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Diagnostic impact of CEA and CA 15-3 on chemotherapy
monitoring of breast cancer patients
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ABSTRACT

Introduction: Serum tumor markers have emerged as an effective tool to determine prognosis and treatment
efficiency in different cancer types. This study aimed to explore the chemotherapy monitoring efficiency and
prognostic sensitivity of tumor-associated cancer antigen 15-3 (CA 15-3) and carcinoembryonic antigen (CEA) in
early (I1) and late (1V) clinical stage breast cancer.

Methods: CA 15-3 and CEA serum levels were assessed in 56 breast cancer patients at early (n = 26) and late
(n = 30) clinical stages with these primary inclusion criteria: those who received adjuvant chemotherapy AC
(adriamycin and cyclophosphamide) or AC-T (adriamycin and cyclophosphamide followed by taxane) regimens
and possessed tumors negative for human epidermal growth factor receptor 2 (HER2) based on a particle-
enhanced turbidimetric assay.

Results: CA 15-3 had a higher elevation than CEA in the pretreatment group of breast cancer patients when
compared to healthy controls. Late-stage patients showed higher positive serum levels than early-stage patients
for both markers, with a preference for CA 15-3 over CEA. AC-T chemotherapy regimen treatment in both clini-
cal stages revealed a significantly higher level of both markers as compared to the AC regime, with a preference
for CA 15-3 over CEA in late stage. Both markers were significantly higher in the late-stage group as compared to
early-stage groups for both chemotherapy regimens.

Conclusions: CA 15-3 is more efficient as a prognostic monitoring marker than CEA and reveals a positive con-
nection between chemotherapy regimen system and staging, with increased observability in late-stage patients.
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Introduction

Breast cancer is the most common cancer among
Jordanian females, accounting for 22.4% of cancer cases
(1). After being diagnosed with breast cancer, the patient
treatment plan includes a combination of surgery, radia-
tion, hormone therapy, and chemotherapy. Disease progress
is evaluated according to consistent measures (2) based on
alterations in the size of the quantifiable lesions.

During chemotherapy treatment, metastatic breast cancer
is generally examined using imaging techniques such as posi-
tron emission tomography (PET), computed tomography (CT),
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and magnetic resonance imaging (MRI). These techniques are
costly, and their efficiency and accuracy in treatment evalua-
tion may strongly affect patient outcomes (3).

Measuring differences in serum tumor markers has been
established as a tool for evaluation of therapy effectiveness
of different cancers (4,5). Cancer antigen 15-3 (CA 15-3)
and carcinoembryonic antigen (CEA) are the most frequent
serum tumor markers used for breast cancer, even though
their functionality remains controversial (4,6). Breast cancer
markers are applied for therapy response speculations, after
initial therapy observation, and as prognostic indicators.

CEA is expressed in the majority of human lung, pan-
creatic, and gastric cancers, in addition to breast carcinoma
(7). Measurements of CEA in breast cancer are suggestive of
lymph node involvement and tumor size. Consequently, CEA
concentrations above 7.5 ug/L are linked to a higher possi-
bility of subclinical metastases (8). The normal range of CEA
levels was connected to a significantly better prognosis of
patients at the time of diagnosis compared to those with ele-
vated levels (9). Studies propose CEA as a useful marker for
monitoring treatment response including chemotherapeutic
ones (10-12).
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CA 15-3 (MUC1) is a cell surface glycoprotein derived
from the MUCI gene. It’s expressed on the surface of vari-
ous epithelial cell types and overexpressed in 90% of breast
cancer cases (13). The elevated level of CA 15-3 is used to
determine the relapse potential of breast cancer patients,
and as a tool for therapeutic response evaluation at late
stages (14). CA 15-3 preoperative concentrations of early
breast cancer patients have a notable relation to predict
their outcomes (15).

Using serum tumor markers (CA 15-3 and CEA) permits
the early identification of up to 60-80% of breast cancer
patient metastasis (16). The serum levels of CA 15-3 and CEA
were shown to be beneficial in the management of breast
cancer patients and could aid as prognostic indicators and for
observing disease development (17).

This study investigated the clinical importance of serum
tumor markers CA 15-3 and CEA for monitoring Jordanian
breast cancer patient responses to different chemotherapy
regimens and their correlation with different clinical stages in
addition to their prognostic value sensitivity.

Materials and methods

Patient cohort

Fifty-six female breast cancer patients were involved in
this study using these main inclusion criteria: (1) human
epidermal growth factor receptor 2 (HER2)-negative and
(2) received adjuvant chemotherapy regimen AC (adriamy-
cin and cyclophosphamide) or AC-T (adriamycin, cyclophos-
phamide, taxane). Table | shows the patient characteristics.
Patients were categorized as follows: 26 patients (46.4%)
were graded as stage Il and 30 patients (53.5%) were graded
as stage IV, patients who did not meet the criteria in Table 1
were excluded. Stage Il or less was considered as early stage
and stage Il and above was considered as late stage as stated
by the American Joint Committee on Cancer (AJCC) staging
system (18). The median age between the two groups did not
show any significant difference (p = 0.232).

Table I - Patient features and treatment method

Patient parameter n (%)
Age (years) Median 49
Range 43-55

Gender Female
Clinical stage

Stage I 26 (46.4%)

Stage IV 30 (53.5%)
Chemotherapy regime

AC x 4 29 (51.7%)

AC x 4 followed by T x 4 27 (48.2%)
Histological type IDC
HER2 receptor Negative

A = adriamycin; C = cyclophosphamide; HER = human epidermal growth factor
receptor; T = taxane; IDC = Invasive ductal carcinoma.

Chemotherapy monitoring by serum markers

Primary chemotherapy

The first group of AC regimen consisting of 14 stage Il and
15 stage IV patients was treated with 4 cycles of adriamy-
cin 50 mg/m? and cyclophosphamide 1000 mg/m? on day 1,
which was repeated every 21 days. The second group of AC-T
regimen consisting of 12 stage Il and 15 stage IV patients
received the previous chemotherapy regimen AC, followed
by 4 cycles of taxane 80 mg/m? every 21 days. The flowchart
of patients is presented in Figure 1.

Screened
samples (SG)J—| Excluded (6)}

l

Treatment
AC-T group
(n=27)

Stage Il Stage IV Stage Il Stage IV
n=14 n=15 n=12 n=15

Fig. 1 - Flowchart of patients’ selection. AC (Adriamycin &
Cyclophosphamide) or AC-T (Adriamycin & Cyclophosphamide
followed by Taxane) regimes treatments. (Based on the oncology
decision according to treatment guidelines).

Treatment
AC group
(n=29)

Sample collection

Ethical approval for this study was acquired from Al Bashir
Hospital, Amman, Jordan (#3345), and written informed con-
sent was collected from all patients. CEA and CA 15-3 blood
samples were gathered from patients for diagnosis after the
third month of treatment protocol (fourth cycle).

CEA and CA 15-3 measurements

The serum was isolated by centrifugation (2,500 rpm for
10 minutes) of patients’ blood samples. Serum CEA and CA
15-3 levels were determined using an electrochemilumines-
cence immunoassay system (MODULAR ANALYTICS E170,
Cobas e601; Roche, Germany): a particle-enhanced turbidi-
metric assay for CEA and immunoturbidimetric assay for CA
15-3. Marker assays were done using the commercial kits
for CEA (Elecsys CEA, Cobas, Roche, Germany) and CA 15-3
(Elecsys CA 15-3, Cobas, Roche, Germany). A cut-off point of
<5.0 pg/L (CEA) and <25.0 U/mL (CA 15-3) was used as indi-
cated by the Roche Diagnostic Kit brochure. The CEA and CA
15-3 readings of 20 healthy females (con -) with inclusion
criteria—does not have any type of cancer or chronic diseases,
age 218 years, not on any type of medication, and 16 pre-
chemotherapy breast cancer female patients (con +)—were
obtained from Bio-lab laboratories.

Statistical analysis

Statistical analysis was performed using SPSS software. A
t-test and Fishers test were performed to find out possible
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marker-level variations between target groups. To see if the
differences in proportions were statistically significant, the
chi-square test was utilized. When possible, the odds ratio
was utilized to assess the relationship.

Results

This study was planned to determine the correlation
between CEA and CA 15-3 levels’ elevation significance on
monitoring response to Jordanian breast cancer female
patients’ treatment with different chemotherapy regimens
at early and late clinical stages.

CEA and CA 15-3 levels in breast cancer

The CEA and CA 15-3 serum levels were measured in
all samples using ELISA. The serum levels of CEA (1.7 ug/L)
and CA 15-3 (18.7 U/mL) were significantly increased (Fig.
2; p = 0.0005 and p = 0.0001), respectively, in the pre-
chemotherapy group (con +) compared to the healthy group
(con -): CEA (1.09 pg/L) and CA 15-3 (8.7 U/mL). The pre-
sented data revealed differentiation between CEA and CA
15-3 serum-level elevation of studied groups (Fig. 2), as we
observed a stronger increase of CA 15-3 level (Fig. 2B) com-
pared to CEA level (Fig. 2A). These results imply that CEA and
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Fig. 2 - Difference in serum level between healthy non-cancer group
(control —) and breast cancer patients groups before chemotherapy
(control +) of (A) CEA (B) CA 15-3 markers. (*Significant increase
differences for the serum levels of CEA and CA 15-3 (****P =0.0005
and ****p =0.0001) respectively in pre-chemotherapy group (con +)
compared to healthy ones (con —)).
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CA 15-3 levels can be used efficiently to anticipate breast
cancer tendency and provide a convenient detection method
for breast cancer with a preference for CA 15-3 over CEA in
sensitivity.

Positive serum levels of CEA and CA 15-3

In all-inclusive patient samples, elevated positive serum
levels found in early and late stages were identified as fol-
lows: for CEA (Il AC 4/14 [29%]), (Il AC-T 4/11 [36%)]), (IV AC
7/14 [50%]), and (IV AC-T 9/14 [64%]) of the breast cancer
cases used the cut-off point <5.0 pg/L. As for CA 15-3 (Il AC
5/14 [35.7%]), (Il AC-T 7/11 [63.6%]), (IV AC 10/14 [71%]),
and (IV AC-T 9/14 [64%)]) of the breast cancer cases used the
cut-off point <25 U/mL (Fig. 3). In total 8/25 (32%) of stage Il
and 16/28 (57%) of stage IV patients had higher levels of CEA
than the cut-off point, while for CA 15-3 12/25 (48%) of stage
Iland 19/28 (68%) of stage IV patients had higher levels of CA
15-3 than the cut-off point (Fig. 3). In our study, a combined
chemotherapy regimen demonstrated higher positive serum-
level percentages for both markers as compared to a single
chemotherapy regimen in the early-stage patient group; this
elevation was notably stronger for CA 15-3 in comparison
to CEA. The same result was obtained for CEA in the late-
stage patient group; however, CA 15-3 behaved differently
as positive serum levels were higher in a single chemother-
apy regimen compared to a combined regimen. Overall, the
late-stage patient group showed higher positive serum-level
percentages compared to the early-stage group for both
markers with a preference for CA 15-3 over CEA. These find-
ings suggest that the serum levels of CA 15-3 might be more
beneficial for observing chemotherapy response in advanced
tumors than early diagnosis as compared with CEA.

100%
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50% m CA-15-3

40% m CEA
30%
20%

10%

0%
IAC IVAC

INAC+TC

IVAC+TC

Fig. 3 - Positive serum levels of carcinoembryonic antigen (CEA)
and cancer antigen (CA) 15-3 markers for both chemotherapy
regimens (AC and AC-T) in early (ll) and late (IV) clinical stages.
AC = adriamycin and cyclophosphamide; AC-T = adriamycin and
cyclophosphamide followed by taxane.

CEA and CA 15-3 levels based on chemotherapy type

Furthermore, the marker serum-level response and its
association with the type of chemotherapeutic treatments in
both early and late stages were investigated. Comparing the
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CEA levels between both treatment regimens AC (mean rank:
2.41) and AC-T (mean rank: 2.65) in early stage, the AC (mean
rank: 8.16) and AC-T (mean rank: 17.45) in late stage showed
no significant changes (p = 0.71 and p = 0.41), respectively
(Fig. 4A). Conversely, the CA 15-3 levels behaved differently
where it had shown a significant change (p = 0.056) compar-
ing the AC-T (mean rank: 144.39) to AC (mean rank: 25.55) at
late stage but not at early stage (p = 0.089) AC (mean rank:
25.00) and AC-T (mean rank: 43.27) (Fig. 4B). This eleva-
tion in response to a combined chemotherapy regimen was
observed to be stronger in the case of CA 15-3 in comparison
to CEA and more specifically in the late-stage patient group.
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Fig. 4 - Effect of chemotherapy regime type AC or AC-T in both early
(I1) and late (IV) clinical stages on serum level response of (A) CEA
and (B) CA 15-3 markers. (*Significant increase for the CA 15-3
serum level (¥*P = 0.05) comparing the AC-T to AC at late-stage IV).

CEA and CA 15-3 levels based on clinical stage

Analysis was performed to check if the CEA and CA 15-3
elevation response was associated with breast cancer pro-
gression in terms of different clinical stages (early and late) in
each of the studied chemotherapeutic regimens. Comparing
CEA levels between Il (mean rank: 2.41) and IV (mean rank:
5.26) stages of AC treatment, Il (mean rank: 2.65) and IV
(mean rank: 5.83) stages of AC-T treatment, there was a

Chemotherapy monitoring by serum markers

significant change (p = 0.022) in stage IV AC but not in stage
IV AC-T (p =0.081) (Fig. 5A). The CA 15-3 level comparison ([lI
(mean rank: 25.00) and IV (mean rank: 49.35) stages of AC
treatment], [Il (mean rank: 34.27) and IV (mean rank: 130.96)
stages of AC-T treatment]) showed a significant change in
stage IV compared to stage Il in both AC and AC-T treatments
(p =0.005 and p = 0.044), respectively (Fig. 5B).
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Fig. 5 - Effect of both clinical stages early (Il) and late (IV) in asso-
ciation with chemotherapy regime type AC or AC-T on serum level
response of (A) CEA and (B) CA 15-3 markers. (*Significant increase
for the CEA serum level (*P = 0.02) for AC treatment at late-stage IV),
(*Significant increase for the CA 15-3 serum level in late stage IV in
both ACand AC-T treatments (*P =0.005 and* P =0.044) respectively.

The results revealed a significant connection between a
change in marker level and clinical staging, as both CEA and
CA 15-3 were significantly elevated in the late-stage patient
group; more so than in the early-stage group in both che-
motherapeutic regimens (Fig. 5). Collectively, these data sug-
gest that CEA and CA 15-3 are predictive of chemotherapy
response among different regimens throughout treatment
and show differences between both early and late stages.

Discussion

Breast cancer is the most frequent cancer among
Jordanian women. This study evaluated the significance of

A‘ © 2022 The Authors. Journal of Circulating Biomarkers - ISSN 1849-4544 - www.aboutscience.eu/jcb




Hasan

using CA 15-3 and CEA for monitoring different chemotherapy
regimens since assessing prognosis using diagnostic markers
is believed to help in patients’ therapeutic response anticipa-
tion, which is vital for evaluating the course of therapy and to
avoid the side effects of worthless and inefficient treatments.

In the present study, CA 15-3 had shown a higher eleva-
tion as compared to CEA as both markers were significantly
elevated in breast cancer patients at the time of diagnosis in
comparison to healthy controls. These results imply that both
CA 15-3 and CEA markers can efficiently predict breast cancer
susceptibility and deliver benefit for breast cancer prognosis
detection. The combination of both tumor markers (CA 15-3
and CEA) is important in breast cancer (19). CA 15-3 has better
prognostic significance in relation to CEA (20). However, some
studies have indicated that the prognostic value of CA 15-3 is
lower than that of CEA (21), which demonstrates marker con-
tradictory association in breast carcinogenesis (22).

Some studies have described the changes of CA-15-3 and
CEA levels to be independent regardless of the breast cancer
stage (23); however, our results showed that elevated serum
levels of CEA and CA 15-3 above the cut-off point were iden-
tified in 8 (32%) and 12 (48%) of early-stage patients, and
16 (57%) and 19 (68%) of late-stage patients. More notable
serum levels were elevated in the late stage than in the early
stage with a preference for CA 15-3 over CEA. CA 15-3 and
CEA elevation levels have been described as connected with
clinic pathological parameters including advanced tumor,
node, metastasis (TNM) stage (24).

The author analyzed the clinical impact of CA 15-3 and
CEA to breast cancer patients with different chemotherapy
regimens and in terms of different tumor clinical stages. This
study found that CA 15-3 and CEA levels were shown to be
higher in late stage and combined regimen as compared to
early stage and single regimen, mainly with a preference for
CA 15-3 at late stage over CEA. These results suggest that CA
15-3 and CEA serum levels can be an indicator for stage and
chemotherapy regimen systems. Additionally, they suggest
the clinical importance of CA 15-3 for follow-up as a prognos-
tic variable during chemotherapy treatment of breast cancer
patients.

CA 15-3 serum levels showed variations among breast
cancer stages (9). CA 15-3 levels increase in all types of
tumors; however, in breast cancer, it continues to increase as
the tumor develops (25). Studies have reported that altera-
tions of tumor marker levels are associated with a patient’s
therapeutic response, in addition to imaging method evalua-
tion (26). CA 15-3 flaring (125% over the baseline) has been
noticed in breast cancer patients after chemotherapy and
has been linked with higher chances of disease develop-
ment (27). Increased CA 15-3 levels were found for locally
progressed breast cancer patients who received primary
chemotherapy (AC or AC-T regimen), which is an indicator
of a poor response to treatment (28). The analysis of CA
15-3 levels upregulating during the first 4-6 weeks of a new
therapy should be considered because false initial rises can
happen (29-33). The chemotherapy influence on the tem-
porary elevation of CA 15-3 followed by its decline could be
a consequence of unsuitable early cancelation or change of
chemotherapy regimen (30,34,35).
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Previous studies indicated no connection between
a breast cancer patient’s prior treatment and CEA lev-
els (36). Based on our data, the CEA levels changed dur-
ing the course of treatment and stages. CEA elevation for
colorectal cancer patients has been noticed in the first 4-6
weeks after beginning chemotherapy (37,38). In addition,
a chemotherapy regimen based on both irinotecan and
oxaliplatin was found to induce a CEA flare and was cor-
related with good prognosis for colorectal cancer patients
(39). The mechanisms by which chemotherapy induces CEA
during cancer treatment remain to be elucidated. Several
factors were described to have an influence and connec-
tion including hypothyroidism and inflammatory diseases
(40,41). In some protocols CEA combined with CA 15-3 is
used to observe the chemotherapy response for breast
cancer patients, as it flares in the first 4-8 weeks of therapy
as previously noted (42).

The current study promotes the option of monitoring
CA 15-3 and CEA during adjuvant chemotherapy for breast
cancer patients in Jordan as its results could contribute to
treatment evaluation and be beneficial for customizing che-
motherapeutic regimens in the future.

Conclusions

In conclusion, monitoring serum CA 15-3 and CEA levels
for Jordanian breast cancer patients undergoing chemo-
therapy treatment provides prognostic indication and clinical
information for evaluating tumor response as both markers
had elevated levels with a preference for CA 15-3 over CEA
in sensitivity.
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