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ABSTRACT 

Serological tumor markers are mostly proteins; may be enzymes, hormones, antigens or 

others. Their level usually increases in many pathological conditions especially cancer. In addition to 

their use in prognosis and follow up, tumor markers are mainly used to diagnose cancer at an early 

stage before enlargement of the tumor or its metastasis. The aim of this review is to aid cancer 

researchers to evaluate new tumor markers as diagnostic tools for cancer, either accepted or rejected 

in practical, according to specific diagnostic measures including sensitivity, specificity, diagnostic 

accuracy, differential positive rate, positive and negative predictive values and likelihood ratios 

positive and negative. The optimal cut-off value can be calculated by three documented methods 

including the receiver operating characteristic (ROC) curve,  mean ± SD and discriminant analysis. 

This article provides evidence of superiority of the ROC analysis over the other two methods. It is 

recommended to study tumor markers in large number of patients and control to obtain cut-offs 

closest to that of the population. The present article casts some light on the widely used tumor 

markers and their optimal cut-off values  according to their references.  
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INTRODUCTION 

Tumor markers are defined, by the National Cancer Institute as substances produced 

by tumor cells, or by other cells of the body, in response to cancer or certain benign 

conditions. These substances can be found in various body fluids or tissue specimens [1]. 

Serological tumor markers are substances usually proteins; hormones, enzymes or antigens 

that are present with higher levels in many types of cancer.  Serological tumor markers are 

very important for cancer researchers in diagnosis, follow up and prognosis of cancer [2-4]. 

Evaluation of tumor markers is a goal for many cancer researchers. A new tumor marker 

must be put under investigation to know its validity in diagnosis, follow up or prognosis of 

cancer. To determine the performance of a tumor marker in diagnosis, we need to measure 

the level of this new marker in a group of patients with the tumor and in another group 

negative for the tumor but they may be of high risk. At any threshold passing through the 



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

 Available online on   http://www.rspublication.com/ijst/index.html                                           ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 205 
 

range of the marker level of patients and the control, we have to recognize the following 

items (Fig. 1):     

True positive cases (a):  

The number of patients above the cut-off value. They are called true positive cases 

because they are disease positive and test positive.  

False negative cases (c): 

The number of patients below the cut-off value. They are called false negative cases 

because they are disease positive but test negative. 

False positive cases (b):  

The number of normal individuals above the cut-off value. They are called false 

positive cases because they are disease negative but test positive. 

True negative cases (d):  

The number of normal individuals below the cut-off value. They are called true 

negative cases because they are disease negative and test negative. 

 

 
 

Fig. 1. Scatter diagram showing the individual values of a tumor marker in 20 cancer patients 

and 20 controls. The horizontal line represents a cut-off value at which one can define 

true positive cases (a), false negative cases (c), true negative cases (d) and false 

positive cases (b) 

 

Diagnostic measures related to a tumor marker 

 

The diagnostic measures of a tumor marker include sensitivity, specificity, diagnostic 

accuracy, differential positive rate, positive and negative predictive values and likelihood 

ratios positive and negative (Table 1). Sensitivity is simply the probability of a positive test 

among patients with the disease, it deceases gradually down to zero as the cut-off increases. 

Specificity is the probability of a negative test among persons without the disease, it increases 

gradually up to 100 with increasing the cut-off value. An ideal marker has a 100% sensitivity 

and a 100% specificity [5].  
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Table 1. Diagnostic measures related to tumor markers and their possible range at the optimal 

cut-off value. 

 

Diagnostic 

measures 

Mathematical 

expression 

Distribution of data  

Complete 

separation 

Complete 

interference 

Partial 

interference 

Sensitivity 

 
 

 

100% 

 

50% 

 

50 - 100% 

Specificity 

 
 

 

100% 

 

50% 

 

100 - 50% 

DA 

 
 

 

100% 

 

50% 

 

50-100% 

DPR Sn + Sp  - 1 

 

100% 0 0-100% 

PPV 

 
 

 

100% 

 

50% 

 

50-100% 

NPV 

 
 

 

100% 

 

50% 

 

50-100% 

LR+ 

 
 

 

Infinity 

 

1 

 

1-infinity 

LR- 

 

0 1 0-1 

AUC * 1 0.5 0.5 – 1.0 

 

a:true positive cases b: false positive cases  c: false negative cases  d: true negative cases. Sn: 

sensitivity Sp: specificity  DA: diagnostic accuracy  DPR: differential positive rate PPV: 

positive predictive value NPV: negative predictive value LR+: likelihood ratio positive LR-: 

likelihood ratio negative AUC: area under the curve.1 

 

* AUC is calculated by trapezoidal integration according to the equation  

AUC = ½    where Sn1, Sp1 and Sn2, Sp2 are the sensitivity and the  

specificity at two successive points on the ROC curve. 

 

Diagnostic accuracy (DA) represents the total gain of sensitivity and specificity of a 

test; it equals the proportion of the true positive plus true negative cases out of the total 

number of the patients and the controls together. In case of equal number of patients and 

controls, the DA equals the mean of the sensitivity and specificity. By increasing the cut-off 

value, the DA increases to maximum and decrease again. The maximum DA value is at the 

optimal threshold. 

 

 The differential positive rate (DPR), also known as Youden’s index [6] is the net 

positive rate which is the result of subtracting the false negative ratio (1-specificity) from the 

true  positive one (sensitivity). DPR increases to maximum by increasing the cut-off value 
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and then decreases. The point of maximum DPR is usually coincident with that of maximum 

DA.  

Positive predictive value (PPV) is the probability of disease among patients with a 

positive test. The negative predictive value (NPV) is the probability of no disease among 

patients with a negative test [7]. Both of the PPV and NPV increase gradually to 100% by 

increasing the cut-off value.  

 

Likelihood ratio positive (LR+)  represents the probability of a person who has the 

disease testing positive divided by the probability of a person who does not have the disease 

testing  positive.  LR- represents the probability of a person who has the disease testing 

negative divided by the probability of a person who does not have the disease testing  

negative. LRs may range from 0 to infinity with increasing the cut-off value. A likelihood 

ratio of greater than 1 indicates the test result is associated with the disease. The bigger the 

number, the more convincingly the finding suggests the disease. A likelihood ratio less than 1 

indicates that the result is associated with absence of the disease; the closer the LR is to 0, the 

less likely the disease. Findings whose  LRs equal 1 lack diagnostic value [8]. 

 

The ROC curve and the concept of dead points 

 

        The receiver operating curve (ROC) is well established as a method of summarizing the 

performance of a diagnostic test [9,10]. It indicates the relationship between the true positive 

rate and the false positive rate of the test at various thresholds used to distinguish disease 

cases from non-disease cases. The ROC curve is drawn by calculating the sensitivity and 1-

specificity at different cut-off points beginning from the smallest value in the control group 

and increase gradually to the highest value of the patient group (Fig. 2). With increasing the 

cut-off value, the sensitivity decreases to zero but the specificity increases to 100%. The point 

at which the specificity is 100% can be considered a critical value because above it, no gain 

in specificity but just loss of sensitivity occurs. So the author’s own suggestion is to name 

any threshold above 100% specificity as “dead point”. The dead points on the ROC curve are 

present on the y-axis. These new points do not add to the area under the curve (AUC) and this 

may support the suggested name. 

 

 
 

Fig. 2. ROC curve plotted between the sensitivity and 1-specificity at different cut-offs. The 

arrows denote the dead points.   
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The area under the ROC curve 

The AUC quantifies the overall ability of the test to discriminate between those 

individuals with the disease and those without the disease [11]. A truly useless test has an 

area of 0.5. A perfect test  has an area of 1.00. Most of the tests will have an area between 

those two values. If patients have higher test values than controls, then the area represents 

the probability that a randomly selected patient will have a higher test result than a randomly 

selected control. If patients tend to have lower test results than controls, the area represents 

the probability that a randomly selected patient will have a lower test result than a randomly 

selected control. For example: If the area equals 0.80, on average, a patient will have a more 

abnormal test result than 80% of the controls. If the test was perfect, every patient would 

have a more abnormal test result than every control and the area would equal 1.00. If the test 

was worthless, no better at identifying normal versus abnormal than chance, then one would 

expect that half of the controls would have a higher test value than a patient known to have 

the disease and half would have a lower test value. Therefore, the area under the curve would 

be 0.5. The critical limit of acceptance is an AUC of 0.7 (Table 2) and so any tumor marker 

has an AUC less than 0.7 is not accepted in diagnosis of diseases [12].    

 

Table 2. Acceptance or rejection of a marker  in diagnosis according to the area under the 

ROC curve. 

 

AUC Description Decision  

0.5  -  0.6 Fail  

Rejected 0.6  -  0.7 Poor 

0.7 - 0.8 Fair  

Accepted 0.8 - 0.9 Good 

0.9 – 1 Excellent 

 

 

 Relation between the scatter diagram and the ROC curve 
 

The scatter diagram is a graphic representation of the individual values of the studied 

marker in the patients and the control group. There are three probable distributional occasions 

which may be:   

 

1-Complete separation of the control and patient values (the higher control value is less than 

the lower patient value). In this case, the sensitivity equals 100% at any point passing 

through  the control range and so the ROC curve is an upper horizontal line parallel to the 

x-axis with an AUC of 1.00. 

 

2-Complete interference between the control and the patient data (the control and patients 

have nearly the same values). Here, the sensitivity and specificity are equal at any cut-off 

point and so the ROC curve is represented by the diagonal of the curve and the area equals 

0.5.  

 

3-Partial interference between the control and patient data. This is the most common case in 

which we need to determine the best cut-off level to discriminate patients from controls. 

The ROC curve, in this case, is a broken line lies between the diagonal and the upper 

horizontal line. The area under the ROC curve lies between 0.5 and 1. As the ROC curve 
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moves upwards and left, its area increases gradually up to 1 and the overall performance of 

the marker in diagnosis increases (Table 1, Fig.  3).   

 

 

 
 

Fig. 3. Possible distributions of  tumor marker values in patients and controls as shown by 

scatter diagrams (left) and the associated ROC curves (right). In case of complete 

separation of the patients and controls data (top), the ROC curve is straight line 

parallel to the x-axis and the AUC equals 1. In case of complete interference (middle), 

the ROC curve is a diagonal and the AUC equals 0.5. In case of partial interference of 

data which is the most common situation (bottom), the ROC curve is a broken line 

and the AUC lies between 0.5 and 1.  
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The optimal cut-off value  

The optimal cut-off value can be determined from the ROC curve itself or from the 

diagnostic measures by the following methods [13]: 

 

1-Sensitivity and specificity:  

        The nearest point on the ROC curve to the upper left corner (0, 1) point which satisfies 

maximum sensitivity and maximum specificity. The distance between the different points on 

the curve and the (0, 1) point can be calculated by the following equation:  

 

d =        sn = sensitivity,  sp = specificity 

 

The minimum value of this distance is the point of choice.  

 

2-From the differential positive rate (Youden’s index) which is calculated as  Sensitivity + 

specificity  -1. The maximum value of the DPR is at the optimal cut-off.  

3-From the diagnostic accuracy where the maximum value of  DA is at the optimal cut-off.   

 

 

Illustrative  example:   

 

In a recent study done by El-Hefni et al, 2013 [14], VEGF was used as a tumor 

marker to discriminate between triple negative breast cancer patients (n = 27) and non- triple 

negative breast cancer (n = 153). The goal of the study was to evaluate the performance of 

VEGF as a  marker in diagnosis of this type of cancer and to determine the optimal cut-off 

level through studying the different diagnostic measures. 

 

 

 
 

Fig. 4. Different evidences supporting the choice of the optimal cut-off value of VEGF 

(665ng/ml) in diagnosis of triple negative breast cancer  as denoted by the ROC curve 

(top) and the maximum DA and DPR (bottom). The arrows denote the optimal cut off.  

            DA: diagnostic accuracy DPR: differential positive rate 
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Using a suitable computer program such as SPSS (version 15 or up), the data were 

entered and the ROC analysis was performed. The output included the ROC curve and its 

area as well as the sensitivity and 1- specificity at the whole range of cut-off values. The 

program calculated the sensitivity and 1-specificity at more than 130 cut off points (Table 3). 

From the obtained results, the cut-off of 665 ng/ml was the point of choice due to the 

following reasons: 1- It is the nearest point to the upper left corner (0, 1) point and so the 

distance is minimal (11.76 unit length). 2-The point satisfies maximum diagnostic accuracy 

(97.78%) and 3-maximum differential positive rate (88.24%). At the optimal threshold, 

maximum PPV (96%) minmum NPV (1.94%), high LR+ (136) and low LR- (0.11) were 

obtained.  The area under the curve equals 0.971 (Fig. 4) indicating an excellent performance 

of using VEGF as a marker in diagnosis.  

    

Other methods used for cut-off calculation 

There are two methods other than the ROC curve analysis may be used for cut-off 

calculation including mean ± SD and discriminant analysis [13]. Both methods may be used 

for choice of a cut-off  but they can not evaluate  the performance of a marker either accepted 

or rejected in practical.  

 

Mean ± 2SD method 

An easy, crude and commonly used method is the application of 95% confidence 

interval  of mean for choosing a cut-off. A sample of adequate size of positive cases suffering 

from particular disease may be chosen. Then the diagnostic test is administered and values 

observed for cases are recorded. Mean and standard deviation of test values are calculated. 

Now an interval obtained by subtracting 2SD from mean and by adding 2SD to mean shows 

that the chance of a test value coming outside this interval will be less than 5%. The lower 

limit of this interval  may be considered as a cut-off point. If a subject's test value comes less 

than this cut-off then may be considered negative and if value comes greater than or equal to 

cut-off value then considered positive. This method may carry a chance of declaring some 

false negative cases, which can lower its sensitivity. Alternatively, this method may be 

carried out on a sample of known negative cases. In this case the upper limit of its 95% CI 

may be taken as cut-off value. A test value greater than this cut-off can be considered 

positive. This approach may carry a chance of declaring some false positive cases that can 

lower its specificity. Depending upon the seriousness of the loss that may incur on lower 

sensitivity or specificity, a suitable approach may be chosen. 

 

In our example, the upper limit of the control group (mean + 2SD) equals 584.64 

ng/ml while the lower limit of the patient group (mean -  2SD) was 482.37 ng/ml; the two 

points are not coincident (Table 3). This result may be due to non-normal distribution of the 

marker values in the patient group which is more common with different tumor markers 

especially alpha-fetoprotein (AFP) which may be within normal range in some cancer 

patients; less than 20 ng/ml [15] or may be over 10,000 ng/ml in other cancer cases [16]. At 

the upper limit of the control and the lower limit of the patient values, the DA and DPR were 

95.55%, 85.62% and 82.22%, 72.98%, respectively. In both cases, the DA and DPR were less 

than the point chosen by the ROC analysis (665 ng/ml) at which the DA and DPR were 

97.78% and 88.24%, respectively. In addition to the fact that just the determination of a better 

cut-off value of a marker is not an evaluation of the performance of the marker as a whole.  
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Table 3. Diagnostic measures at some selected cut-off values of VEGF as a marker 

distinguishing non triple negative from triple negative breast cancer patients.  

 

Cut-off Sn Sp DA DPR PPV NPV LR+ LR- 

422.5 100.00 58.82 65.00 58.82 30.00 0.00 2.43 0.00 

440.5 96.30 67.97 72.22 64.27 34.67 0.95 3.01 0.05 

457 92.59 73.86 76.67 66.45 38.46 1.74 3.54 0.10 

482.37 a 92.59 80.39 82.22 72.98 45.45 1.6 4.72 0.09 

544 88.89 91.50 91.11 80.39 64.86 2.10 10.46 0.12 

570 88.89 96.08 95.00 84.97 80.00 2.00 22.67 0.12 

584.64 b 88.89 96.73 95.55 85.62 82.75 1.98 27.20 0.11 

665 c 88.89 99.35 97.78 88.24 96.00 1.94 136.75 0.11 

683.5d 81.48 99.35 96.67 80.83 95.65 3.18 124.67 0.19 

745.5 77.78 100.00 96.67 77.77 100.00 3.77 infinity 0.22 

 

a:  cut off (482.37 ng/ml) chosen as the lower limit of the 95% CI of the patient group. 

b: cut off (584.64 ng/ml)   chosen as the upper limit of the 95% CI of the control group. 

c:  cut off (665 ng/ml) chosen by ROC analysis 

d:  cut off (683.5 ng/ml) chosen by discriminant analysis. 

 

At the point c, both of the DPR and DA were maximum indicating the superiority of ROC 

analysis over the other methods.   

 

Discriminant Score 

Discriminant function analysis is a popular tool in solving classification problems 

[17]. A function is generated from a sample of known positive and negative cases then, the 

function is used for new cases with observed diagnostic test values to classify them as 

positive or negative. Using SPSS for example, for each test value a discriminant score and a 

predicted group membership will be calculated. If the test is such that low value indicates 

normal and high value as disease then, the cases will be sorted according to discriminant 

score in ascending order. After arrangement, the case at which the predicted group 

membership changes from normal to disease is that of choice. The test value corresponding to 

this discriminant score might be taken as cut-off score. A value coming greater than or equal 

to this cut-off will be treated as positive while less than cut-off value as negative.  

In our example, the cut-off calculated using discriminant analysis was 683.5 ng/ml; at 

which, the DA and DPR were 96.67% and 80.83%, respectively inspite of 97.78% and 

88.24%, respectively at 665ng/ml as calculated using ROC analysis. This indicates that both 

measures; DA and DPR were optimum using ROC method. Also there is no mechanism to 

evaluate the tumor marker as a whole using discriminant analysis. This is the reason which 

makes the ROC analysis superior over the other two methods.   
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Cut off values of the most commonly used tumor markers 

AFP   

AFP is the most widely used tumor biomarker currently available for the early 

detection of hepatocellular carcinoma (HCC). A threshold of 20 ng/ml is the most commonly 

used cut-off value to differentiate HCC patients from healthy adults in clinical researches 

[18-23].  AFP has a limited sensitivity at 20 ng/ml [21] so other authors tended to use lower 

cut-offs to improve the sensitivity of AFP in detection of HCC  [24-28]. Higher cut-off values 

than 20 ng/ml were recorded by other authors as optimal cut offs [29-34]. However, some 

investigators have showed that the cut-off value is fluctuant in different ethnic groups. The 

best cut-off value of AFP has been reported to be 30 ng/ml in Sicilian population compared 

with 200 ng/ml  in Burman population. One of the possible reasons for this difference is the 

diverse living circumstance which has a great influence on epidemiology [31].  

 

Alpha-l-fucosidase (AFU) 

AFU is a lysosomal enzyme widely present in human cells, blood and body fluid. It 

can be detected in the serum of healthy adults, although its activity increases in the serum of 

HCC patients. It has been reported that the sensitivity, specificity and diagnostic accuracy of 

AFU at the cut-off value of 2.3005 μmol/l/min were 90, 97.5 and 94.9%, respectively. The 

combined detection of AFP and AFU can improve the sensitivity, specificity and diagnostic 

accuracy of AFP from 70, 85 and 79.7%, respectively, to 95, 100 and 99.1%, respectively 

[35]. Different cut off values of AFU were recorded by several authors as optimal cut off 

values including 138 nmol/ml/h [36], 213 nmol/ml/h [37], 443 nmol/ml/h [38], 616 

nmol/ml/h [39], 666 nmol/ml/h [40], 870 nmol/ml/h [41] and 10 mol/ml/min [42]. 

 

Beta HCG  

The beta human gonadotropin hormone is normally produced by placenta during 

pregnancy. In fact, it is used as pregnancy test, since its level grows fast in first three months 

Apart from this field, BHCG is used for testicular cancer, where high levels can be observed. 

For testicular cancer, 5 U/L was reported as a cut off value [43] while for colorectal cancer, 2 

pmol/L was considered as a cut off value [44].  

 

Des-γ-carboxyprothrombin (DCP) 

DCP is an abnormal protein induced by the absence of vitamin K. When the liver cells 

are in the process of malignant transformation, an obstacle occurs for the vitamin K-

dependent carboxylation system. Insufficient reaction of γ-glutamyl carboxylation causes the 

production of DCP [45]. The level of DCP in the serum of patients with HCC was found to 

be significantly higher than that in patients with chronic hepatitis and cirrhosis [20, 46]. In 

addition, the combined detection of DCP and AFP can improve the sensitivity and can be 

used to predict the recurrence of HCC within 6 months after surgery [26]. With respect to the 

cut-off values for DCP, the lowest one was 20 mAU/ml [26] while the highest cut-off value 

was 349 mAU/ml [32]. In between cut-off values were recorded by other authors [18-24, 29, 

30, 34, 46, 47] as shown in table 4. 

 

 

 

 

 

 



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

 Available online on   http://www.rspublication.com/ijst/index.html                                           ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 214 
 

Table 4: Serum tumor markers of the most common cancer types and their optimal cut-off 

values and their references. 

 

Tumor 

marker 

Cancer 

type 

Cut-off 

value 

Reference Tumor 

marker 

Cancer type Cut-off 

value 

Reference 

 

 

 

 

 

AFP 

(ng/ml) 

 

 

 

 

 

Liver 

8.46 

11 

12.8 

13.6 

16 

20 

28 

30 

45 

150 

100 

200 

400 

420 

27 

24 

25 

28 

15 

18-23 

34 

31 

30 

29 

15 

31 

33 

32 

 

CEA 

(ng/ml) 

 

 

Lung 

6.4 

5 

5.2 

10.16 

55 

53 

54 

56 

CYFRA 

21-1 

(ng/ml) 

 

Lung 

7.0 

3.3 

4.94 

55 

53 

56 

SCC 

antigen 

(g/l) 

Lung 

Uterine 

Cervical 

0.95 

1.5 

2.0 

56 

84 

86 

CA 19-9  

(U/ml) 

Gastric 

Pancreatic 

Gastric 

27 

37 

100 

67 

68 

69 

CA 125 

(U/ml) 

Ovarian 

pelvic mass 

35 

88 

65 

66 
 

 

 

 

AFU 

(nmol/ml/hr) 

 

 

 

 

Liver 

213 

138 

443 

616 

666 

870 

10* 

2.3* 

37 

36 

38 

39 

40 

41 

42 
35 

CA 15-3 

(U/ml) 

Breast 30.4 

40 

73 

74 

 

CA 72-4 

(U/ml) 

 

Gastric 

Gastric 

Esophageal 

Ovarian 

5 

6 

3.95 

3.8 

57 

58 

59 

60 

 

PSA 

(ng/ml) 

 

Prostate 

2.5 

2.6 

4.0 

76, 77 

 

 

 

Des gamma 

carboxy- 

prothrombin 

(pg/ml) 

 

 

 

Liver 

40 

50 

53.7 

60 

90 

110 

125 

150 

349 

46, 47 

45 

34 

23 

30 

29 

24 

22 

32 

78 

76 

 

 

VEGF 

(ng/ml) 

Liver 

Gastric  

gastrointestinal 

Lung 

Breast 

ovarian 

Breast 

108 

68.2 

108 

104.4 

241.02 

372 

665 

89 

90 

91 

54 

92 

93 

14 

hCG 

(pmol/L) 

Colorecta

l 

Testicula

r 

2 

5 

44 

43 

 

 

*: unit of AFU (mol/ml/hr) 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Tangkijvanich%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10695798
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γ-glutamyl transferase (GGT) 

GGT, a plasma membrane-bound enzyme, is synthesized in the microsomes of human 

cells. It is highest in embryo livers and decreases rapidly to the lowest levels after birth [48]. 

The activity of serum GGT is extremely low in healthy adults, but stimulations such as 

cholestasis and inflammation can improve the level of serum GGT to varying degrees. The 

sensitivity of GGT to detect small HCC is only 43.8% [49]. This enzyme is therefore only 

used to aid in the diagnosis of HCC. In addition, it has been previously shown that 

simultaneous determination of GGT, DCP and AFP can significantly improve the rate of 

diagnosis of HCC [20]. GGT level was an important prognostic factor to predict prognosis of 

patients with intermediate HCC treated with transcatheter arterial chemoembolization [50]. 

GGT level less than 40 IU/L was considered normal in human adults. Premenopausal women 

with high GGT level than 40 IU/L are at increased risk of breast [51] and other cancer types 

[52]. 

 

CEA 

Carcinogenic embryonic antigen (CEA) is the oldest tumor marker used: with no 

specificity, it remains largely used because, covering a large range of pathologies, it allows 

following several different cancers. It was primarily used in colorectal cancer monitoring. In 

colon and rectum cancers, the CEA level is closely related to the tumoral differentiation and 

carcinoma stage. Significant increase was observed in relapses, preceding clinical signs from 

2 to 12 months. Apart from the digestive area, CEA is used in particular in lung, thyroid, 

ovarian, liver and uterine cancer. Preferably it should be used with other tumor markers 

depending upon the considered cancer. Few optimal cut off values of CEA were  recorded by 

some authors including 5 ng/ml [53], 5.2 ng/ml [54],  6.4 ng/ml [55]  and 10.16 ng/ml [56]. 

 

CA 72-4 

CA 72-4 is a stomach cancer tumor marker used with CEA and CA 19-9. Diagnosing 

gastric carcinoma is often complicated and can be extremely difficult due to presentation with 

vague, non-specific symptoms that are sometimes associated with non-malignant disease. 

Although endoscopy, coupled with histologic evaluation of biopsy specimens, is most often 

used to make definitive diagnosis, the search for additional non-invasive diagnostic 

procedures has longed continued : strong new clinical evidence has recently emphasized the 

clinical value of the CA 72-4 serum tumor marker assay in diagnosis and monitoring of 

gastric cancer. For gastric cancer diagnosis,  thresholds of 5 and 6 U/ml were suggested as a 

cut-off values [57, 58], respectively.  For esophageal squamous cell carcinoma,  3.95 U/ml 

was suggested as a cut off value [59]. For ovarian cancer, 3.8 U/ml was suggested as a cut off  

[60]. Also CA 72-4 was superior to CA 19-9 or CEA in detection of gastric or oesophageal 

cancer patients [61]. 

 

CA - 125 

The serum level of CA-125 has been demonstrated in multiple clinical trials and 

standard oncologic practice to be one of the most useful tumor markers in cancer medicine 

[62,63]. A role of CA-125 in detection of gall bladder cancer was reported [64]. For detection 

of ovarian cancer, a CA 125 cut off value of 35 U/ml was reported [65] reported. In addition, 

a cut off of 88 U/ml was reported for detection of malignant pelvic masses in Iranian women 

[66].  

 

CA 19-9  

Initially discovered among patients suffering from colorectal cancer, CA 19-9 was 

then noticed in pancreas cancer, biliary tract cancers and stomach cancer. Watch out for very 
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high levels found in inflammatory diseases of the gastrointestinal tract or biliary retention. 

With respect to gastric cancer, 27 U/ml was considered as a cut off value [67] while in 

detection of pancreatic cancer,  37 U/ml was reported [68]. When the level of CA 19-9 was 

set at 100 U/ml, the specificity increased to 93.3% [69]. 

 

CA 15-3 

CA 15-3 is a glycoprotein, circulating antigen associated to human mammary tumors. 

CA 15-3 is a normal product of breast cells; it is produced by a gene that is often 

overexpressed in cancerous breast tumors, leading to an increased production of CA 15-

3. However, CA 15-3 may also be elevated in some nonmalignant diseases such as chronic 

hepatitis, cirrhosis, sarcoidosis, and systemic lupus erythematosus [70,71]. CA 15-3 values 

more than 25 U/ml were considered high [72]. Two cut off values were considered for breast 

cancer detection (30.4 and 40 U/ml)[73,74], respectively. 

 

CYFRA 21-1  

The “cytokeratin fragment” is the most stunning marker ever discovered. Very few 

labs monitor it at present. It is specially interesting for lung cancer, diagnostic and follow-up 

of epidermoidis forms. Among all forms of lung cancer, the Cyfra 21-1 delivers an 

appreciated sensitivity of 65%, and an exceptional specificity of 95%. CYFRA 21-1 can also 

be used in uterine, oesophageal  and  bladder cancer [75]. In diagnosis of lung cancer, few cut 

off values were recorded for CYFRA 21-1 including 3.3 ng/ml [53], 4.94 ng/ml [56]  and 7.0 

ng/ml [55]. 

 

PSA  
PSA is a glycoprotein, whose function is to liquefy the seminal plasma. It is a very 

good marker because of its high specificity. PSA is produced by normal and abnormal cells 

of the prostate, it is highly sensitive to the presence of prostate cancer: its increasing is 

correlated to the tumor grade and volume. A cut-off of 4 ng/ml is used to diagnose prostate 

cancer [76] but lowering this threshold to 2.5 or 2.6 ng/ml helped in increasing the sensitivity 

of detection of prostate carcinoma [77,78]. Due to its presence in a free and an attached form, 

PSA ratio of free/total was used as a diagnostic indicator of prostate carcinoma. In malignant 

cases, the ratio of F/T PSA was less than the benign cases than the normal men. A cut-offs of  

12-16%  were used to diagnose prostate carcinoma with higher sensitivities and specificities 

[79-81].  

 

SCCA 

Squamous cell carcinoma antigen (SCCA), a serine protease inhibitor isolated from 

cervical carcinoma, is typically expressed in epithelial tumors and protects tumor cells from 

apoptosis. SCCA was found to be highly expressed in HCC [82]. The high sensitivity and 

low specificity were complementary with AFP. Thus, SCCA was a valuable supplement 

marker for the diagnosis of HCC. SCCA was found to be potentially useful prognostic 

marker in squamous cell carcinoma of the anal canal and margin [83]. Few cut-off values 

were recorded for SCCA in some cancer types including 0.95 g/l in lung cancer [56], 1.5 

g/l  in uterine cancer [84,85] and 2.0 g/l in cervical cancer[86].  
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VEGF 

Vascular endothelial growth factor (VEGF) is a primary driving force for both 

physiological and pathological angiogenesis, and overexpression of VEGF was observed in 

HCC [87]. The circulating VEGF level was reported to be correlated with the stage of HCC 

and the highest VEGF levels were found in patients with metastasis [88]. VEGF increases in 

different types of cancers and so more cut off values were recorded by several authors.  As a 

marker for HCC, a cut off of 108 pg/ml was recorded [89]. For gastric and gastrointestinal 

cancers, cut offs of 68.2 and 108 pg/ml were recorded [90,91]. For breast cancer, cut offs of 

241.02 and 665 pg/ml were recorded [92, 14]. For lung cancer and ovarian cancer, cut offs of 

104.4 and 372 pg/ml were recorded, respectively [54, 93]. 

 

Simultaneous determination of tumor markers 

No tumor marker has a 100% sensitivity and 100 % specificity at a time and so, 

combination of  tumor markers is usually used to improve sensitivity and specificity as well 

as the other diagnostic measures. With respect to AFP as a golden marker for HCC, its 

sensitivity alone is less than 50% in some studies and so, addition of others markers such as 

AFU [42], des-gamma-carboxy prothrombin [29] or gamma-glutamyl transferase [49] could 

improve sensitivity of detection of HCC.  For gastric cancer, each of  AFP, CEA, CA125 and 

CA 19-9 were simultaneously used to improve the sensitivity of diagnosis[67]. For ovarian 

cancer, human epididymis protein 4 [HE4], CA125 and CA72-4 biomarkers were 

simultaneously used for differential diagnosis  between ovarian endometrioma and epithelial 

ovarian cancer [60]. For prognosis of colorectal cancer, HCG beta, CA 72-4 and CEA were 

simultaneously used [44].  

 

CONCLUSION 

From above, it is clear that three methods can be used to calculate the optimal cut-off 

value including mean ± SD, discriminant score and the ROC curve method. The latter is the 

most accurate method with respect to the calculated DA and DPR. In addition, the ROC 

curve analysis is the only method can be used to evaluate a tumor marker as a whole  

according  to its AUC. 

The new concept of dead points was suggested in this article which may be accepted   

or criticized. 

 For considering a major cut-off value of a tumor marker in a population, it is 

recommended to collect and reanalyze data of similar studies to obtain a good approach to the 

true cut-off value of the population. Hopefully, future studies on tumor markers will focus on 

collecting data of the same marker from patients and controls in large cities or may even a 

whole country in large scale project studies inspite of the individual studies in which the 

obtained results may be affected by the relatively less numbers of patients and controls.   
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