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Abstract-This paper reviews the spec$city of tumor markers recently introduced in clinical 
use, namely CA 19-9, CA 125, CA 15-3, Cl1 50 and SCC antigen. It appears that a large 
number of either biological conditions (age, sex, pregnancy, menstruation etc.), intoxication 
(smoking and alcohol addictions) or various non-malignant diseases do affect the serum levels of 
tumor markers. These data are ofpractical use in the interpretation of tumor marker determinations 
in the follow-up of cancer patients. 

INTRODUCTION 
TUMOR MARKERS (especially oncofetal or tumor 
associated antigens, hormones and enzymes) have 
been documented in a large number of cancers. 
They have been used clinically to aid in differential 
diagnosis, to give an index of stage of disease and to 
provide an index of response to therapy and tumor 
recurrence [ 11. Because of the increasing demands 
for their determinations, their effectiveness has often 
been exaggerated. The specificity of tumor markers 
in general is poor. Indeed, a large number of non 
cancer diseases give false positive results [2]. There- 
fore, we found it worthwhile to document the effects 
of biological factors (age, sex, pregnancy, etc.) 
intoxication (smoking and alcohol habits) and non- 
malignant diseases on serum levels of carbohydrate 
antigens recently introduced into the clinic namely 
CA 19-9, CA 125, CA 15-3, CA 50 and TA-4 and 
its subfraction SCC antigen. 

CA 19-9 
CA 19-9 is a carbohydrate antigenic determinant 

which has been identified as a sialylated lacto-l\i- 
fucopentaose II, an oligosaccharide sharing struc- 
tural features with Lewis blood group substances 
[3, 41. It has been found on glycoproteins in the 
sera ofcancer patients [5], more specifically in those 
with colorectal, gastric and pancreatic cancer [6, 71. 
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1. Biological factors 
On a large series of 2700 healthy blood bank 

donors, 0.4% had levels of the marker higher than 
37 U/ml which is considered a cut-off value [8]. 
Their serum mean level was 8.4 + 7.4 U/ml [8]. A 
sex difference was reported with slightly higher 
levels in females [9]. In addition, the mean concen- 
tration of strum CA 19-9 did vary with age in 
healthy females: values were highest in the 20-29 
year-old group and lowest between 60 and 69 
years of age, these variations being of relatively low 
amplitude [lo]. However, these findings could well 
be due to the incidence of menstruation in young 
females, which is known to increase the serum 

values of some markers [ill. With respect to preg- 
nancy CA 19-9 levels were found higher than 37 U/ 
ml in 4.8% of 21 pregnant women (trimesters of 
pregnancy not specified). Last, smoking addiction 
results in only slight alterations in the mean level of 
the marker [9]. Literature data are displayed in Table 
1. 

2. Non-malignant diseases 
CA 19-9 is increased in a large set of benign 

diseases. About 20% of patients with miscellaneous 
liver diseases including cirrhosis and cholelithiasis 
have serum values of CA 19-9 over 37 U/ml. The 
data reported in patients with hepatitis arc incon- 
clusive since they range from about 2 to 23% 
of positivity [ 12, 131. CA 19-9 determination is 
considered a sensitive test for pancreatic cancer. 
Nevertheless, patients with acute or chronic pan- 
creatitis may have elevated serum levels, with the 
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Table 1. CA 19-9 in healthy males andfemales 

Healthy controls 

Smokers 

Pregnancy 

Percentage of 
No. of subjects with 

References subjects level >37 U/ml Mean 2 S.D. 

Both sexes 181 2700 0.4 
Both sexes l36l 310 3.5 
Both sexes 1371 40 0.0 
Both sexes r141 31 0.0 

Both sexes 
Females 

I 496 1.6 10.5 -r- 9.4 
PI 208 11.9 2 9.9 

Males 288 9.5 * 9.0 

Both sexes i 222 11.2 * 10.4 
Females 1121 98 14.4 ? 14.2 

Males 127 8.5 f 4.3 

Both sexes [81 59 1.7 

Females: yes 

i 

93 11.3 t 8.5 
IlO PI 115 12.5 2 10.9 

*Males: yes 121 10.2 2 9.8 
“0 167 8.9 + 8.3 

All trimesters 1121 21 4.8 

percentage of false positives varying from 3 to 30% 
depending on the authors [ 14, 151. Last, a relatively 
small percentage (most often less than 10%) of 
patients with increased serum CA 19-9 levels has 
been reported in various benign diseases (Table 2). 
A noticeable variability in the pcrcentagc ofpatients 
with elevated CA 19-9 levels is observed for a 
pathology determined in different studies dealing 
with hepatitis, cholelithiasis and chronic renal fail- 
ure (Table 2). However, it is difficult to compare 
the different populations studied since a number of 
factors which are known to modify the level of the 
marker are not taken into account from one study 
to another, e.g. smoking addition and stage of the 
diseases, among others. 

CA 125 
CA 125 is a carbohydrate antigen determinant 

associated with a high molecular weight glyco- 
protein that is expressed in some derivatives of 
celomic epithelium [16]. It has been used primarily 
in the detection and investigation of patients with 
non-mutinous ovarian cancer [ 171. Elevated serum 
levels were also found in patients with carcinoma 
of the endometrium, Fallopian tube and breast 
[16, 18, 191. 

1. Biological factors 
In a series of 888 apparently healthy persons, 

Bast et al. [20] showed that 1% had levels exceeding 
the cut-off value of 35 U/ml. The mean level was 
8.7 * 8.9 U/ml [20]. A sex-difference in the level 
of the marker was found by Klug et al. with values 
slightly higher in females (Table 3). A slight depen- 

dence of serum CA 125 levels on age with a trend to 
decrease with increasing age has also been reported 
[2 1 J. In contrast, such age and sex-differences were 
not found by Green et al. [9]. Trends towards slightly 
decreased mean serum levels of CA 125 among 
smokers were of borderline significance [9, 221. 

2. CA 125 levels in pregnancy, menstruation and gynecol- 
ogic disorders 

Significant serum elevation of the marker was 
observed in the first trimester of pregnancy in 
comparison with values in the second or third 
trimester [ 18, 221. This elevation may result from 
hyperproduction of CA 125-associated glyco- 
protein by the fetus and subsequent transfer to 
mother. From the data reported by Nilof et al. [ 181 
it can be assumed that about 50% of females in the 
first trimester of pregnancy have CA 125 levels over 
35 U/ml and 16% over 65 U/ml. 

Serum CA 125 concentrations can fluctuate 
markedly during the menstrual cycle. Levels higher 
than 35 U/ml are found in about 30% of the mcn- 

struating females studied [ 111. In one case recently 
reported, within 1 day after the onset of the men- 
strual period, the serum CA 125 concentration 
increased by lO-20-fold. Values subsequently 
decreased steadily during the remainder of the 
cycle [24]. It has recently been demonstrated that 
endometriosis is often accompanied with high levels 
of CA 125 [ 11, 25, 261. The levels were found to 
correlate with the severity of endometriosis. About 
10% ofpatients with stage I-II and 40% ofpatients 
with stage III-IV endometroisis had levels higher 
than 35 U/ml (Table 4). 
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Table 2. Positivity of Ca 19-9 inpatients with benign diseases 

References 
No. or 

patients 

Percentage or 
patients with 

lC\Yl >37 U/ml 

Miscellaneous liver diseases 

Pancreatitis .4cute 

Chronic 

Acutr and chronic 

Chronic renal failure 

Peritonitis 

Respiratory diseases 

Cirrhosis [81 
[I21 
1131 

Hepatitis [81 
[121 
(131 
[361 

Cholelithiasis [131 
l36l 
[121 
[371 

1361 
(381 

1131 
1391 
lljl 

(391 
[I31 
1401 
1141 
I371 

[a 
I381 
1121 
1411 

iI21 
[36l 

1131 

1131 
[361 

.4utoimmune diseases 181 
[I31 
[361 
1421 

106 19.0 
78 16.7 
36 19.4 

103 3.9 
76 2.6 
52 23.0 
31 22.5 

45 41.0 
40 27.0 
24 16.0 

6 16.6 

64 21.8 
27 15.0 

84 22.0 
36 11.0 
13 30.7 

66 27.0 
38 21.0 
30 6.6 
29 3.4 
22 4.5 

31 2.9 
32 16.0 
24 8.3 
21 4.8 

42 4.8 
18 0.0 

26 11.5 

68 2.9 
38 5.3 

100 2.0 
.59 3.3 
38 0.0 

8 0.0 

G.I. diseases 

Diabetes 

Endocrine diseases 

Miscellaneous 
Miscellaneous 

Duodenal ulcer 
Peptic ulcer 

IS21 51 0.0 

r131 18 5.5 
r361 47 4.3 
[361 23 0.0 

(121 78 16.7 

1131 115 6.0 

1421 in 0.0 
1361 12 9.0 

A various percentage (5-E%) of females with 
pelvic inflammation diseases had elevated levels of 
the marker. Last, a small percentage of elevated 

level has been reported in females suffering from 
miscellaneous benign gynecologic diseases (Table 4). 
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Table 3. CA 125 in healthy males andfemales 

Percentage of 
No. of subjects with 

References subjects level >3.5 U/ml Mean ? S.D. 

Healthy controls Both sexes 

1 

888 1.0 8.7 ? 8.9 
Females WI 351 1.4 7.9 & 8.0* 

Males 537 0.7 8.0 2 9.4 

Both sexes 
Females 

Males 

I 496 0.8 9.0 + 8.0 
191 208 10.3 + 11.3 

288 8.0 5 5.3 

Both sexes 1 56 0.0 11.2 2 5.4 
Females [211 26 0.0 13.1 t 6.8* 

Males 30 0.0 9.7 2 3.2 

Both sexes 1431 226 1.8 0.9 * 11 .o 

Smokers Males: yes 
“0 

I 

121 7.4 + 4.3 

PI 

167 8.4 ” 5.9 
Females: yes 93 8.4 2 5.3 

ll0 115 11.8 f 15.1 

Males: yes 25 7.2 + 5.7 
tl” 

I 
[221 25 6.6 t 4.1 

*A sex-difference was validated (ANOVA). 

3. CA 125 levels in benign non-gynecologic diseases 
A number of papers have focused on the effects of 

non-malignant liver and biliary diseases on CA 125 
levels (Table 5). Fifty per cent of patients with 
cirrhosis had elevated levels of the marker [27]. 
The point to underline is that elevated levels were 
observed in all patients with ascites. Thus, CA 125 
is a non-specific marker ofascite whatever its origin: 
ovarian carcinoma, cirrhosis, peritoneal inllamma- 
tory process, hepatocellular carcinoma etc. [27]. In 
addition, CA 125 levels were always found higher 
in the ascitic fluid than in the serum. Therefore, 
CA 125 might be of interest for assessing the pres- 
ence of clinically undetected peritoneal inflamma- 
tory process or in patients with chronic liver dis- 
eases. About 10% of patients with acute or chronic 

hepatitis had increased levels (Table 5). Conflicting 
results have been reported on the frequency of 
elevated levels in patients with acute pancreatitis 
and respiratory diseases (Table 5). Since the num- 
ber of subjects studied was small (n = 5-20) and 
the stage of the disease was not documented, these 
data would need further assessment. 

CA 15-3 
CA 15-3 is a carbohydrate antigen associated 

with a high molecular weight (290 kD) glyco- 
protein, defined by two monoclonal antibodies 
( 115D 8 and DF 3). The main use of the marker is 
the follow up of patients suffering from breast cancer 

especially in patients with metastatic carcinoma 

[28-311. 
Few data are available on this marker (Table 6). 

In a large series of 1050 healthy controls, Hayes 
et al. [29] found that 1.3% subjects had values 
exceeding the chosen cut-off value (30 U/ml). The 
mean level was 13.3 -+ 6.0 U/ml [29]. No sex or 
age difference could be validated [30]. Levels over 
30 U/ml could not bc observed in lactating or 
pregnant women [29]. The main false positive rates 
occurred in benign liver diseases (Table 6). 

CA 50 
CA 50 is a carbohydrate antigen which occurs as 

a ganglioside and as a sialylated glycoprotein [32]. 
This marker has been found in various types of 
carcinomas [33]. In healthy controls, less than 
1% of subject had values over 25 U/ml, a figure 
considered as a cut-off value [34]. Few papers 
arc available on this marker [34, 351. Among the 
benign diseases studied, only cirrhosis and pancrea- 
titis markedly increased the incidence of positivity 
of this marker (Table 7). 

TUMOR-ASSOCIATED ANTIGEN TA-4 AND 
see 

TA-4, a tumor-associated antigen, is a glyco- 
protein with a molecular weight of48 kD [47] found 
in elevated concentrations in blood of patients with 
squamous cell carcinoma of the uterine cervix 
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[47, 481. TA-4 and its subfraction, the SCC tumor 
marker antigen, were also found to be elevated in 
some patients with other cases of squamous cell 
carcinoma, e.g. lung, pharynx, larynx, tongue, pal- 

ate, neck and lung cancers [47, 481. Based upon the 
mean value in healthy subjects plus two standard 
deviations, a serum TA-4 value of 2.5 ng/ml was 
arbitrarily taken as the upper limit of normal; in 

these conditions two of 36 healthy subjects (5.5%) 
had serum TA-4 values slightly higher than the 
arbitrary norm [49]. Few data are available on this 

marker (Table 8). 

CONCLUSION 

Thus, it appears that a large number of benign Acknowledgements-This work was supported by a grant from 
diseases can increase the serum levels of tumor la Caisse Rigionalc d’Assurance Maladie d’Ile dc France. 

markers. However, further investigations needed to 

clarify the discrepancy observed in the frequency of 

elevated serum levels of some markers (CA 19-9, 

CA 125) in benign conditions should take into 

account the possible part played in by some par- 
ameters known to modify the values of tumor mar- 
kers, e.g. smoking or alcohol addiction, age and sex, 

stage of the studied diseases. In any case, all these 
biological and non-malignant pathological factors 

which have been shown to give false positive results 
are of practical use and must be kept in mind to 

avoid a misinterpretation in the tests used for the 

follow-up of cancer patients. 

Table 4. Positivity of CA 125 in pregnancy, menstruation and benign gynecologic diseases 

No. of 
females 

Percentage of 
females with 

level >35 U/ml Mean Z S.1). 

Trimester of pregnancy First 

Not defined 
Not defined 

First 
Second 

Third I 

Menstruation 

Endomctriosis 
Stage I 

Stage II 
Stage III 
Stag? IV 

Stage I/II 
Stage III/IV i 

Stage I 
Stage 11 

Stagr IIIII\~ 

Pel\ric inHammatorv diseases 

Miscellaneous Vaginitisicrrvitis 

Ovarian cyst 

Adenomyosis 
Leiomyomata utrri 1 

Leiomyomas 
Misccllaneoust 

Normal annual cheek up 1 

[181 

[441 
1111 

1111 

[251 

[25] 

IllI 
1441 
[I81 

(181 

(251 

38 

46 
15 

29 
21 
21 

[III 

55 
37 
30 

8 

22 
15 

23 
24 
13 

21 
7 

30 
21 

87 
2.5 

4 

45 

988 
652 

55.0 

24.0 
20.0 

21 

1.8 
13.5 
30.0 
50.0 

9.0 
20.0 

0.0 
13.0 
54.0 

5.0 
28.6 
17.0 
9.5* 

0.0” 
o.o* 

0.0 
14.0 

4.4* 
1.1* 
0.2* 

25.8 t 19.8 

85 t 101 
‘Lot 10 
25 t 27 

34.5 

13.6 t 6.8 
22.8 t 15.5 
27.8 2 17.3 
$3.6 + 28.0 

19.9 t 9.2 
28.5 2 23.6 

*The cut off value was 65 U/ml. 
tPatients not defined attending the gynecologic clinic (pregnant women excluded). 
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Table 5. Positi@ of CA 125 in non-gynecologic benign diseases 

References 

No. of 

subjects 

Percentage of 

subjects with 

level > 35 U /ml 

Cirrhosis 

With ascitis 

Without ascitis 

Icteric 

Non icteric 

Non cirrhotic icteric 

1231 

1451 

[271 

17 

14 

15 

16 

9 

14 

24 

35.0 

86.0 

100.0 

50.0 

88.0 

43.0 

29.0 
[461 

Acute 

Chronic t 

Chronic activr 

Acute 

Chronic 

Hepatitis 
1431 16 12.5 

23 7.7 

20 10.0 

14 

29 

50 

0.0 

10.3 

8.0 

1231 

[231 

[431 
(441 

Cholelithiasis 

Chronic renal failure 

Pancreatitis 1431 13 61.5 

(231 5 0.0 

[231 46 0.0 

[431 20 20.0 

1451 5 0.0 

[431 223 13.0 

1431 12 75.0 

[441 10 0.0 

(431 36 8.3 

Respiratory diseases 

Autoimmune diseases 

Peritonitis 

Diabetes 

Endocrine diseases 

Table 6. CA 15-3 in health and benign disease5 

References 

No. of 

subjects 

Percentage of 

subjects with 

level >30 U/ml Mean level t S.D. 

Healthy controls 

Smokers 

Pregnancy 

Lactation 

Both sexes 

Females 

Females 

Males 

(281 
1291 

1301 

1281 

[291 

1291 

1051 1.0 

1050 1.3 

81 0.0 

26 0.0 

500 0.0 

20 0.0 

16 0.0 

13.3 k 6.0 

13.8 2 3.9 
15.1 + 5.0 

12.6 _t 4.0 

13.0 + 4.0 

Breast diseases Fibrocystic diseases 

Fibroadenoma 

Miscellaneous 

18 5.5 
21 0.0 

25 8.0 

18.8 2 7.5 
14.5 + 5.9 

16.5 2 9.0 

1301 

1291 

Liver diseases Acute hepatitis 

Chronic active heptatitis 

Cirrhosis 

Miscellaneous 

8 38.0 
7 29.0 

26 31.0 
11 27.0 

.Miscellaneous [301 48 25.0 

24.7 5 10.0 
25.4 k 13.0 
26.8 2 19.0 
25.1 k 16.0 

25.4 k 9.4 
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Table 7. CA 50 in health and benign diseases 

References 
No. of 

subjects 

Percentage of 
subjects with 

level >25 U/ml 

Healthy controls 34 150 0.6 
35 293 4.0 

Smokers 35 141 3.5 
Cirrhosis 35 33 60.6 
Pancreatitis 35 18 38.9 
Ulcerative colitis 35 120 6.6 

34 28 7.0 
Pneumonia 34 12 0.0 

Table 8. TA-4 in health and benign diseases 

References 
No. of 

subjects 

Percentage of 
subjects with 

abnormal levels 
Mean level 

t S.D. (ngiml) 

Healthy females 

Pregnancy 

Benign gynecologic 
diseases 

l471 20 0* 
1491 36 5.5 1.3 + 0.6 
[X] 102 0* 

1471 10 O* 

1.W IO 0* 1.8 t 0.7 
1501 77 0* 

*Levels were first expressed as arbitrary units (~5 pU/ml). 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

REFERENCES 
Touitou Y, Bogdan A. Etude critique des marqueurs tumoraux &cents. Bull Cancer 1988 
(in press). 
Touitou Y, Proust J, Klinger E et a/. Cumulative effects of age and pathology on plasma 
carcinoembryonic antigen in an unselected elderly population. EurJ Cancer Clin Oncol 1984, 
20, 369-374. 
Magnani JL, Brockhaus M, Smith DF et al. A monosialoganglioside is a monoclonal 
antibody-defined antigen of colon carcinoma. Science 1981, 212, 55-56. 
Magnani JL, Nilsson B, Brockaus M et al. .A monoclonal antibody-defined antigen 
associated with gastro-intestinal cancer is a ganglioside containing sialylated lacto-N- 
fucopentaose II. J Biol Chem 1982, 257, 14365-14369. 
Magnani JL, Steplewski Z, Koprowski H et al. Identification of the gastrointestinal and 
pancreatic cancer associated antigen detected by monoclonal antibody 19-9 in the sera of 
patients as a mucin. Cancer Res 1983, 43, 548%5492. 
Koprowski H, Sears HF, Herlyn M et al. Sera from patients with adenocarcinoma of the 
colon inhibit binding of a monoclonal antibody to colon carcinoma cells. Science 1981, 212, 
53-55. 
Herlyn M, Sears HF, Steplewski Z et al. Monoclonal antibody detection of a circulating 
tumor associated antigen. I. Presence of antigen in sera of patients with colorectal, gastric 
and pancreatic carcinoma. J Clin Zmmunol 1982, 2, 135-141. 
Del Villano BC, Zurawski VR. The carbohydrate determinant 19-9 (Ca 19-9): a mono- 
clonal antibody defined tumor marker. In: Zmmuno-diagnostics. New York, Alan R Liss, 
1983, 269-282. 
Green PJ, Ballas SK, Westskaemper P et a/. CA-19 and CA-125 levels in the sera of normal 
blood donors in relation to smoking history. JNCZ 1983, 77, 337-341. 
Del Villano BC, Brennan S, Brock P et al. Radioimmunometric assay for a monoclonal 
antibody-defined tumor marker CA 19-9. Clin Gem 1983, 29, 549-552. 
Pittaway DE. The use of CA 125 in the diagnosis and management of endometriosis. Fertil 
Steril 1986, 46, 790-795. 
Arakawa Y, Ariga H, Kano M et al. Determination and significance of a new carbohydrate 
antigen CA 19-9 in digestive system cancers. Jab J Med 1985, 24, 121-130. 
Encabo G, Ruibal A. Seric CA 19-9 levels in patients with non tumoral pathologies. Our 
experience in 892 cases. Bull Cancer 1986, 73, 256-259. 
Farini R, Fabris C, Bonvicini P et al. CA 19-9 in the differential diagnosis between 
pancreatic cancer and chronic pancreatitis. Eur J Cancer Clin Oncol 1985, 21, 429-432. 



1090 Perspectives in Cancer Research 

15. Satake K, Kanazawa G, Kho I et al. Evaluation ofserum pancreatic enzymes, carbohydrate 
antigen 19-9 and carcinoembryonic antigen in various pancreatic diseases. Am J Gastroenterol 
1985, 80, 630-636. 

16. Bast RC, Feeney M, Lazarus H et al. Reactivity of a monoclonal antibody with human 
ovarian carcinoma. J Clin Invest 1981, 68, 1331-1337. 

17. Kawabat SE, Bast RC, Welch WR et al. Immunopathologic characterization of a mono- 
clonal antibody that recognizes common surface antigens of human ovarian tumor of 
serous, endometroid and clear cell types. Am J Clin Puthol 1983, 79, 98-104. 

18. NiloffJM, Knapp RC, Schaetzl E et al. CA 125 antigen levels in obstetric and gynecologic 
patients. Obstet Gynecol 1984, 64, 703-707. 

19. Niloff JM, Klug TL, Schaetzl E et al. Elevation of serum CA 125 in carcinomas of the 
Fallopian tube, endometrium, and endocervix. Am J Obstet Gynecol 1984, 148, 1057-1058. 

20. Bast RC, Klug TL, St John E et al. A radioimmunoassay using a monoclonal antibody to 
monitor the course of epithelial ovarian cancer. N Engl J Med 1983, 309, 883-887. 

21. Klug TL, Bast RC, Niloff JM et al. Monoclonal antibody immunoradiometric assay for an 
antigenic determinant (CA 125) associated with human epithelial ovarian carcinomas. 
Cancer Res 1984, 44, 1048-1053. 

22. Haga Y, Sakamoto K, Egami H et a/. Evaluation of serum CA 125 values in healthy 
individuals and pregnant women. Am J Med Sci 1986, 29, 25-29. 

23. Haga Y, Sakamoto K, Egami H et al. Clinical significance of serum CA 125 values in 
patients with cancers of the digestive system. Am J Med Sci 1986, 29, 30-34. 

24. Mastropaolo W, Fernandez Z, Miller EL. Pronounced increases in the concentration of an 
ovarian tumor marker CA 125 in serum of a healthy subject during menstruation. Clin 
Chem 1986, 32, 211&2111. 

25. Barbieri RL, NiloffJM, Bast RC et al. Elevated serum concentrations of CA 125 in patient 
with advanced endometriosis. Fertil Steril 1986, 45, 638-634. 

26. Patton PE, Field CS, Hams RW et al. CA 125 levels in endometriosis. Fertil Steril 1986,45, 
770-773. 

27. Bergman JF, Beaugrand M, Labadie H et al. CA 125 ( ovarian tumour-associated antigen) 
in ascitic liver diseases. Clin Chim Acta 1986, 155, 163-166. 

28. Tobias R, Rothwell C, Wagner J et al. Development and evaluation of a radioimmunoassay 
for the detection of a monoclonal antibody-defined breast tumor associated antigen 115 
D8/DF3. Am Assoc Clin Chem, Atlanta, Georgia, 24 July 1985. 

29. Hayes DF, Zurawski VR, Kufe W. Comparison of circulating CA 15-3 and carcinoem- 
bryonic antigen levels in patients with breast cancer. J Clin Oncol 1986, 4, 1542-1550. 

30. Gion M, Mione R, Dittadi R et al. Evaluation of CA 15-3 levels in breast cancer patients. 
J Nucl Med All Sci 1986, 30, 29-36. 

31. Colomer R, Sole LA, Navarro M et al. CA 15-3: early results of a new breast cancer 
marker. Anticancer Res 1986, 6, 683-684. 

32. Lindholm L, Holmgren J, Svennerholm L et al. Monoclonal antibodies against gastro- 
intestinal tumour-associated antigens isolated as monogangliosides. Znt Arch Allergy Appl 
Immunol 1983, 71, 178181. 

33. Atkinson BF, Ernst CS, Herlyn M et al. Gastrointestinal cancer-associated antigen in 
immunoperoxidase assay. Cancer Res 1982, 42, 4820-4823. 

34. Holmgren J, Lindholm L, Persson B etal. Detection by monoclonal antibodyofcarbohydrate 
antigen CA 50 in serum of patients with carcinoma. Br Med J 1984, 288, 1479-1482. 

35. Nilsson 0, Dahlen U, Jansson EL et al. Immunometric determination of cancer-antigen 
CA-50. IInd Int. Symp. on Biology and Clinical Usefulness of Tumor Markers, 12-14 
March 1987, Barcelona. 

36. Ruibal A, Encabo G, Gefaell R et al. Clinical interest of seric CA 19-9 determinations in 
differential diagnosis of patients with peptic ulcers and gastric cancer. Bull Cancer 1983, 
70, 4388440. 

37. Yoshikawa T, Nishida K, Tanigawa M et al. Carbohydrate antigenic determinant (CA 19- 
9) and other tumor markers in gastrointestinal malignancies. Digestion 1985, 31, 67-76. 

38. Jalanko H, Kuusela P, Roberts P et al. Comparison of a new tumour marker, CA 19-9 with 
a-fetoprotein and carcinoembryonic antigen in patients with upper gastrointestinal diseases, 
J Clin Path01 1984, 37, 218-222. 

39. Sali F, Beger HG, Bittner R et al. CA 19-9 and pancreatic adenocarcinoma. Cancer 1986, 
57, 779783. 

40. Satake K, Kho KG, Kho I et al. A clinical evaluation of carbohydrate antigen 19-9 and 
carcinoembryonic antigen in patients with pancreatic carcinoma. J Surg Oncol 1985, 29, 
15-21. 

41. Venot J, Vincent D, Gaignant A et al. L’antigene carbohydrate Ca 19-9: interet au tours 
de la pathologie pancriatique. Gastroenterol Clin Biol 1986, 10, 208-210. 

42. Ritts RE, Del Villano BC, Go VWL et al. Initial clinical evaluation ofan immunoradiometric 
assay for CA 19-9, using the NC1 serum bank. Znt J Cancer 1984, 33, 339-345. 

43. Ruibal A, Encabo G, Martinez-Miralles E et al. CA 125 seric levels in non malignant 
pathologies. Bull Cancer 1984, 71, 145-148. 

44. Halila H, Steriman UH, Sepplll M. Ovarian cancer antigen CA 125 levels in pelvic 
inflammatory diseases and pregnancy. Cancer 1986, 57, 1327-1329. 



Perspectiues in Cancer Research 1091 

45. Ricolleau G, Chatal JF, Fumoleau P et al. Radioimmunoassay of the CA 125 antigen in 
ovarian carcinomas: advantages compared with CA 19-9 and CEA. Tumour Biol 1981, 5, 
151-159. 

46. Eerdekens MW, Nouwen EJ, Pollet DE et al. Placental alkaline phosphatase and cancer 
antigen 125 in sera of patients with benign and malignant diseases. Clin Chem 1985, 31, 
687-690. 

47. Kato H, Torigoe T. Radioimmunoassay for tumor antigen of human cervical squamous 
cell carcinoma. Cancer 1977, 41, 1621-1628. 

48. Kato H, Miyauchi F, Morioka H, Fujino T, Torigoe T. Tumor antigen of human cervical 
squamous cell carcinoma: correlation of circulating levels with disease progress. Cancer 
1970, 43, 585-590. 

49. Maruo T, Shibata K, Kimuro A, Hoshina M, Mochizuki M. Tumor associated antigen, 
TA-4, in the monitoring of the effects of therapy for squamous cell carcinoma of the uterine 
cervix. Serial determination and tissue localization. Cancer 1985, 56, 302-308. 

50. Kato H, Morioka H, Aramakis S, Torigoe TR. Radioimmunoassay for tumor-antigen of 
human cervical squamous ceil carcinoma. Cell Mel Biot 1979, 25, 51-66. 


