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Colorectal cancer (CRC) is one of the leading causes of death among cancer patients in Romania. It is
known as a heterogeneous disease, characterized by diversion in multiple molecular pathways during its
evolutionary process. This research was focusing on the two biomarkers that are related to CRC, specifically
Carcinoembryonic Antigen (CEA) and Carbohydrate Antigen 19-9 (CA 19-9). Being an integral part of a wider
study, we explored the use of a novel platform to support the strictly controlled process of data collection on
colorectal cancer cases. We collected data about the patients regarding baseline clinical parameters,
medical history, important comorbidities, intraoperative findings and adverse events, tumor characteristics,
histological findings and main laboratory data (blood cell count, serum protein electrophoresis, liver and
kidney function tests, serum levels of CEA and CA19-9). The results suggest that these two biomarkers are
useful preoperative indicators of local recurrences and prognosis in colorectal cancer. Increased levels of
both tumor markers are correlated with an advanced stage of the disease and a poor prognosis. Finally, this
study aims to provide the necessary infrastructure, geared towards efficient, safe and comprehensive

clinical evaluation of CRC cases.
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One of the most frequent types of malignancies is
colorectal cancer (CRC) being the third most common
cancer worldwide, reported by some authors as the most
common causes of female cancer mortality followed by
lung and/or breast cancer [1]. Additionally, some authors
asserted that it is the main cause of cancer death
worldwide [2, 3]. Around 4.6% of men (1in 22) and 4.2% of
women (1in 24) will be diagnosed with CRC during lifetime
[4]. The risk of colorectal cancer is starting to increase
after the age of 40 years; the risk doubles with each
subsequent decade and continues to rise exponentially [5].

The prognosis of colorectal cancer is better if the
diagnosis is established earlier. Survival after colorectal
cancer diagnosis strongly correlates with the stage of the
disease, local tumor spreading, lymph node association
and the presence of distant metastases. Nevertheless,
there remains great inter-patient variability regarding
treatment outcome. A combination of biochemical factors,
histopathological features, genomic profile, environmental
factors and other clinical aspects are capable to influence
the prognosis and treatment response. Along with those
clinical and paraclinical features, there are some specific
biomarkers that predict the severity and the evolution of
the disease. CEA level is the most often used tumor marker
in colorectal cancer [6]. Its value must be checked before
surgery, but also it can be used during therapy to assess
individual response to treatment or after therapy to predict
an eventual recurrence. An additional blood marker that
may be elevated in colorectal cancer is the CA 19-9. It is
known that patients with preoperative increased CA 19-9
level had a poorer 5-year survival than patients with
preoperative increased CEA levels [7].

The main objective of this research was to elaborate
and test the feasibility of an on-line platform utilized to
collect the data gathered from the selected cases included
in this study. In order to achieve this objective, we focused

on the two biomarkers that are related to CRC -CEA and CA
19-9.

Experimental part
Materials and methods

The study was performed in agreement with the ethical
guidelines of the Helsinki Declaration and was approved
by the Ethics Committee of our Center. For this study, we
included all the cases that underwent surgery for colorectal
cancer during the last three years (2014-2017) at the 2"
Department of Surgery, Emergency County Hospital,
Timi oara, Romania. Two hundred and ninety-three
patients with histologically confirmed CRC and admitted
to our Clinic were eligible for participation and initially
included in the study. The exclusion criteria were the
decline of the patient to share the personal data/medical
information, the refuse to write and sign the written
informed consent, missing data or skipping scheduled
periodic medical control. Consequently, 36 patients were
excluded from the study by those reasons. The final study
lot was represented by 257 cases which agreed to read
and sign the informed consent. Before surgery, the patients
were introduced in to the on-line platform by baseline
clinical parameters like age, gender, place of residence,
addiction to smoking and/or alcohol. Height and weight
were measured using standard techniques. The platform
provided a field that automatically calculates the Body Mass
Index (BMI) using the standard formula (BMI = kg/m?)
where kg represents the patient’s weight in kilograms and
the surface of the body as their height squared. Obesity
was defined when the BMI was = 30.00 [8]. The
subsequent data were collected also on the online platform
database for each patient: presenting signs and symptoms,
preoperatory TNM, surgery (data entered in real time from
mobile device by operating room nurse or after the surgery
by the surgeon), oncologic radicality of the operation,
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location of the tumor, intraoperative TNM and main
laboratory data (blood cell count, serum protein
electrophoresis, liver and kidney function tests, and serum
levels of CEA and CA19-9). Pathology report containing
macroscopic features at presentation, diameters of the
tumor, number of lymph nodes harvested and metastatic
ones, visceral spreading, number and diameters of distant
metastatic lesions, microscopic subtype of the tumor, depth
of penetration into the bowel wall, cell differentiation, local
or distal invasion were further introduced into the platform.
Follow-up with physical examination of the patients and
blood samples at 3 and 6 months after the surgery.

For testing the feasibility of this new on-line platform,
the authors tested the predictive value of various CEA and
CA 19-9 levels both before and after surgery and others
parameters from above. For this reason, we selected from
the database only the patients that had 3 measurements
of CEA and CA 19-9 available at three timeline points: before
surgery, at 3 and 6 months after surgery. Serum CEA and
CA 19-9 were determined using enzymatic immunoassay
kits, with the upper limit of normal defined as 5 ng/mL for
CEA and 38 U/mL for CA 19-9. For the patients that
presented a recurrence in the first year after surgery, we
analyzed the correlation between the values of
preoperative tumor markers and the values at the time of
relapse. The platform utility and feasibility were evaluated
by data completeness.

Statistical analysis

All data were analyzed using a statistical software
package, IBM Statistical Package for the Social Sciences
(SPSS 17.0). Student t-tests and +2 analysis were
performed in order to compare independent variables in
question between each other and depend ones.

Results and discussions

Some of the most relevant data about the patients for
this study are presented in tablel. The mean (SD) age of
the patients at diagnosis was 62.4 (10.7) years and 52.52%
(135 patients) were male. Most patients had a primary
tumor in the colon (n = 224; 87.16%) and metastasis in
the liver (n = 44; 17.12%).

Furthermore, we analyzed the relationship between
postoperative and preoperative CA19-9 and CEA values and
recurrence sites as shown in table 2. The percentage of
patients with an increased postoperative serum CA19-9
was significantly higher among those who also had a high
preoperative value of this biomarker. Fifty-two of the
patients, representing 20.23% of the cases had a
recurrence in the first year after surgery. Regarding
recurrence site, patients with liver metastases and
peritoneal recurrence presented an elevated serum CA19-

Table 1
DEMOGRAPHY OF THE PATIENTS WITH CRC INTRODUCED ON
THE PLATFORM; *n = no. OF PATIEN

Variable Mean (5D)/n (%0)
n=257% cases
Gender
Male 135(32.52)
Female 12E{AE3T)
Awce at diagnosis (vears) 62 410,71
";rink.ers gmosh 1Ba (7237
Associated pathology
YES 141 (34 88)
WO Ha{45.14h
Location primary tumor
Colon 124 (87 18)
Rectum I3(12EY)
" Dukes classification
B 4 38.57)
C 102 (39 68)
D 61 (23.73)
Tumor size (cm)
=35 aE (26.448)
=3 1B9(73.54)
Histology
Well, moderately 194(75.48)
Poorly, mucnous 53 (20.83)
Metastasis
Liver 44{17.12)
Lung 1274 68)
Elzewhere 21810
Peritoneal dissemination
YES 34 (30.61)
WO 203(65.35)
Treatment
Surgery AFTI00)
Chemotherapy I23(E8TTY
Radiotherapy 3421.01)
Eecurrence 32(20.23)

9. The proportion of patients with elevated postoperative
CA19-9 was significantly increased among those who
presented liver metastases. Additionally, postoperative CEA
levels were found to be elevated in patients with liver
metastases.

The online platform used the newest web technologies
and it was developed to collect data about the patients
with colorectal cancer. This application was designed as a
module that will be further integrated into a larger platform
which intends to be a tool for the management of colorectal
cancer patients from all over the country.

Onthe other hand, the structure of this platform brought
back together two components: a backend that handles
the processing of information whose code is written in
PHP (Hypertext Preprocessor) through a framework called
Laravel and a frontend dealing with the user interaction

Table 2
CORRELATIONS BETWEEN POSTOPERATIVE/PREOPERATIVE CA19-9/CEA VALUES AND RECURRENCE SITE, *n = no. OF PATIENTS
Postoperative
Normal postoperative High postoperative P-value
CAI9-9 *n=212) CAI9-9 (n=43)
Normal preoperative CA19°0 185778632507 2487885 0001
High preoperative CA19-9 20715.68% ) 23031100
Eecurrence
Liver metastasis Peritoneal recurrence
{r=27) {n=14)
High postoperative CA19-9 13 {44 4% Cipd 38
High postoperative CEA 16 (30.26% ) 11 {78.534%) 0.03
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written in HTML5, CSS, and JavaScript. The JavaScript
coding part was made through a framework called Vue
(one of the most popular JavaScript libraries at this time).

By using this type of data acquisition application, we
took the advantage of low-resource computer needs,
considering that the application runs in the browser (i.e.
Internet Explorer, Google Chrome, Mozilla, and Safari).
Another advantage of this platform was the fact that the
data processing was performed directly on the server,
reducing the costs to implement projects that are based
on data collection in a large number of centers. This type
of application can be accessed from any device that has
internet access (desktop, laptop, tablet or smart phone)
making the data gathering process more accessible. Efforts
have been made to make data collection as easy and as
fast as possible in order to obtain a higher percentage of
data completion, quality of data, and for increased
compliance of the registrars. Aiming at a higher percent of
data completeness, a user-friendly interface has been
created with the grouping of forms in order to obtain a
shorter data entry time (fig.1).

In order to ensure the best quality of the data, the form
fields were divided into mandatory fields and optional ones
so that if a mandatory field was not completed the data
could not be submitted.

To simplify the statistical analysis, custom filters were
created, and filtered data were able to be exported in excel
file format. A particular issue of this project was the security
of the data. In this regard, the platform included security
measures like server security methods, application-level
security methods (registration of the registrars with e-mail
confirmation and manual access grant by a security
administrator) and storing patient’s personal data by
anonymization. To shorten the learning curve of the
application for the registrars, technical support has been
provided both to the phone at a dedicated line and by e-
mail.

Data completeness in this study reached a staggering
93%, without using the mandatory fields option, most likely
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Fig. 1.

due to the ease use of the database, but possible also due
to the excitement of the implementation of this new
strategy for the improvement of our surgical services in
colorectal cancer in our hospital.

Despite the fact that CRC incidence rates generally are
higher among males versus females, at all anatomical
subsites, the male-to-female incidence rate ratio increases
progressively across the colon from the cecum to the
rectum. The literature findings attribute CRC incidence rates
of approximately 30% higher for men versus women, while
mortality rates are approximately 40% higher [9].
Histologically, the majority of the cases, 194 (75.48%)
presented well or moderately differentiated cellularity.
Smoking, associated pathology, location of the primary
tumor was also analyzed. According to Dukes
classification, more severe form of the disease was
associated with an increased level of both tumor marker
levels. Metastasis in liver and lung were found significantly
more frequently in patients with CEA and CA 19-9 positive.
Surveillance after surgery is the key component of
treatment of patients with CRC. The idea of intensive
postoperative surveillance is based on the idea that some
of the patients can have curable recurrences [10]. An
inconvenient might be the fact that CEA levels can be
elevated on apparently healthy smokers and elderly
individuals or in some benign conditions such as liver and
gastrointestinal system inflammations of any cause [11,
12].

The tumor marker level that was elevated before the
operation was found to be elevated again at the time of
recurrence. The results of this study showed that 12.3% of
the patients with CRC, without an increase in CEA level,
had at least once an increased CA 19-9 level during the
course of the disease. Of all patients 65.4% had at least
once an elevation of both of the tumor markers during the
course of the disease. Severity of disease, reflected by
Dukes classification, and presence of metastasis were
each associated with increased levels of CA 19-9 and CEA.
The correlation between serum level CEA measured
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postoperative and on recurrence has been reported by other
authors to be greater for liver metastases than for recurrent
disease at other locations [13].

The efficacy of measuring the serum CEA and CA19-9
levels to detect or exclude a recurrence of CRC after
surgery have been reported before [14, 15]. Though, it is
not a standard that both tumor markers must be increase
in the same time; sometimes only one of the two tumor
markers increase independently.

This innovative platform was also designed as a part of
intensive postoperative follow-up strategy. This strategy
involves the following: a clinical examination every 3 to 6
months in the first 3 years, and every 6 months in the 4th
and 5th year after surgery; Serum carcinoembryonic
antigen level at every periodic medical exam for the first 3
years; Computed tomography (CT) of the chest, abdomen,
and pelvis for at least 3 years; Colonoscopy at 1 year and
consequently at 3 to 5 years intervals; Flexible
proctosigmoidoscopy every 6 months for 3 to 5 years in
patients with rectal cancers and low anterior resection who
have not received pelvic irradiation. We strongly considered
that the results from prospective clinical trials will remain
the backbone of evidence-based medicine. One of the most
important concerns was that the majority of cancer
patients do not participate in clinical trials for various
reasons. There are numerous advantages for using this
modern concept of data centralization. Nowadays, the
majority of clinical trials are initiated using electronic data
capture (ECD) software. For this reason, we integrated an
EDC system that is generally used with a mobile data
collection system that has been widely used in healthcare
programs in low-resource settings [16].

Furthermore, this platform was designed to serve as a
continuous infrastructure for a large variety of research
purposes. This includes prognostic research, individualized
therapies in a target population according to the cohort
multiple randomized controlled trial design, healthcare
strategy and cost-effectiveness studies.

Conclusions

CA 19-9 can be used as additional marker to follow the
disease process in patients with colorectal cancer. Both
CEA and CA 19-9 are important prognostic factors for
patients with colorectal cancer. High serum levels of both
tumor markers are correlated with an increased disease
stage and a poor long-term prognosis. The importance of
this platform is that it opens a new perspective regarding
the management of the cases with colorectal tumoral
pathology. This study will further provide the necessary
infrastructure, geared towards efficient, safe and
comprehensive clinical evaluation of CRC cases.
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