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ABSTRACT 

Objective: A significant issue in breast cancer diagnosis is the delay in both diagnosis and treatment, known as a delay factor. This study compares 
CA 15-3 biomarker levels in breast cancer patients undergoing eight cycles of Anthracycline (Doxorubicin) and Cyclophosphamide followed by 
Taxane (Docetaxel) (AC-T), focusing on differences between those receiving delayed versus non-delayed chemotherapy. 

Methods: This retrospective cross-sectional study included 36 breast cancer patients from a total population of 191 who received chemotherapy 
from August 2022 to April 2024. Eligible patients were women with HER2-negative breast cancer treated with a combination regimen of AC for 4 
cycles followed by T for 4 cycles per hospital protocol. Patients were categorized into delayed factors group if diagnosed at advanced stages (IIIB, 
IIIC, IV) and if chemotherapy was initiated later, while those diagnosed and treated at early stages (0-IIIA) were classified as non-delay factors. 
Clinicopathological data and CA 15-3 levels (pre-and post-neoadjuvant and adjuvant chemotherapy) were extracted from the Management 
Information System of Dr. M. Djamil Hospital in Padang, West Sumatera, Indonesia. 

Results: Neoadjuvant therapy led to an average CA 15-3 increase of-4.70 µ/ml in delayed factor patients and a decrease of 5.15 µ/ml in non-delayed 
factor patients (p=0.001). Adjuvant therapy resulted in an average CA 15-3 increase of-14.82 µ/ml in delayed factor patients and a decrease of 13.30 
µ/ml in non-delayed factor patients (p=0.030). A negative value indicates that the CA 15-3 level is higher post-chemotherapy compared to pre-
chemotherapy. 

Conclusion: The administration of the AC-T combination, both as neoadjuvant and adjuvant therapy over eight cycles, demonstrated a more 
favorable impact on CA 15-3 biomarker levels in non-delayed patients compared to those experiencing delays. 
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INTRODUCTION 

Breast cancer patients, regardless of early or advanced stage, are 
treated with both neoadjuvant and adjuvant chemotherapy. One 
commonly used chemotherapy regimen for breast cancer patients is 
the AC-T combination [1–4]. AC-T has become a cornerstone in 
chemotherapy for breast cancer treatment. This combination has 
demonstrated significant benefits in reducing breast cancer 
recurrence and mortality [5–11]. 

The efficacy of chemotherapy and subsequent cancer progression 
can be assessed by monitoring biomarkers; one of them is CA 15-3 
biomarker levels [12–16]. CA 15-3 is a mucin glycoprotein that is a 
product of the Mucin1 (MUC-1) gene, expressed in epithelial cells, 
and is associated with breast, colorectal, ovarian, lung, and 
pancreatic cancers [17]. The European Group on Tumor Markers 
advises utilizing CA 15-3 levels for evaluating prognosis, early 
detection of disease progression in 60-80% of metastatic breast 
cancer cases, and for monitoring the response to treatment [18, 19]. 
Increased CA 15-3 levels are utilized to assess the likelihood of 
breast cancer recurrence and serve as an indicator for evaluating 
therapeutic response in advanced stages [20–23]. 

An important phenomenon in breast cancer is the delay in diagnosis 
and therapy, commonly referred to as delayed treatment. In this 
context, patients diagnosed and treated at advanced stages (IIIB, 
IIIC, IV) are classified as delayed, while those diagnosed and treated 
at early stages (0–IIIA) are considered non-delayed [2, 24]. 

Studies assessing CA 15-3 biomarker levels based on chemotherapy 
use have been conducted previously [25–27]. However, this study 
did not include a comparison of CA 15-3 biomarker levels in patients 
undergoing delayed and non-delayed neoadjuvant and adjuvant 

therapy. Comparative studies have been conducted to evaluate CA 
15-3 levels in stages II and IV breast cancer patients [28], but did not 
comprehensively evaluate CA 15-3 levels in early and advanced-
stage patients. There is a need for a comprehensive comparative 
study to assess CA 15-3 biomarkers in early-stage (IA, IIA, IIB, IIIA) 
and advanced-stage (IIIB, IIIC, IV) patients receiving neoadjuvant 
and adjuvant AC-T chemotherapy. Such a study would better 
elucidate the impact of delayed and non-delayed on CA 15-3 levels.” 

This comparative study aims to compare the levels of CA 15-3 
biomarkers between delayed and non-delayed of eight cycles of AC-
T combination chemotherapy in breast cancer patients. 

MATERIALS AND METHODS 

This cross-sectional retrospective study has received ethical 
approval from Dr. M. Djamil Hospital in Padang, West Sumatera, 
Indonesia (Ethics Committee Number: DP.04.03/D. XVI. 
XI/71/2024). 

Case selection 

This study involved 36 breast cancer patients from a total 
population of 191 who received chemotherapy from August 2022 
to April 2024. The restricted sample was selected as an optimal 
representation of the population that met strict inclusion criteria, 
designed to minimize variability and increase the precision and 
reliability of comparative data. The inclusion criteria were met by 
female patients diagnosed with HER2-negative breast cancer, who 
received 4 cycles of AC (doxorubicin and cyclophosphamide) 
followed by 4 cycles of T (docetaxel), in accordance with the 
hospital’s chemotherapy protocol. Patients who received 
neoadjuvant and adjuvant therapy are types of therapy that will be 
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included in the criteria of this study. In this study, "delay factors" 
were defined as conditions where patients were diagnosed at an 
advanced stage (IIIB, IIIC, IV) and began chemotherapy. Patients 
diagnosed and treated at an early stage (0-IIIA) were classified as 
"non-delay factors". Clinicopathological data were obtained from 
the Management Information System of Dr. M. Djamil Hospital in 
Padang, West Sumatera, Indonesia. This data included age, marital 
status, laterality, progression and spread of breast cancer based on 
tumor size (tumor stage), lymph node involvement (nodul status), 
the state of cancer spreading from its original location to other 
parts of the body (metastatic status), breast cancer staging (tumor, 
nodul, metastatic stage), expression levels of certain genes that 
may contribute to cancer growth and development (ER, PR), 
percentage of actively dividing tumor cells (Ki-67), breast cancer 
subtypes categorized by molecular and biological characteristics 
of cancer cells (luminal A, luminal B, basal-like), triple-negative 
breast cancer (TNBC), surgical interventions, neoadjuvant and 
adjuvant chemotherapy, and whether chemotherapy was delayed 
or not. The levels of the tumor biomarker CA 15-3 pre-and post-
neoadjuvant and adjuvant therapies (pre-and post-chemotherapy) 
were recorded in patients who met the inclusion criteria. 

Statistical analysis 

Data were analyzed using SPSS version 27.0.1. Fisher's Exact Test 
and the Likelihood Ratio Test were utilized to assess the significance 
of differences in baseline CA 15-3 biomarker levels across various 
clinicopathological characteristics. The Paired Samples Test and 
Wilcoxon Signed-Rank Test were used to assess the significance of 
changes in CA 15-3 levels pre-and post-chemotherapy. The Mann-
Whitney U Test was used to compare changes in CA 15-3 levels after 
eight cycles of neoadjuvant and adjuvant AC-T therapy between 
delayed and non-delayed factors. A p-value below 0.05 was deemed 
statistically significant. 

RESULTS 

Baseline CA 15-3 biomarker levels based on clinicopathological 
characteristics 

The clinicopathological characteristics of breast cancer patients 
and baseline CA 15-3 levels are presented in table 1. Baseline CA 
15-3 levels refer to the values obtained pre-neoadjuvant and 
adjuvant AC-T chemotherapy. The mean baseline CA 15-3 level for 
patients under 50 years old (41.45 µ/ml) is higher compared to 
those aged 50 years and older (18.13 µ/ml). Single patients have a 
higher mean baseline CA 15-3 level (63.74 µ/ml) compared to 
married patients (27.00 µ/ml). Tumors on the right side result in a 
higher mean baseline CA 15-3 level compared to tumors on the left 
side or bilateral cases. T3 stage tumors show the highest mean 
baseline CA 15-3 level at 53.43 µ/ml, which is higher than other 
tumor stages. N2 stage tumors, with a mean baseline CA 15-3 level 
of 50.36 µ/ml, also show higher levels compared to other nodal 
statuses. Patients with M1 status have the highest mean baseline 
CA 15-3 level of 89.39 µ/ml. Stage IV patients also show a mean 

baseline CA 15-3 level of 89.39 µ/ml, indicating an increase in 
baseline CA 15-3 levels pre-chemotherapy. ER and PR negative 
patients have higher mean baseline CA 15-3 levels compared to 
those who are ER and PR positive. The mean baseline CA 15-3 
level is higher in Ki-67 ≥20% (32.99 µ/ml) compared to<20% 
(17.89 µ/ml). Luminal B and basal-like molecular subtypes have 
higher mean baseline CA 15-3 levels compared to luminal A. Grade 
II tumors show the highest mean baseline CA 15-3 level (49.41 
µ/ml) compared to other histological grades. Patients who 
underwent modified radical mastectomy (MRM) have a mean 
baseline CA 15-3 level of 32.11 µ/ml, which is higher than those 
who did not have surgery. Patients receiving eight cycles of 
adjuvant AC-T therapy have higher mean baseline CA 15-3 levels 
compared to those receiving neoadjuvant therapy. Patients with 
delayed chemotherapy have higher mean baseline CA 15-3 levels 
compared to those without delay. Statistical tests using Fisher’s 
Exact Test and the Likelihood Ratio show that there are no 
significant differences in mean baseline CA 15-3 levels among the 
various clinicopathological characteristics, as indicated by p-
values>0.05. 

CA 15-3 biomarker levels in neoadjuvant AC-T therapy 

CA 15-3 values pre-chemotherapy and post-chemotherapy for eight 
cycles of neoadjuvant AC-T can be seen in fig. 1. Neoadjuvant therapy 
in patients with delayed factors showed a mean CA 15-3 level of 19.66 
µ/ml pre-chemotherapy and an increase to 24.36 µ/ml post-
chemotherapy, indicating a significant difference in mean CA 15-3 
levels (p=0.009). In contrast, patients with non-delayed factors who 
received neoadjuvant therapy had a mean CA 15-3 level of 22.19 µ/ml 
pre-chemotherapy and 17.04 µ/ml post-chemotherapy. This decrease 
was statistically significant (p=0.021) between pre-chemotherapy and 
post-chemotherapy values in the non-delayed group. 

CA 15-3 biomarker levels in adjuvant AC-T therapy 

The CA 15-3 values pre-chemotherapy and post-chemotherapy for 
eight cycles of adjuvant AC-T can be seen in fig. 2. 

Adjuvant therapy in patients with delayed factors showed a mean 
CA 15-3 level of 75.23 µ/ml pre-chemotherapy and an increase to 
90.05 µ/ml post-chemotherapy. The Wilcoxon signed-rank test 
indicated that this increase was not statistically significant 
(p=0.093). In contrast, patients with non-delayed factors who 
received adjuvant therapy had a mean CA 15-3 level of 15.74 µ/ml 
pre-chemotherapy and 2.44 µ/ml post-chemotherapy. This decrease 
was statistically significant (p<0.001) between pre-chemotherapy 
and post-chemotherapy values. 

Changes in CA 15-3 biomarker levels after eight cycles of AC-T 
therapy in delayed and non-delayed factors 

The changes in mean CA 15-3 levels after eight cycles of neoadjuvant 
and adjuvant AC-T therapy are shown in table 2. 

 

 

Fig. 1: CA 15-3 value in neoadjuvant AC-T administration 
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Table 1: Clinicopathologic characteristics of patients and baseline CA 15-3 values 

Clinicopathologic 
characteristic 

N (%) CA15-3 Baseline (µ/ml) p value 

Min Max Mean SD Normal n (%) Elevated n (%) 

Age 
<50 y 20(55.6) 4.10 327.11 41.45 79.36 16(80.0) 4(20.0) 1.000a 
≥50 y 16(44.4) 6.48 36.12 18.13 7.58 15(93.8) 1(6.3) 

Marital state 
Married 32(88.9) 4.10  327.11 27.00 55.44 28(87.5) 4(12.5) 0.466a 
Single 4(11.1) 11.69 201.29 63.74 91.82 3(75.0) 1(25.0) 

Laterality 
Right 15(41.7) 4.10 327.11 49.22 90.81 12(80.0) 3(20.0) 0.221b 
Left 16(44.4) 6.48 36.12 18.04 8.33 15(93.8) 1(6.3) 
Bilateral 5(13.9) 10.42 36.15 18.38 10.34 4(80.0) 1(20.0) 

Tumor stage 
T1 2(5.6) 8.78 36.12 22.45 19.33 1(50.0) 1(50.0) 0.348b 
T2 3(8.3) 4.10 13.67 10.41 5.47 3(100.0) 0(0.0) 
T3 22(61.1) 6.78 201.29 25.54 39.89 20(90.9) 2(9.1) 
T3 9(25.0) 6.48 327.11 53.43 103.03 7(77.8) 2(22.2) 
T4 2(5.6) 8.78 36.12 22.45 19.33 1(50.0) 1(50.0) 

Nodul status 
N0 9(25.0) 4.10 36.15 18.79 11.53 7(77.8) 2(22.2) 0.215b 
N1 6(16.7) 6.78 26.54 15.36 7.43 6(100.0) 0(0.0) 
N2 15(41.7) 6.48 327.11 50.36 90.33 13(86.7) 2(13.3) 
N3 6(16.7) 11.51 28.94 17.05 6.40 6(100.0) 0(0.0) 

Metastatic status 
MX 3(8.3) 12.23 23.38 16.09 6.31 3(100.0) 0(0.0) 0.361b 
M0 26(72.2) 4.10 36.15 17.11 8.53 24(92.3) 2(7.7) 
M1 7(19.4) 8.78 327.11 89.39 125.12 4(57.1) 3(42.9) 

TNM stage 
IA 1(2.8) 36.12 36.12 36.12 N/A 0(0.0) 1(100.0) 0.109b 
IIA 1(2.8) 4.10 4.10 4.10 N/A 1(100.0) 0(0.0) 
IIB 7(19.4) 9.23 36.15 18.41 9.54 6(85.7) 1(14.3) 
IIIA 11(30.6) 6.78 26.54 17.35 6.72 11(100.0) 0(0.0) 
IIIB 4(11.1) 6.48 18.54 12.43 4.92 4(100.0) 0(0.0) 
IIIC 5(13.9) 11.51 28.94 16.72 7.10 5(100.0) 0(0.0) 
IV 7(19.4) 8.78 327.11 89.39 125.12 4(57.1) 3(42.9) 

ER 
Positive 17(47.2) 6.48 201.29 30.09 45.00 14(82.4) 3(17.6) 1.000a 
Negative 19(52.8) 4.10 327.11 31.97 71.86 17(89.5) 2(10.5) 

PR 
Positive 18(50.0) 6.48 201.29 28.93 43.93 15(83.3) 3(16.7) 1.000a 
Negative 18(50.0) 4.10 327.11 33.24 73.72 16(88.9) 2(11.1) 

Ki-67 (%) 
<20 10(27.8) 6.48 37.18 17.89 11.63 8(80.0) 2(20.0) 1.000a 
≥20 26(72.2) 4.10 327.11 32.99 64.18 23(88.5) 3(11.5) 

Molecular characteristics 
Luminal A 10(27.8) 6.48 37.18 17.89 11.63 8(80.0) 2(20.0) 0.754b 
Luminal B 10(27.8) 13.48 201.29 37.51 57.75 9(90.0) 1(10.0) 
Basal like 16(44.4) 4.10 327.11 35.31 78.19 14(87.5) 2(12.5) 

TNBC 
Yes 18(50.0) 4.10 327.11 33.24 73.72 16(88.9) 2(11.1) 1.000a 
No 18(50.0) 6.48 201.29 28.93 43.93 15(83.3) 3(16.7) 

Grade  
I 1(2.8) 11.69 11.69 11.69 N/A 1(100.0) 0(0.0) 0.371b 
II 16(44.4) 6.48 327.11 49.41 87.24 13(81.3) 3(18.8) 
III 11(30.6) 4.10 36.12 16.85 8.93 10(90.9) 1(9.1) 
Missing 8(22.2) 6.78 37.18 16.43 10.08 7(87.5) 1(12.5) 

Surgery 
MRM 31(86.1) 4.10 327.11 32.11 64.52 27(87.1) 4(12.9) 1.000a 
No surgery 5(13.9) 16.38 37.18 24.32 8.17 4(80.0) 1(20.0) 

Chemotherapy  
Neoadjuvant 15(41.7) 8.78 37.18 22.84 8.62 13(86.7) 2(13.3) 0.376a 
Adjuvant 21(58.3) 4.10 327.11 38.40 77.98 18(85.7) 3(14.3) 

Chemotherapy administration status 
Delayed 16(44.4) 6.48 327.11 47.44 87.99 13(81.3) 3(18.8) 0.637a 
Non-delayed 20(55.6) 4.10 36.15 18.00 8.96 18(90.0) 2(10.0) 

Min: minimal; Max: maximal; SD: standard deviation; TNM: tumor, node, metastasis; ER: estrogen receptor; PR: progesteron receptor; TNBC: triple 
negative breast cancer; MRM: modified radical mastectomy; N/A: not applicable; a: Fisher’s Exact Test; b: Likelihood Ratio. p<0.05 indicates a 
significant difference. 
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Fig. 2: CA 15-3 value in adjuvant AC-T administration 

 

Table 2: Changes in CA 15-3 values based on the status of administration of doxorubicin, cyclophosphamide, and docetaxel combination 
chemotherapy for 8 cycles 

Chemotherapy  
administration status 

CA 15-3 (µ/ml) Average change value 
of CA 15-3 (µ/ml) 

p value 

Pre-chemotherapy Post-chemotherapy 
Mean SD Mean SD 

Neoadjuvant Delayed (n=8) 19.66 9.29 24.36 8.93 -4.70 (increased) 0.001 
Non-delayed (n=7) 22.19 8.28 17.04 8.53 5.15 (decreased) 

Adjuvant Delayed (n=8) 75.23 121.41 90.05 135.00 -14.82 (increased) 0.030 
Non-delayed (n=13) 15.74 8.78 2.44 8.82 13.30 (decreased) 

p<0.05 indicates a significant difference. 

 

Patients with delayed factors who received neoadjuvant therapy 
experienced an average increase in CA 15-3 levels of-4.70 µ/ml. In 
contrast, patients with non-delayed factors who received 
neoadjuvant therapy showed an average decrease in CA 15-3 levels 
of 5.15 µ/ml. The difference in the change in average CA 15-3 levels 
after eight cycles of neoadjuvant AC-T was statistically significant, 
with a p-value of 0.001. Patients with delayed factors who received 
eight cycles of adjuvant AC-T showed an average increase in CA 15-3 
levels of-14.82 µ/ml. In contrast, patients with non-delayed factors 
experienced an average decrease in CA 15-3 levels of 13.30 µ/ml. 
The difference in the change in average CA 15-3 levels after adjuvant 
therapy was statistically significant, with a p-value of 0.030. A 
negative value indicates that the CA 15-3 level is higher post-
chemotherapy compared to pre-chemotherapy. 

DISCUSSION 

We describe how the administration of neoadjuvant and adjuvant 
AC-T combination therapy over eight cycles affects CA 15-3 
biomarker levels in patients, considering delayed and non-delayed 
factors. Delay factors refer to cases where patients were diagnosed 
at advanced stages (IIIB, IIIC, IV) and initiated chemotherapy, 
whereas those diagnosed and treated at early stages (0–IIIA) were 
classified as non-delay factors [2, 24]. Chemotherapy delay is 
defined as a commencement beyond the ideal timeframe of 4 to 6 w 
post-diagnosis or surgery, as per clinical guidelines. Patients were 
categorized accordingly: non-delayed treatment began within 4 to 6 
w, while delayed treatment commenced after 6 w [29–32]. 

This study involved 36 breast cancer patients, a number determined 
by strict inclusion criteria designed to ensure homogeneity and 
reliability of the data. Although the sample size may appear limited, 
it reflects the real-world challenge of recruiting patients who meet 
specific eligibility criteria for detailed biomarker analysis in a 
specialized clinical setting. The statistical methods applied in this 
study were chosen to maximize the robustness of the analysis 
despite the relatively small sample size. Fisher's Exact Test and 
Likelihood Ratio Test were employed to evaluate the significance of 
differences in baseline CA 15-3 levels across clinicopathological 

characteristics, ensuring reliability in categorical comparisons. 
Paired Sample Tests and Wilcoxon Signed Rank Tests were used to 
analyze pre-and post-chemotherapy CA 15-3 level changes, 
accommodating non-normal data distributions effectively. 
Additionally, the Mann-Whitney U test was utilized to compare CA 
15-3 level changes between delayed and non-delayed groups after 
eight cycles of AC-T chemotherapy in both neoadjuvant and adjuvant 
settings. To address concerns about statistical power, a post-hoc 
power analysis can further validate whether the sample size was 
sufficient to detect clinically meaningful differences. Although the 
cohort size is limited, the statistical significance of the findings 
(p<0.05) and the use of non-parametric tests mitigate the risk of 
Type I and Type II errors associated with small sample sizes. 
Previous studies have demonstrated that similar approaches are 
effective in analyzing biomarker trends in small cohorts, supporting 
the reliability of these results [33–35]. 

The mean baseline CA 15-3 levels in all patients who met the inclusion 
criteria in this study did not show significant differences among 
various characteristics. The average pre-chemotherapy CA 15-3 levels 
did not reflect the response to therapy, as most patient characteristics 
showed values still within the normal range. CA 15-3 levels in the early 
stages of treatment often do not show significant changes and are 
therefore not suitable for assessing initial responses to chemotherapy. 
CA 15-3 levels tend to be more relevant for monitoring disease 
progression at advanced stages or after several treatment cycles, 
rather than before therapy initiation [36, 37]. Although CA 15-3 is an 
important biomarker in breast cancer therapy monitoring, its levels 
often remain within normal limits at the beginning of treatment or 
pre-chemotherapy, showing changes only when disease progression 
occurs or in response to further therapy [37]. 

The difference in mean CA 15-3 levels in pre-and post-neoadjuvant 
chemotherapy for patients with treatment delays was statistically 
significant. CA 15-3 levels tended to rise progressively with ongoing 
therapy, particularly in patients with advanced-stage breast cancer 
or disease progression. An increase of more than 20% in CA 15-3 
levels after therapy serves as a positive predictive indicator for 
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disease progression in patients undergoing systemic therapy [21]. 
There was a significant difference in the mean CA 15-3 levels 
between pre-and post-neoadjuvant chemotherapy in patients 
without treatment delays. A decrease in mean CA 15-3 levels was 
observed after neoadjuvant administration in patients without 
treatment delays. This decrease suggests that administering 
neoadjuvant therapy without delay can lower CA 15-3 levels in 
patients, potentially reflecting a positive clinical response to the 
therapy. CA 15-3 is one of the markers used to monitor response to 
therapy in breast cancer patients, particularly in cases where 
therapy is administered in a timely manner without delay. A 
reduction in CA 15-3 levels after chemotherapy is often associated 
with a decrease in tumor burden, a better response to treatment, 
and a reduced risk of further progression [36, 37]. 

Patients with treatment delays who received adjuvant therapy did 
not show a significant difference in mean CA 15-3 levels between 
pre-and post-chemotherapy. Although there was an increase in 
mean CA 15-3 levels, these findings indicate that in the delayed 
treatment group, the therapeutic response was not strong enough to 
produce a significant change in this biomarker level. The non-
significant increase in CA 15-3 levels may be influenced by several 
factors, such as tumor characteristics, disease stage, or individual 
response to therapy. Some studies suggest that CA 15-3 levels are 
more frequently correlated with disease progression in advanced 
stages or metastasis, and increases in CA 15-3 levels may not always 
directly reflect therapy response failure [36, 38]. In patients without 
treatment delays who received pre-and post-adjuvant chemotherapy, a 
significant difference was observed. A decrease in mean CA 15-3 levels 
was particularly noted in patients with early-stage breast cancer. 
Patients with lower CA 15-3 levels after adjuvant chemotherapy tend to 
have better clinical outcomes and a lower likelihood of disease 
recurrence [38]. A decrease of more than 20% in CA 15-3 levels after 
chemotherapy can predict a longer progression-free survival and a 
better therapy response [36, 39]. Adjuvant therapy administered 
without delay often results in a significant decrease in CA 15-3 levels, 
reflecting treatment success and better disease control [40]. The AC-T 
combination is an effective standard regimen for both early and 
advanced breast cancer. A decrease in CA 15-3 levels often indicates the 
success of this therapy, especially in cases with no delay [41]. 

The mean CA 15-3 levels in AC-T neoadjuvant therapy show a 
significant difference between delayed and non-delayed treatment 
groups. Non-delayed neoadjuvant therapy yields better results in 
terms of CA 15-3 biomarker reduction. The decrease in CA 15-3 levels 
in the non-delayed group reflects a positive response to 
chemotherapy. A significant reduction in CA 15-3 levels after 
chemotherapy is often associated with a decrease in tumor burden 
and improved clinical outcomes, especially in patients receiving timely 
therapy. Conversely, the increase in CA 15-3 levels in the delayed 
therapy group may suggest that the tumor burden is more resistant to 
chemotherapy or that the therapy is not sufficiently effective in 
reducing biomarker levels. Delays in administering chemotherapy can 
negatively impact therapy effectiveness and patient clinical outcomes, 
particularly in cases of advanced breast cancer [28]. 

Administration of AC-T adjuvant therapy shows a significant 
difference in mean CA 15-3 levels between delayed and non-delayed 
treatment groups. Non-delayed adjuvant therapy yields better 
outcomes in reducing the CA 15-3 biomarker compared to delayed 
adjuvant administration. Delays in administering adjuvant therapy can 
negatively impact treatment response and clinical outcomes. The 
increase in CA 15-3 levels after chemotherapy in patients with delayed 
factors may be due to reduced therapy effectiveness resulting from the 
delay. Timely administration of adjuvant therapy can effectively 
reduce CA 15-3 levels, which is a crucial marker for assessing tumor 
burden and response to therapy in breast cancer patients [21, 42]. An 
increase in CA 15-3 levels in delayed patients may be associated with 
tumor resistance to chemotherapy or disease progression during the 
waiting period before starting adjuvant therapy. This also suggests 
that high post-chemotherapy CA 15-3 levels often serve as a poor 
indicator of long-term response to therapy [36]. 

In adjuvant therapy, research indicates that higher CA 15-3 levels 
are frequently linked to residual tumor burden or ongoing 

micrometastatic activity. Delays in treatment can allow this activity 
to persist, potentially leading to a worse prognosis. Conversely, 
initiating therapy promptly helps mitigate micrometastatic 
progression, thereby decreasing recurrence risks and improving 
local tumor management. In the context of neoadjuvant therapy, 
elevated CA 15-3 levels are associated with more advanced disease 
progression, which can diminish the tumor's responsiveness to 
treatment. A reduction in CA 15-3 levels following initial therapy, 
however, signals improved tumor reactivity to chemotherapy and a 
faster decline in tumor burden. Moreover, CA 15-3 has been 
recognized as a critical prognostic and predictive biomarker in 
breast cancer management. Combining CA 15-3 with other markers, 
such as carcinoembryonic antigen (CEA) or cell-free DNA (cfDNA), 
further enhances diagnostic sensitivity in assessing therapeutic 
efficacy and monitoring disease progression. The clinical 
implications of delayed adjuvant chemotherapy include a poorer 
long-term prognosis, characterized by an increased risk of systemic 
recurrence. In the neoadjuvant setting, delays are associated with 
suboptimal tumor response, complicating tumor reduction, 
compromising survival outcomes, and reducing the likelihood of 
successful surgical resection. These findings underscore the role of 
CA 15-3 as a critical marker for determining the optimal timing of 
therapy. Furthermore, its significance can be compared to other 
biomarkers, such as carcinoembryonic antigen (CEA) or HER2, 
which also demonstrate correlations between therapeutic initiation 
timing and clinical outcomes [43, 44]. In the future, nanotechnology 
approaches are expected to enhance the effectiveness of 
chemotherapeutic agents, including commonly used regimens like 
AC-T. Advances in nanotechnology also offer improvements in 
bioimaging and targeted drug delivery systems, potentially refining 
the interpretation and monitoring of biomarkers such as CA 15-3 
[45]. 

CONCLUSION 

There was a difference in CA 15-3 biomarker levels between 
patients who experienced treatment delays in neoadjuvant and 
adjuvant AC-T therapy over eight cycles and those without delays. 
Patients with treatment delays showed an increase in CA 15-3 levels, 
while patients without delays showed a decrease. Administration of 
the AC-T combination therapy, both neoadjuvant and adjuvant, for 
eight cycles in patients without delays had a better impact on CA 15-
3 biomarker levels compared with patients who experienced delays. 
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