values after surgery and were in-
cluded in the group with low NLR values (NLR ≤ 
3.30) afterward.

Azab et al. in their research examined the 
usefulness of NLR in predicting short- and long-
term mortality in breast cancer patients more than 
10 years ago. This research was the source and 
motivation to investigate NLR in breast cancer 
and many other cancers worldwide. A large study 
sample allowed them a statistical division into 
quartiles based on NLR values(54). Different cut-
off values based on various quartiles matched 
with different cut-off values presented in the Ta-
bles 2., 5. and 6. of our study: 1st NLR = 2.13; 2nd 
NLR = 2.65 and 3rd NLR = 3.30. Azab et al. deter-
mined a shorter one-, two- and five-year survival 
in patients in the 4th quartile (NLR ≥ 3.33) com-
pared to the patients in the lower three quartiles 
(NLR < 3.33) (P < 0.001). However, the lower three 
quartiles of NLR values (1st quartile NLR < 1.80; 
2nd quartile 1.80 ≤ NLR < 2.45; 3rd quartile 2.45 ≤ 
NLR < 3.33) didn’t show a statistically significant 
difference between each other based on the OS(54). 
Opposite to them, in the current study the results 
for NLR at all three cut-off values (2.13, 2.65 and 
3.30) didn´t show any statistically significant dif-
ference in the OS time of patients after five years 

(P = 0.855, P = 0.851 and P = 0.332). But similar to 
the results of Azab et al., we found out that NLR 
classification before and after surgery changed 
based on different criteria for cut-off values. The 
patients’ classification based on NLR values at 
cut-off value of 2.13 didn’t change due to surgery 
(P = 0.058). By changing the initial cut-off value 
from 2.13 to 2.56 and 3.30 the patients’ classifica-
tion before and after surgery changes significantly 
(P = 0.001 and P < 0.001).

PLR also proved as a cheap, easily available, 
and useful prognostic marker in various inflam-
matory diseases and cancers of different tissues 
and organs. PLR includes thrombocytes which 
have a dual role in carcinogenesis and metastasis 
as well as lymphocytes which are aimed at the de-
struction of tumor cells. While monitoring treat-
ment outcomes of patients with breast cancer un-
dergoing neoadjuvant chemotherapy, PLR proved 
to be a useful marker(55). Moreover, other studies 
on patients with breast cancer confirmed a rela-
tionship between PLR and immune response – 
higher PLR values indicated a stronger immune 
reaction and worse treatment outcome(56,57,58).

While the research by Azab et al. considered 
NLR as a better marker in predicting long-term 
survival in breast cancer patients, with an expla-
nation that neutrophils contribute more to carci-
nogenesis than thrombocytes(37), the research by 
Cho et al. pointed out that PLR is a superior prog-
nostic marker than NLR in monitoring treatment 
outcome in breast cancer patients(59). Azab et al. 
found out that both NLR and PLR were significant 
predictors of mortality in the multivariant analy-
sis (P < 0.001 for both). But in case of the lympho-
cyte subsets analyses – evaluation of the contribu-
tion of low lymphocyte counts alone in the predic-
tive ability of PLR and NLR, NLR remained a 
significant predictor of mortality (P < 0.001 for HR 
4.80 and P = 0.025 for HR 3.59), while PLR was no 
longer statistically significant (P = 0.220 for HR 
1.83 and P = 0.070 for HR 2.69). Therefore, NLR is 
significantly better than PLR and lymphocyte 
count alone in predicting five-year mortality in 
breast cancer patients, according to Azab et al.(37). 
Moreover, Liu et al. investigated NLR and PLR 
values in 318 nonmetastatic breast cancer patients. 
Univariate analysis indicated that both elevated 
parameters (P < 0.001 for both) were associated 
with poor OS. In high NLR group, the estimated 
median OS was 42.3 months, while contrary, in 
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low NLR group, the estimated median OS was 
78.2 months (P < 0.001). Similar results were found 
for PLR. In high PLR group, the estimated median 
OS was 51.5 months, while in low PLR group, the 
estimated median OS was 79.3 months (P < 0.001). 
The predictive value of elevated NLR remained in 
the multivariable analysis (P < 0.001), but not for 
PLR (P = 0.104). The analysis results for DFS were 
almost the same as for the OS. Univariate analysis 
revealed a significant association between in-
creased NLR and PLR (P < 0.001 for both), but in 
the multivariable analysis only elevated NLR re-
mained its predictive value (NLR: P < 0.001 and 
PLR: P =0.229). Therefore, they concluded that 
both increased NLR and PLR are associated with 
poor survival, but only NLR is independently cor-
related with OS and DFS(57). On the other hand, 
Cho et al. for the first time simultaneously com-
pared the relationship between NLR, derived neu-
trophil-to-lymphocyte ratio (dNLR), PLR, lym-
phocyte-to-monocyte ratio (LMR) and clinico-
pathologic variables, disease-specific survival 
(DSS), and DFS in 661 breast cancer patients. The 
results showed that a high PLR value was the only 
inflammatory marker that was independently as-
sociated with worse DSS (mean survival duration, 
133.3 vs. 172.2 months, P < 0.001) and DFS (mean 
survival duration, 92.1 vs. 137.6 months, P < 0.001) 
in the all-patient group(59). In addition, Huszno 
and Kolosza presented NLR and PLR as equally 
good prognostic markers in evaluating the OS of 
patients with breast cancer. Based on their results, 
the five-year OS was lower in patients with high 
PLR values compared to patients with low PLR 
values (78.7% vs. 89.4%, P = 0.020)(39).

A retrospective study done in Graz on pa-
tients treated between 1999 and 2004 identified 
the preoperative PLR as an independent prognos-
tic marker for survival in breast cancer patients. 
Multivariable analysis on a cohort of 793 women 
identified PLR as an independent prognostic fac-
tor of poor outcome for patients’ cancer-specific 
survival (CSS) (P = 0.042) as well as an indepen-
dent prognostic factor for poor survival (P = 0.047). 
Univariable analysis also showed a significant as-
sociation between increased PLR and the occur-
rence of distant metastases (P = 0.010)(58).

Contrary to the study conducted by Jiang et 
al. which showed the mean OS time in patients 
with low PLR values was significantly longer than 
in those with high PLR values (61 vs. 59 months, P 

= 0.007)(38), our study didn’t confirm these results 
(P = 0.398). However, Jiang et al. didn’t identify a 
significant independent association between PLR 
and the OS time upon multivariable analysis (P > 
0.05)(38).

An updated meta-analysis done by Guo et al. 
involved twelve studies with 6930 patients and ex-
plored the prognostic role of PLR in predicting OS 
of patients with breast cancer. The combined re-
sults demonstrated that patients with higher PLR 
values were associated with a significantly poor 
prognosis (P = 0.002). Their subgroup analysis 
suggested that a cut-off value of 185 was better for 
PLR in predicting prognosis of breast cancer pa-
tients (P < 0.001)(52). This could be a possible ex-
planation why our results with a lower cut-off of 
88.23 (Figure 2.) didn´t show any differences in 
the OS between low and high PLR patient groups 
(P = 0.398).

Research by Ma et al. collected data of 203 
breast cancer patients who underwent surgery af-
ter receiving standard neoadjuvant therapy and 
analyzed the effects of NLR, PLR and LMR on the 
DFS. They detected a statistically significant differ-
ence in the duration of the remission period to the 
onset of relapse between different patient groups 
based on PLR values. Patients with breast cancer 
and high PLR values (PLR > 135) had a shorter re-
mission period than patients with breast cancer 
and low PLR values (PLR ≤ 135; P < 0.001). How-
ever, multivariate analysis revealed that PLR was 
not a prognostic indicator of DFS in neoadjuvant 
chemotherapy patients. Ma et al. concluded simi-
larly to us, that this might be because of the includ-
ed study population and the sample size(60).

SII is a newer marker in the clinical-oncologi-
cal world and is yet to be proven as a good or even 
better prognostic marker than NLR and PLR. A 
big difference compared to NLR and PLR is that 
SII includes all three blood parameters connected 
to the immune response of the human body to car-
cinogenesis: neutrophils, thrombocytes and lym-
phocytes. Therefore, SII unites NLR and PLR into 
one comprehensive derived hematological param-
eter. Since it has only been in use for a few years, 
it isn’t surprising that there are only small number 
of studies on the use of SII in patients with breast 
cancer available.

Liu et al. compared NLR, PLR and SII in pa-
tients with metastatic NSCLC. By applying 603.5 
as a cut-off value it was determined that patients 
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with low SII values priori to treatment with 
nivolumab have a significantly longer OS and pro-
gression free survival (PFS) that patients with 
high SII values (median OS 19.8 months vs. 8.9 
months (P = 0.005); median PFS 6.9 months vs. 2.4 
months (P = 0.006)). Moreover, they concluded 
that SII is a better prognostic marker than NLR 
and PLR (61). Bartl et al. studied SII as a prognos-
tic marker in vulvae cancer. They had been moni-
toring 130 patients with vulvae cancer over a pe-
riod of almost 20 years in Vienna. Patients with 
high SII values before starting treatment had a 
shorter OS rate in comparison with patients with 
low SII values before starting treatment: 54.1% vs. 
71.1% (P = 0.001)(62). Matsubara et al. pointed out 
that SII is superior to NLR and PLR as a prognos-
tic marker for predicting the PFS and OS in pa-
tients with endometrial cancer. Furthermore, the 
PFS and OS in patients with high SII values was 
considerably shorter than in patients with low SII 
values (PFS: P = 0.014 and OS: P = 0.011)(63).

Jiang et al. came to the same conclusion about 
the superiority and advantages of SII in addition to 
NLR and PLR for patients with breast cancer. They 
determined a statistically significant difference in 
the OS of patients based on their SII values: mean 
OS time of 65 months in patients with low SII val-
ues vs. 41 months in patients with high SII values (P 
≤ 0.001). Median OS time was only reached in the 
high SII and high NLR groups (39 months and 48 
months). Moreover, in univariate analysis SII, NLR 
and PLR were significantly associated with differ-
ential OS. However, in case of multivariable analy-
sis only SII was identified as independently associ-
ated with OS – patients with low SII values had 
prolonged OS time (P = 0.017)(38).

Contrary to other studies, our results showed 
there was no difference in the OS between patients 
with low and high SII values (Logrank test: P = 
0.437). Chen et al. demonstrated that patients with 
breast cancer and low SII values before starting 
neoadjuvant chemotherapy had significantly low-
er risks of disease progression compared to pa-
tients with high SII values. Besides, patients with 
low SII values were related to prolonged DFS (P = 
0.006) and OS (P = 0.005). The mean DFS for all 
enrolled cases with low SII was 40.76 months and 
the mean DFS for all patients with high SII was 
31.11 months. Similarly, results were found for 
OS: the mean OS for all enrolled cases with low SII 
was 53.68 months, while the mean OS for all en-

rolled cases with high SII was 44.47 months. More-
over, the DFS rates at 3-, 5- and 10-year in low SII 
group were 35.9%, 21.2% and 5.1%, while the DFS 
rates at 3-, 5- and 10-year in high SII group were 
25.5%, 11.3% and 3.8%. Similar results were re-
ported for the OS rate at 3-, 5- and 10-year: in low 
SII group 47.4%, 33.3% and 8.3% vs. in high SII 
group 35.8%, 20.8% and 6.6%(64).

Another research by Wanga et al. in patients 
with triple-negative breast cancer also reported 
worse outcomes in patients with high SII values. 
Median OS in patients with high SII values was 
about 40 months while median OS in patients 
with low SII values was about 61 months (P < 
0.001). Besides OS, the median DFS was also dif-
ferent based on SII values: 14.4 months in patients 
with high SII values vs. 22.4 months in patients 
with low SII values (P < 0.001). Multivariable anal-
ysis showed that elevated SII was an independent 
risks factor for poor OS (P < 0.001) as well as poor 
DFS (P = 0.005)(65).

Ji and Wang conducted a meta-analysis about 
prognostic prediction of SII for patients with gy-
necological and breast cancer in 2020. They in-
volved nine articles with a cohort of 2724 patients. 
The pooled results indicated that high SII values 
were significantly associated with shorter OS (P < 
0.001). Likewise, the meta-analysis revealed that 
high SII values were significantly associated with 
poor DFS (P < 0.001). Ji and Wang concluded that 
high SII may be a promising indicator for the pre-
diction of poor prognosis in patients with gyneco-
logical and breast cancer(66).

Considering all of the available literature, our 
study was the first one to examine follow-up value 
of NLR, PLR and SII after surgery (before chemo-
therapy) to see if there is a difference in the strati-
fication of patients according to their inflamma-
tion response. Searching on PubMed, only 6 stud-
ies investigated all three parameters (NLR, PLR 
and SII) simultaneously in breast cancer patients, 
while none of them as follow-up parameters in 
different time points like in our study (before and 
after surgery). McNemar test for NLR values at a 
cut-off value of 2.13 (P = 0.058) and PLR values at 
a cut-off value of 88.23 (P = 0.146) didn’t show any 
statistically significant difference in patient strati-
fication before and after surgery. However, NLR 
values at a cut-off value of 2.65 (P = 0.001) and 3.30 
(P < 0.001), as well as SII values at cut-off value of 
547 (P < 0.001) showed a statistically significant 
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change after surgery. Twenty-one patients out of 
the total thirty-six patients (58.3%) had a decrease 
in NLR values below the cut-off value of 2.65 after 
surgery, while seventeen out of total twenty-two 
patients (77.3%) had a decrease in NLR values be-
low the cut-off value of 3.30 after surgery. In the 
case of SII, all forty-six patients with high SII val-
ues had a significant decrease below the cut-off 
value after surgery. This could be due to the suc-
cessful removal of cancer and reduction of local 
inflammatory reaction. Therefore, a decrease in 
SII below the cut-off value measured at the second 
time point, i.e. after surgery, could be considered 
as an indirect marker of a successful and compre-
hensive surgery.

However, this study has several limitations 
which must be considered when interpreting the 
results. First, the present study was done at a sin-
gle hospital and relatively small-sized sample. 
Second, there was no examination for other in-
flammation processes in patients with breast can-
cer included in our research which might have el-
evated NLR, PLR and SII values in some time 
point. In this case, data on other inflammation pa-
rameters, such as CRP and PCT might have been 
helpful to exclude these patients. Another option 
could have been to study the anamnesis of each 
patient in detail before including them into the 
study. This way possible infection, medication, 
malnutrition, severe stress, and non-malignant in-
flammatory diseases could have been detected. 
Third, we didn´t use a uniform measurement pe-
riod before and after surgery to determine NLR, 
PLR and SII values. The median time for measure-
ments in our study was 12 days before surgery 
(minimum 0 days, right before the surgery and 
maximum 59 days before the surgery) and 53 after 
surgery (minimum 21 and maximum 122 days af-
ter the surgery). Finally, our study didn’t use pop-
ulation specific cut-off values but rather predeter-
mined cut-off values from Jiang et al.(38).

CONCLUSIONS

Based on the six-year study data on 192 
women diagnosed with invasive breast cancer, we 
observed the potential of neutrophil-to-lympho-
cyte ratio – NLR, platelets-to-lymphocyte ratio – 
PLR, and systemic immune-inflammation index – 
SII as available, ready-to-use parameters and their 

importance to the multidisciplinary team of ex-
perts and patient outcome. The main conclusions 
of our retrospective study can be summarized in 
the following statements:

Pretreatment NLR, PLR and SII values did 
not have a significant prognostic value for overall 
survival in patients with invasive breast cancer.

Significant decline in the NLR value was 
noticed after surgical removal of the breast cancer 
at the cut-off value of 2.65 (P = 0.001) and 3.30  
(P < 0.001).

The study outcome recommends the cut-off 
value of 2.65 as the optimal for NLR in predicting 
the effectiveness and successfulness of the surgi-
cal procedure.

The decline in SII values is an even better 
predictor for the successfulness of the surgery  
(P < 0.001).
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Sažetak

PROGNOSTIČKI ZNAČAJ PREDOPERATIVNIH RAČUNSKIH HEMATOLOŠKIH UPALNIH PARAMETARA  
KOD PACIJENTICA S KARCINOMOM DOJKE

K.A. Popović, Lj. Mayer, I. Milas, M. Gaće, M. Šostarić, M. Šekerija, F. Stručić, D. Verbanac

Karcinom dojke je najčešća zloćudna bolest među ženama i čini oko četvrtinu svih karcinoma u žena na svjetskoj razi-
ni. Na ovu vrstu neplastične bolesti, raka, uglavnom utječu genetski, okolišni i životni čimbenici poput prehrane i tjelesne 
aktivnosti.

U ovom radu riječ je o retrospektivnom istraživanju koje je uključivalo 192 žene s rakom dojke, a obuhvaća podatke 
prikupljene tijekom šest godina (od 2015. do 2021.). Istraživan je međusobni odnos između neizravnih hematoloških para-
metara, omjera neutrofila i limfocita – NLR, omjera trombocita i limfocita – PLR, indeksa sistemske imunološke upale – SII 
te ishoda liječenja. Osim toga, praćena je ukupna stopa preživljavanja (OS).

Dobiveni rezultati prikazuju odnos praćenih parametara prije i nakon kirurške intervencije te je važno naglasiti da je 
kod graničnih vrijednosti od 2,65 (P = 0,001) i 3,30 (P < 0,001) uočen pad vrijednosti NLR nakon kirurškog uklanjanja tkiva 
karcinoma dojke. Isti pad zabilježen je za SII nakon operacije (P < 0,001). Kroz provedenu studiju, pokazalo se da je SII rele-
vantniji parametar u usporedbi s NLR i PLR. 

U konačnici, možemo zaključiti iz istraživanja, da se granična vrijednost od 2,65 preporučuje kao optimalna za praće-
nje vrijednosti NLR u predviđanju učinkovitosti i uspješnosti kirurškog zahvata.
KLJUČNE RIJEČI: �karcinom dojke, omjer neutrofila i limfocita (NLR), omjer trombocita i limfocita (PLR),  

indeks sistemske imunološke upale (SII), neadjuvantno liječenje


