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Abstract
Tumor biomarkers have great potential in screening and their role could extend further from general population risk assessment 
to treatment response estimation and recurrence monitoring. Different molecular and cellular elements in blood, which give 
information about the status of an individual, make it a perfect compartment to develop noninvasive diagnostics approaches 
for cancer. The present study aimed to screen the most frequent tumor markers in the Angolan population according to age and 
gender. A whole blood sample was collected for each patient. Serum levels were measured using the electrochemiluminescence 
method, using the automated Cobas e411 equipment (Roche®) according to the manufacturer's instructions. The results of our 
study elucidated the relevance of tumor biomarkers in screening for different types of cancer. These results also highlight the 
robustness of the mean in suspected cases, which is 15 to 17 times higher in some markers than in non-suspected cases. More 
research is needed to elucidate the relevance of these biomarkers in the Angolan population.
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1. Introduction
Cancer is a public health problem worldwide, new cases of cancer 
in Angola according to Globocan in 2020 were about 20,327 and 
12,599 deaths [1]. Tumor markers have been widely applied in 
early diagnosis, treatment, treatment response assessment, and 
recurrence monitoring [2-5]. There are different cancer risk factors, 
fifty percent of cancer deaths are caused by modifiable risk factors, 
and infections play an important role in many sub-Saharan African 
countries [6,7]. Luanda is the largest city in Angola with more than 

9 million inhabitants 4,471,310 male and 4,608,501 female [8].

Plasma/serum biomarkers have great potential in cancer screening 
and their role could extend further from general population risk 
assessment to treatment response estimation and recurrence 
monitoring. The rich content of different molecular and cellular 
elements in blood, which give information about the health status 
of an individual, make it a perfect tool to develop noninvasive 
diagnostics approaches for cancer [9].
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Due to the proven effectiveness of screening approaches, 
immunodiagnostic methods for quantitation-specific tumor 
markers are widely used in screening and clinical diagnosis. 
Different tumor markers have been applied for screening and early 
detection of cancer, these tumor markers include carcinogenic 
antigen 125 (CA125) in ovarian cancer (OC) the most deadly 
cancer of the female reproductive system, unfortunately up to 
now there is no an effective screening method for early detection 
of OC [10,11]. Serum carcinoembryonic antigen (CEA) is a set 
of glycoproteins involved in cell adhesion, it can be elevated in 
colorectal, breast (BC), lung, and pancreatic cancers [12,13]. 
Serum CEA is an important biomarker for the detection of different 
disease conditions [14]. Another important tumor marker is Alpha 
Fetoprotein (AFP) produced in the fetal liver and yolk sac, AFP 
gene is methylated in neonates in adults the levels are undetectable 
or present in small quantities at normal conditions [15]. AFP 
is a specific serological marker for Hepatocellular carcinoma 
(HCC) and Colorectal cancers and represents the most prominent 
biomarker for early diagnosis, monitoring, prognosis assessment, 
and therapeutic response [16-18].

Cancer Antigen 15-3 (CA 15-3) antigen is the most valuable serum 
tumor marker in BC, it helps in the early detection of recurrence 
and monitor response to the treatment. CA 15-3 levels can be higher 
some kinds of cancer, CA 15.3 may be increased in lung, pancreas, 
OC, and prostate cancer and some non-cancerous conditions 
[13]. Carbohydrate antigen 19-9 (CA 19-9) and Carbohydrate 
antigen 72-4 (CA 72-4) have become common tumor markers 
for digestive system tumors, elevated levels can be used to assist 
in diagnosis [19,20]. Updated data on Prostate-specific antigen 
(PSA) screening are available, PSA screening increases prostate 
cancer (PC) diagnosis and reduces mortality [21-24].

Just because a person has tumor markers, it does not always mean 
cancer is present or has come back. Conditions besides cancer can 
raise tumor marker levels but tumor markers can be used to predict 
the response of a tumor to treatment and prognosis, researchers 
expected that they might also be useful in screening tests that aim 
to detect cancer early before there are any symptoms. However, 
studies to see whether circulating tumor markers can be used to 
screen for cancer have generally found that these markers don't 
identify everyone with the disease (they are not sensitive enough) 
or that they indicate the possible presence of cancer in people 
who don't have it. When a test has low specificity, more tests are 
needed to determine whether cancer is present or not, and some 
screening tests based on tumor markers have been shown to lead 
to overdiagnosis, which happens when people are diagnosed with 
cancers that would never have affected them during their lifetimes.  
For example, the PSA test was used routinely in the past to screen 
men for prostate cancer. However, as more was learned about 
the limitations of the test (including relatively low specificity), 
medical groups began to recommend against using it for routine 
population screening New approaches like Several liquid biopsy-
based assays that test for multiple tumor markers to detect cancer 
early, in people without symptoms, are in development, this test 

focuses on cancer-related alterations in DNA obtained from body 
fluids.

The development of screening and early detection test methods, 
are of great importance to improve the efficacy of therapies and 
to reduce cancer mortality. In this sense, precision medicine has 
gained particular attention in the oncology field.  liquid biopsy is a 
minimally or non-invasive detection approach for circulant tumor-
derived components in biofluids, such as blood, urine or saliva 
liquid biopsy is a revolutionary approach with significant potential 
for the management of cancer. Genomic and transcriptomic 
alterations can be accurately detected through liquid biopsies, 
which provide a more comprehensive characterization of the 
heterogeneous tumor profile [25]. Recently research in oncology 
has focused on liquid biopsies (LB), which consist of the detection 
of cancer-derived components, including circulating tumor cells 
(CTCs), circulating tumor DNA (ctDNA) RNA, extracellular 
vesicles (EVs) a promising approach to detect early-stage, curable 
cancers uses biomarkers present in circulating  EVs and tumor 
educated platelets (TEPs), in the biofluids of patients, providing 
genomic epigenetic transcriptomic, and proteomic information 
about tumors and metastatic sites. The use of LB  as a clinical tool 
will improve cancer screening [26-36].

Liquid biopsies (LB) hold the potential to inform cancer patient 
prognosis and to guide treatment decisions at a time when direct 
tumor biopsy may be impractical due to its invasive nature, 
inaccessibility, and associated complications. Specifically, 
circulating tumor DNA (ctDNA) and circulating tumor cells 
(CTCs) have shown promising results as companion diagnostic 
biomarkers for screening, prognostication, and/or patient 
surveillance in many cancer types. In ovarian cancer (OC), CTC 
and ctDNA analysis allows comprehensive molecular profiling 
of the primary, metastatic, and recurrent tumors [37]. These 
biomarkers also correlate with overall tumor burden and thus, they 
provide minimally-invasive means for patient monitoring during 
clinical course to ascertain therapy response and timely treatment 
modification in the context of disease relapse [38]. Liquid biopsies 
(LB)  are defined as the analysis of either corpuscular (circulating 
tumor cells, extracellular vesicles) or molecular (circulating DNA 
or RNA) tumor-derived material. LB could more precisely identify 
clinically relevant alterations that characterize the metastatic 
potential of tumors, predict response to specific treatments or 
actively monitor for the emergence of resistance. These tests can 
potentially be repeated as often as deemed necessary and can detect 
real-time responses to treatment with minimal inconvenience to 
the patient [39]. 

Other inexpensive and non-invasive methods, the fecal occult 
blood test (FOBT) based screening, have also been developed in 
the past, but with lower sensitivity and specificity, but have been 
used nowadays [40-44]. According to the CDC (Center for Disease 
Control and Prevention), the new cases of cancer expected for 2020 
will be more than 1.8 million, with 606,520 deaths from cancer, 
where fortunately, some of the types of cancer, for example, colon, 
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and lung, cervix, breast cancer, could be detected with screening, 
which helped to delay or even stop the progression of cancer, given 
the fact that most risk factors for cancer are preventable, simply 
eliminating or reducing the use of tobacco products and exposure 
to secondhand smoke, getting vaccinated (HPV-Human Papilloma 
Virus), avoiding indoor tanning, maintaining a healthy weight, 
staying physically active, avoiding processed or red meat, having 
a healthy diet high in fruit and vegetables and other measures can 
substantially lower a person's lifetime risk of developing or dying 
from cancer [61,62].

In recent years, with the advanced knowledge of tumor mechanisms 
and the development of molecular biology technology, the 
detection of tumor markers has been commonly used for early 
screening and diagnosis of cancer, guidance of cancer treatment, 
evaluation of curative effect, monitoring of cancer recurrence and 
metastasis, and the judgment of prognosis and survival.

Knowing the importance of cancer screening and prevention in the 
Angolan population in particular, which faces several difficulties 
in cancer treatment, is of great importance. Putting apart our 
limitations, Identifying individuals suspected of developing cancer 
in the future using an inexpensive and non-invasive technique can 
change the approaches to patient care, improving early diagnosis, 
clinical and pathological response as well as patient survival. 

Although there are more efficient and recent techniques for cancer 
screening, trained human resources are needed, in developing 
countries the costs can be high and make the technique unfeasible 
from an economic point of view. So our research group is looking 
forward to bringing all this knowledge and technology to start 
studies focusing on LB at a low cost.

The present study aimed to screen the most frequent tumor markers 
in the Angolan population according to age and gender.

2. Methodology
2.1. Study Design and Setting
This was an analytical, retrospective study, with a quantitative 
approach, where tumor markers were evaluated in individuals 
submitted to examination of tumor markers in MEDIAG Lab 
located in Luanda, the capital city of Angola. The studied 
population consisted of 18,222 individuals, regardless of gender 
and age among those who agree to participate in the study after 
being informed about the objectives and nature of the study. 
The data analyzed in the present study were obtained from the 
MEDIAG laboratory database that was attended between January 
2019 and December 2021.

2.2. Ethics Statement
To carry out the study, the project was submitted, analyzed, and 
approved by the Ethics Committee in Research on Human Beings 
of the Instituto Superior de Ciências da Saúde, Universidade 
Agostinho Neto (nr.234/GD/ISCISA/UAN/2019), subsequently 
the study was accepted by the Directorate of Laboratorio Mediag 

(nr.004/DG/MEDIAG/2019). All patients gave oral and in writing 
their informed consent before being included in the study. All 
methods were carried out by the relevant guidelines and regulations.

2.3. Sample Collection and Laboratory Procedure
A whole blood sample estimated at 2 mL was collected for each 
patient by the venipuncture technique and the samples were placed 
in test tubes containing ethylenediaminetetraacetic acid (EDTA). 
Serum levels were measured using the electrochemiluminescence 
method, using the automated Cobas e411 equipment (Roche®) 
according to the manufacturer's instructions. Individuals were 
classified as not suspected when they presented values of tumor 
markers between the reference values and suspected when they 
presented tumor markers above the reference values, which depends 
on the type of marker analyzed. For the AFP (a marker for tumors 
in the stomach, intestine, ovaries, or presence of liver metastases), 
individuals who presented results below 10 ng/mL were considered 
non-suspected, and individuals who presented values greater than 
12.5% of 10 ng/mL were considered suspect. For CA 125 (a marker 
for tumors in organs such as the liver, lung, breast, rectum, and 
stomach), individuals who presented values below 35 U/mL were 
considered non-suspected, and individuals who presented values 
greater than 12.5% of 35 U/mL were considered suspect. For CA 
15.3 (a marker for several other neoplasms, such as ovarian cancer, 
breast cancer, lung cancer, colon cancer, hepatocellular carcinoma, 
and lymphomas), individuals who presented values below 25 U/
mL were considered non-suspected, and individuals who presented 
values greater than 12.5% of 25 U/mL were considered suspect. 
For CA 19.9 (marker for pancreatic cancer, colorectal cancer, 
gallbladder cancer, and liver cancer), individuals who presented 
values below 37 U/mL were considered non-suspected, and 
individuals who presented values greater than 12.5% of 37 U/mL 
were considered suspect. For CA 72.4(markers for colon cancer, 
stomach cancer, pancreas, and biliary tract cancer, and mucinous 
ovarian carcinoma), individuals who presented values below 6.9 U/
mL were considered non-suspected and individuals who presented 
values greater than 12.5% of 6,9 U/mL were considered suspect. 
For the CEA (markers for tumors of gastrointestinal origin), which 
can also be elevated in other types of tumors, such as breast, lung, 
and ovary), individuals who presented results below 3.5 ng/mL 
were considered non-suspected, and individuals who presented 
values greater than 12.5% of 3.5 ng/mL were considered suspect. 
For the TPS (a marker for prostate cancer), individuals who 
presented results below 4.0 ng/mL were considered non-suspected, 
and individuals who presented values greater than 12.5% of 4.0 
ng/mL were considered suspect.

2.4. Statistical Analysis
Initially, the data obtained in the study were compiled in an Excel 
2017 database and subsequently transferred, categorized, and 
analyzed in SPSS v25. Absolute and relative frequencies were 
determined. The data were categorized as suspicious and not 
suspicious and for each of the categories the data were presented 
in frequencies and percentages in cross tables, created in the SPSS 
v25 program. Graphs were produced using the Sigma plot 12.0 
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program (Systat Software, Inc.), using mean ± standard deviation 
for the categories of suspects and non-suspects about gender (male 
and female) and concerning the age groups that were categorized 
according to the social reality of Angola, where children (under 
13 years old), adolescents (from 13 to 18 years old), young people 
(from 19 to 40 years old and adults (over 40 years old and under 
65 years old) are considered.

3. Results
The data in Table 1 show the incidence of suspected cases of cancer 
according to age groups. It can be seen that most of the 18,222 
individuals found in the database were adults (68.7%, n=12531), 
in this group 23.6% (n=2950) were suspected individuals, the most 
common carcinogenic markers were CA 15.3 (50.8%), followed 
by CEA (24.8%), TPSA (24.4%) and CA 125 (22.6%). Young 
people represented about 22.6% (n=4120), where 27.9% (n=1150) 

were suspected cases, where the most verified markers were CA 
15.3 (50, 4%), followed by AFP (42.6%) and CA. 125(24.3%). 
Adolescents represented 1.14% (n=208) of the population, of 
which 23.1% (n=48) were considered suspicious, where the most 
common marker was CA 15.3 (68.7%), followed by CA 125(29.7%) 
and TPSA (20%). Children represented about 0.77%(n=136) of the 
studied population, where 25.7% (n=28) were considered suspects, 
and the most frequent tumor markers in these groups were CA 
125(34.5%), CA 15.3 (33.3%), TPSA (25.0%), AFP (21.3%) and 
CA 19.9 (20%). In individuals with unknown age, they represented 
about 6.8% (n=1234) of the studied population and in this group, 
27.9 (n=101) of them were considered suspicious. It was found 
that the most identified markers were CA 15.3 (54.2%), followed 
by AFP (46.6%), CEA (29.2%), CA 125 (24.2%), CA 19.9 (21.1%) 
and TPSA (19.7%).

Tumor 
marker

Total Age_group
Unknown(1234) Kids(136) Teenegers(208) Youngs(4120) Adults(12531)

All
N(%)

Non_ 
Suspect
n(%)

Suspect
n(%)

Non_ 
Suspect
n(%)

Suspect
n(%)

Non_ 
Suspect
n(%)

Suspect
n(%)

Non_ 
Suspect
n(%)

Suspect
n(%)

Non_ 
Suspect
n(%) 

Suspect
n(%)

18 222(100) 890(72,1) 344(27,9) 101(74,3) 28(25,7) 160(76,9) 48(23,1) 2970(72,1) 1150(27,9) 9581(76,4) 2950(23,6)
AFP  2748(15,0) 138(53,1) 112(46,9) 48(78,7) 13(21,3) 50(89,3) 6(10,7) 735(57,4) 545(42,6) 925(84,0) 176(16,0)
CA 125 3797(20,8) 273(75,8) 87(24,2) 19(65,5) 10(34,5) 83(70,3) 35(29,7) 1354(75,7) 435(24,3) 1162(77,4) 339(22,6)
CA 15.3 475(2,6) 11(45,8) 13(54,2) 2(66,7) 1(33,3) 2(33,3) 4(68,7) 63(49,6) 64(50,4) 155(49,2) 160(50,8)
CA 19.9 1189(6,5) 75(78,9) 20(21,1) 8(80,0) 2(20,0) 7(100,0) 0(0,0) 179(90,9) 18(9,1) 756(85,9) 124(14,1)
CA 72.4 18(0,1) 0(0,0) 0(0,0) 0(0,0) 0(0,0) 2(100,0) 0(0,0) 4(100,0) 0(0,0) 12(100,0) 0(0,0)
CEA 1451(8,0) 92(70,8) 38(29,2) 18(100,0) 0(0,0) 12(85,7) 2(14,3) 268(81,7) 60(18,3) 723(75,2) 238(24,8)
TPSA 8544(47,0) 301(80,3) 74(19,7) 6(75,0) 2(25,0) 4(80,0) 1(20,0) 367(92,9) 28(7,1) 5848(75,4) 1913(24,6)

Table 1:  Frequency of Tumor Markers According to the Age Group

In Table 2, we present the incidence of cases by gender. It can 
be seen that the majority are male, representing about 73.7% 
(n=13428) of the entire population studied, in this group, the 
number of suspected cases was 23.6% (n=3173), where the most 
frequently identified were AFP (30.2%, n=451), TPSA (23.6%, 
n=2018), CA 125 (23.1%, n=348), CEA (22.5%, n=203) and CA 
15.3 (21.0%, n=41) only for CA 19.9 the incidence of suspected 
cases was 15.0% (n=112), for CA 72.4 no suspected cases were 

identified. Female individuals represented about 26.3% (n=4794), 
with 28.1% (n=1347) of suspected cases, where the highest 
incidence of suspected cases was found in the CA.15.3 assessment 
(71.8%, n=201), in seconds of AFP (31.9%, n=401), CEA (24.5%, 
n=135) and CA 125 (24.4%, n=558), however, for CA 19.9 the 
percentage was less than 12% and for CA 72.4 and TPSA, as 
expected, no cases were identified. 

Tumor marker Total Gender
Female(4794) Male(13428)

All N(%) Non_ Suspect n(%) Suspect n(%) Non_ Suspect n(%) Suspect n(%)
18 222(100) 3447(71,9) 1347(28,1) 10255(76,4) 3173(23,6)
18 222(100) 3447(71,9) 1347(28,1) 10255(76,4) 3173(23,6)

AFP 2748(15,0) 855(68,1) 401(31,9) 1041(68,8) 451(30,2)
CA 125 3797(20,8) 1731(75,6) 558(24,4) 1160(76,9) 348(23,1)
CA 15.3 475(2,6) 79(28,2) 201(71,8) 154(79,0) 41(21,0)
CA 19.9 1189(6,5) 362(87,4) 52(12,6) 663(85,0) 112(15,0)
CA 72.4 18(0,1) 5(100,0) 0(0,0) 13(100,0) 0(0,0)
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CEA 1451(8,0) 415(75,5) 135(24,5) 698(77,5) 203(22,5)
TPSA 8544(47,0) 0(0,0) 0(0,0) 6526(76,4) 2018(23,6)

Table 2: Gender and tumor markers

Graph 1 illustrates the difference between the mean of the tone 
markers, between individuals considered non-suspect VS suspected 
individuals concerning gender. In the evaluation of the average of 
tumor markers in female individuals, we verified that in women 
not suspected of suspected VS, the average of AFP was 3.5ng/ml 
(SD=2.0) VS 71.1ng/ml (SD=15.7 ), for CA 125 the mean was 
13.8 U/ml (SD=8.7) VS 158.6 U/ml (SD=42.9) for CA 15.3 the 
mean was 12.8 U/ml (SD=6.5) VS 242.6 U/ml (SD=57.4), for CA 
19.9 the mean was 13.7 U/ml (SD=9.9) VS 218.7 U /ml (SD=9.3), 
for CA 72.4 the average was 0.4 U/ml (SD=0.2) VS 0.0 (SD=0.0) 
since there were no positive cases, for CEA the mean was 1.8 ng/

ml (SD=0.8) vs. 27.8 ng/ml (SD=9.7). TPSA was not evaluated 
in this group because it is a specific marker for prostate cancer. 
In unsuspected vs suspected men, the mean AFP was 3.3 ng/ml 
(SD=2.0) VS 74.7 ng/ml (SD=15.5), for CA 125 the mean was 
13.6 U/ml (SD=8.5) VS 119.0 U/ml (SD=12.1), for CA 15.3 the 
mean value was 10.2 U/ml (SD=6.3) VS 139 .6 U/ml (SD=11.9), 
for CA 19.9 the average was 14.0 U/ml (SD=10.4 ) VS 208.9 U/ml 
(SD=26.7), for CA 72.4 the mean was 0.8 U/ml (0.4) VS 0.0 (0.0) 
as no suspected case occurred, for CEA the mean was 1.7 ng/ml 
(SD =0.8) VS 27.6 ng/ml (SD=9.4) and for TPSA the mean was 
1.4 ng/ml (SD=1.02) VS 40.3 ng/ml (SD=10.0).

Tumors markers/Gender
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Figure 1: Dosage of Tumor Markers in Men and Women.

We compared the average of each marker by groups of non-
suspected VS suspected for children and adolescents (Fig.2), we 
verified that in non-suspected children SV suspected children, the 
mean AFP was 3.0 ng/ml (SD=2.1) VS 355.7 ng/ml (SD=38.7), 
for CA 125 the average was 15.4 U/ml (SD=10.3) VS 314.9 U/ml 

(SD=44.0), for CA 15.3 the mean was 8.6 U/ml (SD=4.5) VS 184.3 
U/ml (SD=0.5), for CA 19.9 the mean was 9.85 U/ml (SD=8.1) VS 
75.9 U/ml (0.5) and for CEA the mean was 1.37 ng/ml (SD=0.5) 
VS without suspected cases. There was no indication for CA 72.4 
assessment in children. In adolescents not suspected VS suspected, 
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the average of AFP proteins was 3.34 ng/ml (SD=1.9) VS 318.3 ng/
ml (SD=37.8), for CA 125 the average was 13 .4 U/ml (SD=9.1) 
VS 127.7 U/ml (SD=26.3), for CA 15.3 the average was 7.6 U/
ml (SD=2.33) VS 583.5 U/ml (SD=128.8), for CA 19 the average 
was 12.1 U/ml (SD= 10.7) VS 0.0 (SD=0.0) since there were no 

suspected cases, for CA 72.4 the average was 0.2 U/ml (SD=0.0) 
VS 0.0(SD=0.0) since there were no suspected cases, for CEA the 
average was 1.7 ng/ml (SD=0 .65) VS 7.2 ng/ml (SD=0.0), for 
TPSA the mean was 1.2 ng/ml (SD=1.5) VS 17.1 (SD=0.0).

Tumors markers/Kids and Teenegers
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Figure 2: Dosage of Tumor Markers in Children and Teenagers

In the evaluation of markers in suspected and non-suspected youths 
and adults (Fig.3), we noted that for suspect vs non-suspected 
youths the mean AFP was 3.3ng/ml (SD=2.0) VS 54.2ng/ ml 
(SD=11.1), for CA 125 the average was 14.3 U/ml (SD=8.6) vs 
110.8 U/ml (SD=15.9), for CA 15.3 a mean was 11.7 (SD=7.87) 
VS 337.1 (SD=77.6), for CA 19.9 the mean was 12.8 (SD=10.0) 
VS 211.7 (SD =31.1), for CA 72.4 the mean was 0.45 (0.1) VS 
0.0(SD=0.0) since there were no suspected cases, for CEA the 
mean was 1.6 ng/ml (SD=0.8) VS 34.1 ng/ml (SD=7.8), for TPSA 
the mean was 0.9 ng/ml (SD=0.6) VS 18.2 ng/ml (SD =2.6). In 

unsuspected adults vs suspected adults, the mean AFP was 3.4 ng/
ml (SD=2.0) VS 110.5 ng/ml (SD=21.1), for CA 125 the mean was 
12 .9 U/ml (SD=8.6) VS 186.0 U/ml (SD=50.3), for CA 15.3 the 
mean was 10.9 (5.8) VS 172.6 (SD =36.3), for CA 19.9 the mean 
was 14.3 U/ml (SD=10.2) VS 237.8 U/ml (SD=28.7), for CA 72.4 
the mean was 0.8 U/ml (SD=0.3) VS 0.0(SD=0.0) since there were 
no suspected cases, for CEA the mean was 1.78 ng/ml (SD=0.8) 
VS 27.9 ng/ml (SD=10.6) and for TPSA the mean was 1.43 ng/ml 
(SD=1.0) VS 41.1 ng/ml (SD=10.3).
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Tumors markers/Youngs and Adults
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Figure 3: Dosage of Tumor Markers in Young and Adults

4. Discussion
Cancer screening has contributed to reducing cancer morbidity 
and mortality and this has been verified all over the world, the 
results of the present study reinforce this, since about 36.3% 
(n=6620) of the total population, 18,222 individuals (table 1 and 
2), were considered suspicious. These data are similar to a study 
carried out at the National Institute of Oncology of Angola, by the 
team of one of our authors, where they identified a total of 4,791 
patients during the entire study period, with an annual average of 
958 cases of cancer, where the Most common were breast cancer 
(20.5%), cervical cancer (16.5%), and head and neck cancer 
(10.6%), followed by lymphoma (7.2%), Kaposi's sarcoma (6.1%) 
and prostate cancer (4%) [64]. But in some cases, this test is not 
recommended as a screening procedure for cancer detection in the 
general population.

The data showed (Table 1) that among individuals of unknown 
age, the highest incidence of suspected cases was found in the 
CA.15.3 assessment (54.2%, n=13/24) which is an important 
biomarker for several neoplasms, such as ovarian cancer, breast 
cancer, lung cancer, colon cancer, hepatocellular carcinoma, and 
lymphomas; however, Most current guidelines do not recommend 
the serial analysis of the CA 15.3 tumor marker in the follow-up 
of asymptomatic patients treated for some types of cancer such as 
breast cancer in the early stages, for example. These guidelines are 
based on small-scale studies conducted in an era with more limited 
treatment options than today. In large centers, the assessment of CA 
15.3 is routinely used in the fellow up, while more sophisticated 
and costly approaches, such as the detection of distant metastases, 
are performed only on medical advice [48]. AFP, one of the fetal 
serum proteins in the developing embryo, is synthesized mainly 
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by the liver and yolk sac, and its levels are often increased in 
malignancies [45]. AFP is well established as a useful diagnostic 
tumor marker for hepatocellular carcinomas (HCC), embryonal, 
yolk sac tumors (YSTs), carcinoma of the ovary, and some 
testicular cancers, it can be useful as a tumor marker for detecting 
malignancies such as YSTs, which often occur in young women. 
In our study we detected high suspected cases in young Table 1, 
this data corroborates with literature studies that demonstrated 
increased expression of AFP in young women, our dates in Table 
2 and Fig. 1 show an increase in suspect cases in young women 
but without statistical significance.  Generally, AFP tumor maker 
is useful for Follow-up management of patients undergoing 
cancer therapy, especially for testicular and ovarian tumors and 
for hepatocellular carcinoma. Satisfactory results of these studies 
have led to recommendations that AFP should be integrated with 
other factors by some guidelines for HCC screening [46,47].

Liver biopsy provides relevant information about the biology of the 
tumor, but it is an invasive procedure, not routinely used and not 
representative of all neoplasms due to intratumoral heterogeneity, 
hence the importance of screening for tumor markers, for the reality 
of Angola, screening of cancer is relevant because it is a cheaper, 
faster approach and does not require specialized personnel, since 
this is one of the major problems in Angola, which has few 
dedifferentiated units for diagnosis and still lacks specialized labor 
to perform more complex tests [49]. 

An interesting fact in the studied children was that we observed a 
34.4% incidence of suspected cases of ovarian cancer antigen (CA. 
125), which has been described that its elevation may be associated 
with benign or malignant situations, being ovarian cancer is the 
second deadliest gynecological neoplasm50. Elevated CA 125 
levels occur in about 29% of patients with non-gynecologic 
diseases and some benign gynecologic conditions, such as pelvic 
inflammatory disease, endometriosis, uterine leiomyoma, and 
early pregnancy, and ovarian fibroma/fibrosarcoma with elevated 
serum CA 125 levels is not so common in clinical practice and 
for this reason, it can be misdiagnosed as epithelial ovarian 
cancer [52]. In 2021, an ovarian cancer screening in the United 
Kingdom "Cancer Screening (UKCTOCS)" to evaluate the effect 
of screening in reducing deaths from the disease revealed that 
multimodal screening or long-term ultrasound did not reduce 
deaths from the disease. ovarian cancer, since there was a decrease 
in the incidence of stages III and IV with stages I and II53, thus, 
the CA-125 marker for the diagnosis of ovarian cancer in another 
study proved to be effective with good clinical application, being 
considered useful for clinical actions and may be an indispensable 
tool for screening [54].

In adolescents (13 to 19 years old), the highest incidence of 
suspected cases was verified in the CA15-3 assessment (68.7%, 
n= 4/6), with data similar to individuals of unknown age followed 
by the CA assessment. 125(29.7%, n=35/118) and TPSA 
(20.0%,n=1/5), although no studies were found that demonstrate 
the susceptibility of adolescents to cancers that express CA15.3 

in Angola, however, lack of HPV vaccination measures in 
adolescents may contribute to an increased risk for ovarian 
cancer, cervical cancer and other types of cancer. Data from the 
Istituto Nacional de Estatitica de Angola show that the population 
is mostly young, perhaps explaining the high incidence in this 
group [55]. The normal level of this biomarker in the blood is less 
than 30 U mL, but if the total serum level of CA 15.3 increases 
significantly, this may be indicative of breast cancer56. As with 
almost all serum markers, the lack of sensitivity for in situ or low-
stage invasive disease and the lack of specificity for cancer reduce 
the use of CA 15.3 for screening, as recent data demonstrate that 
current strategies for screening for epithelial ovarian cancer (EOC) 
use a combination of blood biomarkers, primarily CA 125; mucin 
16 (MUC16), human epididymal protein (HE)-4 and transvaginal 
ultrasound [56]. However, results from randomized screening trials 
and prospective population cohorts have demonstrated insufficient 
sensitivity and specificity for CA 125 and HE4, which are the 
two best markers currently available for detecting early-stage 
ovarian tumors, thus substantial efforts are being directed toward 
the search for additional protein biomarkers that, individually or 
in combination with CA 125 and other markers, may increase 
sensitivity and specificity to detect ovarian cancer at an earlier and 
more treatable stage [57].

Our results showed that in the age group of 20 to 40 years, there 
were more suspicions linked to liver, ovarian, and testicular 
cancer, several factors may be associated with this condition in 
our population, however, the lack of studies related to this subject 
limits our approach. The large population fringe of Luanda is 
under 40 years old, but already published in some studies by the 
Instituto Angolano de Controlo do Cancer (IACC) and estimates 
by Globocan show that prostate cancer is the most frequent among 
Angolan men, and in women  cervical cancer followed by breast 
[1,59,64].

It was noticeable in the study that for adults over 41 years of 
age, the most suspected cancers are related to CA 15.3(50.8%), 
CEA(24.8%), TPSA(24.6%), and to the markers AFP and CA 
19.9 the incidence of suspected cases was less than 17% and for 
CA 72.4 no suspected cases were found. Studies show that the 
cancer antigen (CA 15.3) is used to monitor response to breast 
cancer treatment and disease recurrence, although the diagnostic 
threshold varies according to the laboratory and the kit used, 
data from the present study corroborate with those found in the 
literature, where we observed a high incidence of breast cancer 
in women, although CA 15.3 has not been used specifically for 
breast cancer screening, it can be implemented to reduce costs 
and high risks with mammography at these ages. A recent study 
showed that the combination of neutrophil lymphocytes (NLR), 
prognostic nutritional index (PNI), D-dimer (D-D), CD3+ T 
lymphocytes (CD3+ T) and CEA has a high clinical application 
value for colorectal cancer and can provide a reference for early 
screening and auxiliary diagnosis of colorectal cancer60. CEA 
is the most widely used tumor marker for clinical screening 
and diagnosis of colorectal cancer. It has great advantages as it 
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is a simple, non-invasive test with good reproducibility, but due 
to insufficient sensitivity and low organ specificity, its single 
detection has some limitations, these suspected cases are in line 
with Globocan data where they demonstrate that for 2020 the 
incidence of colorectal cancer in men appears in second place 
behind only prostate cancer and women in third place; these data 
are very interesting a prospective study to validate these data can 
be done in the future to elucidate and validate this data59. Prostate 
cancer is the most common type of cancer in Angola and the TPSA 
assessment is already routinely applied in clinical practice for 
screening, diagnosis, and monitoring of response to therapy [64]. 
Although the TPSA is widely applied for screening, a recent study 
showed that different clinical indicators should also be used for 
prostate cancer screening at different ages, they recommend that 
different clinical indicators be used in the screening and diagnosis 
of prostate cancer at different ages [61].

The study identified that in women (Table 2) the highest incidence 
of suspected cases was found in the evaluation of CA15.3 (71.8%), 
which is used to monitor the response to breast cancer treatment 
and evaluating recurrence, these data corroborate data from the 
literature that indicate that breast cancer is the most frequent in 
almost all cases and Angola in particular it is the second most 
incident type of cancer only behind cervical cancer, the use of 
this marker for cancer screening of breast cancer in the Angolan 
population can reduce mammography costs and women's 
continued exposure to low doses of radiation that these devices 
can mimic. AFP was the second marker with the highest number 
of suspected cases in women (32.5%) and has been the most used 
for HCC (hepatocellular carcinoma) which, according to data from 
Globocan, liver cancer represents the fifth most incident in Angola 
women, understanding that early screening can reduce the risk 
and eliminate the chances of advanced cases, as well as improve 
the clinical and pathological response and make the neoplasm 
curative, we believe that its applicability in hospital units could 
help a lot in the timely diagnosis and immediate treatment [59,64]. 
In the same data from the present study, AFP appears in men with 
about 30.2% of suspected cases, and may be associated with other 
factors or other liver diseases, whose causes or associated factors 
may turn out to be socio-demographic conditions not explored in 
this study, however, and the suspicion of prostate cancer by the 
TPSA screen was 23.6% in male individuals included in the study, 
which may be a sign that prostate cancer may be common in young 
Angolans and studies deeper studies are needed to understand the 
reality of the disease in the Angolan context.

We believe that the most interesting data in the present study is in 
the comparison between the markers in different groups, in the case 
of data between men and women (Fig.1), observing the difference 
between the means of each marker in non-suspected VS suspects, 
we found that the difference between the averages of the AFP, 
CA 125, CA 15.3, CA 19.9, CA 72.4 and CEA markers between 
non-suspected/suspected individuals was greater than 70% in both 
sexes, which may indicate that most diagnoses happen randomly 
very late, certainly because of the difficulty that patients have in 

receiving the diagnosis, or the late search for medical services for 
diagnosis. In general, the data in Fig. 1 shows a high number of 
suspected cases in men and women compared to non-suspected 
cases, except for the TPSA marker, which is evaluated only in 
men; therefore, the highest suspected cases in both sexes were CA 
19.9, CA 15.3, CA 125 and AFP, this data is contradictory because 
when we compare it with Globocan estimates for 2020, cervical 
cancer appears in first, followed by breast and colorectal cancer 
and in males, prostate cancer followed by colorectal cancer and 
lymphoma [59,64]. These data need to be refined, as our study is 
based on tumor markers that are not always used for screening, 
and Globocan estimates are based on data from the region and not 
always on hospital record bases.

Surprisingly, the data in Fig. 2 drew attention, since when we 
compared the average markers in non-suspected/suspected children 
and adolescents, we observed that the average markers CA 15.3, 
CA 125, and AFP in non-suspected and suspected children and 
adolescents were greater than 1000%, these data, in addition to 
showing a high prevalence of suspected cases in this group of 
individuals, also demonstrate that little attention is paid to the 
health of children and adolescents, which may be associated with 
public policies and inefficient health programs in the diagnosis and 
fight against cancer which means that children and adolescents 
are being submitted to screening only upon medical request, 
however, no national study has demonstrated the incidence of 
HCC in children and adolescents, which makes this study the first 
in this regard. This preliminary work will open the opportunity for 
further study to elucidate different points not clarified here. The 
CA 125 marker also appears in our study in both relatively high 
intervals, this demonstrates that in children and adolescents, the 
suspicion of ovarian cancer is high. risk of developing ovarian and 
uterine cancer is non-existent or incipient, therefore the CA 125 
marker is essential in the screening of ovarian cancer and could 
be routinely applied 51. CA 15-3 showed very high suspicious 
cases in adolescents, this is another interesting data that needs to 
be explored in future studies.

When comparing the evaluation of markers in suspected and 
non-suspected youths and adults (Fig.3), the mean AFP, CA 125, 
CA 15.3, CA 19.9, CEA, and TPSA in suspected individuals was 
greater than 500% when compared to non-suspected individuals, 
these data illustrate how robust this condition of suspicion is and 
the severity of cancer in the studied individuals. Thus, for young 
people and adults of both sexes, the greatest suspicions were 
for ovarian cancer, breast cancer, lung cancer, and uterine colon 
cancer, data that contradict the local incidence of other studies  
that highlight cervical cancer uterine cancer, female breast cancer, 
followed by pancreatic cancer, colorectal cancer, true biliary 
cancer and liver cancer and markers for ovarian cancer also have 
a very high average of suspected cases of liver cancer, ovarian 
cancer, testicles [54,64].

Despite prostate cancer being the most frequent in men in our study, 
the means of this marker in suspected cases did not exceed CA19.9, 
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AFP, and CA125, this fact can be justified by our population 
pyramid, which demonstrates a mostly young population and our 
reality, few young people and adults are not screened for prostate 
cancer. Individuals often undergo tests and show symptoms, which 
can translate into an already advanced stage of the disease.

5. Conclusions
The results of our study elucidated the relevance of tumor 
biomarkers in screening for different types of cancer, although 
in clinical practice some are not used for screening in Angola, 
it is essential to validate their viability, cost, and benefit in our 
population. These results also highlight the robustness of the mean 
in suspected cases, which is 15 to 17 times higher in some markers 
than in non-suspected cases. The data corroborate the incidence 
of the main types of cancer that affect the Angolan population, 
refining these data and further prospective studies to validate these 
results are necessary so that we can define screening strategies for 
tumor biomarkers specifically for our population.

Acknowledgment
The authors thank all study participants for agreeing to participate 
in the research and providing all the information necessary for this 
study. We thank the clinical and research staff of MEDIAG Labs, 
ICISA, CEIP/UPRA, CISA/INIS, and CNIC for their scientific, 
technical, logistic, and institutional support.

Interest conflicts
The authors declare that there are no conflicts of interest. 

Funding
The authors did not receive funding from any public or private 
institution to carry out this work. 

Authors' contributions
Conceptualization: EKC, JF, ENMS. Data curation: EKC, JF, 
ENMS, MSE, LQ, AA, SRS. Formal analysis: ENMS, CSS, EKC, 
and  JF. Investigation: ENMS, EKC, JF, LQ. Project administration: 
EKC, JF, ENMS, CSS, MSE, LQ, AA, SRS. Supervision: CAPS 
and LQ. Validation: ENMS, EKC, and JF. Writing – original 
draft: EKC, ENMS, and JF. Writing – review & editing: EKC, JF, 
ENMS, CSS, CAPS, MSE, LQ, AA, SRS. All authors approved 
the submitted version of this manuscript.

References
1.	 Sharma, R., Nanda, M., Fronterre, C., Sewagudde, P., 

Ssentongo, A. E., Yenney, K., ... & Ssentongo, P. (2022). 
Mapping cancer in Africa: a comprehensive and comparable 
characterization of 34 cancer types using estimates from 
GLOBOCAN 2020. Frontiers in Public Health, 10, 744.

2.	 Grunnet, M., & Sorensen, J. B. (2012). Carcinoembryonic 
antigen (CEA) as tumor marker in lung cancer. Lung cancer, 
76(2), 138-143.

3.	 Yang, X., Wang, D., Yang, Z., Qing, Y., Zhang, Z., Wang, 
G., ... & Wang, Z. (2011). CEA is an independent prognostic 
indicator that is associated with reduced survival and liver 

metastases in SCLC. Cell biochemistry and biophysics, 59, 
113-119.

4.	 Shimada, H., Noie, T., Ohashi, M., Oba, K., & Takahashi, 
Y. (2014). Clinical significance of serum tumor markers for 
gastric cancer: a systematic review of literature by the Task 
Force of the Japanese Gastric Cancer Association. Gastric 
cancer, 17, 26-33.

5.	 Charkhchi, P., Cybulski, C., Gronwald, J., Wong, F. O., Narod, 
S. A., & Akbari, M. R. (2020). CA125 and ovarian cancer: a 
comprehensive review. Cancers, 12(12), 3730.

6.	 Plummer, M., de Martel, C., Vignat, J., Ferlay, J., Bray, F., & 
Franceschi, S. (2016). Global burden of cancers attributable 
to infections in 2012: a synthetic analysis. The Lancet Global 
Health, 4(9), e609-e616. 

7.	 Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. (2019). 
Erratum: Correction to Lancet Glob Health 2018; 6: e1077-86 
(The Lancet. Global health (2018) 6 10 (e1077-e1086) PII: 
S2214-109X (18) 30454-6). The Lancet. Global health, 7(1), 
e36.

8.	 INE. Luanda, Angola 2016 Projeccão da População de Luanda 
2014-2050Instituto Nacional de Estatística

9.	 Kirmiz, C., Li, B., An, H. J., Clowers, B. H., Chew, H. K., 
Lam, K. S., ... & Miyamoto, S. (2007). A Serum Glycomics 
Approach to Breast Cancer Biomarkers* S. Molecular & 
Cellular Proteomics, 6(1), 43-55.

10.	 Duffy, V. G. (Ed.). (2015). Digital Human Modeling: 
Applications in Health, Safety, Ergonomics and Risk 
Management: Ergonomics and Health: 6th International 
Conference, DHM 2015, Held as Part of HCI International 
2015, Los Angeles, CA, USA, August 2-7, 2015, Proceedings, 
Part II (Vol. 9185). Springer.

11.	 Miao, R., Badger, T. C., Groesch, K., Diaz-Sylvester, P. L., 
Wilson, T., Ghareeb, A., ... & Braundmeier-Fleming, A. 
(2020). Assessment of peritoneal microbial features and 
tumor marker levels as potential diagnostic tools for ovarian 
cancer. PLoS One, 15(1), e0227707.

12.	 Ramphal, W., Boeding, J. R., van Iwaarden, M., 
Schreinemakers, J. M., Rutten, H. J., Crolla, R. M., & 
Gobardhan, P. D. (2019). Serum carcinoembryonic antigen to 
predict recurrence in the follow-up of patients with colorectal 
cancer. The International journal of biological markers, 34(1), 
60-68.

13.	 Tarighati, E., Keivan, H., & Mahani, H. (2022). A review of 
prognostic and predictive biomarkers in breast cancer. Clinical 
and Experimental Medicine, 1-16.

14.	 Fenqi, D., Yupeng, L., Qiuju, Z., Chao, Y., Wenjie, S., 
Tianyi, X., ... & Yanlong, L. (2022). Early postoperative 
serum carcinoembryonic antigen is a stronger independent 
prognostic factor for stage II colorectal cancer patients than 
T4 stage and preoperative CEA. Frontiers in Oncology, 11, 
758509.

15.	 Xue, J., Cao, Z., Cheng, Y., Wang, J., Liu, Y., Yang, R., ... & 
Zhang, X. (2020). Acetylation of alpha-fetoprotein promotes 
hepatocellular carcinoma progression. Cancer letters, 471, 12-
26.

https://www.frontiersin.org/articles/10.3389/fpubh.2022.839835/full?trk=public_post_main-feed-card_feed-article-content
https://www.frontiersin.org/articles/10.3389/fpubh.2022.839835/full?trk=public_post_main-feed-card_feed-article-content
https://www.frontiersin.org/articles/10.3389/fpubh.2022.839835/full?trk=public_post_main-feed-card_feed-article-content
https://www.frontiersin.org/articles/10.3389/fpubh.2022.839835/full?trk=public_post_main-feed-card_feed-article-content
https://www.frontiersin.org/articles/10.3389/fpubh.2022.839835/full?trk=public_post_main-feed-card_feed-article-content
https://www.sciencedirect.com/science/article/pii/S0169500211005861
https://www.sciencedirect.com/science/article/pii/S0169500211005861
https://www.sciencedirect.com/science/article/pii/S0169500211005861
https://link.springer.com/article/10.1007/s12013-010-9121-0
https://link.springer.com/article/10.1007/s12013-010-9121-0
https://link.springer.com/article/10.1007/s12013-010-9121-0
https://link.springer.com/article/10.1007/s12013-010-9121-0
https://link.springer.com/article/10.1007/s12013-010-9121-0
https://link.springer.com/article/10.1007/s10120-013-0259-5
https://link.springer.com/article/10.1007/s10120-013-0259-5
https://link.springer.com/article/10.1007/s10120-013-0259-5
https://link.springer.com/article/10.1007/s10120-013-0259-5
https://link.springer.com/article/10.1007/s10120-013-0259-5
https://www.mdpi.com/2072-6694/12/12/3730
https://www.mdpi.com/2072-6694/12/12/3730
https://www.mdpi.com/2072-6694/12/12/3730
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(16)30143-7/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(16)30143-7/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(16)30143-7/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(16)30143-7/fulltext
https://research-repository.uwa.edu.au/en/publications/erratum-correction-to-lancet-glob-health-2018-6-e1077-86-the-lanc
https://research-repository.uwa.edu.au/en/publications/erratum-correction-to-lancet-glob-health-2018-6-e1077-86-the-lanc
https://research-repository.uwa.edu.au/en/publications/erratum-correction-to-lancet-glob-health-2018-6-e1077-86-the-lanc
https://research-repository.uwa.edu.au/en/publications/erratum-correction-to-lancet-glob-health-2018-6-e1077-86-the-lanc
https://research-repository.uwa.edu.au/en/publications/erratum-correction-to-lancet-glob-health-2018-6-e1077-86-the-lanc
https://www.revistappr.com.br/artigos/publicados/artigo-leitura-geografica-e-socio-demografica-de-um-litoral-em-crise-urbana-os-casos-das-cidades-de-benguela-e-lobito-em-angola.pdf
https://www.revistappr.com.br/artigos/publicados/artigo-leitura-geografica-e-socio-demografica-de-um-litoral-em-crise-urbana-os-casos-das-cidades-de-benguela-e-lobito-em-angola.pdf
https://www.mcponline.org/article/S1535-9476(20)31429-8/abstract
https://www.mcponline.org/article/S1535-9476(20)31429-8/abstract
https://www.mcponline.org/article/S1535-9476(20)31429-8/abstract
https://www.mcponline.org/article/S1535-9476(20)31429-8/abstract
https://books.google.com/books?hl=en&lr=&id=Xbc0CgAAQBAJ&oi=fnd&pg=PP6&dq=10.%09Duffy+VG,+editor.+Digital+Human+Modeling:+Applications+in+Health,+Safety,+Ergonomics,+and+Risk+Management:+Ergonomics+and+Health:+Proceedings.+Part+2.+Springer%3B+2015&ots=5UNWqldSMn&sig=jLm8PZB0wrU40L4KG7h4NbEvuDg
https://books.google.com/books?hl=en&lr=&id=Xbc0CgAAQBAJ&oi=fnd&pg=PP6&dq=10.%09Duffy+VG,+editor.+Digital+Human+Modeling:+Applications+in+Health,+Safety,+Ergonomics,+and+Risk+Management:+Ergonomics+and+Health:+Proceedings.+Part+2.+Springer%3B+2015&ots=5UNWqldSMn&sig=jLm8PZB0wrU40L4KG7h4NbEvuDg
https://books.google.com/books?hl=en&lr=&id=Xbc0CgAAQBAJ&oi=fnd&pg=PP6&dq=10.%09Duffy+VG,+editor.+Digital+Human+Modeling:+Applications+in+Health,+Safety,+Ergonomics,+and+Risk+Management:+Ergonomics+and+Health:+Proceedings.+Part+2.+Springer%3B+2015&ots=5UNWqldSMn&sig=jLm8PZB0wrU40L4KG7h4NbEvuDg
https://books.google.com/books?hl=en&lr=&id=Xbc0CgAAQBAJ&oi=fnd&pg=PP6&dq=10.%09Duffy+VG,+editor.+Digital+Human+Modeling:+Applications+in+Health,+Safety,+Ergonomics,+and+Risk+Management:+Ergonomics+and+Health:+Proceedings.+Part+2.+Springer%3B+2015&ots=5UNWqldSMn&sig=jLm8PZB0wrU40L4KG7h4NbEvuDg
https://books.google.com/books?hl=en&lr=&id=Xbc0CgAAQBAJ&oi=fnd&pg=PP6&dq=10.%09Duffy+VG,+editor.+Digital+Human+Modeling:+Applications+in+Health,+Safety,+Ergonomics,+and+Risk+Management:+Ergonomics+and+Health:+Proceedings.+Part+2.+Springer%3B+2015&ots=5UNWqldSMn&sig=jLm8PZB0wrU40L4KG7h4NbEvuDg
https://books.google.com/books?hl=en&lr=&id=Xbc0CgAAQBAJ&oi=fnd&pg=PP6&dq=10.%09Duffy+VG,+editor.+Digital+Human+Modeling:+Applications+in+Health,+Safety,+Ergonomics,+and+Risk+Management:+Ergonomics+and+Health:+Proceedings.+Part+2.+Springer%3B+2015&ots=5UNWqldSMn&sig=jLm8PZB0wrU40L4KG7h4NbEvuDg
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227707
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227707
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227707
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227707
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227707
https://journals.sagepub.com/doi/full/10.1177/1724600818820679
https://journals.sagepub.com/doi/full/10.1177/1724600818820679
https://journals.sagepub.com/doi/full/10.1177/1724600818820679
https://journals.sagepub.com/doi/full/10.1177/1724600818820679
https://journals.sagepub.com/doi/full/10.1177/1724600818820679
https://journals.sagepub.com/doi/full/10.1177/1724600818820679
https://link.springer.com/article/10.1007/s10238-021-00781-1
https://link.springer.com/article/10.1007/s10238-021-00781-1
https://link.springer.com/article/10.1007/s10238-021-00781-1
https://www.frontiersin.org/articles/10.3389/fonc.2021.758509/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.758509/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.758509/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.758509/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.758509/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.758509/full
https://www.sciencedirect.com/science/article/pii/S0304383519306093
https://www.sciencedirect.com/science/article/pii/S0304383519306093
https://www.sciencedirect.com/science/article/pii/S0304383519306093
https://www.sciencedirect.com/science/article/pii/S0304383519306093


  Volume 9 | Issue 1 | 11Int J Cancer ResTher, 2024

16.	 Di Bisceglie, A. M. (2004). Issues in screening and 
surveillance for hepatocellular carcinoma. Gastroenterology, 
127(5), S104-S107.

17.	 Naz, Z., Usman, S., Saleem, K., Ahmed, S., Bashir, H., Bilal, 
M., & Sumrin, A. (2018). Alpha-fetoprotein: A fabulous 
biomarker in hepatocellular, gastric and rectal cancer 
diagnosis. Biomed. Res, 29, 2478-2483.

18.	 Terentiev, A. A., & Moldogazieva, N. T. (2013). Alpha-
fetoprotein: a renaissance. Tumor Biology, 34, 2075-2091.

19.	 Biswas, P. K., Sardar, M. H., Saha, G. C., Hossain, M. S., 
Rahman, M. M., Chowdhury, M. K., & Paul, T. (2019). 
Clinical Value of Serum Cancer Antigen 19-9 as a Tumor 
Screening Marker among Healthy Individuals. Journal of 
Medicine, 20(2),92-94.

20.	 Wang, S. L., Yu, G. Y., Yao, J., Li, Z. S., Mao, A. R., & Bai, 
Y. (2018). Diagnostic role of carbohydrate antigen 72‐4 for 
gastrointestinal malignancy screening in Chinese patients: A 
prospective study. Journal of Digestive Diseases, 19(11), 685-
692.

21.	 Paschen, U., Sturtz, S., Fleer, D., Lampert, U., Skoetz, N., 
& Dahm, P. (2022). Assessment of prostate‐specific antigen 
screening: an evidence‐based report by the German Institute 
for Quality and Efficiency in Health Care. BJU international, 
129(3), 280-289.

22.	 Hugosson, J., Roobol, M. J., Månsson, M., Tammela, T. 
L., Zappa, M., Nelen, V., ... & Auvinen, A. (2019). A 16-yr 
Follow-up of the European Randomized study of Screening 
for Prostate Cancer. European urology, 76(1), 43-51.

23.	 Martin, R. M., Donovan, J. L., Turner, E. L., Metcalfe, C., 
Young, G. J., Walsh, E. I., ... & CAP Trial Group. (2018). 
Effect of a low-intensity PSA-based screening intervention on 
prostate cancer mortality: the CAP randomized clinical trial. 
Jama, 319(9), 883-895.

24.	 PINSKY, P. F., MILLER, E. A., Prorok, P., Grubb, R., 
Crawford, E. D., & Andriole, G. (2019). Extended follow-
up for prostate cancer incidence and mortality in the PLCO 
randomized cancer screening trial. BJU international, 123(5), 
854.

25.	 Martins, I., Ribeiro, I. P., Jorge, J., Gonçalves, A. C., Sarmento-
Ribeiro, A. B., Melo, J. B., & Carreira, I. M. (2021). Liquid 
biopsies: applications for cancer diagnosis and monitoring. 
Genes, 12(3), 349.

26.	 Aaltonen, K. E., Novosadová, V., Bendahl, P. O., Graffman, 
C., Larsson, A. M., & Rydén, L. (2017). Molecular 
characterization of circulating tumor cells from patients with 
metastatic breast cancer reflects evolutionary changes in gene 
expression under the pressure of systemic therapy. Oncotarget, 
8(28), 45544.

27.	 Qi, L. N., Xiang, B. D., Wu, F. X., Ye, J. Z., Zhong, J. H., 
Wang, Y. Y., ... & Li, L. Q. (2018). Circulating tumor cells 
undergoing EMT provide a metric for diagnosis and prognosis 
of patients with hepatocellular carcinoma. Cancer research, 
78(16), 4731-4744.

28.	 Mastoraki, S., Strati, A., Tzanikou, E., Chimonidou, M., 

Politaki, E., Voutsina, A., ... & Lianidou, E. (2018). ESR1 
methylation: A liquid biopsy–based epigenetic assay for the 
follow-up of patients with metastatic breast cancer receiving 
endocrine treatment. Clinical Cancer Research, 24(6), 1500-
1510.

29.	 Malczewska, A., Oberg, K., Bodei, L., Aslanian, H., Lewczuk, 
A., Filosso, P. L., ... & Ćwikła, J. (2019). NETest liquid biopsy 
is diagnostic of lung neuroendocrine tumors and identifies 
progressive disease. Neuroendocrinology, 108(3), 219-231.

30.	 Zedan, A. H., Hansen, T. F., Assenholt, J., Madsen, J. S., & 
Osther, P. J. (2019). Circulating miRNAs in localized/locally 
advanced prostate cancer patients after radical prostatectomy 
and radiotherapy. The Prostate, 79(4), 425-432.

31.	 Hinestrosa, J. P., Kurzrock, R., Lewis, J. M., Schork, N. J., 
Schroeder, G., Kamat, A. M., ... & Krishnan, R. (2022). Early-
stage multi-cancer detection using an extracellular vesicle 
protein-based blood test. Communications medicine, 2(1), 29.

32.	 Ogle, L. F., Orr, J. G., Willoughby, C. E., Hutton, C., 
McPherson, S., Plummer, R., ... & Reeves, H. L. (2016). 
Imagestream detection and characterisation of circulating 
tumour cells–A liquid biopsy for hepatocellular carcinoma?. 
Journal of hepatology, 65(2), 305-313.

33.	 von Felden, J., Garcia-Lezana, T., Schulze, K., Losic, B., 
& Villanueva, A. (2020). Liquid biopsy in the clinical 
management of hepatocellular carcinoma. Gut.

34.	 Roy, D., & Tiirikainen, M. (2020). Diagnostic power of DNA 
methylation classifiers for early detection of cancer. Trends in 
cancer, 6(2), 78-81.

35.	 Biting, Z., Kailun, X., Zheng, X., Chen, T., Wang, J., Yongmao, 
S., ... & Zheng, S. (2020). Application of exosomes as liquid 
biopsy in clinical diagnosis. Signal Transduction and Targeted 
Therapy, 5(1).

36.	 Mattox, A. K., Bettegowda, C., Zhou, S., Papadopoulos, N., 
Kinzler, K. W., & Vogelstein, B. (2019). Applications of liquid 
biopsies for cancer. Science translational medicine, 11(507), 
eaay1984.

37.	 Campos-Carrillo, A., Weitzel, J. N., Sahoo, P., Rockne, R., 
Mokhnatkin, J. V., Murtaza, M., ... & Slavin, T. P. (2020). 
Circulating tumor DNA as an early cancer detection tool. 
Pharmacology & therapeutics, 207, 107458.

38.	 Asante, D. B., Calapre, L., Ziman, M., Meniawy, T. M., & 
Gray, E. S. (2020). Liquid biopsy in ovarian cancer using 
circulating tumor DNA and cells: ready for prime time?. 
Cancer letters, 468, 59-71.

39.	 Ionescu, F., Zhang, J., & Wang, L. (2022). Clinical applications 
of liquid biopsy in prostate cancer: from screening to predictive 
biomarker. Cancers, 14(7), 1728.

40.	 Niv, Y., & Sperber, A. D. (1995). Sensitivity, specificity, and 
predictive value of fecal occult blood testing (Hemoccult 
II) for colorectal neoplasia in symptomatic patients: a 
prospective study with total colonoscopy. American Journal 
of Gastroenterology (Springer Nature), 90(11).

41.	 Ransohoff, D. F., & Lang, C. A. (1996). Improving the fecal 
occult-blood test. New England Journal of Medicine, 334(3), 

https://www.sciencedirect.com/science/article/pii/S0016508504016014
https://www.sciencedirect.com/science/article/pii/S0016508504016014
https://www.sciencedirect.com/science/article/pii/S0016508504016014
https://www.academia.edu/download/69285217/alphafetoprotein-a-fabulous-biomarker-in-hepatocellular-gastric-and-rectal-cancer-diagnosis.pdf
https://www.academia.edu/download/69285217/alphafetoprotein-a-fabulous-biomarker-in-hepatocellular-gastric-and-rectal-cancer-diagnosis.pdf
https://www.academia.edu/download/69285217/alphafetoprotein-a-fabulous-biomarker-in-hepatocellular-gastric-and-rectal-cancer-diagnosis.pdf
https://www.academia.edu/download/69285217/alphafetoprotein-a-fabulous-biomarker-in-hepatocellular-gastric-and-rectal-cancer-diagnosis.pdf
https://link.springer.com/article/10.1007/s13277-013-0904-y
https://link.springer.com/article/10.1007/s13277-013-0904-y
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=19979797&AN=138716710&h=1OEG9brVywF9Zgix3W07qNvToYq7KVtc8RaAOfzgMYLJkNtUD3a3a%2FX2jovW%2B8CcNG26qt9xSufUNOnRPfFxSQ%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=19979797&AN=138716710&h=1OEG9brVywF9Zgix3W07qNvToYq7KVtc8RaAOfzgMYLJkNtUD3a3a%2FX2jovW%2B8CcNG26qt9xSufUNOnRPfFxSQ%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=19979797&AN=138716710&h=1OEG9brVywF9Zgix3W07qNvToYq7KVtc8RaAOfzgMYLJkNtUD3a3a%2FX2jovW%2B8CcNG26qt9xSufUNOnRPfFxSQ%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=19979797&AN=138716710&h=1OEG9brVywF9Zgix3W07qNvToYq7KVtc8RaAOfzgMYLJkNtUD3a3a%2FX2jovW%2B8CcNG26qt9xSufUNOnRPfFxSQ%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=19979797&AN=138716710&h=1OEG9brVywF9Zgix3W07qNvToYq7KVtc8RaAOfzgMYLJkNtUD3a3a%2FX2jovW%2B8CcNG26qt9xSufUNOnRPfFxSQ%3D%3D&crl=c
https://onlinelibrary.wiley.com/doi/abs/10.1111/1751-2980.12681
https://onlinelibrary.wiley.com/doi/abs/10.1111/1751-2980.12681
https://onlinelibrary.wiley.com/doi/abs/10.1111/1751-2980.12681
https://onlinelibrary.wiley.com/doi/abs/10.1111/1751-2980.12681
https://onlinelibrary.wiley.com/doi/abs/10.1111/1751-2980.12681
https://bjui-journals.onlinelibrary.wiley.com/doi/abs/10.1111/bju.15444
https://bjui-journals.onlinelibrary.wiley.com/doi/abs/10.1111/bju.15444
https://bjui-journals.onlinelibrary.wiley.com/doi/abs/10.1111/bju.15444
https://bjui-journals.onlinelibrary.wiley.com/doi/abs/10.1111/bju.15444
https://bjui-journals.onlinelibrary.wiley.com/doi/abs/10.1111/bju.15444
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7513694/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7513694/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7513694/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7513694/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6450783/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6450783/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6450783/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6450783/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6450783/
https://www.mdpi.com/2073-4425/12/3/349/pdf
https://www.mdpi.com/2073-4425/12/3/349/pdf
https://www.mdpi.com/2073-4425/12/3/349/pdf
https://www.mdpi.com/2073-4425/12/3/349/pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542207/
https://www.academia.edu/download/82227136/1500.full.pdf
https://www.academia.edu/download/82227136/1500.full.pdf
https://www.academia.edu/download/82227136/1500.full.pdf
https://www.academia.edu/download/82227136/1500.full.pdf
https://www.academia.edu/download/82227136/1500.full.pdf
https://www.academia.edu/download/82227136/1500.full.pdf
https://karger.com/nen/article-abstract/108/3/219/220352
https://karger.com/nen/article-abstract/108/3/219/220352
https://karger.com/nen/article-abstract/108/3/219/220352
https://karger.com/nen/article-abstract/108/3/219/220352
https://onlinelibrary.wiley.com/doi/abs/10.1002/pros.23748
https://onlinelibrary.wiley.com/doi/abs/10.1002/pros.23748
https://onlinelibrary.wiley.com/doi/abs/10.1002/pros.23748
https://onlinelibrary.wiley.com/doi/abs/10.1002/pros.23748
https://www.nature.com/articles/s43856-022-00088-6
https://www.nature.com/articles/s43856-022-00088-6
https://www.nature.com/articles/s43856-022-00088-6
https://www.nature.com/articles/s43856-022-00088-6
https://www.sciencedirect.com/science/article/pii/S0168827816301465
https://www.sciencedirect.com/science/article/pii/S0168827816301465
https://www.sciencedirect.com/science/article/pii/S0168827816301465
https://www.sciencedirect.com/science/article/pii/S0168827816301465
https://www.sciencedirect.com/science/article/pii/S0168827816301465
https://gut.bmj.com/content/gutjnl/early/2020/09/03/gutjnl-2019-320282.full.pdf
https://gut.bmj.com/content/gutjnl/early/2020/09/03/gutjnl-2019-320282.full.pdf
https://gut.bmj.com/content/gutjnl/early/2020/09/03/gutjnl-2019-320282.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7188195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7188195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7188195/
https://search.proquest.com/openview/8194b1f824372489cd44ce838f0289db/1?pq-origsite=gscholar&cbl=2041911
https://search.proquest.com/openview/8194b1f824372489cd44ce838f0289db/1?pq-origsite=gscholar&cbl=2041911
https://search.proquest.com/openview/8194b1f824372489cd44ce838f0289db/1?pq-origsite=gscholar&cbl=2041911
https://search.proquest.com/openview/8194b1f824372489cd44ce838f0289db/1?pq-origsite=gscholar&cbl=2041911
https://www.science.org/doi/abs/10.1126/scitranslmed.aay1984
https://www.science.org/doi/abs/10.1126/scitranslmed.aay1984
https://www.science.org/doi/abs/10.1126/scitranslmed.aay1984
https://www.science.org/doi/abs/10.1126/scitranslmed.aay1984
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6957244/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6957244/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6957244/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6957244/
https://www.sciencedirect.com/science/article/pii/S0304383519305117
https://www.sciencedirect.com/science/article/pii/S0304383519305117
https://www.sciencedirect.com/science/article/pii/S0304383519305117
https://www.sciencedirect.com/science/article/pii/S0304383519305117
https://www.mdpi.com/2072-6694/14/7/1728
https://www.mdpi.com/2072-6694/14/7/1728
https://www.mdpi.com/2072-6694/14/7/1728
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=00029270&AN=16141681&h=mseOgBzdB6NN0%2BPeJX1N2RgPF6Lty2rhFzFm%2BOtiBZvJPnClohCupOti2MQE%2FyfnymElKblqiB48jhb4Gwwmqg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=00029270&AN=16141681&h=mseOgBzdB6NN0%2BPeJX1N2RgPF6Lty2rhFzFm%2BOtiBZvJPnClohCupOti2MQE%2FyfnymElKblqiB48jhb4Gwwmqg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=00029270&AN=16141681&h=mseOgBzdB6NN0%2BPeJX1N2RgPF6Lty2rhFzFm%2BOtiBZvJPnClohCupOti2MQE%2FyfnymElKblqiB48jhb4Gwwmqg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=00029270&AN=16141681&h=mseOgBzdB6NN0%2BPeJX1N2RgPF6Lty2rhFzFm%2BOtiBZvJPnClohCupOti2MQE%2FyfnymElKblqiB48jhb4Gwwmqg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=00029270&AN=16141681&h=mseOgBzdB6NN0%2BPeJX1N2RgPF6Lty2rhFzFm%2BOtiBZvJPnClohCupOti2MQE%2FyfnymElKblqiB48jhb4Gwwmqg%3D%3D&crl=c
https://www.nejm.org/doi/pdf/10.1056/NEJM199601183340312
https://www.nejm.org/doi/pdf/10.1056/NEJM199601183340312


  Volume 9 | Issue 1 | 12Int J Cancer ResTher, 2024 https://opastpublishers.com/

Copyright: ©2024 Edson Kuatelela Cassinela, et al. This is an open-access 
article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original author and source are credited.

189-190.
42.	 Phalguni, A., Seaman, H., Routh, K., Halloran, S., & 

Simpson, S. (2015). Tests detecting biomarkers for screening 
of colorectal cancer: What is on the horizon?. GMS Health 
Technology Assessment, 11.

43.	 Pollack, A., Busingye, D., Thistlethwaite, J., Blogg, S., & 
Chidwick, K. (2022). Characteristics of patients aged 50–74 
years with a request for an immunochemical faecal occult 
blood test in the Australian general practice setting. Australian 
Health Review, 46(2), 222-232.

44.	 Mendis, S., Hong, W., Ananda, S., Faragher, I., Jones, I., 
Croxford, M., ... & Gibbs, P. (2022). Biology and Clinical 
Implications of Fecal Occult Blood Test Screen-Detected 
Colorectal Cancer. JNCI Cancer Spectrum, 6(1), pkab100.

45.	 Norgaard‐Pedersen, R., Albrechtsen, R., & Teilum, G. 
(1975). Serum alpha‐foetoprotein as a marker for endodermal 
sinus tumour (yolk sac tumour) or a vitelline component 
of ‘teratocarcinoma’. Acta Pathologica Microbiologica 
Scandinavica Section A Pathology, 83(6), 573-589.

46.	 Galle, P. R., Forner, A., Llovet, J. M., Mazzaferro, V., 
Piscaglia, F., Raoul, J. L., ... & Vilgrain, V. (2018). EASL 
clinical practice guidelines: management of hepatocellular 
carcinoma. Journal of hepatology, 69(1), 182-236.

47.	 Hemken, P. M., Sokoll, L. J., Yang, X., Dai, J., Elliott, D., 
Gawel, S. H., ... & Davis, G. J. (2019). Validation of a novel 
model for the early detection of hepatocellular carcinoma. 
Clinical proteomics, 16(1), 1-9.

48.	 De Cock, L., Heylen, J., Wildiers, A., Punie, K., Smeets, A., 
Weltens, C., ... & Wildiers, H. (2021). Detection of secondary 
metastatic breast cancer by measurement of plasma CA 15.3. 
ESMO open, 6(4), 100203.

49.	 Pelizzaro, F., Cardin, R., Penzo, B., Pinto, E., Vitale, A., Cillo, 
U., ... & Farinati, F. (2021). Liquid biopsy in hepatocellular 
carcinoma: where are we now?. Cancers, 13(9), 2274.

50.	 Adeku, M. A., Adegbola, O., & Ajayi, G. O. (2019). The 
predictive value of serum cancer antigen 125 (CA125) levels 
on pregnancy outcome in threatened miscarriages. Journal of 
Perinatal Medicine, 47(7), 704-709.

51.	 Yumashev, A. V., Rudiansyah, M., Chupradit, S., Kadhim, M. 
M., Jalil, A. T., Abdelbasset, W. K., ... & Bidares, R. (2022). 
Optical-based biosensor for detection of oncomarker CA 125, 
recent progress and current status. Analytical Biochemistry, 
655, 114750.

52.	 Shen, Y., Liang, Y., Cheng, X., Lu, W., Xie, X., & Wan, X. 
(2018). Ovarian fibroma/fibrothecoma with elevated serum 
CA125 level: A cohort of 66 cases. Medicine, 97(34).

53.	 Menon, U., Gentry-Maharaj, A., Burnell, M., Singh, N., Ryan, 
A., Karpinskyj, C., ... & Parmar, M. (2021). Ovarian cancer 
population screening and mortality after long-term follow-up 

in the UK Collaborative Trial of Ovarian Cancer Screening 
(UKCTOCS): a randomised controlled trial. The Lancet, 
397(10290), 2182-2193.

54.	 El Nadeim, M. Z., Ahmed, B. K., Hosni, H., Mowad, N. A., 
& Mohamed, S. A. (2022). Does CA-125 have a Role in 
Early Diagnosis of Ovarian Malignancy in Non-Menopausal 
Women?. Journal ISSN, 2766, 2276.

55.	 Roden, R., & Stern, P. L. (2018). Opportunities and challenges 
for human papillomavirus vaccination in cancer. Nature 
Reviews Cancer, 18(4), 240-254.

56.	 Chourin, S., Georgescu, D., Gray, C., Guillemet, C., Loeb, 
A., Veyret, C., & Basuyau, J. P. (2009). Value of CA 15-3 
determination in the initial management of breast cancer 
patients. Annals of Oncology, 20(5), 962-964.

57.	 Mukama, T., Fortner, R. T., Katzke, V., Hynes, L. C., Petrera, 
A., Hauck, S. M., ... & Kaaks, R. (2022). Prospective 
evaluation of 92 serum protein biomarkers for early detection 
of ovarian cancer. British journal of cancer, 126(9), 1301-
1309.

58.	 Li, J., Cheng, Z. J., Liu, Y., Yan, Z. L., Wang, K., Wu, D., ... & 
Shen, F. (2015). Serum thioredoxin is a diagnostic marker for 
hepatocellular carcinoma. Oncotarget, 6(11), 9551.

59.	 Miguel, F., Bento, M. J., De Lacerda, G. F., Weiderpass, E., 
& Santos, L. L. (2019). A hospital-based cancer registry in 
Luanda, Angola: the Instituto Angolano de Controlo do Cancer 
(IACC) Cancer registry. Infectious Agents and Cancer, 14(1), 
1-9.

60.	 Ding, R., Chen, Z., He, M., Cen, H., Liu, Z., & Su, Y. (2022). 
Application Value of Combined Detection of NLR, PNI, 
D-Dimer, CD3+ T Lymphocytes, and CEA in Colorectal 
Cancer Screening. Disease Markers, 2022.

61.	 Shan, J., Liu, Z., Geng, X., Feng, Y., Yang, X., Xu, H., ... & Shi, 
H. (2022). The influence of age on prostate cancer screening 
index. Journal of Clinical Laboratory Analysis, 36(1), e24098.

62.	 Smith, R. A., Andrews, K. S., Brooks, D., Fedewa, S. A., 
Manassaram‐Baptiste, D., Saslow, D., & Wender, R. C. 
(2019). Cancer screening in the United States, 2019: A review 
of current American Cancer Society guidelines and current 
issues in cancer screening. CA: a cancer journal for clinicians, 
69(3), 184-210.

63.	 Fedewa, S. A., Sauer, A. G., Siegel, R. L., & Jemal, A. (2015). 
Prevalence of major risk factors and use of screening tests for 
cancer in the United States. Cancer Epidemiology, Biomarkers 
& Prevention, 24(4), 637-652.

64.	 Armando, A., Bozzetti, M. C., de Medeiros Zelmanowicz, A., 
& Miguel, F. (2015). The epidemiology of cancer in Angola—
results from the cancer registry of the national oncology centre 
of Luanda, Angola. ecancermedicalscience, 9

https://www.nejm.org/doi/pdf/10.1056/NEJM199601183340312
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4466319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4466319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4466319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4466319/
https://www.publish.csiro.au/AH/AH21129
https://www.publish.csiro.au/AH/AH21129
https://www.publish.csiro.au/AH/AH21129
https://www.publish.csiro.au/AH/AH21129
https://www.publish.csiro.au/AH/AH21129
https://academic.oup.com/jncics/article/6/1/pkab100/6502287
https://academic.oup.com/jncics/article/6/1/pkab100/6502287
https://academic.oup.com/jncics/article/6/1/pkab100/6502287
https://academic.oup.com/jncics/article/6/1/pkab100/6502287
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1699-0463.1975.tb01385.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1699-0463.1975.tb01385.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1699-0463.1975.tb01385.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1699-0463.1975.tb01385.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1699-0463.1975.tb01385.x
https://www.sciencedirect.com/science/article/pii/S0168827818302150
https://www.sciencedirect.com/science/article/pii/S0168827818302150
https://www.sciencedirect.com/science/article/pii/S0168827818302150
https://www.sciencedirect.com/science/article/pii/S0168827818302150
https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-018-9222-0
https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-018-9222-0
https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-018-9222-0
https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-018-9222-0
https://www.sciencedirect.com/science/article/pii/S2059702921001642
https://www.sciencedirect.com/science/article/pii/S2059702921001642
https://www.sciencedirect.com/science/article/pii/S2059702921001642
https://www.sciencedirect.com/science/article/pii/S2059702921001642
https://www.mdpi.com/2072-6694/13/9/2274
https://www.mdpi.com/2072-6694/13/9/2274
https://www.mdpi.com/2072-6694/13/9/2274
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.degruyter.com/document/doi/10.1515/jpm-2019-0097/html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6112998/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6112998/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6112998/
https://www.thelancet.com/article/S0140-6736(21)00731-5/abstract
https://www.thelancet.com/article/S0140-6736(21)00731-5/abstract
https://www.thelancet.com/article/S0140-6736(21)00731-5/abstract
https://www.thelancet.com/article/S0140-6736(21)00731-5/abstract
https://www.thelancet.com/article/S0140-6736(21)00731-5/abstract
https://www.thelancet.com/article/S0140-6736(21)00731-5/abstract
http://www.jelsciences.com/articles/jbres1454.pdf
http://www.jelsciences.com/articles/jbres1454.pdf
http://www.jelsciences.com/articles/jbres1454.pdf
http://www.jelsciences.com/articles/jbres1454.pdf
https://www.nature.com/articles/nrc.2018.13/boxes/bx1
https://www.nature.com/articles/nrc.2018.13/boxes/bx1
https://www.nature.com/articles/nrc.2018.13/boxes/bx1
https://www.annalsofoncology.org/article/S0923-7534(19)40827-2/fulltext
https://www.annalsofoncology.org/article/S0923-7534(19)40827-2/fulltext
https://www.annalsofoncology.org/article/S0923-7534(19)40827-2/fulltext
https://www.annalsofoncology.org/article/S0923-7534(19)40827-2/fulltext
https://www.nature.com/articles/s41416-021-01697-z
https://www.nature.com/articles/s41416-021-01697-z
https://www.nature.com/articles/s41416-021-01697-z
https://www.nature.com/articles/s41416-021-01697-z
https://www.nature.com/articles/s41416-021-01697-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4496238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4496238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4496238/
https://infectagentscancer.biomedcentral.com/articles/10.1186/s13027-019-0249-2
https://infectagentscancer.biomedcentral.com/articles/10.1186/s13027-019-0249-2
https://infectagentscancer.biomedcentral.com/articles/10.1186/s13027-019-0249-2
https://infectagentscancer.biomedcentral.com/articles/10.1186/s13027-019-0249-2
https://infectagentscancer.biomedcentral.com/articles/10.1186/s13027-019-0249-2
https://www.hindawi.com/journals/dm/2022/7913025/
https://www.hindawi.com/journals/dm/2022/7913025/
https://www.hindawi.com/journals/dm/2022/7913025/
https://www.hindawi.com/journals/dm/2022/7913025/
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcla.24098
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcla.24098
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcla.24098
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21557
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21557
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21557
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21557
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21557
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21557
https://aacrjournals.org/cebp/article-abstract/24/4/637/70916
https://aacrjournals.org/cebp/article-abstract/24/4/637/70916
https://aacrjournals.org/cebp/article-abstract/24/4/637/70916
https://aacrjournals.org/cebp/article-abstract/24/4/637/70916
https://aacrjournals.org/cebp/article-abstract/24/4/637/70916
https://aacrjournals.org/cebp/article-abstract/24/4/637/70916
https://aacrjournals.org/cebp/article-abstract/24/4/637/70916
https://aacrjournals.org/cebp/article-abstract/24/4/637/70916

