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ABSTRACT

Colorectal Cancer (CRC) ranks 3rd highest cancer incidence, so it is a serious health problem in Indonesia. A new
erythrocyte sedimentation rate method was developed to determine a biomarker for CRC. This study aims to
investigate reaction order parameters of erythrocyte sedimentation rate (ESR), neutrophil-to-lymphocyte ratio (NLR),
and platelet-to-lymphocyte ratio (PLR) as markers for colorectal carcinoma after chemotherapy. One ml blood was
collected from 49 subjects by venipuncture, which then drawn for Westergren analysis. The ESR was measured every
minute for 2 hours. The parameter-1 and parameter-2 reaction order of the two groups of research subjects were
determined from ESR linear equation. The respective values of parameter-1, parameter-2, NLR, and PLR from normal
group and CRC group were compared by t test. The results showed that the parameters of reaction order, NLR, and
PLR have good performance to be used as markers for CRC after chemotherapy.

Keywords: Colorectal cancer (CRC) Biomarker, erythrocyte sedimentation rate, neutrophil-to-lymphocyte ratio,
platelet-to-lymphocyte ratio.

1. INTRODUCTION fecal-occult blood test and colonoscopy [5], yet the
standard procedure is colonoscopy. However,

Colorectal cancer (CRC) is “one of the major causes colonoscopy’s performance may vary depends on the

of cancer associated mortality”[1]. CRC is a  operator or endoscopist. Furthermore, it requires bowel
multifactorial disease involving dietary, lifestyle and preparation [6] and sometimes sedation [7]. In addition,

environment exposure as well as genetic defects [2].  there is time when screening likely outweighs the
Therefore, it is important to detect CRC as early as benefits [8].

possible so treatment decisions can be made before it
develops to later stage. A previous study suggested that
routine screening may reduce the number of CRC
patients [3], but the rates of CRC screening remain low
[3] [4]. Screening methods for colorectal cancer include

To overcome those problems, biomarkers are used to
detect CRC. Some of the common markers in colorectal
cancer are CEA, CA19-9 and CA72-4. However, these
markers are not specific for cancer, as they can be found
in other conditions [9]. In conclusion, the accuracy of the
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tumor markers to predict specific GI cancers in a cheap
and effective way was low, so other markers are needed
as alternative to overcome that problem [2].

Cancer causes chronic inflammation, which has been
reported to be a crucial factor in cancer progression and
cancer associated survival [10] [11]. Thus, neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) as indicators of systemic inflammation are
potentially used to be markers of inflammation especially
in cancer [12]. Various cancer types, including gastric
cancer can be predicted with an increased NLR level [13]
[14]. PLR is also an inflammation indicator as Platelet
releases inflammatory mediators such as cytokines and
chemokines [15].

The current method cannot detect the early stages of
cancer due to the low level of released proteins as
biomarkers [16] [17]. Therefore, measuring the change of
erythrocyte sedimentation was introduced as a new
method for early detection of CRC cancer [14].
Erythrocyte sedimentation rate (ESR) is the most
commonly ordered laboratory investigation as it helps
clinicians in the diagnosis and follow-up of many
conditions including malignancies. ESR measurement is
a process when anti-coagulated blood is left stand still in
room temperature so that the erythrocyte will soon
aggregates to the bottom of the tube. The rate of
erythrocyte sedimentation relies on may factors, with
plasma protein being one of them [18]. The presence of
plasma proteins increases rouleaux formation and favors
to erythrocyte sedimentation [13] [19].

Cancer biomarker is commonly protein, which affects
the equilibrium of erythrocyte aggregation by changing
the zeta potential of erythrocyte (ZPE) in blood-EDTA
[20] [21]. It will cause the decreasing of zeta potential
around erythrocyte thus makes erythrocyte can easily
forms rouleaux and sediment faster [22]. Fibrinogen is
one of the important pro-aggregate factors in plasma. The
increasing fibrinogen level will eventually decrease zeta
potential further, accelerating the rate of rouleaux
formation then elevating the erythrocyte sedimentation
rate [18].

Protein markers are basically regular protein, which
are generally amino acid residues. Each amino acid has
different charges that unique to each type [23].
Negatively charged erythrocytes tend to prevent themself
from colliding against each other [24]. If there is an
increase in positively charged particles, the positive ions
will dissipate to the surface of erythrocyte lipid bilayer
membrane thus decreases repulsive force (zeta potential)
of erythrocyte [25]. When the zeta potential is decreased,
the repulsive force between RBC become weak thus will
lead to aggregation process [14].

The commonly used ESR measurement has been the
Westergren method, which takes the boundary between
the clear (plasma regions) and cloudy (corpuscles) areas
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in the blood. These differential areas was resulted from
the application of anticoagulants to the blood, which was
kept for 1 hour on the Westergren tube. The ESR
assessment is widely used due to cost-effectivity and
simple use although it is relatively low in sensitivity and
less specific in its activity to monitor diseases. Thus, it
becomes a feasible alternative to novel measure [26]. The
commonly used anti-coagulant is Ethylene Diamine
Tetra Acetic Acid (EDTA), which influences the plasma-
related activity of the dissolved protein. This activity
prevents the formation of erythrocytes coagulation [27].
To improve the ESR performance using the Westergren
method, a method development was carried out by
comparing ESR reaction order parameters of CRC group
with normal group.

2. MATERIAL AND METHODS

2.1. Materials

According to the calculation, the required number of
subjects is 33 for each group [28]:

@)

in which n denotes the number of sample in a group; 2
refers to the standard deviation; pl is the population
mean time to union in intramedullary nail without
reaming; g2 is the population mean time to union
intramedullary with reaming; and p1-p2 is the minimum
important difference to detect in population mean time to
union between group 1 and group 2. The a is set to 0.05
while the B is set to 0.2.

The subjects of this study were the CRC patients in
RSUP Dr. Sardjito, both inpatients and outpatients. They
were 15 to 60 year-old CRC patients who were diagnosed
CRC positive from a histopathological examination.
They should not have suffered from more than one types
of cancer or having more than one types of cancer or any
other diseases. The healthy subjects were patients with no
history of cancers, no sepsis and inflammation. Their
family should not have cancer history either. All
participants agreed to participate in the study by signing
the consent form prior to their participation. The Medical
and Health Ethical Committee of the Faculty of
Medicine, Gadjah Mada University (UGM) has approved
the ethics (No: KE/FK/888/EC/2015).

2.2. Methods

This study was a cross-sectional study. It was
conducted in Dr. Sardjito Hospital and Biochemistry
Laboratory, Faculty of Medicine, Universitas Gadjah
Mada, Yogyakarta, Indonesia in May 2015 to December
2015. The ESR method was applied to observe the
cellular interaction pattern. Three mL Blood samples
were drawn from the vein of CRC patients at the hospital
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and the healthy subjects at the laboratory. A hematology
analyzer XE 2100 (Sysmex Corporation, Kobe, Japan)
was used for the complete blood count (including NLR
and PLR). One mL was placed into EDTA tubes to
examine cellular interaction with ESR method while 2
mL was used to monitor the patient routine. The changes
in the phylogistica zone boundary (bzp) were observed
every 1 minute for 2 hours.

The principle of this research is to detect the "marker"
of CRC patients in the form of reaction order parameters.
Reaction order can be obtained by entering the numbers
of all variables into the Oth to 10th reaction order
equation, using the equation for each reaction order.
Once entered, a linear equation for each subject in all
reaction orders is obtained. From each reaction order
equation, the value of parameter-1, parameter-2, and the
value of the coefficient of determination (r) of the
reaction can be obtained. Based on the r value, the
reaction order for each subject can be determined
whether it is Oth, 1st, 2nd, or the other. The r value closest
to 1 or -1 is the value closest to the straight line, which
means it is the closest fitting to the subject's ESR curve,
so it can be used to determine the reaction order of the
subject's ESR. After finding the reaction order, the value
of parameter-1 and parameter-2 of the reaction can be
determined from the values B and C of the reaction order
equation.

The t test was carried out to see the difference
between the CRC group and the normal one, by
comparing the parameter values 1 and 2 of the two test
groups. The t test was also carried out to compare the
respective PLR and NLR values of the two groups. The
significant level was taken in the P value below 0.05. The
effect of cancer biomarker was evaluated using the
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value was determined based on the maximum sensitivity
and specificity score as the optimal standard. Sensitivity
and specificity value were calculated under the cut-off.

3. RESULTS

There were 17 CRC patients and 32 normal subjects
who became subjects of this study. The age range of the
CRC group and normal group was similar. The majority
of sex in both groups were women. The majority of CRC
patients from this study were patients with advanced
tumor stage (stage I11 and 1V). More detailed information
can be seen from Table I.

Table 1. Basic Characteristic of Study Subject

Characteristic CRC Normal Tumor stage
S Patient  Subject
S S Stag  Percentag
0,
(N=17) (N=32) °© e (%)
Range (38 - (19-52) |1 5.88
59) years
years
Male 47.06% 43.75% 1 11.76
Female 5294% 56.25% Il 23.53
v 23.53
\% 35.29

The mean parameters values can be seen in Table II.
When compared with the normal group, it was found that
all parameters are significantly different (p<0,05 for all
parameters tested). The sensitivity and specificity values
for all parameters were also shown in Table Il. From the
results, it can be concluded that all parameters have great
performance, except specificity for PLR (41,2%).

Table I1. The Value and Performance of Reaction Order Parameters, NLR, and PLR in CRC Group Compared to

Normal Group

Parameter CRC Normal Confidence Interval Cut- p AUC  Sensitivity Specific
range off ity
average SD Averag SD Lowest Highest point
e
Parameter- 54.4823 13.2 41.8406 2.34 0.7366 0.9803 4433 31 0.858 90.6 70.6
1 5 5704 3 903 75 7E- 5
7 06
Parameter- 232.058 91.8 281.937 49.7 0.5868 0.8948 2473 0.0 0.740 75 70.6
2 8 0242 5 295 168 8
5 85
NLR 18.1588 16.3 3.80312 4.10 0.6732 09481 7.25 20 0810 844 76.5
2 6353 5 511 8E- 7
05
PLR 429411 471 0.775 0.88 0.6591 0.9401  3.87 1.5 0.799 100 41.2
8 7318 718 2E- 6
5 04

SD: Standard Deviation; NLR: Neutrophil-to-lymphocyte Ratio; PLR: Platelet-to-lymphocyte Ratio; AUC: Area Under Curve; NLR: Neutrophil-

receiver operating characteristic (ROC) curves. The
evaluation of the biomarkers as reflected in CRC was
evaluated on the area under the ROC curve (AUC) with
a correspondence interval (Cl) of 95%. The best cut-off

4. DISCUSSION

Colorectal cancer (CRC) is one of gastrointestinal
malignancy that contribute to 10% of all deaths caused
by cancer [29]. Colorectal cancer is an adenocarcinoma
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which happens due to alteration in colonic cell’s genes
that causes cells to continuously proliferate and become
severely dysplastic, thus lead to an invasive
gastrointestinal malignancy [8]. The incidence of CRC
peaks at 60 to 70 years of age [30].

Biomarkers from blood-based protein have been
simpler diagnostic modalities for CRC, but their
association with clinical pathological characteristics has
not been evidenced. The use of blood biomarkers as a
non-invasive diagnostic approach for CRC detection has
been reported in a number of studies. The glycoprotein
carcinoembryonic antigen (CEA) has been used widely
as the blood-based CRC molecular marker for patient
monitoring [31], and is firstly known in gastrointestinal
carcinomas [32]. The CEA value increased with cancer
progression [33]. Beside CEA, carbohydrate Antigen 19-
9 (CA19) is also a widely used marker, but its elevation
does not only happen in colorectal cancer, so it is
considered to be less sensitive marker in CRC [32].
Moreover, given that the nature of CRC is highly
heterogeneous, a single tumor marker is unlikely to be a
stand-alone diagnostic test due to the insufficient
sensitivity and/or specificity [31].

Carcinogenesis is a multistep process, with one of the
important roles in this process is uncontrolled systemic
inflammation [34]. Colorectal cancer itself is associated
with the occurrence of inflammatory bowel disease.
Unlike inflammatory mediators such as cytokines and
chemokines, PLR and NLR are routinely examined, so
they have the potential to be markers of inflammation,
particularly in cancer. The inflammatory response is
characterized by the increased level of neutrophils and
decreased level of lymphocytes in blood. Lymphocytes
have anti-inflammatory activity, and Platelets can be a
non-specific marker of inflammation [12].

Neutrophil-to-lymphocyte Ratio (NLR) is the ratio of
the neutrophils count divided by lymphocytes.
Neutrophils and lymphocytes are indicators of systemic
inflammation which are an important part of cancer
development [35]. Platelet-to-lymphocyte Ratio (PLR) is
the ratio of the platelet count divided by lymphocytes.
The exact mechanism of platelets’ effect on cancer is
remain unclear, but some possible mechanisms are that
the elevation of platelets can protect cancer cells from the
immune system, trigger the attachment of tumor cells to
the vascular endothelium, or interact with cancer cells
through their ligands [34]. In addition, platelets also
release pro-inflammatory mediators (such as cytokines
and chemokines) [15].

NLR and PLR values are associated with tumor
progression and can be used as prognostic indicators of
colorectal cancers. Increased NLR and PLR values were
associated with poor survival rates, possibly due to
increased inflammatory activity of cancer cells [36]. The
use of inflammatory indicators such as NLR and PLR has
the advantage of being easier, cheaper and more
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convenient for patients compared to invasive methods
such as biopsy because it only requires peripheral blood
sampling for routine blood counts [15]. However, there
are some limitations to the use of NLR and PLR, namely
there are differences in threshold values from various
studies, it is not specific as a marker of cancer cell
malignancy [12], other inflammatory conditions can also
affect the value of NLR and PLR (such as essential
hypertension, acute coronary syndromes, use of drugs
such as antibiotics and chemotherapy, etc) [36], and there
are variations in study designs and sample sizes so that
the reported results are inconsistent [37]

All reactions, both chemical reactions and physical
reactions, have a reaction rate. The speed and type of
reaction rate are determined by the value of the reaction
order. The reaction rate curve will be different for
reactions of different orders [38]. Reaction rate constant
helps to determine the value of the any reaction rate [39].
The general reaction can be written as equation 2.

aA+bB - dD +eE 2)

Base on mass reaction law, the reaction rate of A is
explained in equation 3. Suppose a, is initial
concentration and x is final concentration, so the reactant
concentration change is (a, — x). The reaction rate of A
is shown in equation 4 (with ‘n’ being the reaction order).

— Zdlal (mol
Va = "ar (time) @)
v = =10 = k(ao — )" @

In this study, the rate of change in concentration is in
the form of sedimentation length per time unit
(mm/minute). Thus, the value (a, — x ) is the decrease in
bzp (phlogistica zone boundary) every minute, while the
value of t is the time. The reduction in bzp describes the
cellular interactions of red blood cells in the blood
sample. The Oth order reaction can be formulated by
entering the value n= 0 into equation 4, so it becomes
equation 5. The equation for first order reaction can also
be obtained in the same way, namely by entering the
value n = 1 into equation 4 to produce equation 6. The
same process is done to get the equation for 2nd order,
3rd order, and so on (equation 7).

(ag—x)=—-kt+C (5)
In(ag—x)=—kt+C (6)
(ap—x)™" _

o kt+C )

Meanwhile, the reaction order equation is a linear
equation and is generally shown in equation 8.

Y=Bx+C (8)

The values of B and C are the constants of linear
equation, which are also called reaction order parameters.
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The value of B is the value of parameter-1, and C is the
value of parameter-2.

The results showed that all parameters were
significantly different (p <0.05) with the p value for
Parameter-1 is 3.17E-06, Parameter-2 is 0.02, NLR is
2.08E-05, and PLR is 1.52E-04. This shows that all
parameters can differentiate between normal and CRC
groups. The sensitivity and specificity values for
Parameter-1 were 90.6% and 70.6%, respectively; The
sensitivity and specificity values for Parameter-2 were
75% and 70.6%, respectively; The sensitivity and
specificity values for NLR were 84.4% and 76.5%,
respectively; The sensitivity and specificity values for
PLR were 100% and 41.2%, respectively. The sensitivity
and specificity values of all these parameters are high
enough that it can be concluded that all parameters have
good performance as markers for CRC after
chemotherapy.

Compared to the previous methods, the result of this
study is more promising for three reasons. First, this
study presented more comprehensive data, which
included cut-off values, sensitivity and specificity, for
the diagnostic research. Second, this research was one of
the first studies to detect cancer without isolating
biomarkers. The biomarkers in EDTA-blood affected the
cellular-level interactions via ZPE changes. The
Smoluchowski’s theory accommodates the viscosity
dispersion and dielectrics when the interaction
happens[40]. As a result, a small level of biomarkers
could be detected using this method. Prior to the cancer
infection, the presence of one or more tumor-triggering
mutations will likely result in a protein composition of
the blood plasma. This process would affect ZPE.
Therefore, detection of CRC biomarkers becomes more
plausible with this method.

5. CONCLUSION

A new approach to detect biomarkers discharged by
cancer cells in CRC patients has been successfully
discovered, using the reaction order principle of ESR.
This method is very useful because it has many
advantages compared to other detection methods
available, as it is cheaper, easier, faster, and only requires
a small amount of blood samples, but has high sensitivity
and specificity. Since it has a high sensitivity, this method
can detect the presence of biomarkers in the early stages
of colorectal cancer. Due to its high specificity, this
method can greatly distinguish biomarkers from one
another.

This method has relatively higher sensitivity and
specificity than NLR and PLR. Parameter-1 has a
sensitivity of 90.6%, higher than NLR but still lower than
PLR, and has specificity of 70.6% higher than PLR but
slightly below NLR. Meanwhile, the sensitivity of
Parameter-2 is 75%, still lower than NLR and PLR, and

Advancesin Social Science, Education and Humanities Research, volume 528

specificity of 70.6%, higher than PLR but slightly lower
than NLR. When compared with the normal group, all
parameters showed significant differences (p <0.05).
From these results, it can be concluded that the parameter
of reaction order can be developed into a CRC diagnostic
method because it has quite high sensitivity and
specificity values. In addition, NLR can also be used as a
parameter for the same reason, whereas PLR is less of a
parameter because it has low specificity (41.2%).
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