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Abstract. One of the main causes of mortality due to cancer
is breast cancer (BC). The high incidence and mortality rates
are partly due to the absence of the early detection of this
cancer. Moreover, the investigation of biomarkers which
play a key role in the prognosis of the disease is critical. The
present study aimed to develop a simple early method for
detecting BC with three parameters, namely the erythrocyte
sedimentation rate order (ESRO), neutrophil-lymphocyte
ratio (NLR) and platelet-lymphocyte ratio (PLR) that indi-
cate the presence of biomarkers in patients with BC. These
parameters were evaluated in 27 patients with BC using
receiver-operating characteristic (ROC) curve analysis and
were then compared to the normal group (n=29). The present
study calculated ROC, the area under the curve (AUC),
sensitivity, and specificity values to determine the ESRO,
NLR and PLR levels that can most efficiently differentiate
between patients with BC and control subjects. The ESRO
parameter exhibited a better performance than NLR and
PLR in differentiating patients with breast cancer and normal
subjects from whole blood samples (AUC values were 82, 65
and 73%, respectively), for the selected cut off points of 6.075,
2.86 and 216.0, respectively. Thus, it can be concluded that
ESRO performs better as inflammatory parameter to reflect
the presence of BC compared to NLR and PLR.
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Introduction

The most frequently diagnosed type of cancer and the main
causal of cancer-related mortality worldwide is breast cancer
(BC), with an incidence of 11.7% (ranked first) and a mortality
of rate of 6.9% (ranked fifth) among all cancer cases in 2020 (1).
It is also a leading type of cancer in developing countries,
such as Indonesia, where it ranks first in the total new cancer
cases (16.6%), as well as in mortality rates among females
with cancer (30.8%) (2). Patients with cancer in developing
countries tend to have a worse prognosis compared to those in
developed countries; this is mainly due to late diagnosis (first
diagnosed at a late stage) (3). Therefore, the development of
early detection methods for cancer is a necessity. Recently,
studies on the early diagnosis of cancer have focused on the
study of biomarkers at the molecular level, such as nucleic
acids and proteins through tissue biopsy or blood, saliva and
urine (4). One of the molecules that can be used as a marker is
miRNA, as it regulates gene expression (5). A popular method
for the development of early detection strategies for cancer is
cancer proteomics. This method involves the qualitative and
quantitative analysis of the differences in protein expression
in cancer tissue compared to normal tissue, thus providing
markers for cancer diagnosis (6). Inflammatory proteins can
function as targets for proteomics analysis in early cancer
detection. This is due to the fact that the inflammatory process
is associated with various cancer types. Chronic inflammation
can lead to the development or growth of cancer, as the inflam-
matory cells along with their secretions greatly contributed to
tumor growth, survivability and potential migration (7).
Based on the findings of a recent study, various components
of the inflammatory system, such as platelets, neutrophils and
lymphocytes, are known to play a crucial role in carcinogen-
esis and the development of tumor severity (8). In chronic
inflammation, cytokines and inflammatory cells can cause
tumor cells to survive, proliferate, invade, or even induce
angiogenesis (8). To date, the neutrophil-lymphocyte ratio
(NLR) and platelet-lymphocyte ratio (PLR), among various
peripheral blood-derived inflammation-based scores, have
been suggested to be prognostic markers of cancer. Evidence
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reinforcing the use of PLR as prognostic factor is most clearly
observed in non-small cell lung cancer (9). Both scores can
be obtained from total blood count data; thus, they can be
used as an inexpensive alternative for assessing the prognosis
of patients with cancer. However, both cannot be used as
standalone diagnostic method for BC, as they are not specific
for cancer. Therefore, the identification of inexpensive and
easily available prognostic markers is urgently required to
help establish a diagnosis; one of these markers may be the
erythrocyte sedimentation rate (ESR).

The measurement of the ESR is an action that is frequently
performed in clinical settings, as it is very simple and inex-
pensive. As the ESR measurement has often been performed,
this method can be an alternative to disease monitoring, even
though it has a fairly low sensitivity and specificity. Moreover,
a higher ESR level has been found to be associated with an
increased risk of malignancy in patients with dermatomyositis
with transcriptional intermediary factor 1 antibody (10). The
most common method used to measure the ESR the Westergren
method. The ESR is determined by measuring distance
between the plasma surface and the upper limit of blood cells
that have been given anticoagulants (EDTA) and left in the
pipette for 1 h, measured in millimeters per hour (mm/h).
The boundary between red blood cells (erythrocytes) and the
surrounding blood plasma is termed the erythrocyte-plasma
interface (EPI) (11,12). The periodical measurement of the EPI
reveals pattern of blood sedimentation over time. The blood
sedimentation pattern is influenced by the components in the
blood, including the existence of marker proteins in the blood
of patients with cancer (13). Therefore, observing the ESR
every minute can produce specific ESR patterns for patients
with cancer. From the ESR variable, a new variable can be
derived, namely the reaction order from the ESR curve, which
is known as ESR order (ESRO). A previous study on ESRO
for the detection of ovarian epithelial cancer revealed high
sensitivity and specificity values (83.3 and 90.6%, respec-
tively) (13). Therefore, the present study aimed to compare the
receiver operating characteristic (ROC) curve, as well as the
area under the curve (AUC), and the sensitivity and specificity
of ESRO compared to that of NLR and PLR for the early
detection of BC.

Patients and methods

Patient samples. The present study used the whole blood of
patients and normal subjects. Samples from both groups were
obtained at the same time, between March 15 to June 30, 2019.
A total of 3.0 ml blood was taken from the vein of each subject,
then placed in an EDTA-containing tube where 1.0 ml blood
was used for ESR measurements carried out immediately after
the samples were collected.

Study design and study subjects. The present study used a
cross-sectional study design. Subjects were patients with
BC who were treated at RSUP Dr. Sardjito Yogyakarta
(Yogyakarta, Indonesia). Subjects were assigned to two as
follows: Group 1 consisted of subjects with BC (n=27); and
group 2 consisted of normal subjects as the control group
(n=29). The study was performed at three sites, namely RSUP
Dr. Sardjito Yogyakarta, the Clinical Pathology Laboratory,

Faculty of Medicine, Public Health and Nursing, Gadjah Mada
University (Yogyakarta, Indonesia) and the Inter-University
Center of Gadjah Mada University (Yogyakarta, Indonesia).
Patients who were treated at RSUP Dr. Sardjito and were
diagnosed by specialist doctor via a histopathology exami-
nation and other supporting examinations were included in
the BC patient group. Subjects who had never had cancer or
had a relative who had cancer were set as the control group.
Moreover, patients with a history of or were suffering from
more than one type of cancer or other diseases were excluded
from the BC group. Healthy subjects who had recently
suffered sepsis and/or inflammation were also excluded. The
protocol of the present study met the ethical qualifications
of the Medical and Health Ethics Review Committee of the
Faculty of Medicine Universitas Gadjah Mada with ethical
clearance no. KE/FK/0965/EC/2018. All test subjects stated
in writing that they were willing to be the subjects of the
study, and samples from both groups were taken in the same
time frame.

A total of 3.0 ml blood was taken from the vein of each
subject and then placed in a tube containing EDTA. A total of
1.0 m of this blood was used for the ESRO examination in a
Westergren tube, carried out as soon as the blood was obtained.
ESR observations were carried out by reading the EPI every
1 min for 2 h. It was then derived into a new variable, namely
ESRO, that was obtained through the integral method of the
ESR variable based on the general equation of reaction rate
kinetics (14). A total of 2.0 ml EDTA-blood obtained was used
for routine blood tests, which also included platelet, neutrophil
and lymphocyte absolute counts. From these data, two new
variables were established, namely NLR, obtained from abso-
lute neutrophil count divided by absolute lymphocyte count,
and PLR, obtained from the absolute platelet count divided by
the absolute lymphocyte count.

Statistical analysis. Different tests of each parameter
(ESRO, NLR and PLR) were carried out between the normal
and cancer groups using the t-test, with Matrix Laboratory
(MatLab) software version r2016 for Windows. A P-value
<0.01 was considered to indicate a statistically significant
difference. In addition, ROC curves, AUC from ROC, and
standard error (SE) tests were also carried out to determine
the accuracy of each test parameter. Moreover, ROC analysis
was used to obtain sensitivity and specificity values from
each parameter at certain cut-offs. Parameter accuracy
values based on AUC were then categorized into five catego-
ries, namely excellent (AUC, 0.9-1), considerable (AUC,
0.8-0.9), fair (AUC, 0.7-0.8), poor (AUC, 0.6-0.7) and failed
(AUC, 0.5-0.6) (15).

Results

The present study involved 56 women in total. There were 29
healthy women in the normal group, and 27 women with BC in
the BC group. The normal subjects themselves had a median
age of 21 years (range, 19-44 years), while the median age in
the BC group was 55 years (range, 33-68 years). All partici-
pants in the BC group had undergone chemotherapy. There
were 15 patients (55.56%) who had undergone chemotherapy
in <1 year, 10 patients (37.04%) in 1-2 years, and 2 patients
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Characteristics No. of patients, n (%)

Study groups Median age in years, (range)
Breast cancer patients after 55 (33-68)
chemotherapy (n=27)

Healthy subjects (n=29) 21 (19-44)

Years from first chemotherapy

-<1 15 (55.56)
-1-2 10 (37.04)
->2 2(741)
Body mass index (kg/m?)

- Underweight (<18.5) 2 (6.90)
- Normal (18.5-24.9) 14 (48.28)
- Overweight (25-29.9) 12 (41.38)
- Obesity (=30) 1(3.45)

Table II. Mean of ESRO, NLR and PLR for BC patients and
normal subjects.

BC Normal
Parameter  Mean SD Mean SD P-value
ESRO 6.63 295 283 244  241E-06
NLR 379 391 2.08 1.40 0.0312
PLR 25095 17603 148.19 59.30 0.0044

BC, breast cancer; ESRO, erythrocyte sedimentation rate order; NLR,
neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

(7.41%) in >2 years. Moreover, the majority of the healthy
subjects had a normal body mass index (48.28%), 2 subjects
(6.90%) were underweight, 12 subjects (41.38%) were over-
weight and 1 subject (3.45%) was obese (Table I).

The ESRO, NLR and PLR in the BC group were 6.63,
3.79 and 250.95, respectively, while these values in the control
group were 2.83, 2.08 and 148.19, respectively. From these
data, the BC group had higher average values of ESRO, NLR
and PLR compared to the control group (Fig. 1 and Table II).
Furthermore, the sensitivity and specificity of ESRO was the
highest compared to NLR and PLR, with 96.6% of sensitivity
and 59.3% of specificity (Fig. 2 and Table III).

Discussion

There are several markers in the blood that can be used as
markers of cancer prior to the clinical diagnosis; thus, these
markers can be developed as a screening method for certain
types of cancer. Such an example is the combination of
carcinoembryonic antigen (CEA) and CA125, which results
in high sensitivity and specificity for lung cancer detection
compared to CEA alone (16). Recently, several markers for BC
have been proposed based on molecular hallmarks, such as
immunohistochemical markers [for example HER2 (ERBB2)
and protein Ki-67 (MKI67)], genomic markers (for example
BRCA1, BRCA2 and PIK3CA), and immunomarkers (for
example tumor-infiltrating lymphocytes and PD-L1). However,

complex diagnostic algorithms are required to combine these
parameters for the detection of BC (17). The present study
provides a novel panel of markers, in which markers of BC
are detected through the analysis of changes in ESR using the
Westergren method. The principle of the present study was
as follows: Blood that has been inserted into the tube/column
undergoes aggregation, where the top column contains
plasma. Over time, the collection of erythrocytes in the blood
tends to stick together and form macromolecular aggregates,
also known as rouleaux. The presence of specific proteins
(markers) affects the balance of ions in the plasma in the
compact and diffuse layers. The movement of ions in and out
of the compact layer into the diffuse layer affects erythrocyte
zeta potential (ZPE), which ultimately affects the erythrocyte
aggregation-disaggregation pattern (18,19), according to the
following reaction equation:

nE <===> En, (Equation 1)
where ‘E’ represents erythrocytes, and ‘n’ is the number of
erythrocytes. From the reaction equation, changes in ZPE due
to the presence of biomarkers affect erythrocyte aggregations.
When the balance shifts to the right there will be aggrega-
tion followed by sedimentation. In other words, the presence
of specific markers in the blood of cancer patients can be
detected by analyzing erythrocyte aggregation-disaggregation
patterns (13). This method has advantages over current detec-
tion methods, as the majority of cancer protein biomarkers exist
in a low concentration among human plasma proteomes (17).
Therefore, proteomics assay would be extremely challenging
due to that matter. The sedimentation mechanism in the present
study was analyzed by modifying the ESR measurement vari-
able with the integral method into a new variable, namely
ESRO. A new equation can be formulated if it is assumed
the speed of aggregation is proportional to the number of red
blood cells, which is shown as follows (13):

R=k@-x)n (Equation 2)
where ‘R’ is the rate of erythrocyte aggregation, ‘k’ is the
aggregation rate constant, ‘n’ is the ESRO value, ‘a’ is the
number of erythrocytes before aggregation occurs, and ‘X’ is
the number of erythrocytes undergoing aggregation.
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Figure 1. Scatter diagram (left) and boxplot mean (right) of (A) ESRO, (B) NLR and (C) PLR for BC patients and normal subjects. ESRO, erythrocyte sedi-
mentation rate order; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

Proteins are chains of amino acids, where each amino acid
has a different acid dissociation constant (pKa) value (20).
This pKa affects the ability of each amino acid to repel or
attract ion. The variation in the type of amino acid in each
protein will certainly affect the tendency of the protein to
attract or reject H* ions. These ions will affect the balance of

the compact layer and diffuse layer around the erythrocytes.
The change in balance between the compact and diffuse layers
will affect the zeta potential of erythrocytes (ZPE) and will
also affect the change of aggregation-disaggregation patterns.
Different proteins, including specific biomarkers, must have
different erythrocyte aggregation-disaggregation patterns
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Table III. Comparison of AUC, sensitivity and specificity values between patients with breast cancer and normal subjects.

Parameters AUC 95% CI Sensitivity Specificity Cut-off value
ESRO 0.8212 0.7087-0.9337 96.6 593 6.08
NLR 0.6513 0.5067-0.7959 86.2 40.7 2.86
PLR 0.7261 0.5922-0.8599 89.7 55.6 216

AUC, area under the curve; ESRO, erythrocyte sedimentation rate order; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

P

Sensitivity (true positive rate)

02 03 04 05 06 07 08 09 1
Specificity (false positive rate)

0 0.1

Figure 2. Receiver operating characteristic and area under curve values of
biomarkers differentiating between patients with breast cancer and normal
subjects. ESRO, erythrocyte sedimentation rate order; NLR, neutro-
phil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

due to the different amino acids content. The pattern will be
more obvious after conducting a reaction order analysis of the
erythrocyte sedimentation rate (13). From this equation, a new
parameter can be obtained, namely ESRO, which is obtained
through the integration of (equation 1) into (equation 2), with
the number of erythrocytes before sedimentation as variable
‘a’, and the number of erythrocytes that undergoes aggregation
as variable ‘x’.

The two blood parameters studied, namely NLR and PLR,
generally indicate inflammation in the tumor area. However,
the mechanism of their influence in the prognosis of BC itself
have not been fully determined. Some studies have reported
that the increase in neutrophils and platelets can be related to
various pro-tumor in vivo activities, such as increased angio-
genesis, which support increased proliferation and potential
metastasis of tumor cells (21,22). Moreover, lymphocytes
themselves are considered to play a crucial role in suppressing
tumor cell maturation, thus affecting surveillance of tumor
cells themselves. Such an example is CD8* cells that assist
CD4* cells in their antitumor immunity (23). Based on these
data, it can be hypothesized that the analysis of changes in the
ratio of neutrophils/platelets to lymphocytes has the potential
to be developed into a method to determine tumor progression
and the prognosis of patients with cancer. In other words, the
two ratio parameters, namely NLR and PLR, have the poten-
tial to be developed as predictive markers in patients with BC.

In the present study, from the three parameters, namely
ESRO, NLR and PLR, it was found that ESRO and PLR could
distinguish between BC and normal groups, indicated by a
value of P<0.01. Moreover, the NLR could distinguish the two
groups (P>0.01). From the results of the t-test, it was found that
the ESRO could distinguish the two groups better than PLR
(P-value of 2.41x10°% compared to 0.0044 (Fig. 1 and Table II).
These results demonstrate that the ESRO was the optimal
parameter able to differentiate the cancer group from normal
group, even though it did not indicate that the cancer type was
BC as the values are also different in other type of cancer.

The ESRO parameter also shows the best performance in
distinguishing BC and N groups indicated by the AUC value
on the ROC curve of ESRO, which is 0.8212 compared to
0.6513, and 0.7261 in the NLR and PLR, respectively (Fig. 2
and Table III). From these data, ESRO had the best ability
to detect the presence of markers in the blood of patients
with BC compared to the other two parameters. In general,
the sensitivity of all parameters (ESRO, NLR and PLR) was
higher than their specificity (sensitivity, 96.6, 86.2 and 89.7%,
respectively; and specificity, 59.3, 40.7 and 55.6%, respec-
tively). From the aforementioned data, the sensitivity and
specificity of ESRO were greater than those of NLR and PLR.
The sensitivity of ESRO, NLR and PLR in the present study
this research was also higher compared to that of another
study using POSTN, CEA and CA153 to differentiate between
BC and normal samples, which were 71.7, 49.1 and 45.7%
respectively (24). The ESRO also exhibited better sensitivity
compared to combination of POSTN + CEA (96.6 vs. 74%),
POSTN + CA153 (96.6 vs. 76.3%), and even POSTN + CEA +
CA153 (96.6 vs. 70.5%), but had lower specificity compared to
POSTN + CEA (59.3 vs. 78.3%), POSTN + CA153 (59.3 vs.
72.5%), and POSTN + CEA + CA153 (59.3 vs. 81.1%). Despite
the lower specificity, ESRO still possess far superior sensitivity,
with comparable specificity (24). Compared to previous study
in epithelial ovarian cancer, ESRO in BC showed with higher
sensitivity (96.6 vs. 83.3%), but lower specificity (59.3 vs.
90.6%) (13). Other than having good sensitivity and specificity,
ESRO parameter was way easier to be obtained compared to
proteomic analysis, showing its potential to be developed as a
biomarker detection parameter in BC patients.

The inflammatory condition of cancer patients is closely
related to the severity of cancer, which leads to its influence
on patient survival. Inflammatory cells are also considered to
be a trigger for cancer, allegedly through several mechanisms
such as increasing cell proliferation so that DNA damage
accumulates and induction of angiogenesis, which increases
the potential for cancer cell metastasis. This indicates the
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importance of easy and inexpensive inflammatory detection
methods that they can be applied to health units in remote areas
that are not as sophisticated as in large cities, in the hope that
they can detect inflammation as early as possible so that proper
treatment can be done immediately. Thus, the progression of
cancer can be suppressed and can have an impact on increasing
patient survival. Compared to other methods, ESR examination
has been widely performed in clinical settings in assessing the
inflammatory condition of cancer patients. This method is also
very inexpensive and simple; thus, it can be applied to health
service units with minimal facilities. However, the present study
still has limitations as the number of patients was minimal.
Therefore, further research is required with a greater number
of patients in various health care units in order to be able to
generalize the results of the present study. Another limitation of
the present study was the difference in age between the patients
in the BC and normal group; thus, further research is warranted
with similar ages between the BC and normal groups.

In conclusion, in the present study, it was found that patients
with BC had significantly higher ESRO values compared to
the normal healthy subjects. Based on the ROC, AUC, SE,
sensitivity and specificity values, ESRO parameters exhibit a
superior performance in the presence of BC cells compared
with NLR or PLR.
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