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Abstract 

IV 

In this study blood samples were collected from 665 female from Northern state of Sudan; 

606 of those females are married and only 59 females are singles. These samples were used to 

estimate the normal CA 15-3 which was found to be similar to the international one and that is 

ranged from zero to 35 mlu/ml. when the same techniques were used using samples collected 

from patients who have been clinically diagnosed as breast cancer; CA 15-3 levels were found to 

be higher in most of these samples and the other finding is that the risk of getting breast cancer is 

starting from age 25 years. 

On the other hand, 650 males were participated in this study to estimate normal value of 

PSA, of them 553 were married. And again the levels estimated for this marker was found to be 

the same as that used globally which is ranged from zero to four ng/ml. when blood samples 

from prostate patients were assayed for PSA; the results showed high levels of this marker in 

almost all the samples as expected but the important finding is that prostate cancer is age depend. 

At the end of the project, many recommendations were highlighted to be considered in the near 

future. 
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Introduction: 

2 

The motive to conduct this research is after recognizing the remark 

increase in the cancer cases from the northern Sudan from the records at 

tiie Radiation Isotopes Center Khartoum (RICK). As consequence, this 

research was conducted to establish the normal levels for some tumor 

markers which are widely used for screening for the cancer among the 

people at risk. 

The research plan was divided into four stages which are: Firstly: 

theoretical concept of the research from October 2003 to January 2004. 

Secondly: collecting samples from the study area. Thirdly: 

measurement of CA 15-3 and PSA using RIA for samples that have been 

collected from northern state and also for the patients' samples. Lastly: 

statistical analysis and writing up the thesis. 

Cancer is a growing problem. It is a major cause of death in 

industrialized societies where life expectancy encompasses the maximum 

incidence of cancer in middle and old ages. 

Recent advances in the field of biological science have sparked 

new interest in the area of cancer biomarkers. The sequencing of the 

human genome has provided fundamental structural information about 

all human genes. Having all the genes on the table allows scientists and 

researchers to systematically study them globally as candidate 

biomarkers for cancer or other diseases. In addition, the advent of high-

throughput technologies, including microarrays and biological mass 

spectrometry, has allowed thousands of measurements to be performed 

in short periods of time. The development of powerful bioinformatics 

approaches, to combine this information into meaningful output, has 

further contributed enormously to these new technologies. It is thus 



natural for people who work in the field to feel optimistic that these new 

resources and technologies will likely facilitate the discovery of new 

cancer biomarkers with improved sensitivity and specificity. 

Academic institutions and pharmaceutical and diagnostic 

companies are using these high throughput strategies to discover the 

cancer biomarkers of the future. Pharmaceutical companies are now 

very keen to develop diagnostics because they want to use them to 

optimize and clinically validate their drug targets. 

The purpose of all these efforts is not solely the discovery of new 

diagnostics. Much work is focusing on new classification schemes for 

cancer, based on molecular changes or alterations of gene expression. 

Researchers hoped to devise new therapeutic strategies and 

individualized treatments that may be effective in subgroups, rather than 

in the whole patient population. 

Many researchers believed that the best cancer markers have 

already been discovered. It also appears that the most promising 

approaches for the future will be to use panels of cancer biomarkers, 

which can be combined with artificial intelligence algorithms to 

produce diagnostic, predictive, and classified information that is more 

powerful than ever before. It is very likely that these predictions will 

come true over the next 3-5 years (Sackett et al, 1996). 

Some organizations have focused on applications of tumor 

markers in specific cancers, e.g., the American Society of Clinical 

Oncology (ASCO) one with breast and colorectal cancer, whereas 

others have considered their use in a range of cancers, e.g., die National 

Academy of Clinical Biochemistry (NACB) and the European Group on 

Tumor Markers (EGTM). In France the "Standards, Options and 

Recommendations" (SOR) project, which started in 1993, has involved 
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fruitful collaboration of the Federation of the French Cancer Centre, the 

20 French Regional Cancer Centers, several French public universities 

and general hospitals, private clinics, and medical specialty societies, 

yielding impressively thorough guidelines for several malignancies. The 

French methodology, like that of other groups, is based on literature 

review, followed by critical appraisal by a multidisciplinary group of 

experts and finally validation of the draft guidelines by specialists in 

cancer care delivery. Though quantitative systematic reviews, in which 

articles are inspected for susceptibility to bias and meta analyses are 

performed, there are as yet few systematic reviews specifically relating 

to tumor markers on the Cochrane Library database, and generally 

conventional literature searches have been carried out. 

A very broad definition of a tumor marker is a tool that enables the 

clinician to answer clinically relevant questions regarding a cancer 

disease. However, most researchers in this field would probably prefer the 

following specific definition of a tumor marker: a molecule, a process or 

a substance, which is altered quantitatively or qualitatively in pre

cancerous or cancerous conditions, the alteration being detectable by an 

assay. Alterations can be produced either by the tumor itself or by the 

surrounding normal tissue as a response to tumor cells. Regardless of 

which definition is preferred, the tumor marker itself can be Deoxyribu 

Nucleic Acid (DNA), messenger Ribonucleic Acid (mRNA), protein or 

processes (apoptosis, angiogenesis, proliferation, etc.) measured 

quantitatively or qualitatively by an appropriate assay. 

There are many different kinds of tumor markers. Some are 

produced only by a single type of cancer; others can be produced by 

leveral types of cancers. Most tumor markers used today are proteins or 
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parts of proteins. They are detected by combining the patient's blood or 

urine with antibodies made to react with that specific protein. 

In addition, the types of specimen in which the tumor marker is 

detected can be different; tissue, blood (plasma/serum), saliva, urine, etc. 

The tumor marker assays can be of very different formats ranging 

from complex animal models to immunohistochemical test kits. The most 

commonly used format is probably the immunoassay, which is a well-

characterized methodology. However, this field is new and progressing 

rapidly and advanced assays such as microarrays and mass spectrometry 

are becoming established technologies in tumor marker research. 

The first known tumor marker was described in 1846, when Henry 

Bence-Jones reported the precipitation of a protein in acidified urine from 

patients with multiple myeloma. Detection of the monoclonal 

immunoglobulin light chain in this disease is still in use and since then 

numerous potential tumor markers have been reported on in the literature. 

Examples of such markers in clinical use are: Alpha-fetoprotein for 

tumors of the liver, testis and other germ cell line tumors, CA125 for 

epithelial ovarian cancer, Prostate Specific Antigen (PSA) for prostate 

cancer and steroid hormone receptors (estrogen- and progesterone 

receptor) used in management of breast cancer. However, as the field of 

tumor markers has expanded rapidly over the last two decades with a 

concomitant increase in published reports (Stieber et al 1999). 

A diagnostic tumor marker is a marker that will aid in detection of 

malignant disease in an individual. Preferably, the marker should be tissue 

specific and not be influenced by benign diseases of the particular 

tissue/organ. Thus, a diagnostic marker should exhibit both high levels of 

diagnostic sensitivity and specificity to be of clinical value, especially if 

the marker is to be used for (mass) screening purposes. Measurement of a 



prognostic marker gives the clinician a tool for estimating the risk of 

disease recurrence and/or cancer-related death for an individual patient 

following the initial surgical removal of the cancer but without 

administration of adjuvant therapy. 

Screening markers belong to the subclass of diagnostic markers. 

The major issue when developing new markers for screening of 

populations for presence of cancer is the specificity and sensitivity of the 

marker with regard to the diagnosis. 

Tumor markers are usually not used to diagnose cancer. Cancer can 

only be diagnosed by a biopsy procedure. Although tumor markers were 

originally developed to test for cancer in people without symptoms, only 

the PSA has filled that role. But markers can help diagnose the source of 

widespread cancer in a patient without a previous history. A typical 

example is found in women who appear for examination with cancer 

throughout the pelvis and abdomen. The presence of a high level of CA 

125 will strongly suggest ovarian cancer, even if the surgeon only sees a 

mass of tumor, and cannot locate the ovaries inside the mass. 

Markers are also used to detect recurrent cancer. Many women with breast 

cancer, for example, have yearly blood tests for levels of CA-15-3. This 

can detect cancer recurrence before the woman has symptoms. Many 

doctors question the test's value, however, because no one has shown a 

real advantage in detecting recurrent breast cancer early. Usually the 

cancer produces symptoms or can be found by the doctor around the time 

the CA 15-3 level rises. 

However, measurements of tumor marker levels alone are not 

sufficient to diagnose cancer for the following reasons: 

• Tumor marker levels can be elevated in people with benign 

conditions. 



• Tumor marker levels are not elevated in every person with cancer 

especially in the early stages of the disease. 

Many tumor markers are not specific to a particular type of cancer; the 

level of a tumor marker can be raised by more than one type of cancer. In 

addition to their role in cancer diagnosis, some tumor marker levels are 

measured before treatment to help doctors plan appropriate therapy. In 

some types of cancers, tumor marker level reflects the extent (stage) of 

the disease and can be useful in predicting how well the disease will 

respond to treatment. Tumor marker level may also be measured during 

treatment to monitor a patient's response to treatment. A decrease or 

return to normal in the level of a tumor marker may indicate that the 

cancer has responded favorably to therapy. If the tumor marker level rises, 

it may indicate that the cancer is growing. Finally, measurements of tumor 

marker level may be used after treatment has ended as a part of follow-up 

care to check for recurrence. Currently, the main use of tumor markers is 

to assess a cancer's response to treatment and to check for recurrence. 

Scientists continue to study these uses of tumor markers as well as their 

i potential role in the early detection and diagnosis of cancer. The patient's 

doctor can explain the role of tumor markers in detection, diagnosis, or 

treatment for that person. Described below are some of the most 

commonly measured tumor markers (Sturgeon 2001). 





2.1 Tumor marker 

2.1.1 Definition 

A molecule, a process or a substance, which is altered quantitatively or 

qualitatively in pre-cancerous or cancerous conditions. 

2.1.2 Classification of tumor markers: 

Tumor markers are substances that can be detected in blood, urine or body 

tissues of some patients with certain types of cancer. Traditionally, tumor 

markers are divided into two broad categories: 

1) Tumor-derived markers: these are molecules produced by the 

neoplastic cells. They include: differentiation antigens, oncofetal antigens, 

isoenzymes, hormones, tissue-specific proteins, oncogenes and their 

products, tumor suppressor genes and their products, and mucin and other 

glycoproteins or glycolipids. 

Transformed cells may produce substances that are not present in 

the normal differentiated tissues in which the tumor arises or they may 

produce substances that are characteristic of normal embryonic 

development (oncofetal antigens). 

Initially, it was believed that tumor cells could acquire the ability 

to elaborate novel molecules not found in the normal cells. Subsequently, 

however, extensive studies revealed that these molecules were also 

present in the normal cells at certain stages of development or at low 

levels of expression, thus limiting their use as a tumor marker. 

2) Tumor-associated or host-response markers: which include the 

metabolic and immunologic products of non- normal tissue produced in 

response to the presence of neoplastic tissue. Tumor-associated (host-

response) markers: On the other hand have been used to provide 
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additional information about certain cancers, to determine or confirm the 

extent of the disease or its prognosis. 

2.1.3. Tumor markers analysis: 

Tumor marker analysis constitutes a sizable portion of routine 

clinical chemistry testing. This area of investigation has improved 

considerably over the last 50 years. Many new tumor markers have been 

discovered and are now used routinely for cancer screening, diagnosis, 

and monitoring and for prediction of therapeutic response. Despite these 

advances, it is clear that the contribution of these markers to patient 

cares and, especially, to altering clinical outcomes is relatively limited. 

Most, if not all, of the markers that we use today are compromised by 

their low diagnostic sensitivity and specificity. The nature of cancer as a 

disease is such that it is not acceptable to misdiagnose or mistreat 

patients. For this reason, tumor markers are not used for definitive 

diagnosis; they are used as aids to help physicians make decisions, after 

combining other clinical and diagnostic data (Sackett et al, 1996). 

2.1.4. Guideline recommendations: 

Many of the guideline recommendations are fairly general, 

provide advice about which markers to be measured in specific 

malignancies and their appropriate applications (e.g., screening, 

diagnosis and monitoring). It is useful to compare the recommendations 

made by different groups, considering possible reasons for differences 

where they exist one these markers is the tumor marker (Sackett et al, 

1996). 

2.1.5. Description of tumor markers: 

Tumor markers, or antigens, are substances produced in the body 

by malignant tumors. Their detection is useful in both diagnosing cancer 

and monitoring therapy. This straight-forward book provides a 
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comprehensive overview designed to assist physicians who deal with 

cancer patients. The contributions by leading authorities include 

discussions of techniques for detecting tumor markers, steroid receptors, 

monoclonal antibodies, flow cytometry, chromosomal abnormalities, 

radioimmunodetection, ectopic hormones, and cell markers in leukemia, 

nucleolar antigens, and non-specific markers (Eissa 1998). 

2.1.6. Uses of tumor markers: 

The criteria to accept or reject a tumor marker for clinical purposes 

depend on whether knowledge of marker levels in an individual patient 

can be used reliably to make therapeutic decisions that will improve 

outcome. Detection and/or monitoring of neoplastic changes might be 

useful in several separate situations, which the Panel designated "uses." 

These uses include screening for a new primary cancer, differential 

diagnosis, predicting prognosis (of either newly diagnosed primary or 

metastatic disease), and monitoring clinical course. 

Bates (1991) stated that nearly all markers can be elevated in 

benign disorders, and most markers are not elevated in the early stages of 

malignancy. Extreme marker elevation often indicates a poor prognosis 

and in some malignancies can indicate the need for more aggressive 

treatment. Tumor markers have their greatest value when used to monitor 

therapy in patients with widespread cancer. Nearly all markers show some 

correlation with the clinical course of disease, with marker elevation in 

any stage declining to normal after a curative intervention. Recurrent 

disease can be accompanied by increased marker levels, but markers can 

detect an occult recurrence in only a few diseases, thereby facilitating a 

second attempt at cure. Although it seems unlikely that an ideal tumor 

marker will be identified for every malignancy, several workable markers 

are already available. Increasing our knowledge about the capabilities and 
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limitations of existing markers will enable us to use them judiciously in 

the treatment of cancer (Bates 1991). 

Markers that predict prognosis can be subdivided into those that 

predict outcome independent of treatment effects (prognostic factors), and 

those that predict response to or benefit from therapy (predictive factors). 

Clinical course can be monitored for two reasons: (1) to determine if a 

patient free of detectable disease after primary and/or adjuvant therapy 

has evidence of impending relapse; or (2) to determine the status 

(progression, regression, or stable disease) of a patient with detectable 

disease, particularly in response to a specific therapy. Ultimately, markers 

were recommended for use only if published data confirmed a favorable 

impact (or provided utility) on one of the outcomes relevant to one of the 

uses. 

Tumor markers are useful in that they serve as: early detectors of 

cancer in those at-risk, indicators of prognosis, monitors of therapy and 

detection of residual disease and noninvasive method of detection of 

recurrence (Eissa 1998). 

(Gion et al, 1996) stated that, the dynarriic evaluation of tumor 

:arkers is a promising area of investigation which is expected to provide 

ical infonnation when serial samples are available from the same 
!ent. This is feasible in the post-operatory evaluation, during the 

!ow-up after the treatment for to the primary tumor and in the 

nitoring of the treatment for metastatic disease. Variations among 

samples may be assessed using both empirical and mathematical 

Caches. Empirical approaches rely on overcoming a given percentage 

ly chosen on the base of arbitrary decisions. Mathematical 

oaches include the actual half-life, the doubling time, a dose/time 

ssion analysis and the calculation of the critical difference. The two 
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former are currently used in clinical practice whereas the two latter are 

still matter of investigation. As concerns the assessment of the radicality 

of the surgery for the primary tumor, the serum markers are used in germ 

cell tumors and in prostate cancer. The half-life of die markers is the 

decision criteria used in germ cell cancers, while in prostate cancer PSA is 

expected to be undetectable more than 30 days after the radical 

prostatectomy. Tumor markers are currently used during the follow-up of 

several malignancies after the treatment for primary tumor. Although 

several samples are available, decision criteria are still based on 

positive/negative cut-off values in several instances. Promising dynamic 

approaches are under investigation and are expected to lead to earlier and 

probably more accurate information concerning the disease progression. 

A critical point still under debate is the actual impact of tumor markers on 

patients' survival in malignancies incurable when metastatic, such as 

colorectal cancer and breast cancer. This matter urgently demands 

perspective clinical studies. Finally, the dynamic use of tumor markers is 

now commonly applied in the monitoring of the therapy for metastatic 

malignancies. In tins clinical setting mathematical criteria are used for 

ovarian and germ cell tumors with promising results. Nevertheless, the 

use of empirical criteria, namely the percentage of variation between two 

consecutive samples, is successfully used for the monitoring of the 

therapy of metastatic breast cancer. In conclusion, when several samples 

are available from an individual patient they may be evaluated according 

to dynamic criteria instead of referring to a conventional positive/negative 

cut-off point. Although mathematical decision criteria are expected to 

provide more reliable data, empirical approaches are used as well and 

provide useful information in decision making. 
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Robert & Mellors in (1999) stated that Tumor markers or 

biochemical products (proteins, enzymes, hormones) of particular types of 

tumor cells can be detected and measured in the laboratory by blood tests. 

With some tumors, the marker is also associated with the normal cell of 

origin and is produced in excess by the tumor cells. With other tumors, 

the marker is not associated with the normal cell of origin but is produced 

normally for a while in fetal life. This type of tumor marker is called an 

oncofetal protein (antigen), and its induction in tumor cells apparently 

stems from differentiation and depression of genetic information in the 

cell. 

In the main, tumor markers are tissue- or organ-specific (not tumor-

specific) biological products that may be clinically useful as monitors of 

the effect of tumor therapy, indicators of tumor recurrence, or the 

estimation of prognosis. For the most part, their practical application is 

best considered elsewhere in relation to the natural history of cancers of 

specific organs. 

Why screen cancer? 

The earlier cancer is diagnosed, the more likely the chance for long-

term survival. 

How many of cancer deaths per year could be avoided through screening? 

Estimates vary from 3% to 35%, depending on a variety of assumptions 

(National Cancer Institute: Cancer control, objectives for the nation 1985-

2000). 

Who is at risk? Some individuals are known to be at high risk for 

cancer, such as those with a personal history of cancer or a strong family 

history of cancer (in two or more first-degree relatives). 

The fact that children may inherit abnormal genes that increase cancer 
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risk is well established. Smoking and alcohol increase risk of cancers. 

But each and every one of us is potentially at risk. 

2.2. Improvement in early detection: 

In the early stages, cancer may not show any visible symptoms. 

Tumor Markers appear in the blood in relation to development of some of 

the most important cancers. 

Measurement or identification of tumor markers is useful, because it can 

detect substances in the blood in early stages, a signal that further medical 

attention is needed. 

2.3. Abnormal results: 

A moderately high marker rate could suggest all kinds of benign 

conditions together with a more serious condition. A visit to your doctor 

would be essential in order to clarify the matter. 

2.4. Use of tumor markers of screening and early detection: 

Increasing list of biochemical, immunologic and genetic markers of 

early detection of malignancy might provide inexpensive, low-risk and 

potentially more effective means of monitoring for early malignant 

changes. Prostatic Specific Antigen (PSA) for instance has recently been 

used in randomized trials to determine whether monitoring circulating 

levels of PSA, alone or in combination with other diagnostic tests, offer 

an advantage compared to currently prostate. 

2.5. Breast cancer: 

Breast cancer is a tumor that can have serious consequences. At the 

same time, breast cancer is one of the most treatable cancers. It has the 

capacity to grow indefinitely and to spread into and affect other parts of 

the body but some forms of breast cancer (intraductal) can be cured at a 

rate above 99%. 
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Breast cancers are characterized as malignant because they have 

the ability to spread, or metastasize, and cause death. Contrary to 

popular belief, breast cancer is not an exclusively female disease. 

Although the incidence of male breast cancer is considerably less than 

that of female breast cancer, male breast cancer does occur. Most breast 

cancers arise from the ducts of the breast, going through a phase of 

a typical ductal hyperplasia (ADH) to intraductal cancer (when the 

cancer cells build up in the duct but do not invade into the surrounding 

tissue) to outright invasive ductal carcinoma (when the cancer cells 

invade into the surrounding tissue). In contrast to malignant breast 

cancer, breast diseases (such as cysts) that do not threaten life or health 

are called benign. 

No tumor marker is useful for diagnosis of early stage breast 

cancer. The two markers most commonly used to follow patients with 

advanced cancer or to detect recurrence are the CA15-3 and the Carcino 

Embryonic Antigen (CEA). The CA 27.29 test has recently been 

approved and is also used by some doctors. The CA 15-3 and CA 27.29 

are probably equally sensitive while the CEA is less sensitive. They are 

most useful in measuring the results of treatment for patients with 

advanced disease. Generally speaking, their levels in the blood go down 

if the cancer responds to treatment and rise if the cancer progresses. 

Many doctors use these tests in follow-up of women who have no 

symptoms of recurrent cancer after their first treatment (surgery with or 

without radiation therapy). The ASCO has questioned this and has 

written a guideline that recommends against using these markers for 

follow-up of asymptomatic women who have completed treatment for 

localized breast cancer. 
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2.5.1 CA 15-3 as breast tumor marker: 

The CA 15-3 antigen is a high molecular weigh mucin 

glycoprotein and occurs in the membranes of normal and malignant 

epithelial cells of different organs, including the breast, lung, ovary and 

pancreas. The apoprotein of the CA 15-3 antigen contains a 

transmembrane, a cytoplasmic and extracelular, carbohydrate-rich 

domin. The extracelular domin is polymorphic with a repeat 20 amino 

acid sequence that may vary from 20 to 80 repeat. 

CA15-3 is a tumor-associated mucin detected by two different 

monoclonal antibodies directed at different epitopes on the molecule. One 

of the monoclonal anti- bodies, DF3, was obtained by immunizing mice 

with a membrane fraction from a human metastatic breast carcinoma. The 

other monoclonal antibody, 115 D8, was obtained by immunizing mice 

with human milk fat globules. Both of these recognize a mucin of about 

400 kd molecular weight and both epitopes are associated with the same 

68kd core protein. The antigen is found on carcinomas of the breast, 

ovary, pancreas, stomach and liver and also on some benign breast tumors 

as well as in some non-malignant inflammatory conditions. In a number 

of tumors, serum levels correlate with clinical status, disease progression 

and response to therapy. Elevated serum levels of CA15-3 (>25U/ml) are 

observed in 73% of metastatic breast carcinomas. Also, elevated serum 

levels (>40U/rnl) have been observed in ovarian (46%), lung (26%) and 

liver (30%) carcinomas. The lack of specificity of this marker prevents it 

from being used as a definitive diagnostic tool. 

CA 15-3 levels are most useful in following the course of treatment 

in women diagnosed with breast cancer, especially advanced breast 

cancer. CA 15-3 levels are rarely elevated in women with early stage 

breast cancer. 
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Cancers of the ovary, lung, and prostate may also raise CA 15-3 

levels. Elevated levels of CA 15-3 may be associated with non-cancerous 

conditions, such as benign breast or ovarian disease, endometriosis, pelvic 

inflammatory disease, and hepatitis. Pregnancy and lactation can lead to 

increase in the levels of CA 15-3. 

On March 29, 1996, the Food and Drug Adrninistration approved 

the Tru-Quant BR RIA test (Biomira Diagnostics, Toronto, Canada) for 

the early detection of recurrent disease in breast cancer patients who have 

stage II and stage III disease. The Tru-Quant assay uses the monoclonal 

antibody CA 27.29 to measure a CA 15-3-like antigen. Epitope mapping 

studies have shown that the epitopes on the MUC-1 gene product 

recognized by monoclonal antibodies 27.29 and 115-D8 (CA 15-3 test) 

are similar but not equivalent. The clinical significance of any test 

difference is not yet clear, as much of the relevant data have not yet been 

published. The clinical role of this new test and its application in routine 

practice will be addressed in a future update of these guidelines. 

Present data are insufficient to recommend CA 15-3 for screening, 

diagnosis, staging, or surveillance following primary treatment. Although 

an increasing CA 15-3 level can detect recurrence following primary 

treatment, the clinical benefit is not established; therefore, it cannot be 

recommended. Present data are insufficient to recommend routine use of 

CA 15-3 alone for monitoring response to treatment. But, in the absence 

of readily measurable disease, an increasing CA 15-3 level may be used to 

suggest treatment failure. 
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The CA 15-3 test measures the serum level of a mucin-like 

membrane glycoprotein, which is shed from tumor cells into the 

bloodstream. The CA 15-3 epitope is recognized by two monoclonal 

antibodies in a double-determinant or sandwich radioimmunoassay. 

2.5.2 Uses of CA 15-3: 

2.5.2.1 Screening: 

CA 15-3 has been evaluated for its ability to determine diagnosis, 

prognosis, monitors therapy, and predict recurrence of breast cancer 

following curative surgery and radiotherapy. Multiple studies have shown 

that the incidence of CA 15-3 elevation increases with an increasing stage 

of the disease. Nine percent of women with stage I and 19% of women 

with stage II breast cancer have elevated CA 15-3 levels. The incidence of 

abnormal values increases to 38% and 75% for patients with stage III and 

IV respectively. Low CA 15-3 levels do not exclude metastases, and a 

given CA 15-3 level cannot be used to determine the stage of disease 

When CA 15-3 is evaluated before surgery in patients with primary breast 

cancer, levels have not correlated with prognosis. 

Very high CA 15-3 levels tend to indicate advanced disease, and a 

value 5 to 10 times normal could alert a physician to the presence of 

metastatic disease. CA 15-3 levels are highest in patients with liver or 

bony metastases, and increasing numbers of metastatic sites correlate with 

increasing CA 15-3 levels Several investigators have suggested that CA 

15-3 is a particularly sensitive method for detecting osseous metastases. 

For a marker to be valuable in screening for cancer, it would have 

to detect early-stage disease in an asymptomatic population and be 

infrequently elevated in patients without cancer. Elevations have been 

observed occasionally in healthy subjects (5% to 6%) and more often in 

individuals with benign diseases, especially those of hepatic origin, in 
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which false-positive elevations have been observed in 30% of patients. 

Typically, such CA 15-3 levels do not increase above 100 U/mL, as 

documented in more than 1,220 patients with benign diseases. This level 

of nonspecific elevation will give false-positive results when attempting 

to use CA 15-3 in screening or in diagnosis (Wulach 1997). 

The low incidence of CA 15-3 elevation in early-stage cancer 

indicates that it cannot be used in screening or in diagnosis. One can use 

Bayes' theorem to calculate the predictive value of a positive test in an 

asymptomatic woman. The prevalence of breast cancer increases with 

age, but remains fewer than 400 new cases per 100,000 women per year. 

Incorporating this worst-case prevalence (0.004), the specificity 

(5% to 6% elevation in healthy women), and sensitivity (9% for 

stage I and 19% for stage II), the predictive value of a positive test is 

0.7% for stage I and 1.5% for stage II cancer. Among individuals with 

benign disorders (who may have CA 15-3 levels up to 100 U/mL), the 

incidence of false-positive elevations will be even greater. Thus, in the 

general population, far more false-positive than true-positive results will 

be observed in using CA 15-3 in screening. Similar reasoning limits the 

use of CA 15-3 in diagnosis, where the prevalence of cancer is higher, but 

the incidence of false-positive elevation is increased as well. Although the 

use of CA 15-3 in screening has never been tested in large prospective 

trials; such trials with CEA in colon cancer and CA 125 in ovarian cancer, 

have confirmed the inability of these serum markers to detect cancer in a 

reliable way (Wulach 1997). 

A number of studies have addressed the question of whether CA 

15-3 can monitor patients for recurrence following breast cancer surgery. 

Twelve studies were reviewed: one trial was level of evidence III; six 

were level of evidence IV; and five were level of evidence V. In seven 
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trials, the data were reported in sufficient detail to allow summation of the 

results. Among 1,672 patients, 352 recurrences were noted. Among these, 

235 (67%) had CA 15-3 elevation before or at the time of recurrence. 

Among the 1320 patients without recurrence, 1,218 (92%) had normal CA 

15-3 values. The one level III trial by Safi et al reported CA 15-3 

elevations in 149 of 205 patients (73%) with recurrence, and a 6% false-

positive rate among 466 patients without recurrence. Thus, this study 

parallels the findings in the larger group: 67% of patients with recurrent 

disease, and 8% of patients without a recurrence will have an elevated CA 

15-3 level. The mean lead time from marker elevation to clinical 

diagnosis of relapse ranges from 2 to 9 months. 

In comparing CA 15-3 with CEA in patients with breast cancer, 

most reports indicate a greater sensitivity for CA 15-3 than for CEA. In 

fact, the data suggest that CA 15-3 is more sensitive only in advanced 

disease, with a 10% higher incidence of elevation in stage IV disease. In 

early-stage disease, in local recurrences, or in single metastases, the 

incidence of marker elevation is low for both CEA and CA 15-3 Sirmming 

all of the studies in which comparable data were presented, the incidence 

of elevation for CA 15-3 and CEA in stage I disease is 9% and 10%, 

respectively, while in stage II disease, it is 19% for both markers. 

Comparison of the markers by primary tumor size rather than overall 

stage resulted in similar findings Thus, one would predict that the 

sensitivity in detecting recurrent, small volume metastases would be low 

for both CA 15-3 and CEA, and that neither can serve as an indicator of a 

true early relapse (Wulach 1997). 
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2.5.2.2. Clinical interest: 

The CA15-3 levels are high in 10-30% of non metastatic breast 

cancers. The sensitivity of these markers is a function of tumor size. 

Several abnormal conditions, other than breast cancer, may lead to high 

CA15-3 levels. Thu€s, in non cancerous disease such as cirosis of the 

liver of alcoholic etiology and in severe cases of hepatitis, a moderate 

increase may be observed. Furthermore, in several other types of cancer, 

such a cancer of the ovary, uterus, pancreas, lung, prostate and colon, an 

increase in CA 15-3 may occur (Colomer et al, 1989). 

2.5.2.3. Evaluation of response: 

Adequate evaluation and assessment is important as new anticancer 

are being evaluated. It is essential for this to be exact objective and 

numerical rather than subjective and qualitative. 

There are three essential parameters of tumor response: 

1- Tumor size which can be measured as the mean of two 

perpendicular diameters. 

2- The duration of remission. 

3- The duration of survival since the start of therapy. 

Four standard definition of response in solid tumor are used: 

1- Complete Remission (CR): Disappearance of all tumors for a period of 

at least 4 weeks. 

2- Partial Remission (PR): Tumor shrinkage to more than 50 % of initial 

size for a period of at least 4 weeks. 

3- No Change (NC) or Stable Disease (SD). 

4- Progressive Disease (PD) increase in tumor size during treatment. 
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First referral patterns and pre-study investigation patterns change 

even within a single centre leading to differences with time in overall 

response and survival. 

Misereza et al (1991) stated that Institute of Nuclear Medicine, 

University Hospital, Basel, Switzerland. A new tumor marker, mucin-like 

carcinoma-associated antigen (MCA), was evaluated in 176 breast cancer 

patients classified either as free of tumor (NED, n = 141) or as having 

metastases (PD, n = 35). During the 5 year follow-up, 842 measurements 

of MCA and 363 measurements of CA 15-3 were done. MCA levels were 

significantly increased in the PD group (P = 0.0001) but not in the NED 

group. The sensitivities of the MCA and the CA 15-3 assays were 84% 

and 78% and the specificities were 81% and 78%, respectively. The 

negative predictive value of 97% for MCA was significantly higher (P = 

0.0001) than the 88% for CA 15-3. Thus the MCA enzyme immunoassay 

is at least equivalent to the CA 15-3 test and is recommended in the 

assessment of metastatic spread or tumor recurrence in breast cancer 

patients(Miserezaetal 1991). 

Serum CA 15-3 level in breast cancer patients correlated with: (1) 

clinical stage: a higher percentage of positive results was observed in 

patients with more advanced cancer: Stage 1-0%, Stage 11-10.6%, Stage 

m-29.6%, and Stage IV-100.0% according to UICC classification; the 

comparison of breast cancer patients with early stage of disease (I+II) and 

those with more advanced cancer (III+IV) revealed statistically significant 

(p < 0.01) difference in the mean serum CA 15-3 value (19.7 +/- 12.8 vs. 

31.5 +/- 29.2 U/ml) as well as in the percentage of positive results (9.4% 

vs. 36.7%, p < 0.01); (2) the histological grading according to Bloom and 

Richardson: 5.41% of positivity was observed in low and intermediate 
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grade cancers (l+II) vs. 66.7% in grade III (p < 0.001) (Misereza et al 

1991). 
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Pirolo et al (1991) Stated that Results were significantly different 

among normal, preoperative and advanced patients (P less than 0.05). Our 

results suggest that CA 15-3 and MCA levels are correlated with the 

tumor mass. Nevertheless, the low sensitivity in pTl and pNO cases 

indicates that these two assays have no role in the diagnosis of early 

breast cancer. In the advanced patients, too, the results can be questioned: 

in the present study, in fact, recurrent cases were characterized by gross 

disease with multiple site involvement and cannot be considered as an 

example of early diagnosis of breast cancer recurrence. 

O'Brien et al (1992) Stated that metastatic breast carcinoma had an 

elevated tumor marker level at the time of diagnosis of their metastases; 

bone metastases alone = 15/17 (88%), soft tissue metastases alone = 2/6 

(33%), simultaneous bony and soft tissue metastases = 7/10 (70%). The 

preponderance of an elevated CA15-3 in metastatic bone disease be it in 

isolation or in combination with non-bone metastases yields a sensitivity, 

specificity and positive predictive value of 81.5%, 66% and 92%, 

respectively. Although 22 of the 27 patients had an elevated CA15-3 at 

the time of diagnosis of their bone metastases, the remaining five patients 

(with tumor marker levels in the normal range) showed a similar, albeit a 

delayed, increase (median = 3 months). Thus, all metastatic bone disease 

patients demonstrated elevated marker levels. We recommend CA15-3 as 

i a simple, reliable and inexpensive screening method for detecting bone 

metastases in the patient with breast carcinoma (O'Brien 1992). 

Duncan et al (1991) stated that there was no association between 

the CA15.3 value and the axillary nodal status. The patients with 



disseminated disease had a wide range of CA15.3 concentrations and 

there was no association between the CA15.3 concentration and the 
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apparent tumor load. 

Eskelinen et al (1992) stated that in conclusion, the results indicate 

that a new tumor marker TAG 12 is superior to CA 15-3 and MCA in 

predicting breast cancer recurrence. In this study the discriminate function 

including TAG 12 and CA 15-3 was superior to single preoperative tumor 

marker tests. The results speak for the use of a decision support system to 

aid in predicting a recurrence of breast cancer. 

Safi et al (1989) Stated that there was a good correlation between 

CA15-3 level and tmnor stage in breast cancer. CA15-3 serum levels were 

over 50 U/ml in respectively 0%, 2%, 13%, and 73% of the patients with 

stages I, II, III, and IV. CA15-3 and CEA were also determined in 671 

patients who had received initial curative surgery of breast cancer, and 

who regularly attended our follow-up clinic. CA15-3 was found to be 

more sensitive than CEA in detecting recurrences of breast cancer (Safi et 

al 1989). 

Kiang et al (1990) Stated that controversy exists in using 

carcinoembryonic antigen (CEA) for monitoring the clinical course of 

breast cancer. In this study, the kinetics of two plasma tumor markers, 

CEA and CA15-3, immediately after the initiation of chemotherapy were 

assessed in 30 patients with advanced breast cancer. Four distinct kinetic 

patterns were seen. Two patterns fitted the expected relationship where 

the plasma marker increased during tumor progression (nine patients), and 

declined in tumor regression (five patients). The third pattern was 

paradoxical in that objective tumor regression in eight patients was 

associated with an acute surge of these markers followed by a steady 



decline. The doubling times for both CEA and CA15-3 were immediately 

shortened four-fold after therapy suggesting tumor cytolysis in treatment 

responders. Equally paradoxical was the fourth pattern where tumor 

progression in eight patients was associated with a rapid and transient 

decline of markers followed by rebounds. Such a rapid decline may be 

due to a suppression of marker release, as demonstrated in an in vitro 

study. Adequate knowledge of these putative paradoxical patterns will 

permit their effective use in monitoring the disease course and perhaps in 

the early prediction of the therapeutic response. 

Crippa et al (1992) Stated that As regards the contribution of CA 

15.3 to the diagnosis of bone metastases, the demonstration of elevated 

CA 15.3 values in patients with positive bone scintigraphy could support 

the diagnosis of skeletal metastases. In fact, the positive predictive value 

of CA 15.3 in patients with positive bone scintigraphy was significantly 

higher than with only bone scintigraphy (53.8%) or CA 15.3 (50.4%). 

Finally, very high values of CA 15.3 in patients with known bone 

metastases could indicate the presence of visceral metastases (mean CA 

15.3 in patients with bone metastases = 125.8 U/mL; mean CA 15.3 in 

patients with bone and visceral metastases = 420.5 U/mL). 

Colomer et al (1989) stated that CA 15.3 serum levels seem to 

correlate with the extent of metastatic breast cancer. Further studies are 

needed to establish the role of this marker in the management of breast 

cancer patients. 

Van et al (1993) Stated that TPS (which measures tumoral activity) 

was shown to be a more sensitive and earlier marker for measuring 

treatment response than CA 15-3 and CEA (which measure tumor mass). 

Colomer et al (1989) stated that elevated CEA values correlated 
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with extent of disease (P less than .0001), but not with the number of 

metastases or with survival. No correlation was found between the 

elevated values of CA 15-3 or CEA and age, menopausal status, and 

initial tumor size or nodal status. The combination of the elevated values 

of CA 15-3 and CEA was more sensitive than CA 15-3 alone (P = .04), 

but there were no significant improvements when subgroups were 

considered. Significant differences that depended on which specific organ 

was affected dominantly by metastases, were seen in the mean levels of 

CA 15-3 antigen. Similarly, patients with liver involvement had higher 

mean levels of CA 15-3 than those without hepatic metastases. A stepwise 

regression analysis of the dominant site of metastases, liver involvement, 

and estimated extent of disease showed that only the latter parameter 

retained a significant correlation with CA 15-3 antigen levels (P less than 

.0001). Median survival of patients who showed abnormal CA 15-3 levels 

was significantly shorter than that of patients with no elevated CA 15-3 

(10.1 versus 18.0 months, P = .04). This difference was not appreciated 

with CEA levels (10.2 versus 12.2 months, P = 0.4). The conclusion is 

that tumor marker levels in patients with advanced breast carcinoma 

correlate with the extent of metastatic disease. In addition, the CA 15-3 

assay is more sensitive and correlates more accurately with the extent of 

disease than CEA. Finally, the observed CA 15-3 differences by organ 

involvement are related to the extent of disease variations. The objective 

evaluation of the extent of metastatic disease provides a new approach in 

the study and comparison of breast cancer-associated tumor markers 

(Colomeretall989). 

CA 15-3 is used primarily in patients with breast cancer. It is 

elevated in less than 10% of patients with early disease and in about 75% 
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of patients with disease through their body. The normal level is around 25 

U/ml (units/milliliter). Levels as high as 100 U/ml can sometimes be seen 

in women who do not have cancer. This marker can also be higher in 

other cancers. 

CA 15-3 levels are most useful in following the course of treatment in 

women diagnosed with breast cancer, especially advanced breast cancer. 

CA 15-3 levels are rarely elevated in women with early stage breast 

cancer. 

Cancers of the ovary, lung, and prostate may also raise CA 15-3 

levels. Elevated levels of CA 15-3 may be associated with 

noncancerous conditions, such as benign breast or ovarian disease, 

endometriosis, pelvic inflammatory disease, and hepatitis. Pregnancy 

and lactation can also causes CA 15-3 levels to rise. 

Several groups have made helpful recommendations about the 

use of both tissue and serum breast cancer markers. Not surprisingly, 

there is unanimous agreement that determination of estrogen and 

progesterone receptor status is essential in primary lesions from all 

patients (pre- or postmenopausal) to identify those likely to respond to 

endocrine therapy. In metastatic breast cancers, however, receptor 

concentrations should be determined only if results will influence 

treatment decisions. 

Numerous studies have confirmed that CA15-3 and BR27.29 are 

the best available serum markers for breast cancer, but this is another 

disease where application of currently available serum tumor markers is 

limited by low sensitivity in early-stage disease, lack of specificity, and 

controversy about whether their measurement benefits outcome. These 

markers are therefore not recommended by any group for screening, 

diagnosis, or staging of breast cancer. Although high concentrations 
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usually indicate metastatic disease, there are as yet insufficient data to 

allow incorporation of tumor markers into the breast cancer staging 

system. 

Both CA15-3 and BR27.29 have Food and Drug Administration 

approval for monitoring breast cancer patients with advanced disease, 

but such approval does not necessarily imply clinical value. Because the 

benefit of post-treatment monitoring is somewhat controversial (the 

merits of measuring any tumor marker in the absence of effective 

therapy can be debated), recommendations from different groups vary. 

Major obstacles identified in relation to the use of CA15-3 as an 

indicator of asymptomatic recurrence include the low incidence of 

CA15-3 in early-stage disease, the lack of effective treatment options 

for recurrences detected, and the low efficiency of detection. Although 

not recommending routine use of CA15-3 or BR27.29 alone for 

monitoring response to treatment, the ASCO guidelines support use of 

these markers to suggest treatment failure where disease is not readily 

measurable. The NACB, EGTM, and SOR guidelines all recommend 

that CA15-3 or BR 27.29 determinations be used with caution as an aid 

in monitoring the clinical course of breast cancer patients. Both the 
1 EGTM and SOR guidelines also recommend the use of CEA in breast 

cancer, although the SOR guidelines stipulate that CEA should only be 

measured if CA15-3 is not increased at presentation (Sackett et al, 

1996) 

2.5.3 Levels of CA 15-3 in Sudanese females having breast cancer: 

Most of the females having breast cancer and referred to the RIA 

laboratory of SAEC for measuring CA 15.3 were found to be between 35 

to 54 years old and again most of them were found to have higher levels of 
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this tumor marker. Its uncommon to see a female less than 25 years old 

referred for this monitoring. 
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2.6. Prostate cancer: 

Prostate cancer is the most common type of cancer among men. 

Scientists are studying prostate cancer to learn more about this disease. 

They are finding out more about its causes and are exploring new ways to 

treat it. 

2.6.1. Tumor marker of the prostate cancer: 

The most commonly used marker to detect prostate cancer is the 

prostate-specific antigen (PSA). Prostate cancer is the most frequent 

cancer in men, affecting about 200,000 yearly. It can be detected in its 

early stages by measuring levels of PSA. Levels above 4 ng /ml suggest 

the presence of cancer. Levels above 10 strongly suggest cancer. Men 

with elevated levels should have their prostate gland biopsied to 

determine if there is cancer. PSA levels tend to be higher in older men and 

those with large prostates. Prostate cancer is often a slow growing cancer 

that occurs most often in older men. For that reason, it is not clear if 

screening with PSA will actually save lives. There is a school of thought 

that believes that screening may cause more harm than good because of 

the side effects of prostate cancer treatment. The American Cancer 

Society recommends that the PSA and the digital rectal examination be 

offered annually, beginning at age 50, to men who have a life expectancy 

of at least 10 years. Men at high-risk (African-American men and men 

with a strong family history of one or more first-degree relatives 

diagnosed with prostate cancer at an early age) should begin testing at age 

45. Men at even higher risk, due to multiple first-degree relatives affected 

at an early age, could begin testing at age 40. Depending on the results of 

this initial test, no further testing might be needed until age 45. 

PSA is very useful in monitoring recurrent disease. After surgery or 

radiation, the PSA should be undetectable. If it begins to raise that could 
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mean the disease is coming back. Once the disease has come back, the 

PSA can be used to follow the response to treatment. Other markers are 

being evaluated. These are the prostate-specific membrane antigen and 

chromogranin A. Prostatic acid phosphatase is an older, less sensitive 

marker that is no longer used very much. 

Prostate-specific antigen (PSA) is present in low concentrations in the 

blood of all adult males. It is produced by both nonnal and abnormal 

prostate cells. Elevated PSA levels may be found in the blood of men with 

benign prostate conditions, such as prostatics (inflammation of the 

prostate) and benign prostatic hyperplasia (BPH), or with a malignant 

(cancerous) growth in the prostate (Sackett et al, 1996). 

Prostate-specific antigen (PSA) is present in low concentrations in 

the blood of all adult males. It is produced by both normal and abnormal 

prostate cells. Elevated PSA levels may be found in the blood of men with 

benign prostate conditions, such as prostatics (inflammation of the 

prostate) and benign prostatic hyperplasia (BPH), or with a malignant 

(cancerous) growth in the prostate. While PSA does not allow doctors to 

distinguish between benign prostate conditions (which are very common in 

older men) and cancer, an elevated PSA level may indicate that other tests 

are necessary to determine whether cancer is present. 

PSA levels have been shown to be useful in monitoring the 

effectiveness of prostate cancer treatment, and in checking for recurrence. 

In checking for recurrence, a single test may show a mildly elevated PSA 

level, which may not be a significant change. Doctors generally look for 

trends, such as steadily increasing PSA levels in multiple tests over time, 

rather than focusing on a single elevated result. 

Researchers are studying the value of PSA in screening men for 

prostate cancer (checking for the disease in men who have no symptoms). 
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At this time, it is not known whether using PSA to screen for prostate 

cancer actually saves lives. The National Cancer Institute-supported 

Prostate, Lung, and Colorectal and Ovarian Cancer Screening, trial is 

designed to show whether the use of certain screening tests can reduce the 

number of deaths caused by those cancers. For prostate cancer, this trial is 

looking at the usefulness of regular screening using digital rectal exams 

and PSA level checks in men ages 55 to 74. 

Researchers are also working on new ways to increase the accuracy 

of PSA tests. Improving the accuracy of PSA tests could help doctors 

distinguish BPH from prostate cancer, and thereby avoid unnecessary 

follow-up procedures, including biopsies. 

2.6.2. Prostate-specific antigen (PSA): 

PSA is the only marker used for detecting a cancer early. It is 

specific for prostate disease. The American Cancer Society recommends 

that you discuss with your doctor the decision to use this test for prostate 

cancer. When it is used for screening, most doctors feel that a level below 

4 ng/ml means cancer is unlikely and levels greater than 10 ng/ml mean 

cancer is likely. The area between 4 and 10 is a gray zone. Most doctors 

will recommend a prostate biopsy for a person with a level above 4. Levels 

above 20 often suggest the cancer has spread out of the prostate and is no 

longer curable. This is not true for all patients. Other factors affect the PSA 

level besides cancer. Older men tend to have a higher PSA normally. Also 

men with benign prostatic hypertrophy (BPH) have higher levels. One 

helpful test when the values are above 4 and below 10 is to measure the 

free PSA. Some of the PSA in the blood is bound to a circulating protein 

and some is free. As the amount of free PSA goes up, it is less likely that 

there is prostate cancer. Levels of free PSA higher than 25% of the total 

PSA (Free PSA/Total PSA) are seldom associated with prostate cancer. 
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Below 15%, the chance of cancer goes above 20% and if the free PSA is 

below 10%, the chance of prostate cancer is much higher, anywhere from 

30% to 60%. 

The PSA test is very valuable in follow-up of patients with prostate 

cancer. For patients who have been treated with curative surgery or 

radiation therapy, a rise in the PSA level is a sign the cancer is coming 

back. After these treatments, the PSA should be 0. If the cancer does come 

back and spread; or if it has already spread at the time of diagnosis, then 

PSA is used to check the effectiveness of treatment. It should go down 

with effective treatment and will rise if the cancer grows. 

To plan the best treatment for prostate cancer, the doctor needs to 

know the stage (extent) of the disease. The stage is based on the size of the 

tumor, whether the cancer has spread outside the prostate and, if so, to 

what parts of the body. 

The man may have blood tests to check for signs that the cancer has 

spread and is affecting other organs. Also, in some cases, the following 

imaging tests may be used to stage prostate cancer: 

(National Cancer Institute (NCI) booklet (NIH Publication No. 03-

1576)) 

Prostate-specific antigen (PSA) is undoubtedly the best known 

tumor marker; its use in screening for prostate cancer has aroused major 

interest from public and health professionals alike. Continued debate 

about the benefits of screening [of nine major American organizations 

concerned with health, only three currently advocate routine testing for 

prostate cancer] is reflected in the differing recommendations made. Less 

controversial, and recommended in most guidelines, is the use of PSA in 

combination with digital rectal examination (DRE) as an aid to 

diagnosis, with definitive diagnosis always requiring biopsy. Although 
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means of improving the diagnostic accuracy of PSA (e.g., by use of age-

related references) are often described in the text accompanying 

published guidelines, they generally are not included in 

recommendations made. 

Although not yet officially incorporated in the TNM staging 

system, PSA is widely used as a prognostic indicator in patient 

management and is generally recommended for monitoring patients with 

prostatic cancer. The use and interpretation of serial PSA data, however, 

present major challenges, e.g., not all patients with biochemical 

recurrence will develop metastatic disease, PSA may be unreliable in 

poorly differentiated tumors, and there is no effective therapy for 

endocrine-resistant disease. Further refinement of existing guidelines 

will be desirable as knowledge of how best to use this test improves. 

However, several published guideline include very helpful and detailed 

discussion of the appropriate interpretation of PSA under different 

clinical circumstances (Sackett et al 1996). 

A neoplasm, can defined as a lesion resulting from autonomous 

abnormal growth of cells which persists after the initiating stimulus has 

been removed, i.e. cell growth has escaped from normal regulatory 

mechanism'. The abnormality affects all aspects of cell growth to varying 

degrees. 

Neoplasia is not a single disease, but rather a common pathological 

process with a multitude of different varieties and clinical outcomes. One 

fundamental division is between benign and malignant tumors. Benign 

tumor will remain localized, with generally little effect on the patient, 

with slow growth rate, capsulate, good differentiation, no metastases, and 

usually with good outcome. In contrast, other tumor is locally destructive, 

35 



may spread to involve other parts of the body, and ultimately result in the 

death of the patient. 

2.6.4 PSA levels among Sudanese males having prostate cancer: 

Among 101 patients referred to the RIA laboratory of SAEC; most 

of them were found to be with the age groups 55-64 and 65-74 then came 

the group 75-84 and lastly the group 45-54. Most of samples showed high 

level of PSA; which support the using of this tomur marker as a tool to 

follow up those patients. 

2.7. Radioimmunoassay: 

An immunoassay is undoubtedly the method of choice for the 

routine measurement of a peptide hormone. It has a potential for 

specificity and sensitivity. There are two basic types of immunoassay 

classified on the basis of relative reagent concentration: 

1) Immunoassay, antibody used at low or "limited" concentration 

with a labelled antigen 

2) Immunometric assay, Antibody used at high or "excess" 

concentration and a labelled antibody. 

These can be divided into further subgroups depending on the label 

types which can be radioisotope, enzyme or fluorophore. 

The different types of assays vary greatly in potential sensitivity 

depending not only on the format and type of label, but also on the 

affinity of available antibodies. 

Methods that have the required sensitivity to measure peptide 

hormones in biological fluids are as follows: 

• RIA using 1 2 5I isotope. 

• Labeled antibody methods including IRMA with 1 2 5 I label, ELISA 

with amplification steps, IFMA especially with delayed fluorescent 

measurement, and luminescent or enhanced luminescent system. 
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Prominence is given to I -radiolabelled methods over enzyme 

labeled methods because of long satisfactory experience and proven 
t o e 

results. The sensitivity of I -radiolabel is easily realized in practice 

because detection of 1 is unaffected by the many non-specific factors 

that affect non-isotopic detection. Only a brief mention is made of 

alternative systems, as these are not usually appropriate for "in-house" 

methods (Chapman 1995). 

2.7.1. Basic concept in immunoassay: 

2.7.1.1 The antibody Molecule: 

The critical component of an immunoassay is an antibody. The 

antibodies present in antisera are large molecules with molecular weights 

usually > 150 KD. They are proteins belonging to the immunoglobulin 

(Ig) class. 

The binding site for an antigen is located in the variable region of 

the anti body a specific aminoacid sequence and, of course, the 

subsequent tertiary structure of that part of the proteins, determine the 

given specificity of the antigen binding site (Edwards Ray, 1985). The 

basic structure of the antibody molecule; the molecule consists of two 

long or heavy (H) chains and two short, or light (L) chains. Cleavage by 

the proteolytic enzymes, pepsin papain, yields either F(ab)2 or Fab and Fc 

fragments. 

2.7.1.2 The immunoassay 

An immunoassay is essentially the measurement of a substance 

using the reaction of an antibody, the immunoreagent. The word 

measurement implies both qualify and quantity. At the beginning of the 

reaction, the antibody (Ab) and the antigen (Ag) associate to form a 

complex (Ab:Ag), tins reaction is reversible, and so the complex will 

dissociate. As more complex is formed there will be an increasing amount 
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of dissociation. After certain time, the net association will be balanced by 

the same amount of dissociation and the reaction will be at equilibrium, 
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Ab + Ag Ab:Ag 

The affinity of the antibody for its antigen is measure of strength of 

the binding between the antibody and antigen in the complex. The higher 

the affinity the more antibody and antigen will be complexed at 

equilibrium. For many antibodies the affinity of the reaction with the 

antigen is very high. An assay is simply an attempt to answer the question 

'How much of what' (Edwards Ray, 1985) 

2.7.1.3. Characteristic of antibodies: 

Titer is a measure of the amount of antiserum needed to complex a 

given quantity of antigen. 

Specificity, in general, describes the uniqueness, or lack of such, of 

the binding site on an antibody for antigen. 

Valiancy refers to the number of potential binding sites on an 

antibody for a specific antigen. 

Avidity is used to denote the potential antigen binding displayed by 

an antibody. 

2.7.1.4. Characteristic of assays: 

Accuracy is usually used to denote the ability of an assay system to 

generate a correct result. 

Affinity is used to describe the strength of binding between an 

antibody and an antigen. 



2.7.1.5 Radioactivity: 
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The significant feature of radioimmunoassay with reference to 

other immunoassays is the use of a radioisotopic label to discriminate 

between the antibodies bound fraction and the free fraction of the antigen. 

A radioisotope is essentially an unstable atom which at some time or other 

will disintegrate and emit sub-atomic particles and/or energy in the fonn 

of electromagnetic wave radiation. These particles and/or the energy can 

then be measured by an appropriate detection system (Edwards 1996). 

2.7.1.6. Radioiodine labels: 

Iodine-125 has many useful attributes as a general radioisotopic 

label. It is chemically very reactive and can be incorporated into many 

types of molecules. It is readily available from several commercial 

sources with virtually 100% radioisotopic purify. 

The ease of detection is certainly one of the most useful aspects of 

radioiodine labels. Iodine -125 is detected by placing the sample directly 

adjacent to a crystal of sodium iodine, containing small amounts of 

thalium. The gamma rays from the radioisotope are absorbed by the 

crystal and the energy is then transmitted in the form of flashes of light. 

The photone in the crystal are counted by conventional photomultiplier 

tubes (Edwards 1996). 

The use of antibodies as reagents in clinical chemistry, for the 

quantification of a wide range of analytes has now become widely 

established. Initially antibodies were employed in precipitation 

techniques. Further developments have lead to sensitive techniques of 

radioimmunoassys and recently immunoindumetric assay for the 

measurement of drugs, tumor markers and hormones. 



All immunoassay can be regarded as "structural specific", the 

antibodies reacting specifically with elements of the analytes structure to 

effect quantitative measurement. 

Consequently, immunoassays measure analytes in units of mass. A 

simple classification system can be used to categorize all structurally 

specific immunoassay into initially labeled techniques depending on the 

necessity to add a labeled probe, or tracer, to the measurement, followed 

by subdivision of the labeled technique into a limited reagent method and 

alternatively excess reagent method based upon the fundamental 

principles of measurement. 

In general, those techniques without the addition of a label are the 

older techniques used for the measurement of the serum proteins. These 

techniques are relatively insensitive and measuring at the g/1. level. 

2.7.1.7 Excess reagent methods: 

In excess reagent methods, the immunometric methods, the 

antibody is used in relative excess effectively forcing the reactions to 

equilibrium and therefore shortening the incubation times. Immunometric 

assays are therefore more rapid than their Radioimmunoassay 

counterparts. The specific antibody, not the analyte, is labeled in the 

Immunometric assay, binding occurs and the more label signal is detected 

within the constrain of the amount of reagents used, hi contrast to 

Ramounmunoassay where the calibration curves are inhibition curves, the 

fraction bound decreasing as the concentration of the analyte increases. 

The earliest assays of this type of Immunoradiometric assays used a 

radioisotopically labeled polyclonal antibody in excess, with a solid phase 

antigen (immunoadsorbent) preparation used to separate unreacted labeled 

antibody. The supernatant labeled antibody antigen complex was decanted 

and counted following centrifugation of the immunoadsorbent. This assay 

40 



was unfortunately also prone to the misclassification errors of the 

Radioiininunoassay. A further disadvantage was the technical difficulty 

in preparation of labeled antibodies, a procedure which was also very time 

consuming. 

A variant of this assay, the two site immunoradiometric assay, 

effectively addressed the misclassification problem by using twin analyte 

specific antibodies, one labeled with radioiodine and the other linked to a 

solid-phase support. Two incubations were also used. In the first 

incubation the biological sample of the analyte, usually serum or plasma, 

was incubated with the solid phase antibody alone, effectively extracting 

the analyte from the sample. Washing then removed non reactive senun 

components prior to the addition of the secondary specific antibody 

labeled with radioiodine. These assays are sometimes referred to as 

sandwich assays. A further washing step separated the complex from non-

reacted labeled antibody. 

Although misclassification was minimized this was achieved at the 

expense of further tedious washing steps. Also, since more than one 

antibody determinant, epitope, was required for complex formation this 

assay was restricted to peptide, polypeptide and protein compounds. The 

simpler compounds of thyroid and steroid hormones and drugs could only 

be assayed by the slower radioimmunoassay. 

A further variant incubated the labeled antibody and analyte 

together as the primary incubation to take advantage of the more 

favorable reaction kinetics in solution prior to the delayed addition of the 

solid phase antibody, the delayed addition two site immunoradiometric 

assay. The extra washing step was removed in tins variant and overall the 

assay was faster but the advantage of the removal of serum interference's 

was lost. The major advantages of the two site immunoradiometric assays 
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improved sensitivity and precision and as a consequence of the later, a 

wider working range of precision than available in comparative 

Radioimmunoassay (Chapman et al 1983). 

2.8. Previous studies 

To the best of my knowledge this kind of research is the unique one 

which deal with tumor marker level for certain area and certain population 

to lay out tumor marker level map for Sudanese population, and it was 

just an step, start with a proposal approved in October 2003. 

After that date, another proposal approved with the same idea and 

different area by Omer Mustafa, and he defended his Ph D thesis in June 

2007. 

More objectives were added to my research and that was after I 

finished the evaluation of normal level, I used the same techniques using 

samples collected from patients who have been clinically diagnosed at 

Radiation and Isotope Centre of Khartoum (RICK) as breast and prostate 

cancer. CA 15-3 levels were found to be higher in most of these samples 

and it shows that the risk of getting breast cancer is starting from age 25 

years, and 40 years for prostate cancer. 
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2.9. Objectives of the study: 

1. To evaluate the normal levels of CA 15-3 and PSA for females and 

males respectively. 

2. To lay out a map for tumor markers levels for Sudanese population 

3. To assist the specialists in the field to use a reference value of CA 

15-3 and PSA that related to a reference area and races. 

4. To evaluate the levels of these markers in Sudanese patients who 

have been clinically diagnosed as having breast or prostate cancer. 

5. to add a new information to the base line information system 

6. to find out the effect of race, age, and location in the concentration 

of tumor marker level 
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3.1. The Area of Study: Northern state of Sudan. 

The project was conducted in northern state starting from its 

capital; Dongola. Dongola town is located in the northern Sudan on the 

western bank of the River Nile, and it's about 530 km far from 

Omdurman. 685,000 is the total number of population in the northern 

state. 

In it there are the main governmental offices in the state and 

international airport and there we find headquarter of Dongola University. 

It surrounded with a numbers of villages and country sides and it 

consider as a main market for local products and the products coming 

from other states. Also it surrounded with a number of historical areas 

belong to the kingdom of old Noba among them; The historical kingdom 

of karma (about 50 km north words) and the area of Argo inland, also in it 

Southernwords the area of Elkhandag. Eldanagla tribe is the main tribe in 

the area. Also there are a number of other tribes such as Elarab, Elshaigea, 

Elmahas, Elbedarea and others. 

The agriculture is the main craft for the population of the area 

whereas the land is characterized by high fertility especially on the banks 

of the River Nile and in the Nile islands beside the high lands. The main 

crops there wheat, Egyptian beans, and beans, spices, the state is famous 

for dates production. Regarding fertilizers; in the past they used to use the 

animal' waste or soil from outside the area but now they are using 

chemicals which makes the taste of the products different The trade is 

considering as the second craft for the citizen in the area. 

The main food: in the past it was Gorassa (wheat ksra), sorghum 

ksra, beans, vegetables and a little of fruit, dead okra. More than 80% 

from bread is baked in the house with little fermentation. Potassium 
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powder which used in baking, preserved food, cans of drinks were 

invaded the area recently. 

Also it's recognizable that smoking habit is common among the 

population in particular smoking Cigarettes, Shesha as well as dealing 

with snuff. However, drinking local wine (Aragi) is not rare especially in 

social occasions. 

3.2. Stages of research plan 

The research plan was divided into four stages which are: 

Firstly: theoretical concept of the research from October 2003 to January 

2004. 

Secondly: collecting samples from the study area which include 

four main centers to cover most of the Dongola area and that include: 

Dongola town, Elgoled town, Elsair village and Bena village. The 

collection was conducted from March 2004 to December 2005, many trips 

were done to collect the samples after orientation to the people at the 

Ministry of Health in the Northern State who facilitated some difficulties 

and wrote to the hospitals to help in collecting the samples. 

Public orientation was done through the following channels: local 

broadcasting media, Friday speech and through the trusted people there 

who explained the objectives of the research to the people and ask them to 

participate in this project which has definite timetable for visiting the 

different twons and villages that has been selected to cover the area. 

Also samples were collected from patients who have been 

clinically diagnosed as having breast or prostate cancer from the 

following centers: RICK, laboratories of SAEC, Elgazeera laboratory 

and Elsafwa Dispensary. 
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Thirdly: measurement of CA 15-3 and PSA using RIA for 

samples that have been collected from northern state and also for the 

patients' samples. 

Lastly: statistical analysis and writing up the thesis. 

3.3. Specification of the problem: 

How can we evaluate the specific and accurate normal level of 

CA 15-3, and PSA for Sudanese women and men of northern Sudan, this 

area is selected as the record of the Radiation and Isotopes Centre 

Khartoum (RICK) showed high incidence of cancer among the 

population of this area that affect the quality of life? 

3.4. Rational and important of the study 

Because of the heinous of the DISEASES and their greatest damage 

in human society, in addition to: 

• Increment of the DISEASE among Sudanese women. 

• Increment of recurrence. 

• To assist on the early detection of the DISEASES 

All the previous points motivate the researcher to cast round for the 

importance CA 15-3 antigen to monitor and fellow up the PATIENT 

before, during, and after treatment course. 

3.5. Subjects and blood samples: 

3.5.1. Subjects 

a. Healthy Sudanese males and females from Northern state of Sudan 

were participating in this study. They have been oriented by the 

objectives of this research. 

b. Sudanese patients who have been diagnosed clinically as suffering 

from breast or prostate cancer. 

3.5.2. Specimen collection and processing, storage and dilution: 
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Five ml of the venous blood were collected using sterile syringes 

from females and males under study. The blood samples were collected in 

dry tubes (without additive) and allowed to stand at room temperature for 

15 minutes then serum was centrifuged to remove any red blood cells. 

The collected sera were kept at 2-8 °C till the time of assaying, after 

dividing the sample into two portions; one for CA 15.3 or PSA assaying 

and the other as reserve sample. 

Dilution: If the pre-diluted sample has a concentration exceeding 

that of the highest standard, dilute original sample with the diluent. 

3.6. Materials required: 

In addition to the standard laboratory equipment, the following 

items are required: 

• Precision micropipettes for the following volumes: 

o 10 ul, 200 ul and 500 ul. 

• Adjustable semi-automatic pipettes; 200 ul and 2 ml. 

• Vortex mixer, SMI CAT No. 2601 

• Reciprocating or oscillating platform shaker (400 rpm), LEEC, 

model RS/NETRIA, Serial no. 9705/18. 

• Gamma counter, set for I. 

• Sterile polystyrene test tubes. 

• Sterile syringes: Lot No 00CO68A, HELM pharmaceutical; 

GMBH, Germany. 

3.7. Immunotech CA 15-3 IRMA kit: 

Immunotech CA 15-3 IRMA procedure was used to measure the 

levels of CA15-3 antigen in the sera of the healthy Sudanese females as 

described by Colomer et al (1989). 
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The immunotech CA15-3 IRMA kit utilizes two monoclonal 

antibodies; one antibody is specific for an epitop in the peptide part of the 

protein whereas the second antibody is directed against the carbohydrate 

moiety. This assures maximal specificity of the assay for CA15-3 antigen. 

3.8. Reagents provided: 

All reagents of the kit are stable until the expiration date indicated 

on the kit labels, if stored at 2-8°C. 

* Monoclonal 125I-labeled anti-CA 15-3 tracer antibody; one 22 ml vial, 

the vial contains 600 kBp of 125I-labeled monoclonal antibody with BSA, 

sodium azide (<0.1%), Lot No: A46120. 

* Tubes coated with anti-CA 15-3 antibody. Lot No A46110. 

* CA 15-3 standards: 4 vials + 1 zero standard vial. The standard vials 

contain human CA 15-3 in liquid form with buffer, BSA and sodium 

azide (<0.1%) for the construction of a standard curve covering the range 

from 0 to 250 U/ ml. The exact concentration is indicated on each vial. 

Lot Numbers J66300 and J66310. 

* Control serum. The vial contains human CA 15-3 in human serum 

with sodium azide (<0.1%). Acceptable concentrations are indicated on 

the vial. After opening the vial it can be stored for two weeks 

at 2-8 0 C, for longer period store below-20 0 C after a liquating to 

prevent bacterial growth. 

* Diluent: one flask, 50 ml. The flask contains BSA in buffer. 

3.9. Assay procedure for CA 15-3: 

3.9.1. Principle of the assay: 

The CA 15-3 assay is a two steps "sandwich" type assay in which 

two monoclonal mouse antibodies, directed against two different epitopes 

of die molecule, are employed. 
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Samples or standards are incubated in tubes coated with the first 

monoclonal antibody, the contents of the tubes are then decanted and the 

presence of CA 15-3 in the sample is revealed by incubation with a 

second I-labeled monoclonal antibody. The contents of the tubes are 

decanted after the second incubation and washing eliminates unbound-

labeled antibody. 

The amount of bound reactivity measured in a gamma counter is 

proportional to the CA15-3 concentration. The unknown values are 

determined by interpolation from the standard curve that plotted for the 

standards doses against the binding percent. 

Preparation of reagents: Dilute samples and control, to be assayed 

to 1/51 by adding 10 ul of each sample to tubes and then adding to each 

tube 500 ul of the diluent, shake gently before the assay. However, 

standards are ready to use. 

3.9.2. Protocol: 

Anti CA 15-3- coated tubes were labeled for the different standards, 

quality controls and females samples. 

First incubation; 200 ul of standard, samples or control prepared as 

described above were pipetted to the corresponding tubes, the tubes were 

gently shake, covered and incubated for 2 hours at room temperature 18 C 

with continuous horizontal shaking (400 rpm). 

First washing; the contents of the tubes were carefully decanted, 2 

ml of distilled water were added to each tube and immediately decanted 

carefully. Wash step was repeated once. 

Second incubation: 200 ul of the tracer were added to each tube and 

to two other tubes to obtain the total counts T. tubes were covered and 
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incubated for 1 hour at room temperature (18-25 °C) with continuous 

horizontal shaking (400 rpm). 

51 

Second washing: the contents of the tubes were carefully decanted 

except the total tubes. All the tubes were washed with 2ml of distilled 

water except the total tubes and immediately the contents were decanted. 

The wash step was repeated once. 

The emitted gamma rays were measured in die gamma counter 

from all the tubes including the total ones in order to obtain bound (B) and 

total cpm (T). 

3.10. Prostate specific antigen (PSA): 

The 125I-PSA IRMA system provides direct quantitative in vitro 

determination of human prostate specific antigen (PSA) in human serum. 

3.10.1. Reagents provided: 

* One bottle of tracer, 21 ml containing 740 kBq 125I-anti-PSA and capture 

anti-PSA antibody in buffer. 

* Six vials of standards ranged from 0.0 to 50 ng/ml PSA (WHO ECBS 

96/668) in serum with 0.1 % NaN3 

* One vial control serum with 0.1% Kathon CG. 

* One bottle magnetic immunosorbent (MIS); containing paramagnetic 

particles buffer with 0.1% NaN3 

* One bottle of wash buffer concentrate 20 times, containing 0.1% NaN3 

3.10.2. Assay procedure for PSA: 

This method uses two high affinity monoclonal antibodies in an 

immunoradiometric assay (IRMA) system. It offer an increased level of 



sensitivity and specificity compared with conventional RIA methods. The 

I labeled signal-antibody binds to an epitope of the PSA molecule 

different from that recognized by the unlabelled capture antibody. The two 

antibodies react simultaneously with the PSA molecule forminf a 

sandwich. A wash step is critical to reduce non specific binding to a 

minimum. By measuring the radioactivity of the magnetic immunosorbent 

pellet in a gamma counter, the PSA concentration can be determined. 

3.10.3. Protocol: 

Samples and reagents were equilibrating at room temperature before 

use. Sufficient test tubes were labeled for standard, control serum and 

subjects samples. Reagents were homogenized by gentle mixing. 

100 ul of each standard, control and samples were pipetted in the 

corresponding tubes. 200 ul of tracer were added to each tube and 

thoroughly mixed, and then tubes were incubated for two hours at room 

temperature. 500 ui of MIS were added to each tube, thoroughly mixed 

and incubated at room temperature for 15 minutes. Tubes were placed on 

magnetic base for 5 minutes and fluids were decanted. One ml of the wash 

buffer were added to each tube and again separated onto the magnetic base 

for 5 minutes. Wash buffer was decanted from all the tubes and the 

radioactivity was measured for 60 seconds per each tube. 
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4.1. Calculation of results: 

This is the third stage of the research plan. The sample were 

classified into three group according to the numbers of samples collected 

and the description of the area is it a village or a town, the 1 st represented 

by samples collected from Dongla City, here; both of Dongla hospital main 

lab, and SEAC lab were participating as centers for collecting samples, the 

2nd group, representing by Bena, and Elseir village, while the 3rd one was 

Elgoled city 

The results in these two methods are obtained by using 

computerized method in which software provided from International 

Atomic Energy Agency (IAEA) was used. 

To get the emission of gamma rays from all the tubes, the counts per 

minute of each tube was counted in the Gamma counter, standard curve 

was plotted using the binding percent (the count of each standard over the 

total count %) against the concentration of each standard. 

Count of Standard 

Binding percent (B%) = X 100 

Total counts 

Then concentration of each sample was calculated from the standard 

curve by calculating the binding percent using the above formula; normal 

interpolation (Edward 1980). 
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4.2. Breast cancer 

4.2.1 Frequency of ages among the Sudanese females participated in 

the study: 

665 of healthy Sudanese females from Northern state of Sudan 

participated in this study to estimate the normal levels of the CA 15-3 that 

is used as tumor marker for the breast cancer. 606 of those females are 

married and only 59 females are singles. 

The ages of singles females ranged from 15 and 44 years while the 

married females covered the different age groups. Most of samples were 

collected from the ages ranged from 25 to 54 which are statistically 

accepted. However, the samples collected from the other groups do not 

have statistical values. The frequency distribution of ages among the 

participated females is shown in the figure no 1. 
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Figure 1 Frequency distribution of females with regard to the age groups 
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4.2.2 CA 15-3 results: 

Among the married females, the minimum values of CA 15.3 were 

found to be equal to or less than 2 mlu/ml among the age groups 15-54; 

while the age group 55-64 was found to have 5.2 mlu/ml as a minimum 

value compared to 8.6 mlu/ml for the age group 65-74 years. The 

minimum value regardless of the age was found to be 0.1 mlu/ml. The 

minimum values were found to be equal to or less than 0.1 mlu/ml among 

the different age groups with 0.03 mlu/ml when the singles' results were 

analyzed regardless of the age. Results of the minimum values among the 

pooled samples regardless of the marital status are almost the same as 

those of the married females. The maximum values were found to increase 

with age among the pooled samples and also among the married females, a 

decline was observed among the age group 65-74 but the samples are only 

3 which do not reflect the real picture. The minimum and maximum values 

for the different groups were shown in table 1. 
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Age 

group 

Married females Single females Total samples Age 

group Minimum Maximum Minimum Maximum Minimum Maximum 

15-24 1.00 2.20 0.10 1.20 0.10 2.20 

25-34 0.30 2.10 0.03 3.00 0.03 3.00 

35-44 0.10 30.00 0.10 0.1 0.10 30.00 

45-54 2.10 35.40 

Volunteers not 

available 

2.10 35.40 

55-64 5.20 21.70 Volunteers not 

available 

5.20 21.70 

65-74 8.60 10.70 

Volunteers not 

available 8.60 10.70 

Total 0.10 35.40 0.03 3.0 0.03 35.40 

Table 1 The minimum and maximum values of CA 15.3 in mlu/ml 
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However, the mean values for the different age groups of the 

married, single and total females were shown in figures 2.1, 2.2 and 2.3 

respectively while the estimated normal ranges calculated as the mean ± 2 

standard deviations for the same groups were shown in table 2. 

The histograms of the different groups were shown in figures 3.1 

and 3.2. From table 2, it is obvious that normal ranges of CA 15.3 can be 

estimated as 0 to 30 mlu/ml for those who are under 35 years old 

regardless of their marital status. However, normal ranges for married 

females whose ages ranged from 35 to 55 can be estimated as from zero to 

35 mlu/ml. for the age groups above 55 years old; more samples should be 

done. The same range as also estimated from the histograms 3.1 and 3.2. 

59 



15-24 25-34 35-44 45-54 5564 65-74 

Figure 2.1 The mean values of the CA 15.3 (mlu/ml) among the married 

females 
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Figure 2.2 The mean values of the CA 15.3 (mlu/ml) among the single 

females 

61 



C A 1 5 . 3 

1 8 

1 6 

1 4 

8 

6 

4 

2 

/• 

----------

/\ 

L I 9 O J ! L I 

• C A 1 5 . 3 

1 5 - 2 5 - 3 5 - 4 5 - 5 5 - 6 5 -

2 4 3 4 4 4 5 4 6 4 7 4 

Figure 2.3 The mean values of the CA 15.3 (mlu/ml) among the total 

females 
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Age group Normal range for 

single females 

Normal range for 

married females 

Normal range for 

both 

15-24 0.0-1.49 0.39-2.91 0.0-2.87 

25-44 0.0 -3.26 0.0-33.31 0.0-32.77 

45-54 Volunteers not 

available 

4.07-29.95 4.07-29.95 

55-64 Volunteers not 

available 

0.3-19.46 0.3- 19.46 

65-74 Volunteers not 

available 

6.88-11.72 6.88- 11.72 

Total 0.41-0.97 11.17-12.69 0.0-29.98 

Table 2 The normal ranges of CA 15.3 (mlu/ml) for the different groups 
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The mean value for married females from northern state of Sudan 

was found to be 11.9 mlu/ml (standard deviation was equal to 9.38) and 

results were ranged from zero to 35 as shown in figure 3.1 which almost 

the same as the range calculated by the mean ± 2SD; which found to be 

ranged from zero to 31 mlu/ml. for the total females, figure 3.2 showed 

A mean equal to 10.9 mlu/ml (SD=9.52). Also the figure showed a 

range from zero to 36 mlu/ml compared to zero to 31 mlu/ml when 

calculated by Mean±2SD. 
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Figure 3.1 Histogram of CA 15.3 (mlu/ml) among the married females 
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Figure 3.2 Histogram of CA 15.3 (mlu/ml) among the total females 
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4.3 Prostate cancer: 

4.3.1 Age frequency among the Sudanese males participated in this 

study: 

650 healthy Sudanese males from Northern state of Sudan 

participated in this study, 553 of them were married and 97 were singles. 

Singles males have ages ranged from 24 to 40 years while the married 

males have ages ranged from 30 to 60 years. The most frequent age group 

is 35 to 44 then comes 45-54 and 25-34 respectively while age groups on 

each end have the lowest number of samples that do not have statistical 

values. The frequency of ages among the pooled males was shown in 

figure 4. 
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Figure 4 The frequency distribution of age among the males participated 

in this study 
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4.3.2 PSA results: 

The minimum values of PSA levels were found to be less than or 

equal to 0.1 ng/ml for the ages ranged from 15 to 54 regardless of the 

marital status while the age group 55-64 has minimum value equal to 3.9 

ng/ml. The maximum values were found to be increased with age, the 

highest value was found to be 7.1 ng/ml. The normal ranges of the 

different age groups regardless of the marital status were shown in table 3; 

the ranges were calculated as mean ± 2 standard deviations. 
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Age group Minimum Maximum Range 

ng/ml 

15-24 0.1 0.3 0-0.4 

25-34 0.3 2.1 0.21 -2.25 

35-44 0.0 5.3 0.92 - 4.44 

45-54 0.03 4.6 0-3.47 

55-64 3.9 7.1 2.32-7.28 

Total 0.0 7.10 0-3.95 

Table 3 The normal ranges of PSA (ng/ml) for the Sudanese males 

regardless the marital status 
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The mean values of PSA levels among the different age groups of 

the Sudanese males regardless of the marital status were shown in figure 

5.1. It is obvious that the mean value is increased with age among the 

Sudanese males. However, the histogram of PSA results was shown in 

figure 5.2. 

It is obvious that the normal range of PSA for the Sudanese males can be 

estimated as ranged from zero to 4 ng/ml which is the same as the 

published 

reference levels. 
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Figure 5.1 The mean values of PSA (ng/ml) among the males of north 

Sudan 
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Figure 5.2 Histogram of PSA results among the males of north Sudan 
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D I S C U S S I O N 
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5.1. Discussion: 

Breast cancer is one of the main cancers that affect the quality of 

lives for millions of women all the over the world while most of man 

who are above 40 years old are under risk of developing prostate cancer, 

which does affect their ability to work and as a result their lives' quality 

will be reduced. 

It is very known that early detection of cancer increase the 

response to the treatment whether it is surgical, chemo or radiotherapy or 

any combination. The most problem that faces the clinicians in fighting 

cancer is that most of cases were reported to them at stages III and IV; it 

is very rare to report stage I of the different cancers in particular among 

the population of the developing countries. 

Due to the shortage of specialists in the cancer diagnosis and 

management in Sudan and also as there is only two centers that provide 

their services to more than 30 millions of the Sudanese population; a fast 

and reliable method is highly needed for early detection of cancers and 

this could be by using tumor markers especially among people at high 

risk although there is no comprehensive cancer register in Sudan. 

For tumor markers to be diagnostic, the normal ranges for each 

marker should be established as their levels can vary from region to 

region and even within the region depending on different socioeconomic 

factors. With reference to the data collected by statistical department at 

RICK, Khartoum; people of Northern state are under high risk of cancer 

hence the normal levels for the most common cancers were established 

in this study. 
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5.2. Breast cancer: 

The levels of CA 15-3, which is globally, recommended to be used 

as tumor marker for breast cancer; were measured in samples that have 

collected from healthy females of that state. The normal range estimated 

for married women, their ages ranged from 35 to 64 years, was found to 

be similar to that established internationally that is ranged from zero to 

35 mlu/ml. however, more samples should be done for the other age 

groups. Number of samples collected from the single females showed 

lower levels of this marker compared to the married ones but the sample 

size is very limited so more samples should again be done. 

It is obvious that women at risk of developing breast cancer when 

their ages reach 25 and above which may be the average age of marriage 

in Sudan, the frequency of patients showed high frequency among the 

fertile women which may lead to many questions and the relation between 

motherhood and the likelihood of developing breast cancer. Among the 

samples collected from the referred patients; it is clear that most of them 

have high levels of CA 15-3 and those females were clinically diagnosed 

as breast cancer patients so this marker could be used as tumor marker for 

breast cancer 

5.3. Prostate cancer: 

The normal ranges estimated for the different age groups whether 

singles or married males are almost the same as the international 

reference values which is ranged from zero to four ng/ml. 

From the results of PSA for patients who referred to the RIA 

laboratory of SAEC, it is clear that the risk of getting prostate cancer 

increased with age and start with the men when their ages being more 

than 40 years as no sample was found to be from a man less than 44 years 

and this is in good agreement with the literature. 
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The mean values for the different groups were found to be higher than the 

upper limit estimated from the healthy men and also almost 75% of men 

in each group were found to have high levels of PSA and as those patients 

were clinically diagnosed as having prostate cancer, this support the idea 

that PSA can be used as tumor marker. 
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6.1. Conclusions: 

79 

Normal ranges of CA 15-3 for the Sudanese females from Northern state 

(35-64 years old) were estimated and found to be 0-35 mlu/ml. 

Normal ranges of PSA for the Sudanese from the same area were 

estimated and again found to be quite similar to the international one; 

ranged from zero to four ng/ml. 

The risk of getting breast cancer is starting from age 

25 years. 

The risk of getting prostate cancer is starting from age 40 years. 

Manner of nutrition had been changed among Northern State population. 

Due to the dependency in agriculture, there is huge competition in using 

chemical fertilizers. 

Role of marriage from relevant is a famous habit, which surrounded with 

various health problems 

Frequency of pregnancy is seemed to be high, which mean 

reducing the period between child and other and hence reduce the period 

of mother lactating each one. 

6.2 Recommendations: 

Health education among population is essential to reduce of using 

chemical fertilizers and preserved foods 



More samples from the single females should be analyzed from the 

same area, students of Dongola University can be asked to participate 

in this study. 

Normal ranges for the population from the other regions of Sudan 

should be done. 

Researchers are advised to go ahead for such studies, to use the 

obtained data from all the Sudan to construct a database for breast and 

prostate cancer in Sudan. 

Other tumor markers should be addressed to complete the map of 

tumor markers levels. 

It is values to increase the knowledge of family planning among the 

population. 

Encourage people to use natural fertilizers. 

Encourage people to reduce and better to avoid drinking alcohol. 

Strongly advice to use all kind of media to show the danger of using 

natural wine. 

Warning: a negative result NEVER means that you are not carrying an 

EARLY stage of cancer, but simply that there is no detectable cancer by 

biology at this time: it's good news for you nevertheless. 
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A distinctly positive result on one particular marker, or better on 

several, means that you will receive a commentary drawing your 

attention to the possibility of illness, and suggesting an immediate visit 

to your doctor. 
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Appendix (2) 

Common Tumor Markers Currently in Use 

Tumor 
Markers Cancers What else? When/How 

Used 
Usual 
Sample 

AFP (Alpha-
feto protein) 

Liver, germ 
cell cancer of 
ovaries or 
testes 

Also elevated during 
pregnancy 

Help 
diagnose, 
monitor 
treatment, 
and 
determine 
recurrence 

Blood 

B2M (Beta-2 
microglobulin) 

Multiple 
myeloma 
and 
lymphomas 

Present in many other 
conditions, including Crohn's 
disease and hepatitis; often 
used to determine cause of 
renal failure 

Determine 
prognosis 

Blood 

BTA (Bladder 
tumor antigen) 

Bladder Gaining acceptance Help 
diagnose 
and 
determine 
recurrence 

Urine 

CA15-3 
(Cancer 
antigen 15-3) 

Breast and 
others 
including lung, 
ovarian 

Also elevated in benign 
breast conditions; doctor can 
use CA15-3 or CA 27.29 
(two different assays for 
same marker) 

Stage 
disease, 
monitor 
treatment, 
and 
determine 
recurrence 

Blood 

CA 19-9 
(Cancer 
antigen 19-9) 

Pancreatic, 
sometimes 
colorectal and 
bile ducts 

Also elevated in pancreatitis 
and inflammatory bowel 
disease 

Stage 
disease, 
monitor 
treatment, 
and 
determine 
recurrence 

Blood 

CA 72-4 
(Cancer 
antigen 72-4) 

Ovarian No evidence that it is better 
than CA-125 but may be 
useful when combined with it 

Help 
diagnose 

Blood 

CA-125 
(Cancer 

Ovarian Also elevated with endo
metriosis, some other 

Help 
diagnose, 

Blood 



antigen 125) diseases and benign 
conditions; not 
recommended as a general 
screen 

monitor 
treatment, 
and 
determine 
recurrence 

Calcitonin Thyroid 
medullary 
carcinoma 

Also elevated in pernicious 
anemia and thyroiditis 

Help 
diagnose, 
monitor 
treatment, 
and 
determine 
recurrence 

Blood 

CEA (Carcino-
embryonic 
antigen) 

Colorectal, 
lung, 
breast, 
thyroid, 
pancreatic, 
liver, cervix, 
and bladder 

Elevated in other conditions 
such as hepatitis, COPD, 
colitis, pancreatitis, and in 
cigarette smokers 

Monitor 
treatment 
and 
determine 
recurrence 

Blood 

EGFR (Her-1) solid tumors, 
such as of the 
lung (non 
small cell), 
head and 
neck, colon, 
pancreas, or 
breast 

Not available in every 
laboratory 

Guide 
treatment 
and 
determine 
prognosis 

Tissue 

Estrogen 
receptors 

Breast Increased in hormone-
dependent cancer 

Determine 
prognosis 
and guide 
treatment 

Tissue 

hCG (Human 
chorionic 
gonadotropin) 

Testicular and 
trophoblastic 

Elevated in pregnancy, 
testicular failure 

Help 
diagnose, 
monitor 
treatment, 
and 
determine 
recurrence 

Blood, 
urine 

Her-2/neu 

Breast Oncogene that is present in 
multiple copies in 20-30% of 
invasive breast cancer 

Determine 
prognosis 
and guide 
treatment 

Tissue 

Monoclonal 
immunoglobuli 

Multiple 
myeloma and 

Overproduction of an 
immunoglobulin or antibody, 

Help 
diagnose, 

Blood, 
urine 



ns Waldenstrom' 
s 
macroglobulin 
emia 

usually detected by protein 
electrophoresis 

monitor 
treatment, 
and 
determine 
recurrence 

NSE (Neuron-
specific 
enolase) 

Neuroblastom 
a, small cell 
lung cancer 

May be better than CEA for 
following this particular kind 
of lung cancer 

Monitor 
treatment 

Blood 

NMP22 Bladder Not widely used Help 
diagnose 
and 
determine 
recurrence 

Urine 

Progesterone 
receptors 

Breast Increased in hormone-
dependent cancer 

Determine 
prognosis 
and guide 
treatment 

Tissue 

PSA (Prostate 
specific 
antigen), total 
and free 

Prostate Elevated in benign prostatic 
hypertrophy, prostatitis and 
with age 

Screen for 
and help 
diagnose, 
monitor 
treatment, 
and 
determine 
recurrence 

Blood 

Prostate-
specific 
membrane 
antigen 
(PSMA) 

Prostate Not widely used, levels 
increase normally with age 

Help 
diagnose 

Blood 

Prostatic acid 
phosphatase 
(PAP) 

Metastatic 
prostate 
cancer, 
myeloma, 
lung cancer 

Not widely used anymore, 
elevated in prostatitis and 
other conditions 

Help 
diagnose 

Blood 

S-100 Metastatic 
melanoma 

Not widely used Help 
diagnose 

Blood 

TA-90 Metastatic 
melanoma 

Not widely used, being 
studied 

Help 
diagnose 

Blood 

Thyroglobulin 

Thyroid Used after thyroid is 
removed to evaluate 
treatment 

Determine 
recurrence 

Blood 




