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ABSTRACT: Colorectal neoplasm is one of the most common cancers in developed countries and its incidence has grown progressively. 
The currently used attempts to prognostic assessment are limited, since they are restricted to the observation of tumor morphology, such as the 
TNM staging. The quantification of free DNA in peripheral blood aims to find a way to relate it to the clinical status of patients with cancer. 
Objective: To evaluate the prognosis of patients with colorectal cancer with the quantification of ALU247 fragments in peripheral blood and TNM 
staging. Methods: We evaluated 79 patients in the following groups: Operated, and Non-Operated and Control as to the ALU247 fragment dosage 
and its correlation with tumor staging. Results: The amount of ALU247 fragments revealed very different results when comparing the different 
groups. The mean quantity in the Non-Operated group was 14.62 pg, while the mean was 0.48 pg for the Control Group and 0.93 pg for the Oper-
ated Group. Serum levels of ALU247 were higher in more advanced morphofunctional classes of the TNM staging. Conclusions: We suggest 
there is a relation between the advanced TNM stage and high doses of free DNA in peripheral blood with worse prognosis.

Keywords: colorectal neoplasia; colorectal staging; ALU 247; prognosis.

RESUMO: A neoplasia colorretal é uma das formas mais comuns de câncer nos países desenvolvidos e sua incidência tem crescido de maneira 
contínua. As tentativas de avaliação prognóstica usadas atualmente apresentam a grave limitação de se restringirem à observação da morfologia 
tumoral, como o estadiamento TNM. A quantificação do DNA livre no sangue periférico busca encontrar uma forma de relacioná-lo com o estado 
clínico dos portadores de câncer. Objetivo: Avaliar o prognóstico dos pacientes portadores do câncer colorretal por meio da quantificação de 
fragmentos de ALU247 no sangue periférico e do estadiamento TNM. Métodos: Foram avaliados 79 pacientes nos Grupos Operados, Não 
Operados e Controle quanto à dosagem de fragmento de ALU247 e sua correlação com os estádios dos tumores. Resultados: A quantidade de 
fragmentos ALU247 revelou resultados bastante distintos quando os diferentes grupos foram comparados. A média da quantificação nos Não 
Operados foi de 14,62 pg, de 0,48 pg no Grupo Controle e 0,93 pg no Grupo Operados. Os valores séricos do ALU247 encontraram-se mais 
elevados nas classes morfofuncionais mais avançadas do estadiamento TNM. Conclusões: Sugere-se uma relação entre o avanço do estádio 
TNM e a dosagem elevada do DNA livre no sangue periférico com pior prognóstico.

Palavras-chave: neoplasias colorretais; estadiamento de neoplasias; ALU247; prognóstico.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most com-
mon cancers in developed countries, and its incidence 
has been continuously increasing. Even though it is a 
well established model of carcinogenesis, it is still an 
important cause of mortality, affecting approximately 
782 thousand people throughout the world each year1.

Survival rates for CRC are considered good if the 
disease is diagnosed early. The global mean survival 
in 5 years is around 55% in developed countries and 
40% in developing countries. With this relatively good 
prognosis, CRC is the second most prevalent type of 
cancer in the world, with approximately 2.4 million 
diagnosed living people, coming after breast cancer 
among women2.

According to estimates of the National Cancer 
Institute (INCA) for 2010, the number of new CRC 
cases in Brazil was 28,110, being 13,310 among men 
and 14,800 among women.

The tumor node metastasis classification (TNM) 
is currently used for the postoperative staging. This 
system was developed and published by the Interna-
tional Union Against Cancer (UICC)3, and is the most 
used tool to classify malignant tumors. The descrip-
tion of its anatomical extension is provided by the 
evaluation of tumor aggressiveness and invasibility4.

Among all tumor markers, the carcinoembryonic 
antigen (CEA) is the most used method of prognos-
tic evaluation to follow-up patients with CRC. Some 
studies have evaluated the prognostic value of CEA 
serum quantification, correlating it to established 
morphological variables represented by the different 
staging forms, also demonstrating the association be-
tween high levels of antigen and unfavorable progno-
sis; however, results are controversial. The attempts 
that are currently used for the prognostic evaluation 
have a major limitation, since they are restricted to the 
observation of tumor morphology, as observed in the 
TNM staging, even at the microscope, thus not pro-
viding information on genetic potential. Therefore, the 
momentary registration of tumor evolution and bio-
logical behavior can be obtained with the evaluation 
of ALU247, which is related to mechanisms that are 
inherent to the component cells of that tissue.

Recently, after better understanding the genetic 
changes involved in colorectal carcinogenesis, the re-

search of chromosomal and genetic instabilities, as 
well as changes in the tissue expression of the pro-
teins codified by these chromosomes and genes, have 
brought up the possibility of using functional factors 
as potentially valid variables to better understand the 
CRC prognosis8.

In the past few years, medicine has developed 
and incorporated advanced technologies, such as the 
use of molecular biology in order to directly study 
the DNA, searching for earlier and more precise diag-
noses for various diseases, helping to understand the 
pathogeneses and bringing new perspectives for more 
efficient treatments or prevention9. In the attempts to 
establish early diagnosis and better treatment, tumor 
markers are noticed, which are molecular products se-
creted by the neoplastic tissue, detectable in cells and 
organic fluids that are able to indicate the presence, 
extension, response to treatment and presence of neo-
plasm recurrence10.

The quantification of free DNA in the peripheral 
blood aims to find a way to relate it to the clinical sta-
tus of patients with cancer, tumor aggressiveness, and 
especially a way to early detect the appearance of the 
first neoplastic cells, or in case of recurrence. Some 
of these fragments of free DNA are believed to be the 
proof of the presence of a tumor in the body. Detect-
ing this presence or increase would mean to detect the 
cancer early11.

The results obtained in many studies about can-
cer have led to a new field of investigation, which in-
dicates that free DNA in the plasma/serum could be 
the adequate object of study for the development of a 
diagnostic and prognostic noninvasive diagnostic and 
follow-up method for cancer11.

The potential for molecular and prognostic diag-
nosis is that human or viral nucleic acids and those 
deriving from tumors can be obtained through the 
peripheral blood, by means of a minimally invasive 
procedure. It can be used as a replacement to protein 
tumor markers in order to follow-up the course of the 
disease or to assist in early diagnosis11.

By using a method of rapid amplification of spe-
cific DNA sequences and in order to establish alternative 
approaches with high sensitivity and specificity, assays 
based on polymerase chain reaction (PCR) have been 
used, since this technique is very sensitive and clinically 
used to detect cancer markers in circulating tumor cells12.
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The repeated elements spread in DNA that are 
more deeply analyzed belong to the Alu family. They 
have been used as genetic markers in studies of human 
evolution, due to their particular properties, such as: 
speed and facility concerning genotyping; and the fact 
that they are selectively neutral and have a known an-
cestral state. Besides contributing with the evolution 
of primate genomics, the Alu elements also contribute 
with up to 0.4% of the multifactorial genetic human 
diseases, like cancer.

METHODS

Eighty-six patients were analyzed and divid-
ed into three different groups (30 – Non-operated; 
26 – Operated; and 30 – Control). They were random-
ly included in the study, regardless of gender, age or 
ethnicity. In the Operated group, the blood of patients 
with CRC was drawn for dosing ALU247 after they 
had been submitted to curative surgery. The Non-op-
erated group, at the time of dosage, had not been sub-
mitted to surgery; meanwhile, the Control group was 
comprised of patients who did not have CRC.

The surgical pieces were obtained by means of 
therapeutic resections performed at the university hos-
pital Professor Alberto Antunes, at the medical school 
of Universidade Federal de Alagoas (UFAL), from 
2004 to 2010. These surgical pieces went through the 
standard anatomopathological procedure for TNM 
staging. Medical reports were taken from the files of 
the Pathological Anatomy Service of the university 
hospital Professor Alberto Antunes.

Research data were provided by the values ob-
tained with the dosage of free DNA in the peripheral 
blood of patients with CRC before and after surgery, 
by means of real-time PCR.

This study aimed to assess a prognostic test. The 
ALU247 is analyzed as a marker for CRC aggressive-
ness, correlating its presence with TNM staging. In 

order to study the relation between the studied crite-
ria, we used Pearson’s chi square test (χ2) to evaluate 
the association between ALU247 and TNM staging. 
Means were obtained with the parametric test to com-
pare means of ANOVA.

RESULTS

Out of the 79 patients included in the study, 23 be-
longed to the Operated group; 26 were in the Non-operat-
ed group; and 30 were in Control. Fragments of ALU247 
were dosed after the peripheral blood draw was performed 
in all the 79 patients involved. Following data analysis, 
the mean of ALU247 quantification was analyzed in each 
group, separately. Results can be observed in Table 1.

From the analysis of anatomopathological re-
ports of the surgical pieces, the TNM staging of pa-
tients in the Operated group could be defined. All his-
topathological diagnoses were of CRC.

As to the TNM system, the Operated group was 
separated into stages I, II and III, with the following spec-
ifications: “T” refers to the primary tumor, “N” means 
that regional lymph nodes are compromised, and “M” 
refers to distant metastasis. Results are demonstrated in 
Figure 1. Since all cases were M0, there was no stage IV.

Table 1. Mean of ALU247 quantification in different groups.

Groups n Quantity of free DNA (pg) Mean±SD (pg)Minimum Maximum
26 Non-operated group 26 8.02 23.54 14.62±4.73
23 Operated group 23 0.09 5.95 0.93±2.45
30 Control 30 0.08 1.55 0.48±0.38

SD: standard-deviation.

Figure 1. Distribution of TNM staging in the Operated group.
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The 23 tumors of the Operated group were an-
alyzed by relating the morphology study by TNM 
staging with their genotypic features by the ALU247 
quantification (Table 2).

DISCUSSION

The repeated elements spread in DNA that are 
more deeply studied belong to the Alu family, which 
has this name because most of its members are cleaved 
by bacterial restriction endonucleases called Alu I, 
formerly used in the initial purification of this DNA. 
ALU247 has been used in cancer investigation and as 
a genetic marker in studies of human evolution due to 
its properties, such as speed and facility concerning 
genotyping, and also because it is selectively neutral3. 
The expression of these markers, more specifically, 
ALU247, has been associated with nonapoptotic cells, 
probably tumor cells.

In order to dose ALU247 in the peripheral blood, 
the PCR technique was used, which consists of am-
plifying DNA copies in vitro using the basic elements 
of the natural DNA replication process. This method 
aims to rapidly amplify specific DNA sequences.

The conventional PCR does not present quan-
titative values. So, the real-time PCR was developed, 
which is a technique described as quantitative, since it 
can evaluate the number of molecules produced in each 
cycle. The relevant characteristics of real-time PCR are 
speed, specificity, sensitivity and quantification.

Using the value of 8.02 pg of ALU247 frag-
ments to evaluate the presence of tumor, which is 
the minimum value presented by the Non-operated 
group, we noticed that this value was different among 
the analyzed groups, which showed that quantities 
above 8.02 pg of ALU247 are characteristic of those 
with colorectal tumor11. In the Operated and Control 
groups, 100% of the patients had values of ALU247 
fragmentation below the cut-off point, thus suggesting 

the absence of tumor in these groups, be it due to the 
efficacy of the surgical treatment or due to the absence 
of a neoplasm diagnosis (Figure 2).

The quantity of ALU247 fratgments revealed 
very different results when comparing the Non-op-
erated group with the Operated and Control groups. 
The mean of quantification in patients with the tumor 
was 14.62 pg, while the mean among those who did 
not have the tumor was 0.48 pg in the Control Group 
and 0.93 pg in the Operated group). The limits demon-
strated that those with the tumor (Non-operated grup) 
presented values of ALU247 much superior to those in 
the Control and Operated groups, who presented very 
similar values.

TNM staging is the most used prognostic indi-
cator. Its approximated accuracy is 65%, presenting 
flaws in the estimates of evolution of many patients, 
especially in clinical stages II and III, which makes 
it difficult to present a more adequate and consensual 
therapy indication14.

As with other classifications, it is observed 
that TNM detects the clinical extension of the dis-
ease evaluated at the moment of lesion excision, not 
considering the aggressiveness and power of dis-
semination resulting of the genotype of the tumor. 
The quantification of free DNA fragments, such as 
ALU247, would enable the functional evaluation of 
the neoplasm related with development, growth and 
dissemination of the tumor.

At the stage I of TNM, the established mean was 
0.32 pg, which is lower than the value found in the 
Control Group and in stages II and III, with means 
of 0.48, 0.77 and 1.208 pg, respectively. Concerning 
stage II, the mean was 0.77 pg, superior in relation to 
the Control group and to stage I, and inferior in rela-

Table 2. Mean of ALU247 quantification in different 
stages of the Operated group.
Stage n Mean±SD Variance
I 5 0.32±0.28 0.08
II 4 0.772±1.45 2.12
III 14 1.208±1.69 2.87

SD: standard-deviation.
Figure 2. Percentage of patients in different groups that obtained 
ALU247 inferior to the cut-off point.
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tion to stage III, thus establishing intermediate values 
of ALU247, as well as its TNM staging.

Among stage III patients, who present with lymph 
node invasion by tumor cells, the mean was 1.208 pg, 
superior to the Control group and stages I and II.

In this study, the serum values of ALU247 were 
higher in more advanced morphofunctional classes 
of the TNM staging. The suggestion is that different 
phenotypic expressions of the neoplastic cell, from the 
morphofunctional point of view, provide larger quan-
tities of ALU247 fragments in the blood flow.

CONCLUSIONS

It is possible to associate the presence of tumor 
to high levels of ALU247 fragments. The quanti-
fication of ALU247, using the real-time PCR, is a 

non-invasive and easy to perform procedure, con-
sisting of a possible mechanism for postoperative 
follow-up of patients with CRC, once the increased 
levels of postoperative ALU247 would be related to 
the possible tumor recurrence.

The relation between TNM staging advances, 
high dose of free DNA in the peripheral blood and the 
probable worse prognosis is suggested.

Thus, it is necessary to incorporate new factors 
that consider histopathological and functional aspects 
together. From the combination of morphological vari-
ables, which are known to be related to prognosis, TNM 
staging, together with the dose of tumor markers, such 
as ALU247, it would be possible to establish the proper 
stratification of neoplasms in groups of similar biologi-
cal behavior, thus making the projections related to the 
prognosis of the disease more reliable.
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