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ABSTRACT

Introduction: The assessment of the state of immunosurveil-
lance (the ability of the organism to prevent the development of 
neoplasias) in the blood has prognostic implications of interest in 
colorectal cancer. We evaluated and quantified a possible predictive 
character of the disease in a blood test using a mathematical interac-
tion index of several blood parameters. The predictive capacity of 
the index to detect colorectal cancer was also assessed.

Methods: We performed a retrospective case-control study of 
a comparative analysis of the distribution of blood parameters in 
266 patients with colorectal cancer and 266 healthy patients during 
the period from 2009 to 2013.

Results: Statistically significant differences (p < 0.05) were 
observed between patients with colorectal cancer and the control 
group in terms of platelet counts, fibrinogen, total leukocytes, neu-
trophils, systemic immunovigilance indexes (neutrophil to lympho-
cyte ratio and platelet to lymphocyte ratio), hemoglobin, hematocrit 
and eosinophil levels. These differences allowed the design of a 
blood analytical profile that calculates the risk of colorectal cancer. 
This risk profile can be quantified via a mathematical formula with a 
probabilistic capacity to identify patients with the highest risk of the 
presence of colorectal cancer (area under the ROC curve = 0.85).

Conclusions: We showed that a colorectal cancer predictive 
character exists in blood which can be quantified by an interaction 
index of several blood parameters. The design and development of 
interaction indexes of blood parameters constitutes an interesting 
research line for the development and improvement of programs 
for the screening of colorectal cancer.

Key words: Colorectal cancer. Early detection. Screening. Blood 
test. Immunosurveillance.

INTRODUCTION

Colorectal cancer (CRC) has an important socio-sani-
tary impact in Western countries, and it is the most frequent 
digestive neoplasia and the third leading cause of cancer 
death (1,2). The understanding of its development from an 
adenomatous polyp to a malignant lesion (3) has allowed 
the establishment of programs for early detection coordi-

nated by international organizations (4-6). These are based 
on the occult blood detection tests in feces with endoscop-
ic and radiological techniques for the evaluation of the 
colorectal lumen. However, the gold standard method for 
CRC diagnosis is still colonoscopy (7).

The establishment of CRC early detection programs in 
Spain has required an additional effort from health ser-
vices. The implementation of a screening program in our 
hospital resulted in an increased mean waiting time for 
a colonoscopy. This was caused by the need to optimize 
resources to ensure that a colonoscopy was performed in 
patients referred from the screening program as quickly as 
possible, without negatively affecting the care of patients 
on the colonoscopy waiting list referred for reasons other 
than the screening program (8,9). The temporary saturation 
of the logistic resources in the Digestive Medicine and 
Pathological Anatomy departments was resolved via an 
increase and optimization of the resources in these ser-
vices. In addition, this situation was the motivation for 
the development of a method to optimize the prioritization 
criteria, with the purpose of ordering the colonoscopy wait-
ing list including patients that are not part of the screening 
program.

We designed this study to evaluate the state of immu-
nosurveillance for CRC as a possible method for the pri-
oritization of colonoscopies in patients that are not part of 
a screening program. This study was based on recent lines 
of research that report on the evaluation of immunosur-
veillance (the body’s ability to prevent the development of 
neoplasia) and its relation to the development of neoplasia 
such as CRC (10).

The evaluation of the immunosurveillance status and its 
clinical applicability in CRC has been described both his-
tologically (via the study of the peritumoral immune infil-
trate) (11) and at the systemic level (via the evaluation of 
blood parameters) (12). In this regard, blood indexes such 
as the neutrophil-lymphocyte ratio (NLR), platelet-lym-
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phocyte ratio (PLR) or the systemic inflammation-based 
Glasgow Prognostic Score have shown a prognostic impact 
in CRC (13-15). Moreover, these studies demonstrate a 
lower risk of developing CRC in patients with higher 
levels of certain blood parameters, usually related to the 
inflammatory response (16).

The main aim of the study was the evaluation and quan-
tification of the predictive character of CRC in a blood 
test (BT) as a possible method of evaluating the systemic 
state of immunosurveillance against CRC. This could be 
of interest for the identification of patients with the highest 
risk of developing CRC and optimizing the prioritization 
of colonoscopy waiting lists for patients that are not part 
of a screening program.

MATERIAL AND METHODS

We performed a retrospective case-control study with a com-
parative analysis of the distribution of typical blood parameters in 
a routine BT. We recruited patients that underwent elective surgery 
for CRC in the Department of General and Digestive Surgery of our 
hospital from 2009 to 2013 into the case group. Patients who had 
an elective colonoscopy that ruled out the presence of CRC by the 
Department of Digestive Medicine of our hospital during the same 
period (2009-2013) were recruited into the control group.

The inclusion criteria of the case subjects who underwent elec-
tive surgery for CRC were the following: a) histological diagnosis 
of colorectal adenocarcinoma obtained by a biopsy sample from 
a previous colonoscopy, regardless of their stage and performed 
as a non-urgent surgery without any neoadjuvant treatment; and 
b) patients who received elective surgical treatment motivated by 
advanced colorectal adenomas (hairy adenomas that due to their 
size or the presence of high-grade dysplasia cannot be treated with 
a colonoscopic approach). Candidates for the study control group 
were patients who underwent a non-urgent colonoscopy in the med-
ical department and were not part of the screening program and the 
presence of CRC has been ruled out.

BTs performed on the day prior to surgical intervention (case 
group) and the day prior to the completion of colonoscopy (group 
control) were selected for the comparative analysis. This was per-
formed in order to obtain a representative BT of the basal status of 
the patients in order to allow an adequate evaluation of their systemic 
immunosurveillance status. 

We excluded all patients with circumstances that could influence 
their immunosurveillance status such as a history of previous treat-
ments with immunosuppressive drugs, patients with a pharmaco-
logical allergic history, autoimmune diseases, inflammatory bowel 
disease and a previous personal history of other neoplasia.

An adequate representation of patients within both groups was 
ensured via patient matching by sex and age. For each BT in the 
case group, there was a BT in the control group from a patient of 
the same sex and age. When there was more than one control subject 
matched by sex and age, control subject selection was performed by 
simple randomization. In cases with no control subject of the same 
sex and age, patients of the same sex and one year older than the 
case subject were selected.

The blood analytical parameters evaluated in the study were: 
hemoglobin (g/dl), hematocrit (%), glucose (g/dl), platelet count 
(x109/l), fibrinogen (g/dl), leukocytes (absolute count, x109/l), neu-
trophils (absolute count, x109/l and relative value, %), lymphocytes 
(absolute count, x109/l and relative value, %), monocytes (absolute 
count, x109/l and relative value, %) eosinophils (absolute count, 
x109/l and relative value, %), basophils (absolute count, x109/l and 
relative value, %), neutrophil to lymphocyte ratio (NLR, the ratio of 
the absolute count of neutrophils and lymphocytes [13]) and platelet 
to lymphocyte ratio (PLR, the ratio of the platelet count and absolute 
number of lymphocytes [14]).

The comparative statistical analysis of the distribution of blood 
analytical parameters between the study groups was performed using 
the Student’s t test. The IBM® SPSS Statistics® statistical software 
support version 21 was used. The distribution of the parameters was 
described by mean and standard deviation and statistical significance 
was set at a p value < 0.05.

After the comparative analysis of the distribution of blood 
parameters between the study groups, a second statistical analysis 
was performed exclusively with the parameters for which a statis-
tically significant distribution between the groups was obtained. A 
multivariate logistic regression was used for the statistical analysis. 
A probability formula to evaluate the best combination of blood 
parameters with the ability (via their interaction and mathematical 
combination) of probabilistic prediction of CRC presence in func-
tion of the results obtained in a BT was designed. Several mathe-
matical predictive CRC formulae were obtained during the logistic 
regression steps, all with different combinations of parameters. The 
regression formulae with the highest probabilistic percentage of 
CRC presence in the BT were selected by calculating the area under 
the ROC curve (17).

The study was approved by the ethics and research committee 
of our hospital.

RESULTS

Between 2009 and 2013, a total of 1,204 patients were 
selected, 320 were surgically intervened for CRC or 
advanced adenomas and 884 had no disease as verified by 
colonoscopy during the same period. Fifty-four patients 
with CRC and 372 patients without the disease were dis-
carded as they did not meet the study criteria.

The case group of the study was constituted by 266 
patients. The stage distribution according to the TNM 
classification of the AJCC (American Joint Committee on 
Cancer) (7) was: stage 0 or advanced colorectal adenomas 
(9.02%, 15 patients), stage I (15.03%, 40 patients), stage II 
(39.47%, 105 patients), stage III (30.82%, 82 patients) and 
stage IV (5.64%, 15 patients). During the initial selection 
of the control group, 532 patients were recruited. After the 
process of matching by sex and age with the case group, 
the control group was made up of 266 patients.

Table 1 shows the distribution by sex and age of both 
study groups. There was no loss of the blood analytical 
data as all data were stored in the computerized data-
bases.
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Comparative analysis of the distribution of blood 
analytical parameters within the study groups 

Statistically, significant differences in the distribution of 
several blood parameters was shown by univariate anal-
ysis. Table 2 shows the distribution of the means of all 
blood parameters evaluated in the study and the statisti-
cal value obtained after the comparative analysis between 
both groups. The group of patients with CRC had a higher 
platelet count (305.80 ± 113.21 vs 231.26 ± 45.46 x109/l), 
fibrinogen (465.62 ± 110.36 vs 321.05 ± 70.85 g/dl), abso-
lute leukocyte count (7.37 ± 2.40 vs 6.72 ± 1.68 x109/l), 
absolute neutrophil count (4.80 ± 2.18 vs 3.60 ± 1.17 
x109/l) and systemic immunosurveillance scores (NLR 

3.44 ± 3.38 vs 1.69 ± 0.74, PLR 213.64 ± 193.95 vs 109.41 
± 39.61). All differences were statistically significant. On 
the other hand, the patients in the case group had lower 
hemoglobin levels (12.02 ± 2.34 vs 13.81 ± 1.69 g/dl), 
hematocrit (38.02 ± 5.98 vs 41.95 ± 4.79%) and absolute 
eosinophil count (0.16 ± 0.12 vs 0.23 ± 0.12 x109/l).

Probabilistic analysis of logistic regression

After the previous univariate analysis where statisti-
cally significant differences in several blood parameters 
were shown (Table 1), a multivariate logistic regression 
analysis was performed with the intention of designing an 

Table 1. Distribution by sex and age between study groups

Men Women

Groups (n,%) Age (n,%) Age

Cases
(n = 266)

170 (63.9%) 72.6 ± 11.0 96 (36.1%) 72.0 ± 11.7

Initial control groups (pre-matching)
(n = 512)

181. (35.3%) 69.7 ± 12.5 331 (64.6%) 61.7 ± 13.4

Definitive control groups (post-matching)
(n = 266)

170 (63.9%) 72.6 ± 11.0 96 (36.1%) 72.0 ± 11.7

Table 2. Statistical comparative analysis of blood parameter distributions in the study

Parameter
Case group
(n = 266)

Control group (n = 266) p

Hemoglobin (g/dl) 12.02 ± 2.34 13.81 ±1,69 < 0.001

Hematocrit (%) 38.02 ± 5.98 41.95 ± 4.79 < 0.001

Platelets (x109/l) 305.80 ± 113.21 231.26 ± 45.46 < 0.025

Fibrinogen (g/dl) 465.62 ± 110.36 321.05 ± 70.85 < 0.001

Glucose (g/dl) 107.94 ± 32.58 102.70 ± 30.45 0.056

Leukocytes (x109/l) 7.37 ± 2.40 6.72 ± 1.68 < 0.05

Neutrophils (x109/l) 4.80 ± 2.18 3.60 ± 1.17 < 0.025

Lymphocytes (x109/l) 2.36 ± 9.31 2.94 ± 8.80 0.46

Monocytes (x109/l) 0.47 ± 0.20 0.43 ± 0.14 < 0.025

Eosinophils (x109/l) 0.16 ± 0.12 0.23 ± 0.12 < 0.05

Basophils (x109/l) 0.03 ± 0.02 0.04 ± 0.02 < 0.05

Neutrophils  (relative value, %) 63.47 ± 11.63 53.10 ± 8.30 < 0.025

Lymphocytes  (relative value, %) 25.10 ± 9.91 35.31 ± 19.61 < 0.05

Monocytes  (relative value, %) 6.91 ± 5.19 7.01 ± 5.35 0.813

Eosinophils  (relative value, %) 2.33 ± 1.50 3.38 ± 1.68 < 0.05

Basophils  (relative value, %) 0.41 ± 0.28 0.56 ± 0.43 < 0.05

NLR 3.44 ± 3.38 1.69 ± 0.74 < 0.025

PLR 213.64 ± 193.95 109.41 ± 39.61 < 0.001

NLR: Neutrophil vs lymphocyte ratio;*PLR: Platelet vs lymphocyte ratio.
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interactive index of blood parameters with a probabilis-
tic ability to predict CRC presence in the BT. This index 
could be regarded as a possible mathematical prototype to 
detect the disease in blood. We performed six sequences 
or logistic regression steps to evaluate different combina-
tions of blood parameters. We determined the percentage 
of predicted probabilistic accuracy as well as the value of 
the area under the ROC curve (17) for each of the com-
binations.

After each regression step, a mathematical formulae was 
obtained with a predictive ability for CRC presence in the 
BT which was composed by the blood parameters used in 
the combination multiplied by a specific impact factor and 
a regression constant. The application of the mathematical 
regression formulae to the BT results obtained probabilis-
tic values between “0” and “1”. A value of “0” was equiva-
lent to zero probability or 0% probability of CRC presence 
in the BT, and “1” was the maximum probability or 100% 
probability of the presence of the disease in the BT. Table 
2 shows the logistic regression combinations performed 
and their probabilistic accuracy percentage. Steps 5 (five 
parameter combination) and 6 (six parameter combination) 
obtained the same percentage of probabilistic accuracy. 

Finally, regression step 5 was selected as the most 
favorable combination of blood parameters for a pre-

dictive method for CRC presence in the BT. The step 5 
combination was chosen as it was simpler than the step 6 
combination and obtained the same percentage of prob-
abilistic risk accuracy. This regression step (step 5) was 
constituted by five parameters: fibrinogen (g/dl), platelets 
count (x109/l), neutrophils relative value (%), hemoglo-
bin (g/dl) and absolute eosinophil count (x109/l). Table 3 
shows the value of the specific impact factor relative to 
each blood parameter in the different regression steps for 
the constitution of the probabilistic formulae derived from 
each of these steps.

The right mathematical formulae was selected from 
regression step 5. This mathematical formulae consisted 
of a combination of the five blood parameters (fibrinogen, 
hemoglobin, relative neutrophil value and absolute plate-
let and eosinophil counts), all with a specific numerical 
multiplier factor plus a regression constant (Fig. 1). The 
behavior of the mathematical formulae obtained (Fig. 1) 
was evaluated, which must be understood as a paramet-
ric interrelationship index with a probabilistic ability to 
predict CRC presence in the BT via the calculation of the 
area under the ROC curve. The value obtained was 0.85 
(17) (Fig. 2). Figure 3 shows the behavior of the math-
ematical formulae in order to evaluate its probabilistic 
predictive ability for the presence of CRC in the BT via 

Table 3. Sequence of logistic regression steps

Sequence of 
regression

Combination of 
parameters

Individual 
probabilistic and 
predictive impact

Regression 
constant

Observed

Predicted result

Control Case Correct (%)
Adequately 

predicted (%)

Step 1 Fibrinogen 0.022 -8.291
Control 265 1 99.6

69.9
Case 159 107 40.2

Step 2
Fibrinogen 

Neutrophils (%)
0.020
0.091

-13.073
Control 265 1 99.6

73.7
Case 139 127 47.7

Step 3
Fibrinogen 

Neutrophils (%)
Platelets

0.020
0.095
0.012

-16.162
Control 266 0 100.0

76.5
Case 125 141 53.0

Step 4

Fibrinogen 
Neutrophils (%)

Platelets 
Eosinophils

0.021
0.086
0.013
-4.828

-15.112

Control 265 1 99.6

77.8
Case 117 149 56.0

Step 5

Fibrinogen 
Neutrophils (%)

Platelets 
Eosinophils
Hemoglobin

0.020
0.081
0.011
-4.616
-0.219

-11.473

Control 264 2 99.2

78.8
Case 111 155 58.3

Step 6

Fibrinogen 
Neutrophils (%)

Platelets 
Eosinophils
Hemoglobin 
Monocytes

0.021
0.002
0.084
0.010
-0.286
-0.035

-8.213

Control 264 2 99.2

78.8
Case 111 155 58.3
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its individual calculation in the 532 BTs evaluated in the 
study.

In order to understand the clinical application of this 
probabilistic formulae to predict CRC presence in a BT, the 
BT results in two hypothetical patients are shown:

–  Subject A: hemoglobin (7.8 g/dl), platelets count 
(186,000 x109/l), fibrinogen (432 g/d), absolute eosin-
ophil count (0.19 x109/l) and relative neutrophil value 
(73.3%).

–  Subject B: hemoglobin (13.9 g/dl), platelets count 
(158,000 x109/l), fibrinogen (365 g/dl), absolute 
eosinophil count (0.34 x109/l) and relative neutrophil 
value (58.3%).

Using the probabilistic formulae designed in this study 
(Fig. 1), subject A obtained a probabilistic result for the 
presence of CRC in the BT of 0.86, whereas subject B had 
a value of 0.11. In other words, taking into account the 
blood values   obtained in the two BT of two hypothetical 
patients, subject A would have a probability of 86% of 
presenting the disease, while subject B would have a con-
siderably lower probability (11%).

DISCUSSION

The present study was motivated by recent lines of 
research which are related to the evaluation of the immu-

nosurveillance status or the basal protective status of the 
organism against neoplasia development. Our main aim 
was the evaluation of the BT as an exploratory meth-
od of the systemic immunosurveillance against CRC. In 
this sense, the identification of a possible interaction index 
within blood parameters for the evaluation of the basal 
status of immunosurveillance against CRC has a clinical 
interest, as patients with greater risk of disease can be iden-
tified via a simple BT (18). This would be of great interest 
due to its potential clinical application as a method to opti-
mize the prioritization of the colonoscopy waiting list with 
regard to patients that are not part of a screening program.

We compared the distribution of several parameters of 
the BT within two clearly differentiated groups: a group 
of BTs from CRC patients (case group) and another group 
where the disease was excluded by colonoscopy (control 
group). The results of this analysis showed statistically 
significant differences in the distribution of several blood 
parameters between the study groups (Table 2). We then 
performed a second statistical analysis using logistical 
regression to include the greatest number of these param-
eters in a blood index, with a probabilistic ability to predict 
the risk of CRC presence in the BT (Fig. 1).

Currently, there are several interaction indexes of blood 
parameters with prognostic connotations in CRC such as 
the neutrophil to lymphocyte ratio (NLR), platelet to lym-
phocytic ratio (PLR) and the Glasgow systemic prognos-
tic index (13-15). According to lines of investigation that 
indicate the presence of a certain predictive character of 
CRC in BT via the evaluation of the systemic status of 
immunosurveillance, the inter-relation index within blood 
parameters designed in our study would be included in the 
predictive field of the disease (10,16,19).

In this study, the case group (elective surgery patients 
with a CRC diagnosis) had statistically significant higher 
levels of blood parameters usually related with inflam-

Fig. 1. p (CCR): Probability of the presence of colorectal cancer in the 
blood test. e = 2.78; F: Fibrinogen (g/dl); N: Neutrophil (relative value, 
%); P: Platelet (count, x109/l); Eo: Eosinophil (count, x109/l); H: Hemo-
globin (g/dl).

Fig. 2. 

Fig. 3. Estimated probability of CRC presence in the BT.
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matory processes compared to the control group. These 
included platelet count, absolute leukocytes count, neu-
trophils (absolute and relative value) and fibrinogen. In 
addition, the recent prognostic indexes that evaluate the 
deterioration of immunosurveillance at the systemic lev-
el, such as NLR and PLR, were also higher in the case 
group. These results are consistent with similar studies 
which describe the BT as a possible exploratory method to 
evaluate the systemic immunosurveillance of an organism 
against CRC by evaluating the interrelationship of some 
blood parameters (12-16).

The blood parametric index designed in this study (Fig. 
1) was obtained via a sequence of multivariate logistic 
regression steps (Table 3). The index was defined by a 
mathematical formulae which included the evaluation of 
five common blood parameters: hemoglobin (g/dl), plate-
lets count (x109/l), fibrinogen (g/dl), absolute eosinophils 
value (x109/l) and relative neutrophils value (%). This 
blood parametric interaction index could be used as a pre-
dictive mathematical method to access the probabilistic 
risk of CRC presence in a BT. This index obtains possible 
probabilistic results from “0” (null probabilistic risk of 
CRC presence or 0%) to “1” (maximum probabilistic risk 
or 100%).

There are several other blood probabilistic methods for 
other neoplasia such as breast cancer. In addition, there 
are other studies that predict neoplasia development using 
special and high cost BTs which assess the genetic vul-
nerability of blood components after they are subjected to 
ultraviolet radiation (23,24). However, these studies have 
not demonstrated similar characterization and quantifica-
tion references of the predictive risk of CRC presence via a 
simple, economical and easily accessible medical tool such 
as the routine BT (18). We would like to point out that our 
blood mathematical formulae should not be considered as 
an alternative method to the currently established meth-
ods for early CRC detection but rather as an experimental 
mathematical method with a probabilistic ability to detect 
CRC presence in function of a BT result.

The relationship between inflammatory phenomena, the 
deterioration of the immunosurveillance status and neopla-
sia development has been known for a long time. However, 
its use as a systemic marker of immunosurveillance against 
neoplasia development is relatively new (10,11,19,20). 
Our results show differences in the distribution of sever-
al blood parameters. We found differences in parameters 
related to the adequate functioning of systemic immuno-
surveillance against neoplasia development such as the 
absolute count of eosinophils, basophils and lymphocytes 
as well as the immune ratios NLR and PLR (Table 1). 
These results are consistent with other studies that describe 
the possibility of detecting a deterioration in the systemic 
immunosurveillance status in a BT, with predisposition, 
prognostic and predictive clinical implications (16,21). 
The statistically significant differences in the distribution 
of hemoglobin and hematocrit between the study groups 

cannot be explained by the theory of immunosurveillance 
deterioration status in CRC patients, but rather it could 
be a consequence of physio-pathological conditioning and 
blood loss due to digestive bleeding in CRC (4-6).

There are limitations of the study with regard to design 
(retrospective case-control) that limit the strength of the 
scientific evidence obtained. However, the number of 
patients included in the study (532) as well as the matching 
of the control group by sex and age allowed the identifi-
cation of statistically significant differences in the distri-
bution of certain blood parameters (Table 2). In addition, 
a blood interaction index with a probabilistic ability to 
predict CRC presence in a BT (Fig. 1) was designed.

There are several studies of the evaluation of individual 
immunosurveillance status of CRC patients, both histolog-
ically and systemically (12-15,19,20). These are clinically 
relevant from the prognostic point of view and allow an 
improvement in CRC staging and individualized treatment 
by detecting patients with a greater risk of relapse (19,20). 
However, studies of the impact of immunosurveillance 
assessment for CRC as a predictor of disease development 
are scarce. Prizment y cols. (16) describe an inverse rela-
tionship between absolute eosinophil count and CRC inci-
dence, a higher eosinophil count confers a protective effect 
against disease development. The eosinophil distribution 
within the study groups showed similar results (Table 2). 
The role of eosinophilia as a protective factor against neo-
plasm development is controversial (16,20), and in order 
to avoid misunderstandings, any patient with any allergic 
history (including pharmacological allergies) was excluded 
from the study (21). We also considered other possible 
interference factors in the evaluation of the baseline status 
of systemic immunosurveillance in the BT such as immu-
nosuppressive or chemotherapeutic treatments, previous 
history of another neoplasia, as well as any non-scheduled 
BT (e.g., motivated by acute processes or emergency sur-
gical intervention).

There are limitations of the study in relation to the 
heterogeneity of the stage distribution of the case group 
and the selection of the control group. Thus, the different 
distribution by CRC stage in the case group could mask 
the clinical relevance of some blood parameters, distorting 
or even over exaggerating them, such as the hemoglobin 
parameter, which is usually altered in CRC patients due to 
the natural physiopathology of the disease (4-6).

The performance time of the BT is also a possible crit-
icism of the study. In the case group, BTs were obtained 
the day before the surgical intervention and therefore, after 
the diagnostic colonoscopy. In contrast, the BTs of the con-
trol group were obtained the day prior to the colonoscopy 
for ruling out the presence of the disease. This could be 
a limitation of the study, as the potential subjective effect 
and possible influence of the blood parameter interaction 
and the immunosurveillance status in the case group is 
unknown. In other words, the BTs were obtained from the 
case group in patients that knew that they had CRC, where-
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as the control group were unaware of their disease status. 
The results and the design of the blood interaction index 
can be easily reproduced (Fig. 1). However, the inclusion 
of an alternative case group in order to assess the behavior 
of the probabilistic CRC index (Fig. 1) in BTs taken before 
a diagnostic colonoscopy could provide more consistency 
to the results.

A selection in case subjects exclusively with initial 
stages of CRC would have possibly allowed a better char-
acterization of the probabilistic index as a predictive tool 
for CRC presence in the BT. In this sense, the inclusion 
of patients with advanced stages (fundamentally stage II 
and III and even stage IV) has overestimated differences 
in the distribution of certain blood parameters and altered 
its correct functioning as a mathematical tool that is pre-
dictive of disease. However, we show that it is possible 
to characterize in a mathematical way the risk of CRC 
presence in the BT due to the presence of certain predictive 
characters of the disease in blood (10-16). This consider-
ation constitutes an interesting research line with clinical 
potential in the development and improvement of CRC 
screening programs.

We evaluated this blood index (Fig. 1) as a method for 
the predictive evaluation of CRC presence in a BT by cal-
culating the area under the ROC curve and obtained a value 
of 0.85 (Fig. 2). Whilst bearing in mind the limitations 
of the study, we can infer that there is a predictive CRC 
character in the BT in mathematical terms (16), which can 
be quantified via the application of mathematical meth-
ods. We wish to highlight the originality of our study as 
there is no evidence of similar publications in the sources 
reviewed. Obtaining an area under the ROC curve greater 
than 0.5 allows us to conclude that our mathematical for-
mulae or blood CRC presence index (Fig. 1) constitutes 
a probabilistic approach method for the presence of CRC 
in a BT. In addition, it could be considered as an explor-
atory indicator of the systemic immunosurveillance status 
against the disease (17) (Fig. 2). The application of this 
blood index to a BT provides a probability value of CRC 
presence. The possible values   are between “0” and “1”: 
“0” is equivalent to zero probability of CRC presence and 
“1” is the maximum probability for the presence of the 
disease. As mentioned in the results section, the results 
of CRC presence were calculated (Fig. 1) via individual 
calculations of the 532 BTs evaluated in the study (Fig. 3).

In order to evaluate the mathematical formulae as a 
probabilistic screening method in the BT, the sensitivi-
ty and specificity in function of different cut-off points 
was calculated with the purpose of selecting the most dis-
criminative value for the identification of the BTs with the 
greatest probabilistic risk of CRC presence. Three areas of 
probabilistic risk were used to evaluate the clinical char-
acter of the blood index for the presence of CRC (Fig. 
1). These areas were: a low risk zone (with probability 
values   in the BT of less than 0.5), a moderate risk zone 
(with values   between 0.5 and 0.8) and a high risk zone 

(with probability values   greater than 0.8). The selection of 
a critical discrimination value in the BT   equal to or greater 
than 0.80 would provide a sensitivity and specificity  of 
93% and 61% respectively. The selection of the 0.5 cut-off 
point value would obtain sensitivity and specificity values   
of 82% and 88% respectively (Table 3). The selection of 
the optimum cut-off points (Fig. 1) should be determined 
after an adequate cost-sanitary evaluation with the best 
sensitivity/specificity profile. Assuming that the selection 
of values   close to 1 would imply a higher sensitivity with 
lower specificity and the selection of values   close to 0 
would produce the opposite effect.

It would be of great interest to perform studies to eval-
uate the blood parameter in other common neoplasms. In 
addition, the design of new blood interaction indexes to 
complement those already known such as NLR, PLR or the 
Glasgow systemic prognostic index (13-15). Also, other 
blood indexes that go beyond the mere evaluation of a BT 
at a specific time and provide information about trends of 
the temporal evolution would also be of use. This would 
allow the implementation of the clinical information that 
could be obtained via a BT, improving the understanding 
of the complex interaction of blood parameters, inflam-
matory states and immunosurveillance. The probabilistic 
CRC index designed in this study (Fig. 1) would be an 
example in this regard. We consider this a prototype tool 
for an approach to assess the blood parameter interaction 
with the systemic immunosurveillance status against CRC 
from a mathematical point of view, after the evaluation 
of its probabilistic CRC predictive ability in a sample of 
532 BTs.

In conclusion, our results are in agreement with oth-
er studies about the importance of the evaluation of the 
systemic immunosurveillance status (10,12,16,20). These 
results allowed the creation of a multi-parametric blood 
index with a probabilistic ability to predict CRC presence 
in a BT (Fig. 1). This would be of great interest due to its 
potential clinical applicability as an optimization method 
for the prioritization of the colonoscopy waiting list of 
patients that are not part of a screening program. We are 
aware of the limitation of the applicability of the results. 
In this sense, we should make it clear that this blood inter-
action index (Fig. 1) is not an alternative method to the 
currently established methods for early CRC detection. As 
the importance of the evaluation of systemic immunosur-
veillance status against some neoplasms (13-16) is well 
known, we encourage the development of similar studies 
with a greater number of patients and evaluated parame-
ters. This would create new blood indexes for CRC. These 
tests and other tests with a proven clinical applicability 
such as NLR, PLR or the Glasgow systemic inflammatory 
gradation system (13-15) would provide a greater clini-
cal impact of the information obtained from a BT. In this 
sense, new indexes of blood interaction could be prognos-
tic tools and an additional element with clinical utility in 
the currently used tools in CRC screening.
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The evaluation of the systemic immunosurveillance sta-
tus via a BT is important. We encourage the development 
of blood indexes similar to that described here (Fig. 1) as 
possible methods to evaluate and clarify the impact of the 
systemic immunosurveillance status against certain neo-
plasms such as CRC. These could have a potential clinical 
utility in the implementation of early screening programs.
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