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Abstract
Purpose  Mastocheck®, a proteomic-based blood assay, has been developed for early diagnosis of breast cancer. The purpose 
of this study is whether Mastocheck® is useful as a postoperative follow-up.
Methods  A total of 255 patients were analyzed. The patients were classified into longitudinal monitoring and recurrence/
nonrecurrence cohorts. The longitudinal monitoring cohort consisted of 111 patients. In this cohort, blood analyses were 
performed three times (before surgery, 8 weeks after surgery, and between 6 months and one year after surgery), and a com-
parative analysis of the values of Mastocheck® and individual proteins at each time point was performed. The recurrence/
nonrecurrence cohort consisted of 144 patients who had been followed up for more than 1 year, and the blood marker values 
at the time of local recurrence were compared to those of nonrecurrence patients.
Results  In the longitudinal monitoring cohort analysis, in 81 of 111 patients were diagnosed with breast cancer with Mas-
tocheck® and the sensitivity was 73.0%. Of 111 patients in the longitudinal monitoring cohort, 108 had two blood analyses 
(before and 8 weeks after surgery), and three serial blood analyses were performed on 53 patients. The Mastocheck® value 
that were in the cancer range of 73.0% (in 81 of 111 patients) of patients before surgery, was within the normal range of 
68.5% (in 74 of 108 patients) at 8 weeks after surgery and 88.7% (in 47 of 53 patients) from 6 months to 1 year after surgery. 
The value of Mastocheck® was significantly decreased after surgery compared to before surgery (p < 0.001). In the recur-
rence/nonrecurrence cohort analysis, the Mastocheck® values were in the cancer range in 38 out of 63 recurrence patients 
and within the normal range in 66 of 81 nonrecurrence patients (sensitivity of 60.3% and specificity of 80.2%).
Conclusions  Mastocheck® is expected to be used as a blood marker tool to aid in the early detection of recurrence during 
follow-up after breast cancer surgery.
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Abbreviations
APOC1	� Apolipoprotein C-1
CA1	� Carbonic anhydride 1
NCHL1	� Neural cell adhesion molecule L1-like 

protein
IRB	� Institutional Review Board

LC‒MS/MS	� Liquid chromatography–mass spectrometry
MRM	� Multiple reaction monitoring

Introduction

Breast cancer is the most commonly diagnosed cancer in 
women (24.2%, i.e., approximately one in four new can-
cer cases worldwide), and among 185 countries reported in 
GLOBOCAN 2018, breast cancer was the most common in 
154 countries (Bray et al. 2018). Breast cancer is also the 
second leading cause of cancer deaths in women after lung 
cancer (Azamjah et al. 2019). Early detection and treatment 
are of paramount importance in curing breast cancer. With 
the development of treatment modalities, long-term survival 
is expected for breast cancer, with a 5-year survival rate of 
almost 90% (American Cancer Society 2022), so follow-up 
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after treatment is also crucial. The primary purpose of post-
treatment follow-up or surveillance is the early detection of 
disease recurrence, with the presumption that early detection 
followed by the early initiation of treatment improves patient 
outcomes (Chopra and Chopra 2014). Guidelines recom-
mend regular follow-up with history, physical examination, 
and mammography alone, without other routine laboratory 
or imaging studies (NCCN 2020). In actual clinical prac-
tice, however, many clinicians feel that only history, physical 
examination, and mammography, as suggested in the guide-
lines, are insufficient for the early detection of recurrence 
and regularly conduct additional imaging and laboratory 
tests. However, the optimal imaging and laboratory tests to 
perform in postoperative follow-up of breast cancer patients 
remain controversial (Lam et al. 2017).

The early detection of local recurrence without distant 
metastasis has a high probability of being cured (Voogd 
et al. 2005; Lu et al. 2009). However, for some women, 
there is limit to the early detection of local recurrence only 
by physical examination and mammography. Voogd et al. 
(2005) suggested that recurrence of less than 1 cm after 
breast-conserving surgery is difficult to detect by physical 
examination (Kim et al. 2017). Asian (including Korean) and 
young women have high rates of dense breasts, which reduce 
mammography sensitivity and produce false negative rates, 
limiting its usefulness (Kim et al. 2017; Rafferty et al. 2016). 
Moreover, mammography causes severe pain during testing, 
and in young women, harm from irradiation may outweigh 
the benefits (Myers et al. 2015). Equipment-related prob-
lems can also lead to poor image quality (Zheng et al. 2018). 
Therefore, supplemental breast ultrasonography has been 
conducted recently in addition to mammography; however, 
additional costs are incurred, and the results may still vary 
due to differences in the investigator’s level of proficiency 

(Wojcinski et al. 2011). Therefore, more objective, accurate, 
and convenient diagnostic and tracking methods are needed 
to detect local recurrence early after breast cancer surgery.

Recently, we developed a three-protein signature assay 
called “Mastocheck®” (Bertis, Gyeonggi-do, Korea), 
which showed 71.6% sensitivity, 85.3% specificity, and 
77.0% accuracy in diagnosing early breast cancer (Kim 
et al. 2019a). Mastocheck® is a breast cancer-specific 
diagnostic assay based on algorithmic calculations of three 
plasma protein markers in the blood, carbonic anhydride 
1 (CA1), neural cell adhesion molecule L1-like protein 
(NCHL1), and apolipoprotein C-1 (APOC1), using mul-
tiple reaction monitoring (MRM)-based proteomics tech-
nique (Kim et al. 2019a; Lee et al. 2015). Mastocheck® 
was approved for use in humans by the Korean Ministry 
of Food and Drug Safety in January 2019. The combina-
tion of mammography and Mastocheck® showed sensitiv-
ity, specificity, and accuracy values of 93.9%, 83.8%, and 
90.2%, respectively (Kim et al. 2019b).

The purpose of this study was to evaluate the potential 
of Mastocheck®, which was developed for early breast 
cancer diagnosis, in the early detection of recurrence dur-
ing postoperative follow-up.

Methods

A total of 255 patients were analyzed. The patients were 
classified into two cohorts: longitudinal monitoring and 
recurrence/nonrecurrence cohorts. The scheme of the 
research design and patient enrollment is shown in Fig. 1.

Fig. 1   Study design schema. 
a Comparison of Masto-
check® changes before and 
after surgery. b Comparison of 
Mastocheck® in recurred and 
non-recurred patients
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Patients and study design

Longitudinal monitoring cohort: comparison of changes 
in Mastocheck® results before and after surgery

Among the patients who underwent surgery at Seoul 
National University Hospital for invasive breast cancer 
from August 2018 to December 2020, 153 were prospec-
tively enrolled in this cohort. Among these, 111 patients 
were finally analyzed after excluding 42 who withdrew their 
consent during the follow-up period. Blood analyses were 
performed three times (before surgery, 8 weeks after surgery, 
and between 6 months and one year after surgery), and a 
comparative analysis of the values of Mastocheck® and indi-
vidual proteins at each time point was performed. Of these 
111 patients, 108 patients were followed at 8 weeks after 
surgery was performed in 108 of them. All three serial blood 
samplings and analyses were performed and 53 patients 
were followed after 6 months with three times consecutive 
samplings.

Recurrence/nonrecurrence cohort: comparison 
of Mastocheck® results between recurrence 
and nonrecurrence patients

This cohort consisted of 63 patients with recurrence and 81 
patients without recurrence who underwent surgery between 
2005 and 2019 and were followed with  mean follow-up 
period of around seven years. All 63 patients with recurrence 
had local recurrence without systemic recurrence, and blood 
analysis was performed at the time of recurrence diagnosis. 
Nonrecurrence patients did not have any type of recurrence 
during follow-up at the time of enrollment in the cohort.

Blood collection and three‑protein signature blood assay 
(Mastocheck®) analysis

Blood samples collected in ethylenediaminetetraacetic acid 
(EDTA) tubes were sent to the laboratory, stored in a deep 
freezer below − 60 °C, and quantified using a mass spec-
trometer. The same researcher preprocessed and repeated the 
experiments two to three times to control the quality of the 
blood samples. The results of Mastocheck® were obtained 
through the algorithmic calculations of three plasma protein 
markers (CA1, NCHL1, and APOC1) developed in previous 
work. A previous study reported 0.0668 as an optimal cut-
off value of Mastocheck® for breast cancer diagnosis, with 
sensitivity, specificity, and accuracy values of 71.6%, 85.3%, 
and 77.0%, respectively (Rafferty et al. 2016). Based on this, 
if the Mastocheck® value was ≥ 0.0668, the sample was con-
sidered suspicious for malignancy, and if it was < 0.0668, the 
sample was considered normal or benign.

Ethics approval

This study was approved by the Institutional Review Board 
(IRB) of Seoul National University Hospital (Approval No. 
D-1905-175-1036), and the study complied with the princi-
ples of the Declaration of Helsinki.

Quantitative protein analysis

Quantitative analysis of the three proteins was performed 
using commercially available software (Analyst version 
1.6, AB SCIEX, Framingham, USA) and reagent solutions 
(dithioerythritol, iodoacetamide urea, and trypsin). A mass 
spectrometer (API 5000, AB Sciex, USA [Medical Device 
License No. Seoul, Korea 10–1245]) was used to perform 
liquid chromatography–mass spectrometry in MRM mode 
(Kim et al. 2019a).

Statistical analysis

First, we identified whether there were significant differ-
ences in the included variables between the two groups with 
and without cancer, according to the Mastocheck® results. 
Second, changes in Mastocheck® values before and after 
surgery in patients with breast cancer were evaluated. Clini-
cal pathological information of patients enrolled in the study 
was collected from the electronic medical records. The dif-
ferences in protein analysis of recurred and non-recurred 
patients were also analyzed. IBM SPSS Statistics for Win-
dows, version 21 (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism 9 were used for statistical analysis.

Result

Longitudinal monitoring cohort: comparison 
of changes in Mastocheck® results 
before and after surgery

Blood samples were collected three times: before surgery, 
8 weeks after surgery, and 6 months to 1 year after surgery. 
In the preoperative blood analysis of 111 patients, the Mas-
tocheck® value was over the cut-off value in 81 patients and 
below the cut-off value in 30 patients (73.0% diagnostic sen-
sitivity). The clinicopathologic characteristics of the patients 
are shown in Table 1.

Among the 108 patients whose blood analysis was per-
formed at 8 weeks postoperatively, the Mastocheck® value 
was over the cut-off value in 34 patients (31.5%) and below 
the cut-off value in 74 (68.5%) patients. Figure 2 shows the 
changes in the values of Mastocheck® and individual mark-
ers before and 8 weeks after surgery. Analysis of individual 
markers of APOC1, CA1, and NCHL1 showed an increase, 
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a slight increase, and a slight decrease, respectively, at 
8  weeks after surgery (p value: APOC1 < 0.001, CA1 
0.852, and NCHL1 0.356). The value of the three-protein 
assay Mastocheck® was significantly decreased at 8 weeks 
after surgery compared to before surgery (p < 0.001). For 
53 patients, three consecutive blood samplings and analy-
ses were performed: before surgery, 8 weeks after surgery, 
and 6 months to 1 year after surgery. In a serial analysis of 
these 53 patients, the value of Mastocheck® was below the 
cut-off value in 35 patients (66.0%) at 8 weeks after surgery 
and in 47 patients (88.7%) from 6 months to 1 year after 

surgery. This indicates that the Mastocheck® value gradu-
ally decreases over time after surgery, indicating a normal 
condition. The results of changes in the values of the three 
individual markers and Mastocheck® in the serial analysis of 
53 patients are shown in Fig. 3. APOC1, which was elevated 
at 8 weeks after surgery, decreased from 6 months to 1 year 
after surgery but was still higher than before surgery. CA1, 
which increased slightly at 8 weeks after surgery, decreased 
to a lower level than before surgery from 6 months to 1 year 
after surgery, and NCHL1 showed a tendency to decrease 
continuously after surgery (p value: APOC1 0.012, CA1 

Table 1   Clinicopathologic 
characteristics of breast 
cancer patients (longitudinal 
monitoring cohort)

Values are presented as the mean ± standard deviation or number (%)
BMI, body mass index; AJCC, American Joint Committee on Cancer; LN, lymph node; HR, hormone recep-
tor; TNBC, triple negative breast cancer

Total
N = 111 (%)

Diagnosed as cancer by 
Mastocheck
N = 81 (%)

Diagnosed as normal by 
Mastocheck
N = 30 (%)

p value

Age (year) 52.78 ± 10.7 52.33 ± 11.08 54 ± 9.69 0.424
BMI 23.85 ± 3.28 24.14 ± 3.54 23.31 ± 2.69 0.207
AJCC stage
 0 5 (4.5) 5 (6.3) 0 (0) 0.197
 1 69 (60) 51 (63) 18 (60)
 2 31 (28.2) 20 (25) 11 (36.7)
 3 5 (4.5%) 4 (5) 1 (3)

T stage
 pTis 5 (4.5) 5 (6.3) 0 (0) 0.669
 pT1 76 (69.1) 54 (67.5) 22 (73.3)
 pT2 28 (25.5) 20 (25) 8 (26.7)
 pT3 1 (9) 1 (1.3) 0 (0)

LN
 pN0 94 (85.5) 69 (86.3) 25 (83.3) 0.784
 pN1 11 (10) 7 (8.8) 4 (13.3)
 pN2 3 (2.7) 2 (2.5) 1 (3.3)
 pN3 2 (1.8) 2 (2.5) 0 (0)

Nucleic grade
 1 5 (4.8) 5 (6.8) 0 (0) 0.472
 2 67 (64.4) 47 (63.5) 20 (66.7)
 3 32 (30.8) 22 (29.7) 10 (33.3)

Histologic grade
 1 13 (12.5) 11 (14.9) 2 (6.7) 0.469
 2 65 (62.5) 45 (60.8) 20 (66.7)
 3 26 (25) 18 (24.3) 8 (26.7)

Subtypes
 HR+/HER2− 82 (78.8) 60 (78.9) 22 (78.6) 0.837
 HR+/HER2+ 3 (2.9) 3 (3.9) 0 (0)
 HR−/HER2+ 9 (8.7) 6 (7.9) 3 (10.7)
 TNBC 10 (9.6) 7 (9.2) 3 (10.7)

Individual markers
 APOC1 10.97 ± 6.60 9.91 ± 5.49 13.8 ± 8.39 0.015
 CA1 14.3 ± 25.7 18.28 ± 29.44 3.548 ± 1.74  < 0.001
 NCHL1 1.34 ± 0.76 1.43 ± 0.78 1.10 ± 0.67 0.042
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0.072, and NCHL1 0.032). The values of the three-protein 
assay Mastocheck® decreased at 8 weeks after surgery and 
slightly increased from 6 months to 1 year after surgery but 
remained significantly lower than before surgery (p < 0.001). 

Recurrence/nonrecurrence cohort: comparison 
of Mastocheck® results between recurrence 
and nonrecurrence patients

Of the 63 recurrent patients, the values of Mastocheck® 
were over the cut-off value in 38 patients (60.3%). The 
median time interval for recurrence was five years and 
seven months (mean ± standard deviation 7.02 ± 5.08). In 
the case of CA 15–3, which is being used as a specific 
blood test for breast cancer, only one in 63 patients with 
recurrence of this cohort increased. Mastocheck® results 

were below the cut-off value in 65 (80.2%) out of 81 non-
recurrence patients. The clinicopathologic characteristics 
of the patients are shown in Table 2.

The accuracy of Mastocheck® in the diagnosis of recur-
rence during follow-up after surgery in this cohort was 
71.5%. Figure 4 compares individual markers and Masto-
check® values in recurrence and nonrecurrence patients. 
All three individual proteins, APOC1, CA1, and NCHL1, 
showed higher levels in the recurrence group than in the 
nonrecurrence group (p value: APOC1 0.071, CA1 0.014, 
and NCHL1 < 0.001). Mastocheck® values were over the 
cut-off value in the recurrence group and below the cut-off 
value in the nonrecurrence group, which was statistically 
significant (p < 0.001).

Fig. 2   Changes the values of individual markers and Mastocheck® before and 8 weeks after surgery (N = 108). APOC1, apolipoprotein C-1; 
CA1, carbonic anhydride 1; NCHL1, neural cell adhesion molecule L1-like protein

Fig. 3   Results of serial analysis before and after surgery up to 1 year (53 paired samples). APOC1, apolipoprotein C-1; CA1, carbonic anhydride 
1; NCHL1, neural cell adhesion molecule L1-like protein
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Discussion

Mastocheck® is an algorithm for protein analysis devel-
oped for early diagnosis of breast cancer. This study 
attempted to evaluate whether it would be reasonable to 
use Mastocheck® as a follow-up test by checking the level 
of three-protein value after operation and also whether it 
could detect recurrence after surgery. To this end, it was 
identified whether the level above the cut-off value before 
surgery decreased below the cut-off value after surgery.

In this study, we observed initially the value of Masto-
check®, was within the cancer range in 81 of 111 patients 
(73.0%) before surgery, and after 8 weeks after surgery 
in  74 of 108 patients  (68.5%) became normal range, 
and 6 month to 1 year after surgery, in 47 of 53 patients 
(88.7%) became normal range. This suggests that the pri-
mary prerequisite for using Mastocheck for follow-up after 
breast cancer surgery was met. The next step to evalu-
ate the potential of Mastocheck® for the early detection 
of recurrence during follow-up was to compare its val-
ues between the recurrence group and the nonrecurrence 
group after surgery. In this study, the Mastocheck® value 
was over the cut-off value in 60.3% of patients with local 
recurrence and below the cut-off value in 80.2% of patients 
without recurrence. This suggests that Mastocheck® also 
met the second requisite as a tumor marker for use during 
follow-up after surgery.

Since Mastocheck® was initially developed for early 
breast cancer detection, we focused on evaluating the use-
fulness of Mastocheck® for the detection of local recur-
rence rather than regional or systemic recurrence during 
postoperative follow-up. According to the Early Breast 
Cancer Trialists’ Collaborative Group (EBCTCG) over-
view, the 5-year local recurrence risk was 7% in patients 
after breast-conserving surgery (Clarke et  al. 2005). 
Although many patients with local or regional recurrence 
will have coexisting distant metastasis simultaneously, for 
those with isolated local recurrence, long-term survival 
can be expected through aggressive treatment, including 
surgery. Recently, Huang et al. (2021) assessed a large 
breast cancer cohort and reported that patients who under-
went salvage surgery after locoregional recurrence showed 
significantly better 3-year post recurrence survival than 
those who did not (94.7% vs. 60.7%, p = 0.012). The Dutch 
Study Group on Local Recurrence after Breast Conser-
vation (BORST Group) studied the long-term prognosis 
of patients with isolated local recurrence after breast-
conserving surgery and reported that patients with a local 
recurrence measuring 1 cm or less had better distant dis-
ease-free survival than those with a larger-sized recurrence 
(Voogd et al. 2005). Lu et al. (2009) reported that patient 
survival was better when the detection of local recurrence 

Table 2   Clinicopathologic characteristics of breast cancer patients 
(Recurrence/nonrecurrence cohort)

Values are presented as the mean ± standard deviation or number (%)
BCS, breast-conserving surgery; TM, total mastectomy; SLNBx, sen-
tinel lymph node biopsy; ALND, axillary lymph node dissection; 
AJCC = American Joint Committee on Cancer; LN, lymph node; 
HR, hormone receptor; TNBC, triple negative breast cancer

Total
N = 144 (%)

Recurred
N = 63 (%)

Non-
recurred
N = 81 (%)

p value

Age (year) 56.18 ± 10.11 56.11 ± 10.91 56.09 ± 9.53 0.944
Type of breast surgery
 BCS 100 (69.4) 39 (62.0) 61 (75.3) 0.999
 TM 43 (29.9) 23 (36.5) 20 (24.7)
 Unknown 1 (0.7) 1 (1.6) 0 (0)

Type of axilla surgery
 SLNBx 103 (71.5) 46 (73.0) 57 (70.4) 0.667
 ALND 40 (27.8) 16 (25.4) 24 (29.6)
 Unknown 1 (0.7) 1 (1.6) 0 (0)

AJCC stage (initial)
 0 7 (4.9) 6 (9.5) 1 (1.2) 0.974
 1 70 (48.6) 26 (41.3) 44 (54.3)
 2 49 (34.0) 22 (34.9) 27 (33.3)
 3 15 (10.4) 7 (11.1) 8 (9.9)
 Unknown 3 (2.1) 2 (3.2) 1 (1.2)

T stage
 pTis 7 (4.9) 6 (9.5) 1 (1.2) 0.944
 pT1 81 (56.3) 34 (54.0) 47 (58.0)
 pT2 46 (31.9) 19 (30.2) 27 (33.3)
 pT3 6 (4.2) 1 (1.6) 5 (6.2)
 pT4 1 (0.7) 1 (1.6) 0 (0)
 Unknown 3 (2.1) 2 (3.2) 1 (1.2)

LN
 pN0 93 (64.6) 38 (60.3) 55 (67.9) 0.286
 pN1 37 (25.7) 16 (25.4) 21 (25.9)
 pN2 11 (7.6) 7 (11.1) 4 (4.9)
 Unknown 3 (2.1) 2 (3.2) 1 (1.2)

Subtypes
 HR+/

HER2−
82 (56.9) 28 (44.4) 54 (66.7) 0.017

 HR+/
HER2+

7 (4.9) 4 (6.3) 3 (3.7)

 HR−/
HER2+

10 (6.9) 6 (9.5) 4 (4.9)

 TNBC 35 (24.3) 17 (27.0) 18 (22.2)
 Unknown 10 (6.9) 8 (12.7) 2 (2.5)

Individual markers
 APOC1 11.26 ± 12.14 14.09 ± 17.51 9.05 ± 3.83 0.071
 CA1 7.52 ± 8.62 9.73 ± 10.65 5.80 ± 6.16 0.014
 NCHL1 0.98 ± 0.89 1.49 ± 1.15 0.59 ± 0.20  < 0.001
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was found earlier through a meta-analysis to establish the 
impact on survival of early detection of a local recurrence 
compared to late detection.

Although guidelines recommend mammography alone 
for the imaging postoperative follow-up of breast cancer 
patients, early diagnosis of local recurrence with only mam-
mography and physical examination is often difficult. Cur-
rently, screening tests for breast cancer diagnosis are mainly 
imaging tests such as mammography and ultrasonography 
or magnetic resonance imaging. Mastocheck®, a blood test 
using proteomics techniques, could be a convenient and 
reproducible test that overcomes the limitations of imaging 
tests, especially for women with mammographically dense 
breasts. Previously, we reported that the combination of 
mammography and Mastocheck® could increase sensitivity 
by 30% and accuracy by 15% compared to mammography 
alone in detecting early breast cancer, resulting in sensitiv-
ity, specificity, and accuracy values of 93.9%, 83.8%, and 
90.2%, respectively (Kim et al. 2019b). More recently, the 
combined use of ultrasonography and Mastocheck® showed 
significantly improved diagnostic specificity and posi-
tive predictive value for breast cancer diagnosis compared 
to ultrasonography alone, even in asymptomatic women, 
women with dense breasts, or those with normal/benign 
mammographic findings, showing that Mastocheck® is an 
effective tool that can be used with ultrasound to improve 
diagnostic specifications and reduce false-positive findings 
and unnecessary biopsies. Utilizing the Mastocheck® value 
with ultrasonography ncreased the AUC from 0.67 to 0.81 
and the specificity from 35.6 to 64.4% without loss in sen-
sitivity. The biopsy rate was significantly decreased from 
79.3 to 72.1% (Ha et al. 2022). These results suggest that 
using Mastocheck® as an adjunct, along with imaging tests 
such as mammography and ultrasonography during follow-
up after breast cancer surgery, can aid in the early detection 
of local recurrence. The results of the present study suc-
cessfully demonstrated that Mastocheck® could be helpful 

in the detection of local recurrence during follow-up after 
breast cancer surgery.

Many studies have shown that CA15-3, widely used as 
a breast cancer-specific biomarker, is not useful for early 
diagnosis as a single marker due to its low sensitivity and 
specificity and because it showed no significant correlation 
with cancer metastasis during follow-up (Rasmy et al. 2016; 
Elfagieh et al. 2012). The tumor marker CA15-3 has been 
studied in the primary diagnosis of breast cancer and in met-
astatic settings. It has been found to be elevated in breast 
cancer in stage I in 9%, stage II in 19%, stage III in 38%, 
and stage IV (distant metastatic disease) in 75% (American 
Society of Clinical Oncology 1996). In another study, the 
CA15-3 increase in patients confirmed to have recurrence 
was approximately 36%, which was low in sensitivity, and 
even in those with distant metastasis in the liver or bone, 
it was only approximately 48%, suggesting that CA15-3 
has limitations in confirming early local recurrence as a 
single test (Kokko et al. 2002). In our study, only one in 
111 patients in the longitudinal monitoring cohort had an 
increased preoperative CA15-3 level. All 63 patients with 
recurrence enrolled in the recurrence/nonrecurrence cohort 
had local recurrence, and CA15-3 was in the normal range 
in all of them. This also suggested that CA15-3 is not sensi-
tive for the early detection of recurrence. In our study, the 
diagnostic sensitivity of Mastocheck® in recurrence patients 
was 60.3%, which is superior to that of CA15-3. This could 
be the basis for the validation of Mastocheck® as a follow-
up test after surgery.

Analysis of the individual markers showed that CA1 and 
NCHL1 levels increased while APOC1 levels decreased 
in breast cancer (Li et al. 2019; He et al. 2013; Sun et al. 
2016). Therefore, after cancer tissue is removed from the 
body after surgery, CA1 and NCHL1 decrease, and APOC1 
increases. In this study, CA1 was slightly increased, NCHL1 
was decreased, and APOC1 was increased at 8 weeks after 
surgery compared to before surgery. Only APOC1 showed 

Fig. 4   Comparison of individual markers and Mastocheck® values 
according to recurrence or nonrecurrence among patients observed 
for more than 1  year after surgery (recurred 63, non-recurred 81). 

NED, no evidence of disease. APOC1, apolipoprotein C-1; CA1, car-
bonic anhydride 1; NCHL1, neural cell adhesion molecule L1-like 
protein
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statistically significant changes in individual marker 
changes, reflecting that APOC1 significantly influences the 
overall Mastocheck® changes immediately after surgery. 
APOC1 is a lipid-related protein marker, and it is necessary 
to study whether it is affected by changes in the lipid profile 
of patients receiving aromatase inhibitors after surgery.

Proteomics can determine the level of protein in the cell, 
which helps explain where they are located. The effects of 
the cell environment can also be observed. In other words, 
it allows us to see how the levels of protein change and how 
cells react (Wilhelm et al. 2014). For this reason, research-
ers have tried to develop biomarkers using proteomics tech-
niques. Mastocheck® is the result of years of experimenta-
tion with various designs to confirm the usefulness of breast 
cancer diagnosis. Mastocheck® was developed for the early 
diagnosis of breast cancer using 1,129 stored blood samples 
analyzed through quantification and optimization processes. 
In addition, correlation evaluation with other cancers con-
firmed it to be a unique marker for breast cancer diagno-
sis. Various methods, such as correlation evaluation with 
anesthesia, have been conducted to develop an objective and 
universal diagnostic marker for breast cancer diagnosis (Kim 
et al. 2019a).

In conclusion, our data suggest the possibility of Mas-
tocheck® as a blood marker tool for the early detection of 
recurrence during postoperative follow-up, based on nor-
malization in 88.7% of patients one year after surgery and 
71.5% accuracy for locally recurrence patients. The limita-
tions of this study are that it is an ongoing study, and it was 
difficult to generalize the interpretation to all patients with 
breast cancer due to the small number of subjects analyzed 
and the short duration of follow-up. Despite these limita-
tions, proteomic biomarkers could provide a new paradigm 
in the clinic that is useful not only for early diagnosis but 
also for follow-up after treatment.

Acknowledgements  Mr. Tae Yoon Oh at Bertis Inc. contributed to the 
correction of the English

Author contributions  Yumi Kim wrote the main manuscript text and 
prepared figures and table. Yumi Kim and Sungsoo Kim analyzed the 
data. Sungsoo Kim and Kyung-Guen Ahn performed a proteomics 
analysis using MRM. All authors reviewed the manuscript.

Funding  This study was funded by Bertis Inc.

Declarations 

Competing interests  Yumi Kim and Hong-Kyu Kim have unlisted 
stocks of Bertis Inc. Sungsoo Kim and Kyung-Guen Ahn belong to 
Bertis Inc. and are paid. Dong-Young Noh is a co-CEO of Bertis Inc. 
and is paid. Changjin Lim has no potential conflict of interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional committee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards.

Consent to participate  This prospective study was approved by the 
institutional review board, and the informed consent requirement was 
waived.

Consent to publish  The authors affirm that human research participants 
provided informed consent for publication of the tables and images in 
Figure(s) 1, 2, 3 and 4.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

American Society of Clinical Oncology (1996) Clinical practice guide-
lines for the use of tumor markers in breast and colorectal cancer. 
Adopted on May 17, 1996 by the American Society of Clinical 
Oncology. J Clin Oncol 14:2843–2877. https://​doi.​org/​10.​1200/​
jco.​1996.​14.​10.​2843

American Cancer Society (2022) Cancer facts and figures 2022. Ameri-
can Cancer Society, Atlanta

Azamjah N, Soltan-Zadeh Y, Zayeri F (2019) Global trend of breast 
cancer mortality rate: a 25-year study. Asian Pac J Cancer Prev 
20:2015–2020. https://​doi.​org/​10.​31557/​apjcp.​2019.​20.7.​2015

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A 
(2018) Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin 68:394–424. https://​doi.​org/​10.​3322/​caac.​
21492

Chopra I, Chopra A (2014) Follow-up care for breast cancer survivors: 
improving patient outcomes. Patient Relat Outcome Measures 
5:71–85

Clarke M, Collins R, Darby S et al (2005) Effects of radiotherapy and 
of differences in the extent of surgery for early breast cancer on 
local recurrence and 15-year survival: an overview of the ran-
domised trials. Lancet 366:2087–2106. https://​doi.​org/​10.​1016/​
s0140-​6736(05)​67887-7

Elfagieh M, Abdalla F, Gliwan A, Boder J, Nichols W, Buhmeida A 
(2012) Serum tumour markers as a diagnostic and prognostic tool 
in Libyan breast cancer. Tumour Biol 33:2371–2377. https://​doi.​
org/​10.​1007/​s13277-​012-​0500-6

Ha SM, Kim HK, Kim Y, Noh DY, Han W, Chang JM (2022) Diagnos-
tic performance improvement with combined use of proteomics 
biomarker assay and breast ultrasound. Breast Cancer Res Treat 
192:541–552. https://​doi.​org/​10.​1007/​s10549-​022-​06527-1

He LH, Ma Q, Shi YH, Ge J, Zhao HM, Li SF, Tong ZS (2013) CHL1 
is involved in human breast tumorigenesis and progression. Bio-
chem Biophys Res Commun 438:433–438. https://​doi.​org/​10.​
1016/j.​bbrc.​2013.​07.​093

Huang J, Tong Y, Chen X, Shen K (2021) Prognostic factors and sur-
gery for breast cancer patients with locoregional recurrence: an 
analysis of 5,202 consecutive patients. Front Oncol 11:763119. 
https://​doi.​org/​10.​3389/​fonc.​2021.​763119

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1200/jco.1996.14.10.2843
https://doi.org/10.1200/jco.1996.14.10.2843
https://doi.org/10.31557/apjcp.2019.20.7.2015
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/s0140-6736(05)67887-7
https://doi.org/10.1016/s0140-6736(05)67887-7
https://doi.org/10.1007/s13277-012-0500-6
https://doi.org/10.1007/s13277-012-0500-6
https://doi.org/10.1007/s10549-022-06527-1
https://doi.org/10.1016/j.bbrc.2013.07.093
https://doi.org/10.1016/j.bbrc.2013.07.093
https://doi.org/10.3389/fonc.2021.763119


5741Journal of Cancer Research and Clinical Oncology (2023) 149:5733–5741	

1 3

Kim YJ, Lee EH, Jun JK, Shin DR, Park YM, Kim HW, Kim Y, Kim 
KW, Lim HS, Park JS, Kim HJ, Jo HM (2017) Analysis of par-
ticipant factors that affect the diagnostic performance of screening 
mammography: a report of the alliance for breast cancer screening 
in Korea. Korean J Radiol 18:624–631. https://​doi.​org/​10.​3348/​
kjr.​2017.​18.4.​624

Kim Y, Kang UB, Kim S, Lee HB, Moon HG, Han W, Noh DY (2019a) 
A validation study of a multiple reaction monitoring-based pro-
teomic assay to diagnose breast cancer. J Breast Cancer 22:579–
586. https://​doi.​org/​10.​4048/​jbc.​2019.​22.​e57

Kim Y, Moon H, Lee H, Moon W, Cho N, Chang J, Han W, Noh 
D (2019b) Efficacy of mastocheck for screening of early breast 
cancer: comparison with screening mammography. J Breast Dis 
7:59–64. https://​doi.​org/​10.​14449/​jbd.​2019.7.​2.​59

Kokko R, Holli K, Hakama M (2002) Ca 15–3 in the follow-up of 
localised breast cancer: a prospective study. Eur J Cancer 
38:1189–1193. https://​doi.​org/​10.​1016/​s0959-​8049(01)​00429-4

Lam DL, Houssami N, Lee JM (2017) Imaging surveillance after pri-
mary breast cancer treatment. Am J Roentgenol 208:676–686. 
https://​doi.​org/​10.​2214/​AJR.​16.​16300

Lee HB, Kang UB, Moon HG et al (2015) Development and validation 
of a novel plasma protein signature for breast cancer diagnosis 
by using multiple reaction monitoring-based mass spectrometry. 
Anticancer Res 35:6271–6279

Li J, Shi K, Sabet ZF et al (2019) New power of self-assembling car-
bonic anhydrase inhibitor: short peptide-constructed nanofibers 
inspire hypoxic cancer therapy. Sci Adv 5:eaax0937. https://​doi.​
org/​10.​1126/​sciadv.​aax09​37

Lu WL, Jansen L, Post WJ, Bonnema J, Van de Velde JC, De Bock 
GH (2009) Impact on survival of early detection of isolated breast 
recurrences after the primary treatment for breast cancer: a meta-
analysis. Breast Cancer Res Treat 114:403–412. https://​doi.​org/​
10.​1007/​s10549-​008-​0023-4

Myers ER, Moorman P, Gierisch JM, Havrilesky LJ, Grimm LJ, Ghate 
S, Davidson B, Mongtomery RC, Crowley MJ, McCrory DC, 
Kendrick A, Sanders GD (2015) Benefits and harms of breast 
cancer screening: a systematic review. JAMA 314:1615–1634. 
https://​doi.​org/​10.​1001/​jama.​2015.​13183

NCCN (2020) NCCN guidelines version 5.2020 BINV-16. https://​
www2.​tri-​kobe.​org/​nccn/​guide​line/​breast/​engli​sh/​breast.​pdf

Rafferty EA, Durand MA, Conant EF, Copit DS, Friedewald SM, Ple-
cha DM, Miller DP (2016) Breast cancer screening using tomos-
ynthesis and digital mammography in dense and nondense breasts. 
JAMA 315:1784–1786. https://​doi.​org/​10.​1001/​jama.​2016.​1708

Rasmy A, Abozeed W, Elsamany S, Baiomy ME, Nashwa A, Amrallah 
A, Hasaan E, Alzahrani A, Faris M, Alsaleh K, AlFaraj A (2016) 
Correlation of preoperative Ki67 and serum CA15.3 levels with 
outcome in early breast cancers a multi institutional study. Asian 
Pac J Cancer Prev 17:3595–3600. https://​doi.​org/​10.​1016/​S0959-​
8049(16)​30888-7

Sun Y, Zhang J, Guo F, Zhao W, Zhan Y, Liu C, Fan Y, Wang J (2016) 
Identification of apolipoprotein C-I peptides as a potential bio-
marker and its biological roles in breast cancer. Med Sci Monit 
22:1152–1160. https://​doi.​org/​10.​12659/​msm.​896531

Voogd AC, Van Oost FJ, Rutgers EJ et al (2005) Long-term prognosis 
of patients with local recurrence after conservative surgery and 
radiotherapy for early breast cancer. Eur J Cancer 41:2637–2644. 
https://​doi.​org/​10.​1016/j.​ejca.​2005.​04.​040

Wilhelm M, Schlegl J, Hahne H et al (2014) Mass-spectrometry-based 
draft of the human proteome. Nature 509:582–587. https://​doi.​org/​
10.​1038/​natur​e13319

Wojcinski S, Farrokh A, Hille U, Hirschauer E, Schmidt W, Hillemanns 
P, Degenhardt F (2011) Optimizing breast cancer follow-up: diag-
nostic value and costs of additional routine breast ultrasound. 
Ultrasound Med Biol 37:198–206. https://​doi.​org/​10.​1016/j.​ultra​
smedb​io.​2010.​10.​024

Zheng HY, Cho PK, Kim TW, Kim JS, Jang HC, Lee MH (2018) Qual-
ity management for mammography equipment and mammogra-
phy. J Korean Soc Radiol 12(5):683–692

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3348/kjr.2017.18.4.624
https://doi.org/10.3348/kjr.2017.18.4.624
https://doi.org/10.4048/jbc.2019.22.e57
https://doi.org/10.14449/jbd.2019.7.2.59
https://doi.org/10.1016/s0959-8049(01)00429-4
https://doi.org/10.2214/AJR.16.16300
https://doi.org/10.1126/sciadv.aax0937
https://doi.org/10.1126/sciadv.aax0937
https://doi.org/10.1007/s10549-008-0023-4
https://doi.org/10.1007/s10549-008-0023-4
https://doi.org/10.1001/jama.2015.13183
https://www2.tri-kobe.org/nccn/guideline/breast/english/breast.pdf
https://www2.tri-kobe.org/nccn/guideline/breast/english/breast.pdf
https://doi.org/10.1001/jama.2016.1708
https://doi.org/10.1016/S0959-8049(16)30888-7
https://doi.org/10.1016/S0959-8049(16)30888-7
https://doi.org/10.12659/msm.896531
https://doi.org/10.1016/j.ejca.2005.04.040
https://doi.org/10.1038/nature13319
https://doi.org/10.1038/nature13319
https://doi.org/10.1016/j.ultrasmedbio.2010.10.024
https://doi.org/10.1016/j.ultrasmedbio.2010.10.024

	The usefulness of a three-protein signature blood assay (Mastocheck®) for follow-up after breast cancer surgery
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients and study design
	Longitudinal monitoring cohort: comparison of changes in Mastocheck® results before and after surgery
	Recurrencenonrecurrence cohort: comparison of Mastocheck® results between recurrence and nonrecurrence patients
	Blood collection and three-protein signature blood assay (Mastocheck®) analysis

	Ethics approval
	Quantitative protein analysis
	Statistical analysis

	Result
	Longitudinal monitoring cohort: comparison of changes in Mastocheck® results before and after surgery
	Recurrencenonrecurrence cohort: comparison of Mastocheck® results between recurrence and nonrecurrence patients

	Discussion
	Acknowledgements 
	References




