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Clinical significance of serum CA15-3 as a prognostic
parameter during follow-up periods in patients with

breast cancer

Won Gong Chu, Dong Won Ryu

Division of Breast Surgery, Department of Surgery, Kosin University Gospel Hospital, Busan, Korea

Purpose: To assess the relationship between the kinetics of the serum CA15-3 level and the five-year disease-free survival
rate of breast cancer patients.

Methods: The subjects of this study, 297 women who were diagnosed with breast cancer, were the subset of patients
operated on at Kosin University Gospel Hospital from January 2008 to December 2010. We evaluated the change of
serum CA15-3 levels during outpatient follow-up period. The changing patterns of serum CA15-3 level were divided into 5
categories; surge without decline, surge with incidental decline, decline without surge, decline with incidental surge, and
no change. Clinicopathologic factors were evaluated for each group.

Results: The number of patients in surge without decline, surge with incidental decline, decline without surge, decline with
incidental surge, and no changes groups were 30 (10.1%), 85 (28.6%), 80 (26.9%), 73 (24.6%), and 29 (9.7%), respectively.
The clinicopathologic characteristics were not significantly different among these groups. The log rank test found that
5-year disease-free survival rate according to the kinetics of serum CA15-3 levels were significant (P = 0.004) particularly
for the surge without decline group.

Conclusion: According to the findings of this study, the surge without incidental decline pattern of serum CA15-3 levels
during the follow-up period is associated with poor prognosis. Significant association was found among changing patterns

of serum CA15-3 levels and breast cancer recurrence rate.
[Ann Surg Treat Res 2016;90(2):57-63]
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INTRODUCTION

In recent years, the prognostic value of changes in serum
level of CA15-3 for breast cancer has gained much attention [1-7].
For many cancers, serum tumor markers play important roles
in early diagnosis, determining prognosis, predicting response
to specific therapies, the early detection of recurrence after
curative surgery, and the monitoring of therapy for patients with
advanced disease [8-12]. The most widely used serum tumor
markers of breast cancer are CA15-3 and CEA [1,2,11]. CA15-3
is a glycoprotein that is secreted by breast cancer cells. CA15-3

can be measured by reactivity with two monoclonal antibodies,
DF3 (raised against a membrane-enriched fraction of human
breast carcinoma) and 115D8 (raised against antigens of human
milk fat globule membrane) [11,13]. While the level of CA15-3 is
rarely elevated for patients with early stage or localized cancer,
the majority of patients with metastatic breast carcinoma have
shown elevated serum levels of CA15-3 [11,14-16]. In the absence
of measurable lesion(s), however, an increasing CA15-3 level
may be used to indicate treatment failure [2,8]. More attention
should be given to the interpretation of rising CA15-3 levels
during the first 4-6 weeks of a new therapy because spurious
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early rises might occur [7,8,17-20]. The transient elevation of
CA15-3 that is affected by chemotherapy and is followed by a
decrease of CA15-3 (CA15-3 surge with decline) might result in
inappropriate early discontinuation or change of chemotherapy
[8,11,19,21]. We also evaluated the serum CA15-3 kinetics and
5-year disease-free survival of postoperative breast cancer
patients to determine the prognostic value of the changing
pattern in CAI15-3.

METHODS

Patients, staging, and follow-up
This study includes 297 patients who received operation

at Kosin University Gospel Hospital from June 2008 to June
2010. The authors obtained patient medical records such as
clinicopathologic factors and clinical data with serial levels of the
serum CA15-3 during the follow-up period. This study employed
the criteria that were used in Reporting Recommendations for
Tumor Marker Prognostic Studies. Patients in the data set were
categorized into 5 groups by the changing pattern of CA15-3
during the follow-up period. In group 1 (surge without decline),
serum tumor marker increased continuously during the follow-
up period. In group 2 (surge with incidental decline), incidental
decline of serum tumor marker was followed by subsequent
continuous surge. Patients in group 3 (decline without surge)
showed continuous serum tumor marker decrease during the
follow-up period. In group 4 (decline with incidental surge),
incidental surge of the CA15-3 level was followed by subsequent
continuous decline. Lastly, patients in group 5 (no changes)
showed less than 10% change in the level of serum CA15-3.
This study defines the surge of CA15-3 as an increment of CA15-
3 by 10% or higher from preoperative baseline. When CA15-
3 decreases by 10% or higher from the preoperative level, it is
defined as the decline of CA15-3. To measure the TNM stage, this
study used the criteria that were developed at the sixth American
Joint Committee on Cancer. ER and PR positivities were defined
as tumors with 1% or less of nuclear-stained cells. The first day of
follow-up was considered as the day when pathological diagnosis
was performed for the first time. Clinical follow-up was carried
out every 6 or 12 months, which includes physical examination,
laboratory tests of CA15-3, chest radiography, breast and liver
ultrasonography, and bone scan. Five-year disease-free survival
rate (5Y DFS) was measured as the time period from surgery
to the occurrence of an event such as locoregional recurrence,
distant metastasis, or death without recurrence. Locoregional
recurrence was defined as pathologically confirmed relapse
that is found on the chest wall, supra- and infraclavicular fossa,
axillary area, or internal mammary region. Distant metastasis
was confirmed by using radionuclear imaging modality, and
pathology assessment if needed. This study was approved by the
Kosin Medical Center Institutional Review Board.

Serum collection and tumor marker measurement
The authors measured serum CA15-3 at the preoperative

period as well as at follow-up. CA15-3 level was compared
between preoperative baseline and the level at the 6 months
follow-up. This study measured the difference of the level
between the two points and changes were reported in percen-
tage (i.e., less than 10% or 10% or greater). Serum CA15-3
levels were determined using an automatic electrochemistry
luminescence immunoassay system (ROCHE E170; Roche,
Mannheim, Germany). The cutoff value of CA15-3 level was the
increment (or decrement) of 25 U/mL, and the value of tumor
marker was measured by computing the deviation from the
cutoff. Tumor marker has positive value if serum level is above
the cutoff and negative value when serum level is below the
cutoff. The kinetics of serum CA15-3 levels were computed from
the slope of an exponential regression curve that connects the
semilogarithmic values of CA15-3 (Ln CA15-3 = log CA15-3/log e).
Microsoft Excel software 2007 (Microsoft Inc., Redmond, WA,
USA) was used to calculate the equation of the curve: y = a.exp
(px: p = slope of the curve; x = number of months between
follow-up periods; a = the corresponding CA15-3 value). For
the surge group, two CA15-3 slopes were calculated per patient
using the initial elevated serum CA15-3 level, the peak level,
and the decreased level during each period. The mean score of
the two slopes was then obtained.

Survival curves were estimated by Kaplan-Meier method.
Statistical tests were performed using IBM SPSS Statistics
ver. 21.0 (IBM Co., Armonk, NY, USA). The survival function
considered the time period from the onset of disease to the
recurrence of disease. Survival data were censored out on
December 31, 2014, which was the date when the survival data
were correlated with the death registry for the last time or 5
years from the onset of the disease. Kaplan-Meier estimates
are presented as the survival function. Log rank test was
performed to test the significance of differences in survival
rates. Associations between specific histopathological features
and survival estimates and curves were established using the
Kaplan-Meier method. The differences that were observed in
survival functions among patient subgroups were tested by two-
sided log-rank test. All survival rates were presented with their
standard errors. Pearson correlation was used to determine
the association of pairs of explanatory variables. Differences in
qualitative variables were evaluated by chi-square test, where
necessary. All P-values were two-sided and a P-value of less than
0.05 was considered statistically significant.

Other histopathological features assays
Histopathological features such as hormone receptor status

by immunohistochemical examination (Dako, Copenhagen,
Denmark) were analyzed by the Institute of Pathology at the
University of Kosin. Expressions of p53, estrogen receptor (ER),
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Ki-67, and human epidermal growth factor receptor 2 (HER2)
were determined immunohistochemically on paraffin sections
using antibodies against ER (Dako), Ki-67 (Dako), HER2 (Dako),
and p53 (Dako). Histologic grading was performed using the
criteria of Bloom and Richardson. Lymphatic vascular invasion
was defined as the presence of tumor emboli in peritumoral
lymphatic spaces, capillaries or postcapillary venules. ER status
and PR status were taken as positive if more than 10% of tumor
cells showed staining, HER2-positivity was indicated by a 2+
or 3+ score from the immunohistochemical examination,
and the results were confirmed using a fluorescence in situ
hybridization test for HER2. The cutoff point of 14% was used
for Ki-67 staining, The molecular subtypes were classified into

4 groups; Luminal A (ER+ and/or PR+, HER2-, Ki-67<14%);
Luminal B (ER+ and/or PR+, HER2+ and/or Ki-67 >14%); HER2
positive (ER- and PR-, HER2+); and triple-negative (ER- and
PR-, HER2-). The classification follows the molecular subtype
consensus of the St. Gallen International Expert Consensus on
the Primary Therapy of Early Breast Cancer 2011.

RESULTS

Serum collection for serial CA15-3 levels
The median value of serial serum CA15-3 samplings of each

patient was 8.

Table 1. Clinicopathologic characteristics of subjects according to the type of CA15-3 kinetics

Continuous Surge with

Continuous

Decline with

Characteristic . . No changes Total P-value
surge decline decline surge
Total No. 30 (100) 85 (100) 80 (100) 73 (100) 9 (100) 297 (100)
Age (yr)
<40 3 (10.0) 10 (11.8) 7 (8. 5(6.8) 5(17.2) 0(10.1) 0.262
40-60 18 (60.0) 55 (64.7) 52 (65.0) 59 (80.8) 17 (58.6) 201 (67.7)
>60 9 (30.0) 15 (17.6) 19 (23.8) 8(11.0) 6(20.7) 7(19.2)
Missing” 0(0) 5(5.9) 22 1(1.4) 1(3.4) 9(3.0)
BMI (kg/m’)
<25 15 (50) 38 (44.7) 29 (36.3) 29 (39.7) 8(27.6) 119 (40.1) 0.239
>25 2(6.7) 13 (15.3) 13 (16.3) 19 (26.0) 7 (24.1) 4(18.2)
Missing” 13 (43.3) 34 (40.0) 38 (47.4) 25 (34.3) 14 (48.3) 124 (41.8)
Operation
BCS 9(30.0) 25(29.4) 25(31.3) 23 (31.3) 11 (37.9) 93 (31.3) 0.618
Mastectomy 8 (60.0) 53 (62.4) 52 (65.0) 49 (67.1) 16 (55.2) 188 (63.3)
Missing (10.0) 7(8.2) 3(3.8) 1(1.4) 2 (6.9) 16 (5.4)
Pathologic stage
Early 17 (56.7) 37 (43.5) 42 (52.5) 40 (54.8) 19 (65.5) 155 (52.2) 0.333
Advanced 12 (40.0) 33(38.8) 28 (35.0) 25 (34.2) 9 (31 107 (36.0)
Missing” 1(3.3) 15 (17.6) 10 (12.5) (11.0) 1(3.4) 5(11.8)
IHC type
Luminal A 16 (53.3) 31 (36.5) 43 (53.8) 41 (56.2) 17 (58.6) 148 (49.8) 0.064
Luminal B 3 (10.0) 5(5.9) 4 (5.0 8 (11.0) 4(13.8) 24 (8.1)
HER2 type 2 (6.7) 7 (8.2) 8(10.0) 3(4.1) 0(0) 20 (6.7)
Triple negative 5(16.7) 11(12.9) 11(13.8) 8(11.0) 5(17.2) 40 (13.5)
Missing” 4(13.3) 31 (36.5) 14 (17.4) 13(17.7) 3(10.5) 65 (21.9)
Adjuvant CTx.
Non-T, Non-A 13 (43.3) 49 (57.6) 37 (46.3) 36 (49.3) 17 (58.6) 152 (51.2) 0.362
A without T 5(16.7) 16 (18.8) 21(26.3) 19 (26.0) 5(17.2) 66 (22.2)
TA 7(23.3) 6(7.1) 7 (8.8) 10 (13.7) 4(13.8) 34 (11.4)
Missingﬂ) 5(16.7) 14 (16.5) 8(11.0) 13 (18.8) 3(10.3) 39 (15.1)
Adjuvant radiation Tx.
No radiation Tx. 14 (46.7) 48 (56.5) 34 (42.5) 34 (46.6) 18 (62.1) 148 (49.8) 0.581
Radiation Tx. 13 (43.3) 30 (35.3) 36 (45.0) 33 (45.2) 10 (34.5) 122 (41.1)
Missing” 3(10.0) 7(8.2) 10 (12.5) 6(8.2) 1(3.4) 27 (9.1)

Values are presented as number (%).

BMI, body mass index; BCS, breast conserving surgery; IHC, immunohistochemistry; HER2, human epidermal growth factor receptor

2; CTx, chemotheraphy; Tx, theraphy; T, taxane; A, anthracycline.
“Missing data.
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Patient characteristics

The patients’ clinicopathologic characteristics are described
in Table 1. There were no significant differences among the

Annals of Surgical Treatment and Research 2016;90(2):57-63

5 groups in terms of age, breast cancer subtype, method of
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Fig. 1. Kaplan-Meier survival curves according to serum

CA15-3 kinetics.

Table 2. Univariate analysis of prognostic factors for survival
rate according to clinicopathological characteristics

Variable

CA15-3 kinetics

No. of

No. of
total cases event cases

Group 1 30 8
Group 2 85 10
Group 3 80 9
Group 4 73 9
Group 5 29 0
Menopausal status
Menopause 183 23
Not menopause 51 7
Missing” 63 6
BMI (kg/m?)
<25 119 11
225 54 9
Missing” 124 16
Operation type
Mastectomy 188 31
BCS 93 3
Missing” 16 2
Age (yr)
<40 30 4
40-60 201 22
>60 57 9
Missing” 9 1
Pathologic T stage
T1 88 7
T2 98 15
T3 12 4
T4 3 3
Missing” 96 7

5Y

73.30
91.80
89.00
90.00
100

87.43
86.27
90.48

90.76
83.33
87.11

83.51
96.77
87.50

86.67
89.05
84.21
88.89

92.05
84.69
66.07
0

92.70

DFS (%)

60

P-value

0.004

0.543

0.266

0.074

0.430

0.001

Table 2. Continued

Variable No. of No. of oY P-value
total cases event cases DFS (%)
Pathologic N stage
NO 153 11 92.81 0.001
N1 63 13 50.00
N2 18 7 61.11
N3 5 1 80.00
Missing” 58 4 93.10
ER
- 74 12 83.78 0.031
+ 173 21 87.86
Missing” 50 3 94.00
PR
- 87 13 85.06 0.048
+ 161 20 87.58
Missing” 49 3 93.88
HER-2
- 180 25 86.11 0.068
+ 40 6 85.00
Missing” 77 5 93.51
IHC Type
Luminal A 148 12 91.89 0.041
Luminal B 24 3 87.50
HER2 20 6 70.00
TNBC 40 5 87.50
Missing” 65 10 84.62
P53
- 109 10 90.83 0.023
+ 129 21 83.72
Missing” 49 5 91.53
Ki67
<20% 115 13 88.70 0.128
>20% 121 18 85.12
Missing” 61 5 91.80
Chemotherapeutic regimen
Non A, Non T 152 13 91.45 0.001
T without A 66 3 95.45
TA 34 4 88.24
None 6 83.33
Missing” 39 15 61.54
Radiation therapy
Done 148 10 93.24 0.001
Not done 122 15 87.70
Missing” 27 11 59.26
Hormonal therapy
Tamoxifen 205 17 91.70 0.003
Al 36 4 88.89
None 3 0 100
Missing” 48 15 68.75

5Y DFS, 5 year disease-free survival rate; BMI, body mass index;
BCS, breast conserving surgery; ER, estrogen receptor; PR, proges-
terone receptor; IHC, immunohistochemistry; HER2, human
epidermal growth factor receptor 2; TNBC, triple negative breast
cancer; Non A, Non T, not containing adriamycin, not containing
taxane; T without A, taxane without adriamycin; Al, aromatase
inhibitor.

“Missing data.
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Table 3. Pairwise comparison by log rank test

Group 1 Group 2
CA15-3 kinetics

x P-value r P-value
Group 1 - - 10.935 0.001
Group 2 10.935 0.001 - -
Group 3 6.248 0.012 0.490 0.484
Group 4 4.644 0.031 0.619 0.431
Group 5 10.217 0.001 2.129 0.145

surgery, American Joint Committee on Cancer (AJCC) stage,
body mass index, adjuvant chemotherapy method and radiation
therapy. No significant differences were found among the five
groups in terms of adjuvant chemotherapeutic agents, adjuvant
endocrine treatments, and anti-HER2-directed trastuzumab
therapy.

Clinicopathologic features
The main clinicopathologic characteristics of the patients

in our series are summarized in Table 1. Mean age was 50
years. T1 stage was reported for 88 patients (57.0%). NO stage
was reported for 153 patients (47.0%). All patients underwent
surgery: conservative surgery was carried out for 93 patients
(313%) and mastectomy was performed on 188 patients (63.3%).
Radiotherapy was delivered to 148 patients (49.8%). Adjuvant
chemotherapy was administered to 252 patients (84.8%): 152
patients (51.2%) received combination chemotherapy with
cyclophosphamide, methotrexate, and fluorouracil; 66 patients
(22.2%) received anthracycline-based therapy; and 34 patients
(11.4%) received taxane-based therapy. Endocrine therapy was
administered to 241 patients out of 297 patients (81.1%). Tissue
HER?2 status was positive for 40 patients (13.5%) and negative for
180 patients (60.6%). And the kinetics of serum CA15-3 were not
significantly associated with the AJCC stage pathologically (Table
1).

Patients’ distribution according to the kinetics of
CA15-3

Among 297 breast cancer patients whose serum tumor
markers were serially collected during the follow-up periods,
the number of patients in group 1 (surge without incidental
decline) was 30 patients (10.1%), and &5 patients (28.6%) for
group 2 (surge with incidental decline). Group 3 (decline with
incidental surge), group 4 (decline without incidental surge),
and group 5 (no change) were assigned 80 patients (26.9%), 73
patients (24.6%), and 29 patients (9.8%), respectively. 5Y DFS of
the groups were 73.3% (group 1), 91.8% (group 2), 89% (group 3),
00% (group 4), and 100% (group 5) (P = 0.004) (Fig. 1, Table 2).
The pairwise comparison with log rank test indicates that the
5Y DFS of group 1 is significantly different from other groups (P

Group 3 Group 4 Group 5
x P-value x P-value r P-value
6.248 0.012 4.644 0.031 10.217 0.001
0.490 0.484 0.619 0.431 2.129 0.145
- - 0.015 0.902 3.091 0.079
0.015 0.902 - - 3.188 0.074
3.091 0.079 3.188 0.074 - -

= 0.001, P = 0.012, P = 0.031, and P = 0.001, respectively). But
no significant differences were found in the other pairs in the
comparison (Table 3).

DISCUSSION

The utility of measuring CA15-3 levels for breast cancer
patients remains controversial. European Group on Tumor Mar-
kers has recommended the CEA and CA15-3 levels be used for
assessing prognosis, the early detection of disease progression,
and treatment monitoring in breast cancer. The American So-
ciety of Clinical Oncology and the National Comprehensive
Cancer Network guidelines do not currently recommend the
use of serum CA15-3 and CEA for breast cancer screening and
directing treatment [1,22]. These controversies may be partly
due to the conflicting conclusions of research [19,23-26]. The
low positive rate of serum tumor markers is also suspected as
a possible reason. But several studies found that continuous
CA15-3 elevation usually occurred in patients with disease
progression [8]. The authors evaluated the clinical implications
of the CA15-3 slope to breast cancer patients. This study found
the CA15-3 surge phenomenon by examining the slopes of
regressive exponential curves that were derived from serial
CA15-3 levels. The surge group (group 1) had a significantly
low 5Y DFS than other groups (73.3% vs. 89.6%, P < 0.05). The
results suggest that the kinetics of CA15-3 levels can be used
particularly for 'surge’ cases to predict the prognosis, especially
in terms of recurrence. CA15-3 slopes can also be easily
calculated at the bedside by using serial results of CA15-3 level.
Meanwhile, this study has several limitations. First, uniform
consensus on the definition of the surge of tumor marker is
not well established. Since the halflife of CA15-3 is unknown,
it remains controversial how to define the optimal interval for
tumor marker follow-up [18,19,27,28]. Second, the patients were
clinicopathologically heterogeneous in terms of disease stage,
and they were treated with different chemotherapeutic agents.
These contribute to the difficulty in interpretation of the results
to generate solid conclusions.

In spite of these limitations, however, the findings of this
study support the authors’ argument on the use of the 'surge’
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phenomenon of CA15-3 levels as an independent prognostic
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factor as well as a risk factor for breast cancer recurrence.
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