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Background: Most current guidelines do not recommend the serial analysis of tumour marker CA 15.3 in the follow-up
of asymptomatic patients treated for early breast cancer (EBC). These guidelines are based on small-scale studies carried
out in an era with more limited treatment options than today. In our large academic centre, serial measurements of CA
15.3 are used routinely in the follow-up of EBC, whereas imaging for distant metastases is only carried out on indication.
Patients and methods: In this retrospective single-centre study, patients were included if they were treated for EBC
between 1 January 2000 and 1 January 2018, diagnosed with secondary metastatic disease at least 6 months after
initial surgery and had CA 15.3 available at the time of diagnosis of metastases. The primary objective was to
evaluate the proportion of patients in whom metastatic disease was discovered by an increasing CA 15.3.
Information on the method of metastases detection, CA 15.3 evolution and survival was collected after approval of
the ethics committee.
Results: At the moment of diagnosis of metastases, 451 of 730 included patients (62%) had CA 15.3 levels above the
upper limit of normal (>30 kU/l). In 269 patients (37%), an increasing CA 15.3 was the first sign that led to the diagnosis
of metastases. This was most frequent in luminal A-like tumours (48%) and in liver (45%) and bone (41%) localisation of
metastases. By contrast, reported symptoms triggered the diagnosis of metastatic disease in 48% of the patients.
Median overall survival was significantly longer when the relapse was discovered by CA 15.3 elevation versus those
discovered by another trigger (abnormal clinical examination or history, abnormal laboratory tests or an incidental
finding) (35 versus 22 months; P ¼ 0.0027).
Conclusion: When CA 15.3 is systematically used in the follow-up of EBC patients, the diagnosis of metastatic disease is
made in 37% by a CA 15.3 increase.
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INTRODUCTION

The European Society for Medical Oncology (ESMO) and
American Society of Clinical Oncology (ASCO) recommend a
regular evaluation with history and physical examination, as
well as an annual mammography in the follow-up of pa-
tients with early breast cancer (EBC). The serial measure-
ment of tumour markers such as CA 15.3 in the follow-up of
these patients is discouraged, due to the lack of data that
can produce a survival benefit.1-3

Contrary to these current guidelines, many oncologists
carry out a serial assessment of blood-based tests (like
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measurement of the tumour marker CA 15.3) as part of
routine follow-up in asymptomatic patients with EBC.4-7

Serial measurement of CA 15.3 after primary treatment of
EBC can detect preclinical recurrent disease with lead times
of about 2-9 months, but the clinical significance of this
finding remains unclear.8-10

The current guidelines are based on a limited number of
studies showing no clear difference in disease-free survival
and overall survival.11,12 In the non-randomised study of
Joseph et al.,12 126 patients with recurrent breast cancer
were identified during a 10-year period. Twenty-seven of
them (21%) were classified as an ‘intensive method of
detection group’ (liver function tests, tumour markers, chest
radiograph, computer tomography scan and bone scan); 99
patients (79%) were classified as the ‘minimal detection
group’ (history, physical examination and mammography).
There was no significant difference between the time of
recurrence detection between the two groups and the
https://doi.org/10.1016/j.esmoop.2021.100203 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:hans.wildiers@uzleuven.be
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.esmoop.2021.100203&domain=pdf
https://doi.org/10.1016/j.esmoop.2021.100203
https://doi.org/10.1016/j.esmoop.2021.100203


ESMO Open L. De Cock et al.
method of detection did not significantly affect survival.12

Kokko et al.11 studied the cost of follow-up of 472 EBC
patients without distant metastasis after primary treatment
in four different schedules in a randomised trial; the mean
follow-up was 4.2 years. The four schedules differed in
frequency of follow-up visits (every third or sixth month)
and in the intensity of diagnostic examinations. Diagnostic
examinations were done routinely in one group and only
when clinically indicated in the other group. Diagnostic
examinations that were carried out routinely included blood
tests and CA 15.3 determination every visit, chest radio-
graph every 6 months, liver ultrasound and bone scan every
2 years. Neither the frequency of visits nor the intensity of
diagnostic examinations had any effect on disease-free or
overall survival of patients. The more intense schemes even
increased the cost of follow-up 2.2 times.11 Kokko et al.13

also carried out another prospective study in which 243
EBC patients were followed after primary treatment until
the first relapse. During the 5-year follow-up period, 24% of
relapses were discovered, and CA 15.3 was elevated (�40
IU/l) in 36% of these patients at least once. There was a
positive CA 15.3 level in 3% of patients without recurrence.
The authors concluded that CA 15.3 is specific, but not
sensitive enough to indicate the first relapse earlier than
other methods.13

The limitations of these studies are small sample size and
a short follow-up period.11 Additionally, they were carried
out in the distant past, preceding novel advances in di-
agnostics and therapies. Nowadays, many of the treatment
regimens are more effective and less toxic than the older
types of medication.5 Some studies confirmed the validity
of serial CA 15.3 assays in the early diagnosis of metastatic
disease and showed that CA 15.3 elevation is more
often seen in the follow-up of EBC patients who develop
metastases.9,14-16

There is a lot of controversy about this subject and as a
result of this, at least one international group, the European
Group on Tumour Markers (EGTM), recommends serial CA
15.3 (and carcinoembryonic antigen, CEA) serum measure-
ments for the early detection of recurrence in patients with
EBC. This is only advised, however, if the detection of
metastatic disease would alter clinical management. They
suggest follow-up of asymptomatic women who were
treated for EBC and propose to determine tumour markers
every 2-4 months during the initial 5 years after diagnosis,
then less frequently thereafter. Nevertheless, they
acknowledge that the impact of these results on clinical
outcome is unclear.17

Disadvantages of regular blood checks are that they can
increase fear in patients, cause false-positive values leading
to additional useless investigations and lead to earlier
diagnosis of incurable metastatic disease (in which case
earlier detection could temporarily decrease a patient’s
quality of life). Additionally, CA 15.3 is not elevated in all
patients with metastatic disease and low CA 15.3 levels may
provide false reassurance to the patient.8,10

By contrast, earlier detection of metastases may
also have relevant theoretical advantages: (i) a higher
2 https://doi.org/10.1016/j.esmoop.2021.100203
detection rate of oligometastatic disease, where an
aggressive treatment approach could potentially be
related to improved outcome; (ii) earlier detection of
metastatic disease, which is potentially genomically
more stable, and more responsive to anticancer therapy;
(iii) less need for first-line salvage chemotherapy in
hormone-sensitive disease; (iv) avoid situations where
the diagnosis is made through symptoms like jaundice
and severe liver failure precluding the use of proper
systemic therapy; and (v) regular blood test and follow-
up of the tumour marker can also give a feeling of se-
curity and reassurance to the patients, which may
impact the quality of life.5,18

In our hospital network, the University Hospitals Leuven,
the standard follow-up for patients with EBC is a regular
clinical examination carried out by experienced doctors
from the multidisciplinary breast centre and a yearly
mammography. Systematic imaging for distant metastases is
not carried out unless clinically indicated. Given the
controversial data on the use of CA 15.3 in follow-up of EBC
patients and the experience that this strategy can also have
potential benefits, the use of systematic blood sampling
including CA 15.3, calcium and liver tests has carried on
until present. Omission of this blood sampling was only
done in specific situations such as the patient asking for the
pros and cons of this strategy and deciding to omit it. In this
study, we want to evaluate in our centre how many of the
diagnoses of secondary metastatic disease were discovered
by abnormal CA 15.3 and in which subgroups this occurs
more frequently. We also aimed to assess if the outcome of
this group is different from patients in whom symptoms or
other abnormal laboratory values triggered the diagnosis of
metastases.

METHODS

Study design

In this retrospective single-centre study, eligible patients
were those treated for EBC at the University Hospitals
Leuven between 1 January 2000 and 1 January 2018 and
diagnosed with secondary metastatic breast cancer at least
6 months after the initial surgery. The curative surgery of
the primary breast cancer must have taken place at the
University Hospitals Leuven and the pathological report of
the tumour should be available. Patients must have
remained in follow-up at the University Hospitals Leuven
until the diagnosis of metastatic disease. Patients with only
locoregional recurrence of the disease (without distant
metastases) were not included. The availability of a CA 15.3
value measured within 2 months before the detection of
metastasis was required. This CA 15.3 value needed to be
assessed before any systemic therapy for metastatic disease
was started. CA 15.3 was measured according to the stan-
dard clinical practice using an electrochemiluminescence
immunoassay (ECLIA) from Roche (Basel, Switzerland). Pa-
tients were excluded when the origin of metastases was
unclear (Supplementary Figure S1, available at https://doi.
org/10.1016/j.esmoop.2021.100203).
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Standard follow-up of patients with EBC in the University
Hospitals Leuven is carried out every 4 months during the
first year after treatment. Every visit includes a thorough
history to identify potential symptoms, a physical exami-
nation and a routine blood test (calcium, liver tests and CA
15.3). A mammography is carried out once a year, and the
radiologist decides if it is necessary to carry out an addi-
tional ultrasound or magnetic resonance imaging scan of
the breast. In the following 2 years, patients are seen every
4-6 months depending on their risk of relapse. After 3 years,
patients visit for a clinical examination every 6 months.
After 5 years, the follow-up period is prolonged to 1 year
and 10 years after the treatment of EBC, the follow-up in-
terval becomes 2 years (depending on the patient’s life
expectancy and general condition). Follow-up can be
intensified for high-risk patients, defined by the treating
oncologist. During the timespan of the study, the majority
of patients were not discharged from follow-up with an
oncologist.

For all potentially eligible patients the individual elec-
tronic medical files were screened for inclusion and exclu-
sion criteria. For patients fulfilling the criteria, the following
data were collected for each patient: age of the patient at
diagnosis of EBC and at diagnosis of metastatic disease,
characteristics of the primary breast tumour [tumour his-
tology, tumour grade, pathological and clinical TNM19

(tumourenodeemetastasis) stage, receptor status] and
characteristics at the first diagnosis of metastases (local-
isation of relapse, treatment approach). Sequential labora-
tory values for CA 15.3, calcium and liver tests until
detection of distant metastases were collected. Finally, we
gathered information about the long-term follow-up (time
and cause of death).

The study was completed in compliance with the prin-
ciples of the Declaration of Helsinki and approved by the
ethics committee of the University Hospitals Leuven
(S62467). All data were entered in an anonymised database
following the general data protection regulation of the
University Hospitals Leuven.

Outcome measures

The primary outcome was the proportion of diagnoses of
secondary metastatic disease triggered by a CA 15.3 eleva-
tion. A subgroup analysis based on different breast cancer
subtypes, stage of EBC, age of the patients at diagnosis of
EBC and the localisation of metastases was carried out.

Definitions for hormone sensitivity and/or human
epidermal growth factor receptor 2 (HER2) positivity of
breast cancer are based on the ASCO guidelines of 2018.
Samples with 1%-100% of tumour nuclei positive for es-
trogen receptor (ER) or progesterone receptor (PR) are
interpreted as positive. A sample is considered negative for
ER or PR if <1% of tumour cell nuclei are immunoreac-
tive.20 The HER2 status is initially assessed by immuno-
histochemistry (IHC) using a semi-quantitative scoring
system and confirmed by FISH in all IHC cases with a score
of 2þ or 3þ.21
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The different breast cancer subtypes are defined by the
criteria of Brouckaert et al.22 using grade instead of Ki67
positivity, because this was not always available. Luminal A-
like tumours are defined as ER-positive and/or PR-positive,
HER2-negative and grade 1 or 2; luminal B-like tumours are
ER-positive and/or PR-positive, HER2-negative and grade 3.
Luminal HER2-like tumours are defined as ER-positive and/
or PR-positive, HER2-positive and HER2-like tumours are ER-
negative, PR-negative, HER2-positive. Triple-negative tu-
mours are ER-negative, PR-negative, HER2-negative.22,23

Secondary outcomes that were studied are other triggers
that led to more investigation and diagnosis of metastatic
disease (such as disrupted liver tests and calcium levels,
complaints of the patient, abnormal clinical examination or
coincidental discovery during radiological examinations or
surgery/endoscopy carried out for an unrelated condition).

Furthermore, we investigated the evolution of CA 15.3
towards the moment of diagnosis of metastatic disease. We
studied the progressive increase of CA 15.3 by comparing
the lowest value (measured at least 6 months after treat-
ment of EBC) with the CA 15.3 value at the moment of
diagnosis of metastatic disease. CA 15.3 level at diagnosis of
EBC was not taken into account because this is normal in
the large majority of patients in such a setting, and an
increased CA 15.3 at first diagnosis is often associated with
upfront metastatic disease, certainly if levels are in the
higher range >40 kU/l.10,24 Exclusion of CA 15.3 levels be-
tween primary diagnosis until 6 months afterwards was
predetermined, because CA 15.3 can rise (also known as
surge) temporarily after the initiation of (neo)adjuvant
chemotherapy. The origin of this surge remains unclear, but
false-positive CA 15.3 values related to hematopoietic stem
cells released in circulation during chemotherapy (certainly
if granulocyte colony-stimulating factor is given) or tumour
marker shedding caused by tumour cell destruction may
contribute.25-27

The first treatment approach of metastatic disease was
registered. An oligometastatic approach was defined as a
radical local treatment of all visible (five or fewer) distant
metastases.28 Finally, as long-term time-to-event
outcome, we recorded overall survival, defined as time
between diagnosis of metastases and death due to any
cause.

Statistical analysis

Descriptive information on patient characteristics and the
primary and secondary outcomes was presented as fre-
quencies with percentages for categorical variables or
means with standard deviation for continuous variables.

To study the evolution of CA 15.3 values, individual
profiles of CA 15.3 were plotted over the follow-up period
before or until first metastasis. A linear mixed model was
used to estimate the average evolution of CA 15.3 before
metastases. CA 15.3 level was modelled as a function of
months before metastasis. A non-linear trend was captured
by modelling cubic splines. Random intercept and slope
were modelled to deal with repeated measures. The mean
https://doi.org/10.1016/j.esmoop.2021.100203 3
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Table 1. Patients and baseline characteristics of the 730 secondary met-
astatic patients, at the moment of early breast cancer

Sex, n/N (%)
Male 7/730 (1)
Female 723/730 (99)

Mean age at diagnosis of primary breast cancer, yearsa 56 � 13
Menopausal status, n/N (%)
Premenopausal 262/730 (36)
Postmenopausal 436/730 (60)
Perimenopausal 25/730 (3)
Not applicable (male) 7/730 (1)

Mean CA 15.3 value at moment of diagnosis of early breast
cancer, kU/la

25 � 73

Tumour characteristics of primary surgery group, n/N (%) 548/730 (75)
Pathological tumour size n/N (%)
pT1 161/548 (29)
pT2 296/548 (54)
pT3 88/548 (16)
pT4 3/548 (1)

Pathological nodal status, n/N (%)
pN� 200/548 (36)
pNþ 348/548 (64)

Tumour characteristics of neoadjuvant group, n/N (%) 182/730 (25)
Clinical tumour size, n/N (%)
cT0 1/182 (1)
cT1 9/182 (5)
cT2 34/182 (19)
cT3 41/182 (22)
cT4 97/182 (53)

Clinical nodal status, n/N (%)
cN� 28/182 (15)
cNþ 154/182 (85)

Clinical subtype of the primary breast tumour, n/N (%)
Luminal A-like 264/730 (36)
Luminal HER2-like 52/730 (7)
Luminal B-like 215/730 (30)
HER2-like 56/730 (8)
Triple-negative 143/730 (19)

Treatment setting, n/N (%)
Neoadjuvant treatment 182/730 (25)
Luminal A-like 58/182 (32)
Luminal HER2-like 16/182 (9)
Luminal B-like 32/182 (17)
HER2-like 23/182 (13)
Triple-negative 53/182 (29)

Upfront surgery 548/730 (75)
Luminal A-like 206/548 (38)
Luminal HER2-like 36/548 (7)
Luminal B-like 183/548 (33)
HER2-like 33/548 (6)
Triple-negative 90/548 (16)

HER2, human epidermal growth factor receptor 2.
a Mean � standard deviation.
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evolution is presented in a graph with 95% confidence in-
tervals (CIs).

The KaplaneMeier method was used for estimating
overall survival after metastasis. A Cox proportional hazards
model was used to analyse the association between the
role of CA 15.3 and risk of death. Analyses were carried out
using SAS software (version 9.4 of the SAS System for
Windows, SAS Institute, Cary, NC).

RESULTS

Out of 1219 potentially eligible patients with the diagnosis
of secondary metastatic breast cancer, 730 patients were
selected for the final analysis based on the detailed inclu-
sion and exclusion criteria (Supplementary Figure S1, avail-
able at https://doi.org/10.1016/j.esmoop.2021.100203).
The baseline characteristics of the patients in our study
population at the moment of diagnosis of EBC are specified
in Table 1.

Table 2 shows more information about the discovery and
the characteristics of the first distant metastases. Abnor-
malities in the patients’ history (48%) and a CA 15.3
elevation (37%) were the main factors that led to more
investigations and subsequent detection of metastatic dis-
ease. Most frequent symptoms (Figure 1) reported by the
patients were pain (67%) and cough or dyspnoea (28%).
Less frequent (4%) triggers for the diagnosis of metastases
are an abnormal clinical examination or laboratory changes
other than a CA 15.3 elevation (such as disturbed liver tests
or hypercalcemia). Accidental findings (e.g. on imaging,
surgery or endoscopy carried out for an unrelated medical
condition) could reveal metastatic disease in 7% of the
patients (Table 2).

Diagnosis of metastatic disease made by a CA 15.3 in-
crease (37% of patients in the whole cohort) occurred more
frequently in the luminal subtypes: luminal A-like (48%),
luminal HER2-like (44%) and luminal B-like (37%). Interest-
ingly, at the moment of first metastases, 62% of all patients
had a CA 15.3 level above the upper limit of normal (ULN)
(>30 kU/l); this was also more frequent in the luminal
subgroups (Table 2).

Nearly half of the patients (46%) had metastases localised
in multiple organs, bone being the most frequent (58%).
Metastases in lung (32%), lymph nodes (29%) and liver
(28%) are also common. Metastases detection by a CA 15.3
elevation occurred most frequently in cases of liver and
bone metastases (45% and 41%) (Table 2).

The kinetics of CA 15.3 until the first diagnosis of meta-
static disease are mentioned in Table 2 and Figure 2. In 69%
of the patients, we noticed an increase of the CA 15.3 level
at the moment of diagnosis of metastatic disease of >50%
compared with the lowest value (measured at least 6
months after treatment of EBC). For this analysis, 23 of 730
patients were excluded because there were not enough
valid measurements of CA 15.3 between the detection of
EBC and the diagnosis of metastatic disease. Figure 2 shows
a gradual increase in CA 15.3 6-12 months before the first
metastases were diagnosed.
4 https://doi.org/10.1016/j.esmoop.2021.100203
The median interval between treatment of EBC and
diagnosis of secondary metastatic disease is the shortest for
patients diagnosed with disturbed liver tests or hypercal-
cemia (26 months). By contrast, the interval for patients
diagnosed by a CA 15.3 increase is the longest (44 months)
(Table 2).

Table 3 gives an overview of the treatment approach of
metastatic disease. An oligometastatic approach was used
in 3% of the patients. Metastases of patients who were
treated with an oligometastatic approach in our cohort
were all located at one site and the total number of me-
tastases was not higher than three.

Overall survival was significantly longer when the relapse
was discovered by a CA 15.3 elevation versus those
Volume 6 - Issue 4 - 2021
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Table 2. Characteristics of the 730 secondary metastatic patients, at the moment of metastatic disease

Mean age at diagnosis of metastatic disease, yearsa 60 � 7
Trigger for further investigation that led to diagnosis of metastases, n/N (%)
History 348/730 (48)
CA 15.3 elevation 269/730 (37)
Accidental finding 55/730 (7)
Clinical examination 27/730 (4)
Other laboratory changes 31/730 (4)

Disturbed laboratory values (other than CA 15.3) that led to the diagnosis of metastases, n/N (%)
Elevated aspartate aminotransferase or alanine aminotransferase 1/31 (3)
Elevated gamma-glutamyltransferase or alkaline phosphatase 4/31 (13)
Elevation of all liver enzymes 20/31 (65)
Hypercalcaemia 4/31 (13)
Elevated carcinoembryonic antigen 1/31 (3)
Elevated lactate dehydrogenase 1/31 (3)

Number of patients in whom diagnosis of metastases was made by CA 15.3 increase, in relation to breast cancer
subtype, n/N (%)
Luminal A-like 128/264 (48)
Luminal HER2-like 23/52 (44)
Luminal B-like 80/215 (37)
HER2-like 17/56 (30)
Triple-negative 21/143 (15)

Number of patients in whom diagnosis of metastases was made by CA 15.3 increase, in relation to age at diagnosis
of early breast cancer, n/N (%)
�50 Years old, diagnosed by CA 15.3 increase 90/276 (33)
>50 Years old, diagnosed by CA 15.3 increase 179/454 (39)

Number of patients in whom diagnosis of metastases was made by CA 15.3 increase, in relation to tumour stage at
diagnosis of early breast cancer, n/N (%)19

Stage 1, diagnosed by CA 15.3 increase 30/85 (35)
Stage 2, diagnosed by CA 15.3 increase 102/300 (34)
Stage 3, diagnosed by CA 15.3 increase 137/345 (40)

Localisation of distant metastases, n/N (%)
Localised in 1 organ 396/730 (54)
Localised in multiple organs 334/730 (46)

Specific localisation per organ (several affected organs jointly are possible), n/N (%)
Bone 424/730 (58)
Lung 237/730 (32)
Lymph nodes 212/730 (29)
Liver 208/730 (28)
Abdominal site (other than liver) 70/730 (10)
Brain 68/730 (9)
Skin 36/730 (5)

Number of patients in whom diagnosis of metastases was made by CA 15.3 increase, in relation to localisation of
first distant metastases (several affected organs jointly are possible), n/N (%)
Bone 173/424 (41)
Lung 70/237 (30)
Lymph nodes 74/212 (35)
Liver 94/208 (45)
Abdominal site (other than liver) 23/70 (33)
Brain 5/68 (7)
Skin 3/36 (8)

CA 15.3 level at time of first diagnosis of metastases
Mean value, kU/la 70 � 134
CA 15.3 above the ULN (>30 kU/l), n/N (%) 451/730 (62)
>50% Increase compared with lowest value measured between 6 months after treatment of EBC and moment of
distant metastases, n/N (%)

502/730 (69)

Without crossing the normal value (�30 kU/l), n/N (%) 81/502(16)
Crossing the normal value (>30 kU/l), n/N (%) 421/502 (84)
Not showing an increase (�50% increase compared with lowest value measured between 6 months after
treatment of EBC and moment of distant metastases), n/N (%)

205/730 (28)

Increase unknown, n/N (%) 23/730 (3)
CA 15.3 increase above ULN (>30 kU/l) at the moment of diagnosis of metastatic disease, in relation to breast
cancer subtype, n/N (%)
Luminal A-like 193/264 (73)
Luminal HER2-like 38/52 (73)
Luminal B-like 139/215 (65)
HER2-like 25/56 (45)
Triple-negative 56/143 (39)

Continued
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Table 2. Continued

Median interval between treatment of early breast cancer and diagnosis of metastases, in monthsb 39 (37-42)
Diagnosis of metastases was triggered by history (n ¼ 348) 37 (33-42)
Diagnosis of metastases was triggered by CA 15.3 elevation (n ¼ 269) 44 (39-54)
Diagnosis of metastases was triggered by accidental finding (n ¼ 55) 33 (28-48)
Diagnosis of metastases was triggered by clinical examination (n ¼ 27) 37 (28-77)
Diagnosis of metastases was triggered by other laboratory changes (n ¼ 31) 26 (20-48)

EBC, early breast cancer; HER2, human epidermal growth factor receptor 2; ULN, upper limit of normal.
a Mean � standard deviation.
b 95% Confidence interval.
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Figure 1. Reported symptoms in the group of patients in whom an abnormal history led to the diagnosis of metastatic disease (patients could have more than one
symptom).
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discovered by another trigger [median 35 versus 22 months;
hazard ratio 0.77 (95% confidence interval 0.645-0.913);
P ¼ 0.0027]. Patients with triple-negative breast cancer had
the worst prognosis in both groups. By contrast, patients
with luminal A-like breast cancer had the best prognosis in
both groups (Table 3, Supplementary Figure S2, available at
https://doi.org/10.1016/j.esmoop.2021.100203).
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Figure 2. Estimated mean evolution of CA 15.3 before/until first metastasis.
The graph presents the estimated mean evolutions of CA 15.3, with 95% con-
fidence intervals. The blue curve is estimated based on all CA 15.3 measurements
before metastasis, hence excluding the value measured at the time of detection
of metastasis. The red curve is estimated based on all CA 15.3 measurements
until metastasis, hence including also the value measured at metastasis. The
minus symbol before the months signifies the number of months prior to the
time of diagnosis of metastases.
DISCUSSION

Most current guidelines do not recommend the determi-
nation of CA 15.3 in the follow-up of asymptomatic patients
treated for EBC. In practice, however, considering the
limited amount of discouraging evidence opposed to the
potential benefits, serial determinations of CA 15.3 are
commonly used in the follow-up of patients with EBC.

Our study shows in more detail how far CA 15.3 con-
tributes to the diagnosis of secondary metastatic disease: it
led to the diagnosis of secondary distant metastases in 37%
of the whole secondary metastatic population in our centre.
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Table 3. Long-term follow-up (treatment, mortality and survival rates) of
the 730 secondary metastatic patients

Treatment, n/N (%)
Oligometastatic approach 21/730 (3)
Luminal A-like 6/21 (29)
Luminal HER2-like 3/21 (14)
Luminal B-like 1/21 (5)
HER2-like 2/21 (9)
Triple-negative 9/21 (43)

Number of patients within the oligometastatic
approach group in whom CA 15.3 elevation
was the trigger for diagnosis of metastases

6/21 (29)

Number of patients within the group in
whom CA 15.3 was the trigger for diagnosis
of metastases, who received oligometastatic
approach

6/271 (2)

Mortality, n/N (%)
Overall mortality 570/730 (78)
Breast cancer-related mortality 528/570 (93)
Other cause of mortality 28/570 (5)
Reason of mortality unknown 14/570 (2)

Mortality in group in whom CA 15.3 was the trigger
for the first diagnosis of metastases, n/N (%)
Overall mortality 196/269 (73)
Breast cancer-related mortality 185/196 (94)
Other cause of mortality 7/196 (4)
Reason of mortality unknown 4/196 (2)

Median overall survival in relation to detection
method of metastases, in monthsa

Median overall survival in group in whom
CA 15.3 was the trigger for the diagnosis of
metastases (n ¼ 269)

35 (29-39)

Luminal A-like (n ¼ 128) 40 (32-46)
Luminal HER2-like (n ¼ 23) 33 (18-42)
Luminal B-like (n ¼ 80) 34 (26-40)
HER2-like (n ¼ 17) 21 (10-60)
Triple-negative (n ¼ 21) 14 (5-26)

Median overall survival in groups in whom
CA 15.3 was NOT the trigger for the
diagnosis of metastases (n ¼ 461)

22 (18-26)

Luminal A-like (n ¼ 137) 36 (29-46)
Luminal HER2-like (n ¼ 29) 25 (15-37)
Luminal B-like (n ¼ 135) 27 (20-30)
HER2-like (n ¼ 39) 32 (14-44)
Triple-negative (n ¼ 121) 12 (9-16)

HER2, human epidermal growth factor receptor 2.
a 95% Confidence interval.
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CA 15.3 seems most sensitive for detecting liver and bone
metastases (Table 2), confirming prior studies.14,29 Bone
and liver metastases are among the most frequent sites of
metastases (especially in luminal disease) and are more
difficult to find by clinical examination. Serial CA 15.3
measurements in the follow-up have the potential to
contribute to earlier detection of this site of metastases,
that can sometimes be immediately life-threatening if
discovered too late (e.g. liver failure or hypercalcemia).

At the moment of diagnosis of recurrent disease, 62% of
the patients had a CA 15.3 level above the ULN. This in-
dicates that nearly two-thirds of secondary metastatic
breast cancers are associated with increased CA 15.3,
especially in the luminal subgroups (Table 2). These findings
are also described in the literature. Bensouda et al.30 found
that 62% of patients had a CA 15.3 increase at diagnosis of
metastatic disease and ER/PR positivity was strongly
correlated with an elevated CA 15.3.30 Also, the group of
Volume 6 - Issue 4 - 2021
Geng et al.14 confirmed that cases with luminal subtypes
exhibited a higher percentage of elevated CA 15.3 and CEA
levels compared with non-luminal subtypes.14 This can be
explained by the fact that luminal subtypes show a higher
expression in mucin 1 genes and CA 15.3 is derived from
proteolytic shedding of the extracellular domain of mucin 1
glycoprotein.31 Additionally, it is hypothesised that less
differentiated subtypes lack certain tumour antigens (like
CA 15.3) and as such, have less potential for spreading CA
15.3 in circulation.14,32 In contrast to the localisation of the
metastases or the presence of a luminal subtype, the pa-
tients’ age at diagnosis of EBC and disease stage could not
be identified as potential clinical factors associated with
metastatic recurrence detected by CA 15.3 alone (Table 2).

The kinetic evaluation of CA 15.3 before the diagnosis of
metastases also displays interesting patterns. In 69% of the
patients, an increase of the CA 15.3 level of >50%
compared with the lowest value was seen at the moment of
recurrent disease. The curves in Figure 2 show that an in-
crease in CA 15.3 can be seen 6-12 months before the
diagnosis of metastatic disease.

Furthermore, we should highlight the importance of re-
ported symptoms that led to the diagnosis of metastatic
disease in 48% of the patients. Most frequent symptoms
were pain (67%), cough or dyspnoea (28%). This is in line
with findings of a recent Danish study, which examined the
recurrences of breast cancer at scheduled outpatient visits.
The patients treated for EBC who developed distant relapse
reported pain (58%) and dyspnoea (23%) most often. The
pain was most often caused by bone metastases.33 In our
patients with bone metastases, 63% reported pain. Our
study confirms that a detailed history-taking remains the
most important tool to discover distant metastases.

An oligometastatic approach was used in 21 patients
(3%); a tumour marker elevation triggered the diagnosis in
only 6 of them. These low numbers and the absence of a
control group do not support the conclusion that sequential
CA 15.3 measurements more frequently allow an oligome-
tastatic approach. Data were collected between 2000 and
2018, a time frame in which an oligometastatic approach
was not used that frequently, so it is probable that they do
not adequately reflect the patients in whom an oligome-
tastatic approach is considered useful. It may still be that CA
15.3 measurement allows detection of metastatic disease
that is genomically more stable compared with late meta-
static disease, and as such, is potentially more responsive to
anticancer therapy. Only prospective randomised data can
provide solid proof for this hypothesis.

In contrast with some previously described studies, we
could show a statistically significant difference in median
overall survival between the group in whom diagnosis of
metastatic disease was triggered by a CA 15.3 increase
compared with the group in whom metastases were
discovered by another trigger.11,12 Lead time bias probably
contributes at least partially to the prolonged overall sur-
vival in patients in whom metastases were discovered by CA
15.3. Additionally, the unequal distribution of the different
https://doi.org/10.1016/j.esmoop.2021.100203 7
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molecular subtypes could influence this result. No solid
conclusions can be drawn on impact on survival based on
our study results.

The present data do not allow us to conclude that me-
tastases were discovered earlier by a CA 15.3 elevation in
comparison with other triggers (Table 2). Most likely the
tumours detected by a CA 15.3 increase are more differ-
entiated and slower evolving tumours.14,32 This can also
contribute to the longer overall survival in this subgroup.

It is important to realise that an elevation of CA 15.3 does
not always lead to the diagnosis of metastatic disease.
Benign conditions (infection, inflammation, trauma) and
other malignancies may give rise to increased marker con-
centrations.8,10,34 Additionally, there are also attempts to
find other, more sensitive and specific blood biomarkers
that can give an earlier diagnosis of distant breast cancer
metastases. Research is ongoing about the use of circulating
tumour cells and (personalised) circulating tumour DNA
profiling for detection of recurrence in breast cancer.35

Further research is needed to establish if combinations of
different markers can further improve sensitivity and
accuracy.

Costs of CA 15.3 measurement should be considered
when discussing the pros and cons of this approach. CA 15.3
determination is considered as a relatively inexpensive and
easily performed test. Repeated measurements during the
follow-up of patients with EBC and additional examinations
that are carried out when a relapse is suspected, however,
contribute to higher costs.6 In Belgium, a single CA 15.3
determination incurs an average cost of V22.5 for the so-
ciety. In-depth analysis of the financial consequences of CA
15.3 screening is unfortunately not available.

Besides the financial cost, a major emotional impact
should be considered when using CA 15.3 in the follow-up
of EBC. It can give a feeling of safety to the patient, but
can also cause a (sometimes unnecessary) feeling of anxi-
ety.10 A discussion with the patients about the advantages
and disadvantages of measuring the CA 15.3 values is
crucial.

Some limitations of our study design should be noted.
Our study is a retrospective single-centre study, without a
control group in whom CA 15.3 was not systematically
measured. The only way to prove that the follow-up of CA
15.3 leads to a better outcome and cost-efficacy is a pro-
spective randomised trial in our current treatment era of
targeted therapies. It is unlikely that this type of study will
be carried out in the near future, as finding sponsorship
may be particularly challenging.

In conclusion, in a population undergoing serial mea-
surements of CA 15.3 in the follow-up of EBC, increased CA
15.3 values are the first sign of secondary metastatic breast
cancer in about one-third of patients, while increased
values are present irrespective of other signs or symptoms
in about two-thirds of patients with secondary metastatic
breast cancer. This retrospective dataset cannot be used to
establish clinical utility for CA 15.3 monitoring and addi-
tional prospective randomised trials are needed to
demonstrate clinical utility. The decision to use CA 15.3 in
8 https://doi.org/10.1016/j.esmoop.2021.100203
the follow-up of EBC patients should be made together by
the treating physician and patient after discussing potential
advantages and disadvantages.
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