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Serial tumour markers serum carcinoembryonic 
antigen and cancer antigen 15-3 assays in detecting 
symptomatic metastasis in breast cancer patients
A. Bahrami,1 M.R. Mortazavizadeh,2 M.F. Yazdi 2 and M. Chamani 3

ABSTRACT The value of serum tumour markers in the prognosis of patients with breast cancer is controversial. This 
prospective study in Yazd, Islamic Republic of Iran, assessed the value of the tumour markers carcinoembryonic 
antigen (CEA) and cancer antigen (CA) 15-3 in 159 patients with primary breast cancer. CEA and CA15-3 assays 
(mean 14 per patient) were performed at diagnosis, end of surgery and chemotherapy and every 3 months in the 
first 2 years and every 6 months in second 2 years of the follow-up period. During follow-up, 33 patients (20.8%) 
presented symptomatic metastasis. A significant relationship was seen between metastasis status and positive CEA 
and CA15-3 levels. The sensitivity and specificity were 66.7% and 98.4% for CEA respectively and 84.8% and 91.3% 
for CA15-3 respectively. Optimum cut-offs were 4.95 ng/mL and 30.5 U/mL for CEA and CA15-3 respectively.

1Borhan Research Institute, Tehran, Islamic Republic of Iran.
2Department of Oncology, Shahid Sadoughi Hospital, Yazd University of Medical Sciences and Health Services, Yazd, Islamic Republic of Iran 
(Correspondence to M.R. Mortazavizadeh: borhanresearch@gmail.com).
3General Practice, Yazd, Islamic Republic of Iran.

Received: 10/11/10; accepted: 11/04/11

النقائل  عن  للكشف  المصل  في   3-15 السرطان  ومستضد  المضغي  السرطان  لمستضد  للأورام  السلسلية  الواسمات  قياسات 
المصحوبة بأعراض لدى مرضى سرطان الثدي

أمير بحرامي، محمد رضا مرتضوي زاده، محمد فرات يَزْدي، مهدي شاماني

الخلاصة: مازالت قيمة الواسمات السلسلية للأورام في توقع مآل المرضى المصابين بسرطان الثدي محل خلاف. وتقيِّم هذه الدراسة المستقبلية في يَزْد، جمهورية 
إيران الإسلامية، قيمة واسمات الأورام لمستضد السرطان المضغي ومستضد السرطان 15-3 لدى 159 مريضاً مصابين بسرطان الثدي الأولي. وقد قيس كل 
من المستضدين عند التشخيص )المتوسط 14 لكل مريض(، وفي نهاية الجراحة والعلاج الكيميائي، وكل ثلاثة أشهر في العامين الأولين، وكل 6 أشهر في 
العامين الثانيَِيْن من فترة المتابعة. وخلال المتابعة، شهد 33 مريضاً )20.8%( نقائل مصحوبة بأعراض. ووجدت علاقة يُعتدُّ بها بين حالة النقائل والمستويات 
يْن. وكانت الحساسية 66.7% والنوعية 98.4% لمستضد السرطان المضغي في المصل، بينما كانت الحساسية 84.8% والنوعية 91.3% لمستضد  الإيجابية للمستضدَّ

السرطان 15-3. وكانت الأرقام الفاصلة 4.92 نانوغرام لكل ملي لتر لمستضد السرطان المضغي، و30.5 وحدة لكل ملي لتر لمستضد السرطان 3-15.

Dosages systématiques des marqueurs tumoraux tels que l'antigène carcino-embryonnaire sérique et 
l'antigène carbohydrate 15-3 dans le dépistage de métastases symptomatiques chez des patientes atteintes 
d'un cancer du sein

RÉSUMÉ La valeur des marqueurs tumoraux sériques dans le pronostic des patientes atteintes d'un cancer du 
sein est controversée. La présente étude prospective à Yazd (République islamique d'Iran) a évalué la valeur des 
marqueurs tumoraux tels que l'antigène carcino-embryonaire et l'antigène carbohydrate 15-3 chez 159 patientes 
ayant reçu un premier diagnostic de cancer du sein. Les dosages de l'antigène carcino-embryonaire et de 
l'antigène carbohydrate 15-3 (moyenne 14 par patiente) ont été réalisés lors du diagnostic, après la chirurgie et 
la chimiothérapie puis tous les trois mois au cours des deux premières années et tous les 6 mois dans les deux 
années suivantes pendant la période de suivi. Pendant le suivi, 33 patientes (20,8 %) ont présenté des métastases 
symptomatiques. Un lien significatif a été observé entre le statut métastasique et les taux positifs pour l'antigène 
carcino-embryonaire et l'antigène carbohydrate 15-3. La sensibilité et la spécificité étaient de 66,7 % et 98,4 % 
pour l'antigène carcino-embryonaire respectivement et de 84,8 % et 91,3 % respectivement pour l'antigène 
carbohydrate 15-3. Les valeurs seuils optimales étaient de 4,95 ng/ml et 30,5 U/ml pour l'antigène carcino-
embryonaire et l'antigène carbohydrate 15-3 respectivement.
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Introduction

Carcinoembryonic antigen (CEA) 
was one of the first serum-based tu-
mour markers to be characterized, 
and its utility has been assessed in 
a variety of malignancies including 
breast cancer [1–3]. The results of 
serum CEA assay can reflect progno-
sis in primary breast cancer patients, 
with elevated levels reflecting adverse 
outcomes [3,4]. Several studies have 
shown that changes in the CEA serum 
level might be linked to progression 
or regression status in breast cancer 
patients [5–8]. 

It should be noted that most of 
these studies were performed nearly 
15 years ago. Since the discovery of 
the serum cancer antigen (CA)-15.3 
marker, the use of CEA for determin-
ing prognosis of patients with breast 
cancer has declined. Some studies 
have suggested that serum CEA is 
not even useful as a routine assay due 
to its low sensitivity in breast cancer 
patients in comparison with CA15-3 
[9–13]. Nevertheless, CEA is still 
one of the most widely used blood 
tests for monitoring breast cancer 
patients.

Due to limited health budgets 
coupled with the increasing price 
of health care services, developing 
countries need to select effective 
and suitable tumour markers among 
the various available markers for the 
management protocols for patients 
with breast cancer. The present study 
reports the results of 4 years of follow-
up of patients with primary breast 
cancer in Yazd, Islamic Republic of 
Iran between 2000 and 2006. The 
study was performed to evaluate the 
usefulness of the serial assessment 
of serum CEA and CA15-3 for pre-
diction of symptomatic metastasis in 
primary breast cancer patients. Other 
useful markers (oestrogen receptors, 
progesterone receptors, CerB2 and 
P53 tumour markers) were included 
for comparison.

Methods

Sample and study design
The study sample was women with 
primary breast cancer attending a pri-
vate clinic in Yazd, Islamic Republic 
of Iran. The inclusion criteria were 
non-smoker females with primary 
breast cancer, without signs or symp-
toms of metastasis or recurrence and 
with no other malignant disorders. 
We excluded patients who had other 
disorders that could affect the serum 
level of CEA or CA15-3, whether on-
cological (lung, colorectal, pancreas 
and ovarian cancer) or non-oncolog-
ical (endometriosis, pelvic inflamma-
tion, hepatitis, cirrhosis, peptic ulcer, 
colitis and diverticulitis). The women 
were followed up for a 4-year period 
between July 2002 and August 2006. 
There were 168 patients who met 
our inclusion criteria but 9 patients 
discontinued their follow-up visits 
due to migration to other regions. 
Thus 159 patients participated in the 
study.

The study was approved by the 
ethics research committee of Shahid 
Sadoughi University of Medical Sci-
ences and Health Services and all the 
patients gave their informed consent to 
participate.

Data collection
Clinical data
The tumour size and number of out-
break lymph nodes were recorded for 
each woman. Laboratory assays were 
performed for all participants at the 
first study visit to determine expres-
sion levels of oestrogen and progester-
one receptors and the tumour markers 
CerB2 and P53. Chest X-rays, bone 
scans and liver ultrasonography were 
performed for all study participants 
at the beginning of the study and 
patients with metastases at the start 
were excluded. Blood samples were 
taken and clinical examinations were 
performed in the time of diagnosis, 
end of surgery, end of chemotherapy 

and every 3 months in the first 2 years 
and every 6 months in the second 2 
years of follow-up. Imaging studies in-
cluding chest X-rays, liver ultrasonog-
raphy and bone scans were performed 
if there was clinical or laboratory 
(abnormal serum levels of CEA or 
CA15-3) suspicion of symptomatic 
metastasis.

Tumour markers assays
In the present study CEA and CA15-3 
levels were measured from patients’ 
serum sample. A total of 2226 deter-
minations of serum CEA and CA15-3 
(mean 14 per patient) were performed. 
CEA and CA15-3 were determined 
by a commercial immunoradiometric 
assay (Abbott Laboratories and CIS 
International). If elevated serum levels 
of CEA or CA15-3 were observed in 
the follow-up period, a separate sample 
was obtained for confirmation of CEA 
or CA15-3 elevation. CEA was con-
sidered elevated when levels > 5 ng/
mL were detected in 2 sequential de-
terminations. Elevations of CEA above 
these values were considered as false 
positive if no symptomatic metastasis 
was diagnosed in the following physi-
cal examination or imaging after the 
determination. The same pattern was 
considered for serum CA15-3 levels, 
which were considered as elevated at 
levels > 31 U/mL.

Only CEA and CA15-3 were as-
sessed serially; the other markers were 
assessed once, at the beginning of 
the study. Oestrogen receptors, pro-
gesterone receptors, CerB2 and P53 
tumour markers were determined by 
a receptor assay method. Oestrogen 
receptor assay levels > 5 fmol/mg and 
progesterone receptor assay levels > 
15 fmol/mg of cytosolic protein were 
considered as positive. CerB2 and P53 
results were scored positive or nega-
tive.

Statistical analysis
We used SPSS , version 16.0 and 
the chi-squared and Student t-tests 
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for statistical analysis. Two-tailed 
P-values < 0.05 were considered as 
significant. We divided study partici-
pants at the end of the follow-up time 
according to their clinical status (with 
or without symptomatic metastasis) 
and this classification was used as gold 
standard for determination of sensi-
tivity and specificity of study tumour 
markers. Sensitivity was calculated as: 
(number of metastatic patients whose 
tumour marker levels were elevated/ 
total number of metastatic patients) 
× 100. Specificity was calculated as: 
(number of non-metastatic patients 
with normal tumour marker values/
total number of non-metastatic pa-
tients) × 100.

ROC curve calculation
During the 4-year follow-up period, 
we checked serum levels of CEA and 
CA15-3 14 times and for calculation 
of sensitivity and specificity of these 
antigens we used their highest serum 
values before metastasis in metastatic 
patients or the highest values during 
the whole follow-up time for non-
metastatic patients. The areas under 
the receiver operating characteristic 
(ROC) curve were calculated as a 
measure of predictive discrimination 
of tumour response and progression 
by CEA and CA15-3 variation. An 
index of 0.5 indicated no discrimi-
nation ability, whereas a value of 1 
indicated perfect discrimination. The 
cut-off points for elevated levels of the 
markers were identified according to 
the corresponding plotted curves. The 
difference between proportions was 

evaluated by the chi-squared test with 
Yates’ correction when necessary.

Results

A total of 159 patients with primary 
breast cancer participated in the study. 
The mean age of the women was 48.8 
(SD 10.7) years, range 22–78 years. 
The mean size of tumours was 1.94 
(SD 0.70) cm, range 22–78 cm. An 
average of 2.86 (SD 4.30) lymph nodes 
were involved, range 0–8. At the begin-
ning of the study, 50 patients (31.4%) 
were positive for CrbB2, 54 (34.0%) 
for P53, 73 (45.9%) for progesterone 
receptors and 83 (52.2%) for oestro-
gen receptors.

The mean CEA and CA15-3 values 
in participants at the time of diagnosis 
were 1.69 (SD 0.99) ng/mL and 18.9 
(SD 7.2) U/mL respectively. After 6 
months chemotherapy, there was 
a significant increase in CEA level to 
1.87 (SD 1.05) ng/mL (P = 0.01) and 
non-significant increase in CA15-3 level 
to 20.1 (SD 10.0) U/mL (P = 0.08) 
(Table 1).

During the follow-up period, 33 
(20.8%) of our patients presented 
symptomatic metastasis. A positive 
CEA value was found in 18 metastatic 
patients (54.5%) and CA15-3 was 
positive in 30 metastatic patients 
(90.9%).

A significant relationship was found 
between positive serum CEA and 
CA15-3 levels and metastasis status 
(P = 0.001). However, there was no 
relationship between serum CEA and 
CA15-3 positivity and expression of 

oestrogen and progesterone receptors 
or tumour markers CerB2 and P53 
(Table 2).

ROC curve analysis
According to the traditional cut-off 
points, we calculated the sensitivity 
and specificity as 66.7% and 98.4% 
respectively for CEA and 84.8% and 
91.3% respectively for CA15-3. Ac-
cording to these data, the positive 
likelihood ratios for CEA and CA15-3 
were 41.7 and 9.8 respectively.

For ROC curve analysis, we con-
sidered the highest values of tumour 
markers before metastasis in meta-
static patients and the highest values 
during the whole follow-up period 
for others patients. According to our 
ROC curves, we determined that the 
highest sensitivity and specificity cutoff 
points for positive results were 4.95 
ng/mL for CEA and 30.5 U/mL for 
CA15-3 (Figure 1).

Discussion

The results of our prospective study 
demonstrate that CEA tumour 
marker had lower sensitivity than 
CA15-3 for prediction of metasta-
sis in the follow-up monitoring of 
primary breast cancer patients after 
surgery (66.7% versus 84.8%). The 
optimum cut-off points were 4.95 
ng/mL for CEA and 30.5 U/mL for 
CA15-3. 

We found a significant elevation 
in CEA levels after 6-months follow-
up and a non-significant increase in 
CA15-3. In a number of published 

Table 1 Serum carcinoembryonic antigen (CEA) and cancer antigen (CA) 15-3 values at the time of diagnosis and after 6 
months chemotherapy for patients with primary breast cancer (n = 159)

Period CEA (ng/mL) CA15-3 (U/mL)

Mean (SD) Range Mean (SD) Range

At diagnosis 1.69 (0.99) 0.1–4.9 18.9 (7.2) 2–40

After 6 months 1.87 (1.05) 0.2–5.2 20.1 (10.0) 5–85

P-value 0.01 0.08

SD = standard deviation.
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studies elevated levels of both serum 
tumour markers CEA and CA15-3 
were found during follow-up of breast 
cancer patients [14–24]. Although 
some tumour markers cause over- or 

under-estimation of disease progress, 
CA 15-3 was directly correlated with 
disease extent in our study. This 
contradicts the study of Bon et al. 
who reported that CA15-3 had no 

relation with disease stage in breast 
cancer patients [24]. This may have 
been because of the small number 
of cases from each clinical stage that 
they evaluated in their study. As a 

Table 2 Serum carcinoembryonic antigen (CEA) and cancer antigen (CA) 15-3 values according to results of tumour markers 
and metastasis status for patients with primary breast cancer (n = 159)

Variable No. of cases CEAa (ng/mL) P-value CA15-3a (U/mL) P-value

Mean (SD) Mean (SD)

CrbB2
Negative 109 3.75 (2.13)

0.27
32.4 (19.9)

0.68
Positive 50 4.18 (2.86) 33.8 (20.1)

P53
Negative 105 3.93 (2.42)

0.73
31.3 (17.8)

0.18
Positive 54 3.79 (2.33) 25.8 (23.4)

Progesterone receptors
Negative 86 3.95 (2.30)

0.68
32.9 (21.8)

0.96
Positive 73 3.70 (2.49) 32.7 (17.6)

Oestrogen receptors
Negative 76 3.81 (2.33)

0.70
32.7 (17.3)

0.97
Positive 83 3.96 (2.45) 32.9 (22.2)

Metastasis
No 126 3.25 (1.38)

< 0.001
27.6 (13.5)

< 0.001
Yes 33 6.30 (3.62) 52.7 (27.1)

aUsing the highest CEA and CA15-3 value before metastasis for metastatic patients and during all checkups for non-metastatic patients. 
SD = standard deviation. 
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Figure 1 Receiver operating characteristic curve and comparison of tumour markers carcinoembryonic antigen (CEA) and 
cancer antigen (CA) 15-3 levels in patients with symptomatic metastasis (n = 33)
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rule, increases in tumour markers 
in a particular analyte are not ab-
solute evidence for the presence of 
malignancy or metastasis, and the 
physician must consider this finding 
within the overall context of patient 
management.

The clinical efficacy of tumour 
markers assays in monitoring of breast 
cancer patients has been doubted due 
to their low sensitivity in primary breast 
cancer patients [25,26] and at the 
present time we cannot conclusively 
assess the clinical impact of CA15-3 

in the monitoring and management of 
breast cancer patients. According the 
American Society of Clinical Oncology 
clinical guidelines for use of serum tu-
mour markers in breast cancer patients, 
there is insufficient evidence to recom-
mend serum tumour markers in routine 
monitoring of breast cancer patients 
[25]. Nevertheless, among the various 
cancer markers, CA15-3 is generally 
considered to be the most suitable sin-
gle marker, followed by CEA [14], and 
our study confirms the higher predictive 
value of CA15-3. Nevertheless, we must 

focus our use of tumour markers on pa-
tients’ survival and quality of life. In the 
absence of effective treatment modali-
ties for metastatic breast cancer patients, 
detection or prediction of breast cancer 
metastasis may not improve patient 
survival.
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