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Summary

Serum CA15-3, CEA, and BCA225 concentrations were determined in 98 patients with advanced or recurrent
breast cancer in an attempt to correlate elevation with clinical status. The rate of serum positivity was 68.4%
(67/98), 55.1% (54/98), and 43.9% (43/98) for CA15-3, CEA, and BCA225, respectively. After a 4 weeks-
interval, a 20% change of tumor marker concentration from the preceding assay correlated significantly with
clinical findings. Significant elevation was predictive of new recurrence or tumor regrowth after complete
remission, especially in patients with bone metastasis. The 20% change in concentration at 4 weeks was also
useful in patients with tumor marker concentrations persistently beneath the cut-off level for positive. Ser-
ological evaluation of tumor markers in patients with advanced or recurrent breast cancer should seek to
document 20% changes over a 4 week interval.

Introduction

Although there are multi-modal therapies available
for advanced or recurrent breast cancer, the degree
and duration of response vary widely from patient
to patient. It is not uncommon for patients who re-
spond to first line therapy to respond to second-line
therapy after regrowth of tumor. Therefore, the re-
liable determination of disease activity has been a
priority in breast cancer clinics [1]. Reliable evalua-
tion of postoperative patients in long-term follow-
up is also important for earlier detection of recur-

rence [1]. However, the clinical evaluation is often
unreliable, especially in patients with bone or pleu-
ral metastases [2].

CA15-31is a high-molecular-weight, carbohydrate
breast cancer-associated antigen. Higher serum lev-
els are found in patients with multiple sites of me-
tastases and bone metastases [2-8]. Carcinoem-
bryonic antigen (CEA) is an oncofetal glycoprotein
discovered in patients with adenocarcinoma of the
colon. This serum glycoprotein is commonly used as
a tumor marker for not only colorectal cancer but
also breast cancer [2, 5, 8]. BCA225 is also a gly-
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coprotein identified in cells and spent medium of
clone 11 T47D breast carcinoma cells by the three
monoclonal antibodies CU18, CU26, and CU46 [9,
10]. Although these serum markers have little value
for the diagnosis of primary breast cancer, they are
useful for monitoring the clinical course for recur-
rence or progression of breast cancer [4-6]. How-
ever, few studies have sought to determine specific
criteria for the use of tumor markers as an adjunct
to clinical assessments [2, 11].

In this paper, serum CA15-3, CEA, and BCA225
were measured every 4 weeks in 98 patients with
advanced or recurrent breast cancer, and the rela-
tion between clinical and serological findings was
analyzed. Also, the feasibility of predicting tumor
recurrence from serological evaluation was also ex-
amined in patients who had recurrence during post-
operative follow-up periods or regrowth after com-
plete remission.

Subjects and method
Patients

Subjects consisted of 98 patients treated between
July 1991 and December 1992 with measurable and/
or evaluable foci of advanced or recurrent breast
cancer. There were 51 soft tissue, 56 bone, 34 lung or
pleura, 13 liver, and 5 brain metastases. Fifty-six pa-
tients had a single focus of disease. Chemoendo-
crine therapy administered during the study period
included 5-fluorouracil (SFU) + medroxyprogester-
one acetate (MPA) in 30 patients, cyclophospha-
mide (CPA) + Adriamycin (ADM) + 5FU in 38
patients, CPA + Methotrexate (MTX) + 5FU in 21
patients, and other drug therapies in 32 patients.
Thirty-eight patients received multi-modal chemo-
endocrine therapies. Thirteen patients received
radiotherapy in addition to chemoendocrine ther-
apy. Surgical resection was performed in 5 patients.
The mean follow-up period was 12.9 months.

Tumor markers

Serum CA15-3, CEA, and BCA225 concentrations

were measured once every 4 weeks after recurrence
in each subject. The markers were also measured
once every 3 to 6 months during the postoperative
follow-up period and immediately before the be-
ginning of each cycle of chemotherapy. Measure-
ments were performed 2 weeks or more after the
end of a cycle of radiotherapy.

Serum CA15-3, CEA, and BCA225 concentra-
tions were assayed using enzyme immunoassay
(EIA) (Centcore Co., Inc., USA), radicimmunoas-
say (RIA) (Sanyo Kasei Kogyo Inc., Japan), and
EIA (Kuraray Co., Inc., Japan) commercial kits.
The cut-off levels for positive were set as 30 U/ml
for CA15-3, 5.0 ng/ml for CEA, and 160 U/m] for
BCAZ225 as previously described [3, 8, 9].

Clinical evaluation

According to the recommendations of the Japanese
Breast Cancer Society for therapeutic evaluation in
patients with advanced or recurrent breast cancer,
clinical evaluation was performed once every 4
weeks. Ultrasonography, computed tomography,
bone radiographs, and nuclear imaging studies
were used in some cases. Measurable foci were
evaluated as follows: a 50% or more decrease in di-
mension was considered response (R) to therapy, a
decrease of less than 50% and increase of less than
25% was considered no change (NC), and a 25 per-
cent or more increase was considered progressive
disease (PD). Because the present study was de-
signed to examine the utility of tumor markers, the
duration of therapeutic effect was not considered.
There were 761 points in which both serological and
clinical evaluation were performed simultaneously.

Serological evaluation

The percent decrease or increase from the preced-
ing measurement was used to separate R, NC, and
PD, respectively. Interpolated values for 4 weeks in-
tervals were used when the preceding assay was
performed more than 4 weeks before, especially in
postoperative follow-up periods. The results of the
serological evaluation were tentatively set at 1% to
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Fig. 1. Correlation between clinical and serological evaluation at
positive assay points: A 19% interval change of CA15-3 concen-
tration at4 weeks had the highest correlation with clinical assess-
ment (Chi-square value = 203.942, n = 470). When the criterion
for serological evaluation was 20%, the correlation was still sta-
tistically significant (201.615, n = 470). Although CEA (Chi-
square value = 64.284, n = 280) and BCA225 (Chi-square value =
102.236, n = 323) concentrations also showed significant correla-
tion with an approximately 20% interval changes, the correla-
tion was weaker than with CA15-3.

40% and corresponding correlations with clinical
findings were analyzed by the Chi-square test.

Results

Tumor marker positive rates

The rates of positivity for CA15-3, CEA, and

BCA225 were 68.4% (67/98), 55.1% (54/98), and
43.9% (43/98), respectively. The difference of posi-
tivity between CA15-3 and BCA225 was statistical-
ly significant (p <0.01) by Rayn’s multiple compari-
son. At least one of the three tumor markers was
positive in 80.6% (79/98) of cases. On the other
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hand, there were 10 cases positive for only one tu-
mor marker.

The rates of positivity of the various tumor mark-
ers at the beginning of treatment were 60.9% (14/
23), 76.0% (19/25), 100% (6/6), 100% (1/1), 100%
(1/1), and 95.0% (38/42) in soft tissue, bone, lung
and/or pleura, liver, brain, and multiple foci of me-
tastasis, respectively.

Serological evaluation of tumor marker positive
points

Among the positive assay points of CA15-3,a19%
change per 4 week interval showed the highest cor-
relation with clinical findings (Chi-square value =
203.942, n = 470: Fig. 1). At a 20% per 4 week in-
terval, the correlation was still significant (P < 0.01)
and the Chi-square value was high (201.615, n =
470), as shown in Table 1.

Although the highest peaks of x* values were at
19% and 21% changes for CEA and BCA225, re-
spectively, both the markers still showed significant
correlations with clinical findings at 20% change in
each positive assay points. However, the correla-
tion of CEA and BCA225 with clinical findings was
weaker than that of CA15-3 (Fig. 1).

Serological evaluation of tumor marker negative
points

There were 291, 438, and 489 points showing lower
values than cut-off levels of CA15-3, BCA225 and

Table 1. Correlation between clinical and serological evaluation.
Serological evaluation by assessment of a 20% change per 4
weeks correlated well with clinical evaluation

Clinical evaluation Changes of CA15-3 values (%/4wk)

<-20 -20to20 20< total
Response 24 22 1 47
No change 23 201 51 275
Progress 1 49 98 148
Total 48 272 150 470

x* values = 201.615 (p < 0.01)
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Fig. 2. Correlation between clinical and serological evaluation at
negative assay points: A 19% interval change of CA15-3 concen-
tration at 4 weeks also showed the highest correlation with clin-
ical assessment (Chi-square value = 74.374, n= 291: Fig. 2).
When the criterion percentage was 20%, the correlation was still
significant (73.968, n = 291). Although CEA and BCA225 con-
centrations showed significant correlation around at approxi-
mately 20% interval changes, the correlation was weaker than
with CA15-3.

CEA, respectively. Therefore, they were analyzed
independently from pre-described positive points.
A 19% change among the negative assay points of
CA15-3 showed the highest correlation with clinical
findings (Chi-square value =74.374, n =291: Fig. 2).
The correlation was equally high when the criterion
for significance was set at 20% change (Chi-square
value = 73.968, n = 291). Although both the CEA
and BCA225 also showed a significant correlation
with clinical findings with changes of a approxi-
mately 20%, the correlation was weaker than that
of CA15-3 (Fig. 2).

Prediction of recurrence or relapse

There were 34 clinically-diagnosed episodes of re-
currence or relapse during the study period. Among
them, 14 cases had increased tumor marker concen-
trations above the cut-off level prior to the recog-
nition of clinical recurrence. While 11 cases had pos-
itive tumor markers after or at the same time as clin-
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Fig. 3. Prediction of relapse by assessment of 20% change at 4
weeks: Four of 20 cases could have been predicted by the crite-
rion of a 20% increase at 4 weeks. Case 1 with liver metastasis,
case 2 with bone metastasis, case 3 with bone metastasis and case
4 with local recurrence, could have been predicted in the preced-
ing 14 weeks (28.5% increase: arrow a), 24 weeks (44% increase:
arrow b), 12 weeks (38.5%: arrow c), and 8 weeks (46% increase:
arrow d), respectively, before clinical relapse.

ical recurrence, and 9 maintained stable tumor
marker concentrations even after recurrence.
Among the former 11, 4 were predictable by the cri-
terion of a 20% increase per 4 weeks interval (Fig.
3). Thus prediction of tumor recurrence based on
serological data was possible in 18 cases (14, 8, and 7
cases by CA15-3, CEA, and BCA225, respectively).
The lead time, which is defined as the time of ser-
ological prediction using a 20% change per 4 weeks
prior to clinical determination, was 4.1 + 1.0 months
for CA15-3,3.2 £ 0.8 months for CEA, and 3.6 1.5
months for BCA225. Twelve of these 18 cases had
bone metastases.

Discussion

Although the highest incidence of positivity in re-
current cases was observed for CA15-3, there were
no cases uncommonly with elevated markers ex-
cluding CA15-3. Compared to advanced stages of
disease, the prevalence of positive serum tumor
markers early in the course of breast cancer is very
low [2, 5-11]. It is, therefore, assumed that a rela-
tively large number of tumor cells are necessary for



the detection of tumor markers. However, the de-
gree of elevation depended not only on tumor vol-
ume but also on other individual issues including
the tissue involved [4, 6, 12]. Relative values ob-
tained by comparison with the preceding assay
should therefore be emphasized instead of absolute
values of tumor marker concentration.

Some investigators have attempted to estimate
tumor doubling time by plotting tumor marker con-
centrations on a semi-logarithmic graph [13].
Others have attempted to assess the efficacy of
therapies by plotting tumor marker concentrations
before and after treatment [12]. Although these
methods are accurate, they are too cumbersome for
routine use. Therefore, more accessible but highly
reliable criteria for tumor marker assessment have
been warranted. Ohkura [12] reported the accuracy
of adecreased serum CEA concentration as a prog-
nostic marker for patients with colorectal cancer af-
ter chemotherapy. Patients whose serum CEA con-
centration decreased by more than 50% showed
similar survival intervals to those found to be free of
tumor by conventional diagnostic imaging.

In the present study, the significance of serolog-
ical evaluation was analyzed with respect to clinical
findings by Chi-square analysis. The highest peaks
of Chi-square values were around 20% change in all
the tumor markers. This approach is also applicable
in cases with tumor marker concentrations below
the usual cut-off levels. Therefore, it is convenient
with enough reliability in daily breast cancer clinic
to use 20% change as an evaluation criterion of se-
rum tumor markers.

Recurrence or regrowth of bone metastasis is of-
ten more predictable by measurement of tumor
markers than are other types of metastasis because
of the difficulty in clinical diagnosis of bone metas-
tasis. Additionally, tumor antigens may be readily
released from the cell surface into the blood stream
via the bone marrow in patients with bone metasta-
sis. The serological evaluation of tumor markers
thus has greater relevance to patients with breast
cancer and bone metastasis. Findings suggestive of
recurrence with clinical and serological methods
were obtained in 11 cases who had positive tumor
markers after or at the same time as clinical recur-
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rence. Four of these 11 could be predicted using the
criterion of a 20% increase per 4 weeks interval.

The 20% change 4 weeks from the preceding as-
say also showed a highly significant correlation with
clinical assessment in two other markers. It is well
known that serum tumor markers often increase
due to tumor cell death just after chemotherapy or
irradiation. Since these transient elevations decline
within 2 weeks, the assessment of tumor markers
every 4 weeks can be useful.
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