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ABSTRACT

Purpose: Cancer antigen 15-3 (CA15-3) is a serum tumor marker for breast cancer (BC)
extensively used in clinical practice. CA15-3 is non-invasive, easily available, and a cost-
effective tumor marker for immediate diagnosis, monitoring and prediction of BC
recurrence. We hypothesized that an elevation of CA15-3 may have prognostic impact in
patients with early BC with normal serum CA15-3 level.

Methods: This was a retrospective cohort study, which included patients with BC who
received curative surgery at a comprehensive single institution between 2000 and 2016.
CA15-3 levels from 0O to 30 U/mL were considered normal, and patients who had CA15-3 > 30
U/mL, were excluded from the study.

Results: The mean age of study participants (n = 11,452) was 49.3 years. The proportion of
participants with elevated CA15-3 > 1 standard deviation (SD) compared with the previous
examination during follow-up was 23.3% (n = 2,666). During the follow-up (median follow-
up 5.8 years), 790 patients experienced recurrence. The fully-adjusted hazard ratio (HR)

for recurrence comparing participants with stable CA15-3 level to subjects with elevated
CA15-3 level was 1.76 (95% confidence interval [CI], 1.52-2.03). In addition, if the CA15-3
was elevated > 1 SD, the risk was much higher (HR, 6.87; 95% CI, 5.81-8.11) than in patients
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without elevated CA15-3 > 1 SD. In sensitivity analysis, the recurrence risk was consistently
higher in participants with elevated CA15-3 levels than in participants without elevated CA15-
3 levels. The association between elevated CA15-3 levels and incidence of recurrence was
observed in all subtypes and the association was stronger in patients with N+ than in patients
with NO stage (p-value for interaction < 0.01).

Conclusion: The results of the present study demonstrated that elevation of CA15-3 in
patients with early BC and initial normal serum CA15-3 levels has a prognostic impact.

Keywords: Breast Neoplasms; Prognosis; Survival

INTRODUCTION

Breast cancer (BC) is the most common cancer in the world as well as the most common
malignancy in Korean women, and the incidence continues to increase [1,2]. Due to
increased early detection with cancer screening programs and advances in systemic treatment
such as chemotherapy, anti-hormone therapy, and human epidermal growth factor 2 (HER2)-
targeted therapy, more patients are surviving after treatment for BC [3].

Current surveillance guidelines for follow-up after a diagnosis of BC recommend regular
mammography (MMG) and physical examinations as well as further symptom-related
laboratory tests and imaging tests, such as computed tomography (CT) or positron

emission tomography-CT scans [4,5]. These guidelines are based on data from clinical

trials performed in the early 1990’s, which did not show any survival benefit with the early
detection of distant metastasis [6,7]. However, those clinical trials were mainly conducted
using imaging modalities with poor sensitivity (e.g., chest X-ray), physical examinations with
examiner-dependent variation of sensitivity (e.g., abdominal sonography), or procedures
with limited specificity (e.g., bone scan), and did not include tumor markers (e.g., cancer
antigen 15-3 [CA15-3]).

CA15-3 is a serum tumor marker for BC extensively used in clinical practice. CA15-3 is
non-invasive, easily available, and a cost-effective tumor marker for immediate diagnosis,
monitoring, and prediction of BC in early, advanced, and metastatic BC [8-10]. However, to
the best of our knowledge, its clinical value within normal range has not been assessed. We
hypothesized that an elevation of CA15-3 levels which were initially within normal ranges in
patients with early BC could affect recurrence of BC; thus, the association between elevated
CA15-3 levels and BC recurrence was analyzed in the present study.

METHODS

This was a retrospective cohort study conducted using a Samsung Medical Center Breast
Cancer Surgery Treatment Registry (SMC_BCSTR) [11]. The registry included patients with
BC who received curative surgery followed by adjuvant treatment at Samsung Medical Center
(SMC) between January 2000 and December 2016. Patients who underwent neoadjuvant
chemotherapy, had distant metastasis, had experienced BC and/or other cancer were excluded.
We measured CA15-3 levels at baseline when BC was diagnosed, and followed up regularly

for monitoring because CA15-3 is non-invasive, easily available, and cost-effective. Since

the objective was to evaluate the prospective association between changes in CA15-3 levels
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and recurrence among patients whose initial CA15-3 levels were within normal range, the
analysis was restricted to subjects who underwent CA15-3 examination within 60 days before
surgery (n =11,759). Participants who had CA15-3 > 30 U/mL (n = 108) and who did not have

a follow-up CA15-3 (n = 202) were excluded. The final sample size was 11,452 (Figure 1). De-
identified data for the events of recurrence were used and visits extracted from the Clinical
Data Warehouse of SMC (DARWIN-C), which contains data from 1994 onward. Recurrence
was defined as any BC recurrence including locoregional recurrence, distant metastasis,

and contralateral BC diagnosed by imaging and/or biopsy. We followed up every six months
with physical examination, breast ultrasonography and/or breast MMG and tumor markers,
and every year with physical examination, CT scan and tumor marker estimations. The
Institutional Review Board of SMC approved this study (IRB No. 2018-06-137) and waived the
requirement for informed consent because only de-identified data routinely collected during
health screening visits were used.

Measurements

The measurement of serum CA15-3 was performed using immunoradiometric assay.

CA15-3 levels from O to 30 U/mL were considered normal. The measurement of serum
CA15-3 was performed using a commercially available immunoradiometric kit (ELSA-
CA15-3; CIS Diagnostici, Vercelli, Italy). There was no modification in the methods of
immunoradiometric assay in our institute between January 2000 and December 2016. CA15-3
levels from O to 30 U/mL were considered normal, in accordance with the manufacturer’s
protocol. In this study, recurrence was defined as the first detected event of local or/and
distant BC recurrence. The pathologic stage was based on the criteria of the American

Joint Committee on Cancer, 7th edition. Two experienced pathologists reviewed and
determined the primary tumor characteristics based on size, axillary nodal status, and
receptor status (estrogen receptor [ER], progesterone receptor (PR), and anti-HER2)

using immunohistochemical (IHC) staining. ER positivity (ER+) and PR positivity (PR+)
were defined as an Allred score of 3-8 based on IHC staining with antibodies against

ER (Immunotech, Marseille, France) and PR (Novocastra, Newcastle upon Tyne, UK),
respectively. HER2 status was evaluated using the appropriate antibody (Dako, Carpinteria,
USA) and/or silver in situ hybridization (SISH). HER2 grades O and 1 indicated a negative
result and grade 11 indicated a positive result. HER2 amplification was confirmed using SISH
for results of 2+. Triple negative BC was defined as BC with negative ER (ER-) and PR (PR-)
expression and lack of HER2 overexpression.

Breast cancer patients who were planned adjuvant therapy and had CA15-3 exam
60 days before surgery at the Samsung Medical Center
between January 2000 and December 2016 (n = 11,759)

Exclusions (n = 307)
Patients who had higher than 30 of CA15-3 at baseline (n = 108)
Patients who had not follow-up CA15-3 (n = 202)

Participants included in this study (n = 11,452)

Figure 1. Schematic diagram for participants inclusion.
CA15-3 = cancer antigen 15-3.
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Statistical analysis

Participants were included in the study on the date of surgery (baseline) and were followed
up until study endpoint, death, or the last available visit. The study endpoints were the
development of recurrence. In a sensitivity analysis, we excluded patients who had CA15-3
levels above 30 U/mL during follow-up, as this could have led to more intensive surveillance.

The study exposure was change in the CA15-3 levels as a time-varying variable [12]. In time-
dependent exposure design, all changes at each visit contributed until the next examination
(e.g., visit 2). The changes were continuedly updated by the new examination results. Then
the weighted average risk of recurrence of all the visits were calculated using log rank test and
a cox proportional hazards regression model [13]. In statistics, the standard deviation (SD)

is a measure of the amount of variation or dispersion of a set of values. Thus, we performed
analyses when the CA15-3 changed more than the acceptable amount of variation. In addition
to categorical analysis, we modeled changes in the CA15-3 level compared with previous
examination as continuous variables using restricted cubic splines with knots at the 5th, 35th,
65th, and 95th percentiles of the sample distribution to provide a flexible estimate of the
dose-response relationship between change in the CA15-3 level and recurrence. To account
for additional potential confounding factors, we adjusted for age, pathological T stage,
pathological N stage, hormone receptor, HER2, chemotherapy, radiation therapy, hormone
therapy, and targeted therapy.

We also conducted an additional sensitivity analysis to investigate the association between
elevated CA15-3 levels compared to the baseline and recurrence. We defined the elevated
CA15-3 group as those who experienced a 1 SD or greater increase in CA15-3 levels compared
to their baseline measurement. The patients were considered as an elevated CA15-3 group
from the initial elevated exam date to the end of the follow-up.

All reported p-values were two-sided and the statistical significance was set at 0.05. All
analyses were performed using STATA version 14 (StataCorp LP, College Station, USA).

RESULTS

The mean + SD age of study participants (n = 11,452) was 49.3 + 9.8 years and 57.5% were
premenopausal. The proportion of participants with elevated CA15-3 > 1 SD compared with
previous examinations during follow-up was 23% (n = 2,666). The median time interval from
the baseline to the time when CA15-3 increased was 293 days (9.7 months). Compared with
patients with stable CA15-3 level, those with elevated CA15-3 > 1 SD were less likely to have
NO stage (66.3% vs. 54.9%, p < 0.01), ER+ or PR+ (77.8% vs. 73.9%, p < 0.01), were more
likely to receive chemotherapy (61.0% vs. 75.5%, p < 0.01), radiation therapy (73.4% vs.
77.2%, p < 0.01), and to have higher CA15-3 levels at surgery (9.6 vs. 11.4, p < 0.01; Table 1).

During the follow-up (median follow-up of 5.8 years), 790 patients experienced recurrence.
The incidence rate per 100 person-years in participants with stable and elevated CA15-3

levels was 1.0 and 1.7, respectively. Patients with elevated CA15-3 levels were likely to have a
higher cumulative incidence of recurrence than patients with stable CA15-3 levels (log rank
test p-value < 0.01; Figure 2). Compared with patients with stable CA15-3 level, patients with
elevated CA15-3 level had a higher risk of recurrence (hazard ratio [HR], 1.76; 95% confidence
interval [CI], 1.52-2.03; Table 2). In addition, if the CA15-3 levels were elevated > 1 SD, the risk
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Table 1. Characteristics of study participants

Characteristics Overall Stable 1 SD elevated* p-value
(n=11,459) (n = 8,786) (n = 2,666)
Age (yr) 49.3+9.8 49.3+9.7 49.5+10.1 0.59
Pathologic T stage
In situ 28 (0.2) 21 (0.2) 7 (0.3)
T1 6,997 (61.1) 5,472 (62.3) 1,525 (57.2)
T2 3,945 (34.5) 2,954 (33.6) 991 (37.9)
T3 445 (3.9) 310 (3.5) 135 (5.1)
T4 13 (0.1) 6(0.1) 7(0.3)
Unknown 24 (0.2) 23 (0.3) 1(0.0)
Pathologic N stage <0.01
NO 7,286 (63.6) 5,823 (66.3) 1,463 (54.9)
N1 2,980 (26) 2,155 (24.5) 825 (30.9)
N2 747 (6.5) 514 (5.9) 233(8.7)
N3 410 (3.6) 271 (3.1) 139 (5.2)
Unknown 29 (0.3) 23 (0.3) 6(0.2)
Subtype <0.01
Luminal A (ER or PR+/HER2-) 7,504 (65.5) 5,815 (66.2) 1,689 (63.4)
Luminal B (ER or PR+/HER2+) 1,209 (10.6) 929 (10.6) 280 (10.5)
HER2+ (ER and PR-/HER2+) 1,070 (9.3) 815 (9.3) 255 (9.6)
TNBC (ER and PR-/HER2-) 1,432 (12.5) 1,040 (11.8) 392 (14.7)
Unknown 237 (2.1) 187 (2.1) 50 (1.9)
Treatment
Chemotherapy <0.01
No 4,020 (35.1) 3,373 (38.4) 647 (24.3)
Yes 7,373 (64.4) 5,359 (61) 2,014 (75.5)
Unknown 59(0.5) 54 (0.6) 5(0.2)
Radiation therapy <0.01
No 2,858 (25.0) 2,959 (25.7) 599 (22.5)
Yes 8,505 (74.3) 6,447 (73.4) 2,058 (77.2)
Unknown 89 (0.8) 80 (0.9) 9(0.3)
Hormone therapy <0.01
No 2,518 (22.0) 1,879 (21.4) 639 (24.0)
Yes 8,831 (77.1) 6,815 (77.6) 2,016 (75.6)
Unknown 103 (0.9) 92 (1.0) 11 (0.4)
Baseline CA15-3 (U/mL) 10.0 (4.5) 9.6 (4.3) 11.4 (5.0) <0.01

Values are presented as mean = standard deviation or number (%).
SD = standard deviation; ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth

factor 2; CA15-3 = cancer antigen 15-3; TNBC = triple negative breast cancer.

“Elevated > 1 SD of baseline CA15-3 (4.5).

0.5+

—— Stable

0.4+

0.3 4

0.2

0.1+

Cumulative incidence of recurrence

1SD elevated*

5 10

Time since diagnosis (yr)

15

Figure 2. Kaplan-Meier curve for recurrence by elevated cancer antigen 15-3 level.

SD = standard deviation.
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Table 2. Hazard ratio for recurrence based on change in cancer antigen 15-3

Change between previous examination No. of recurrence (incidence HR (95% CI)
and current examination rate per 100 person-years) Crude Adjusted”
Change of CA15-3
Stable 298 (1.0) Reference Reference
Elevated 499 (1.7) 1.72 (1.49-1.99) 1.75(1.52-2.02)
More than 1 SD change of CA15-3
Stable 844 (1.3) Reference Reference
Elevated 1 SD® 166 (8.8) 7.05 (5.97-8.33)  6.86 (5.80-8.11)

Adjusted for age, pathological N stage, hormone receptor, human epidermal growth factor 2, chemotherapy,
radiation therapy, and hormone therapy.

HR = hazard ratio; Cl = confidence interval; CA15-3 = cancer antigen 15-3; SD = standard deviation.

“Elevated > 1 SD of baseline CA15-3 (4.5).

was significantly higher (HR, 6.87; 95% CI, 5.81-8.11) than in patients without CA15-3 levels
elevated > 1 SD (Table 2). The median time of increase of CA15-3 and the time at which the
recurrence was actually diagnosed were 293 days (9.7 months) and 835 days (27.6 months).
In sensitivity analysis, even when CA15-3 was < 30 U/mL, the recurrence risk was consistently
higher in participants who had elevated CA15-3 level than in subjects who did not (Table 2).

The association between elevated CA15-3 levels and the incidence of recurrence was observed
in all subtypes (Table 3), although the association was stronger in patients with N+ than

in those with NO stage (p-value for interaction < 0.01). In spline regression models, the
association between changes in CA15-3 levels and the incidence of recurrence was nonlinear,
with a stronger association at elevated CA15-3 levels than at decreased levels (p-value for
nonlinear spline terms < 0.01; Figure 3).

In the sensitivity analysis, patients who had elevated CA15-3 from baseline were more likely

to have higher risk of recurrence (HR, 2.61; 95% CI, 2.27-3.00) than patients without CA15-3
elevated (Supplementary Table 1).

DISCUSSION

In the present study, changes in CA15-3 levels were analyzed in more than 11,000 patients
with BC and a significant association was found between elevated CA15-3 levels within

Table 3. Subgroup analysis for hazard ratio for recurrence based on change in cancer antigen 15-3

Change between previous examination and current examination Adjusted HR (95% Cl)

Elevated Elevated 1 SD*

Pathologic N stage

NO 1.43(1.17-1.75) 5.31(4.05-6.95)

N+ 2.12 (1.73-2.60) 8.82 (6.72-10.31)

p-value for interaction <0.01 0.01
Subtype

Luminal A (ER or PR+/HER2-)
Luminal B (ER or PR+/HER2+)
HER2+ (ER and PR-/HER2+)
TNBC (ER and PR-/HER2-)
p-value for interaction

2.07 (1.69-2.53)

1.58 (1.05-2.38)

1.32 (0.85-2.07)

1.47 (1.09-1.98)
0.22

8.00 (6.38-10.02)

6.53 (3.95-10.79)

4.59 (2.57-7.94)

6.00 (4.21-8.55)
0.34

Adjusted for age, pathological N stage, hormone receptor, HER2, chemotherapy, radiation therapy, and hormone
therapy.

HR = hazard ratio; Cl = confidence interval; SD = standard deviation; ER = estrogen receptor; PR = progesterone
receptor; HER2 = human epidermal growth factor 2; TNBC = triple negative breast cancer.

“Elevated > 1 SD of baseline CA15-3 (4.5).
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Figure 3. Adjusted hazard ratio for recurrence based on changes in cancer antigen 15-3 level.
CA15-3 = cancer antigen 15-3.

normal range and recurrence. The association between elevated CA15-3 levels and recurrence
was observed in all molecular subtypes.

In numerous studies, elevated CA15-3 level was associated with prognosis of BC with various
ranges and situations. In patients with metastatic BC, elevated CA15-3 level showed poor
overall survival (OS) with cut-off values ranging from 20.1 to 40 U/mL [14-17]. Patients with
BC with bone metastasis, which shows better prognosis among metastatic BCs, also had
elevated CA15-3 levels and a significantly poor progression-free survival with cut-off values
ranging from 30 to 35 U/mL [18,19]. Furthermore, in many studies, patients with BC with
stage I-1II with elevated CA15-3 levels had poor disease-free survival (DES) with cut-off values
ranging from 20.11 to 40 U/mL [20-23]. In previous studies, fewer than 1,000 patients were
reported and cases with CA15-3 below the cut-off value were ignored. In the present study, a
large number of operable patients with CA15-3 below the cut-off value (mean CA15-310.0 U/
mL) were included and the change below the cut-off value analyzed.

Although current guidelines do not recommend routine imaging such as abdominal CT,
chest CT, or bone scan to detect distant metastasis in patients with asymptomatic BC, many
clinicians routinely use intensive imaging and tumor markers (CA15-3, carcinoembryonic
antigen [CEA]) to detect distant metastasis [24-26]. Because clinical trials conducted decades
ago showed no benefit for routine intensive imaging and do not reflect recent modern
imaging and target therapies, routine intensive imaging is currently used to detect distant
metastasis [7,27]. Furthermore, the survival of patients with metastatic BC has significantly
improved over the last several decades, and some patients with metastatic BC, especially
oligometastases, experience durable clinical remission if they are treated with intensive
treatment [28-30]. Similarly, the European Society for Medical Oncology [31] and American
Society of Clinical Oncology do not recommend serial measurement of CA15-3 during the
follow-up of early BC due to the lack of data that it increases survival benefit [26]. However,
in contrast to CT or bone scan, which can potentially harm patients, CA15-3 is very non-
invasive, easily available, and a cost-effective tumor marker. Many clinicians use a serial
assessment of tumor markers such as CA15-3 as part of routine follow-up in patients with
asymptomatic early BC.
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Notably, in the current study, elevated CA15-3 level within normal range in the early BC was
associated with worse DFS. Recently, liquid biopsy based on circulating tumor DNA (ctDNA)
or cell-free DNA (cfDNA) is an emerging new technique used to diagnose and monitor BC
[32,33]. Clatot et al. [34] analyzed the relation of circulating ESR1 mutation, CA15-3, and
circulating cfDNA in 103 patients with hormone receptor positive metastatic BC. They
demonstrated that CA15-3 elevation was correlated with progression, while as cfDNA was not
correlated to progression. Tang et al. [35] directly compared CA15-3, CEA, and cfDNA levels
between patients with BC and normal healthy carriers. They showed that combined diagnosis
with tumor marker and cfNDA significantly improved the diagnostic accuracy of BC, with
sensitivity of 97.5% and negative predictive value of 96.4%. However, there were limited data
of cfDNA or ctDNA compared to CA15-3; a future study comparing ctDNA or cfDNA with
CA15-3 is warranted. The present study had several limitations. First, this was a retrospective
study conducted at a single institution which limits generalization. Second, other tumor
markers such as CEA were not analyzed; thus, the risk of recurrence could not be compared
with other tumor markers. External validation and comparison with other tumor markers are
necessary. Third, correlation between CA15-3 level and a detailed recurrence pattern such as
distant metastasis, locoregional recurrence, contralateral BC, and OS was not demonstrated
because of de-identified dataset for the research purpose. Fourth, since the patients had
multiple examinations and the CA15-3 level was changed in the examination, it might be
associated with false-positive results. However, when we performed a sensitivity analysis that
a patient who had elevated CA15-3 from baseline did not change the group across the follow-
up, the results were consistent. Further studies are necessary for correlation between CA15-3
levels and detailed recurrence or survival outcomes. Lastly, we could not determine if benign
diseases, such as liver disease, ovarian cysts, or benign breast disease, could affect CA15-

13 levels. However, we used time-dependent exposure design; the same individual could
contribute person-time to all change level categories in each examination. This study was
conducted with a large homogenous BC patient cohort and was the first in which elevated
CA15-3 levels within normal range were shown to affect BC recurrence.

In conclusion, the results of the present study demonstrated that elevation of CA15-3 levels
in patients with early BC and normal serum CA15-3 level has a prognostic impact. Whether
early detection of elevation of CA15-3 level within normal range can improve DFS should be
investigated in future studies.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Sensitivity analysis of hazard ratio for recurrence according to change of cancer antigen 15-3
censoring after cancer antigen 15-3 > 30

Click here to view
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