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Abstract

Aim To investigate the clinical and prognostic significance of circulated tumor cells (CTC) marked by cytokeratin 19 cod-
ing gene KRT19 mRNA and carcinoembryonic antigen coding gene CEACAM5 mRNA in preoperative peripheral blood of
breast cancer patients and provide molecular markers for breast cancer metastasis risk.

Methods The mRNA levels of KRT19 and CEACAMS in preoperative peripheral blood of breast cancer patients without
(n=0603) and with (n=76) distant metastases at the time of initial diagnosis were detected by reverse transcription-quan-
titative polymerase chain reaction (RT-qPCR). The relationship between CTCgpr;9, CTC rpacaps and clinicopathological
features, local recurrence-free survival (LRFS), distant metastasis-free survival (DMFS), or overall survival (OS) was
statistically analyzed.

Results In different pathological stages of breast cancer, the rates of CTCggrg_,0, a0d CTCpycams—pos increased with the
increase of the stages (P=0.077 and P=0.004). Preoperative CTCypy;9_,,, in breast cancer patients was closely related to
the lymph node metastasis statues (P <0.0001), and had no significant correlation with other clinicopathological features.
There was no significant correlation between CTC x4 455 and the clinicopathological features. Patients with high levels
of CTC double-marked by KRT19 and CEACAM5 mRNA had shorter DMFS (P <0.0001) and OS (P=0.016) for patients
with breast cancer. The 7-year DMFS rates for the low-, intermediate-, and high-risk groups were 90.7%, 67.5%, and 59.1%,
respectively (P <0.0001). The prognosis of patients with decreased KRT19 and CEACAMS mRNA after treatment is bet-
ter than that of patients who have not decreased, and the combination of the two indicators is better than the single one for
predicting PFS (P =0.002 compare with P=0.036 or P=0.047).

Conclusion Double-marked CTC by KRT19 and CEACAM5 mRNA is a prognostic index of breast cancer patients before
surgery and after chemotherapy. Single-marked CTC by KRT19 mRNA indicates lymph node statues of preoperative patients.
Therefore, the RT-qPCR-based molecular diagnosis of CTC could be used for prognostic prediction of breast cancer patients
and guiding clinical treatment.
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Introduction

As one of the most common malignant tumors, breast cancer
0 Chunhua Xiao has the highest incidence and is the second leading cause of

XCHwxm2019@163.com mortality among females [1]. Although important advances
in surgical techniques and adjuvant chemotherapy have
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in blood with a half-life of 1-2.4 h [3—6]. The presence of
CTCs at levels > 5/7.5 ml peripheral blood is associated with
poor prognosis of breast cancer patients, and it might be
another breast cancer prognosis assessment tool following
the four biological indicators of ER/PR, HER2, Ki67, and
tumor histological grade [7, 8]. Cytokeratin 19 coding gene
KRT1I9 is derived from epithelial cells and is expressed in
normal epithelial and epithelial primary tumors and meta-
static tumor cells. KRT19 is absent in normal peripheral
blood and lymphoid tissues [9]. Therefore, the detection of
KRT1I9 transcripts in the peripheral blood of breast cancer
patients indicates the presence of breast cancer cells [10].
Carcinoembryonic antigen coding gene CEACAMS is over-
expressed in gastrointestinal cancer, breast cancer, etc. It
plays an important role in tumor metastasis and may be
related to the prognosis of breast cancer [11].

Recently, reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) technology has been shown to
have a sensitivity 10- to 100-fold higher than the routine
immunological methods and to be a reliable method for
detecting circulating tumor cells and measuring the mRNA
expression of tumor markers [12, 13]. However, there have
been few reports on the combined detection and clinical sig-
nificance of KRT19 and CEACAMS5 mRNA expression in
peripheral blood of patients with breast cancer.

In our study, we detected the KRT19 and CEACAMS
mRNA levels before surgery and after chemotherapy in
peripheral blood of patients with breast cancer using RT-
gPCR and estimated the clinical and prognostic value of
these biomarkers in breast cancer patients.

Materials and methods
Patients and follow-up

A total of 603 breast cancer patients who underwent
radical mastectomy between May 2010 and April 2011 at
Tianjin Medical University Cancer Institute and Hospital
(TMUCIH) were recruited for the study. We also recruited
76 patients with advanced breast cancer who had distant
metastases at the same time as control. The inclusion cri-
teria for the study were as follows: (1) complete clinical
pathology data and follow-up data; (2) no neoadjuvant
chemotherapy before surgery; (3) no distant metastasis
before surgery; (4) all patients underwent radical mas-
tectomy; (5) standardized treatment after surgery; (6) no
other synchronous malignancies. The histological diagno-
sis and tumor-node-metastasis (TNM) staging were based
on 7th edition of the American Joint Committee on Cancer
(AJCC)/Union for International Cancer Control (UICC)
TNM staging system [14]. The clinicopathological charac-
teristics of breast cancer patients are shown in Table 1. The
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Table 1 Clinicopathological

- Characteristics Cases (%)
characteristics of breast cancer
patients Age (years)
<45 179 (29.8)
45-55 228 (37.9)
> 55 196 (32.3)
Tumor size (cm)
<2 274 (45.4)
2-5 306 (50.8)
>5 23 (3.8)
Lymph node status
0 352 (58.4)
1-3 131 (21.7)
4-9 68 (11.3)
> 10 52 (8.6)
Histological grade
1 76 (12.6)
I 420 (69.7)
1 107 (17.7)
pTNM
0 55 .1
1 148 (24.5)
I 297 (49.3)
il 103 (17.1)
ER status
Negative 160 (26.5)
Positive 443 (73.5)
PR status
Negative 211 (34.9)
Positive 392 (65.1)
HER? status
Negative 476 (78.9)
Positive 127 (21.1)

study and acquisition of blood specimens were approved
by the Research Ethics Committee of Tianjin Medical
University Cancer Institute and Hospital. In addition, all
of the patients provided written informed consent. After
radical mastectomy, all patients were followed regularly
every 3 month during the first year, every 6 month during
the second to third years, and every 1 year thereafter until
death or the last follow-up. The final follow-up date was
December 2017. Local recurrence-free survival (LRFS)
was calculated from the date of surgery to the date of local
chest wall recurrence or final follow-up date; distant meta-
static free survival (DMFS) was calculated from the date
of surgery to the date of distant metastasis or the date of
final follow-up; overall survival (OS) is calculated from
the date of surgery to the date of death or the date of final
follow-up; progression-free survival (PFS) is calculated
from the date of surgery to the disease progression or
death or the date of final follow-up.
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Samples collection

Five millilambert peripheral blood samples were obtained
through a catheter inserted into a peripheral vessel and col-
lected into EDTA tubes from each breast cancer patient.
Nucleated cells were then separated by hypotonic lysis of

Fig. 1 The relationship between (a) 40
the CTCyrrr9, CTCrpacams
and the pathological stages was
calculated using the X2 test.. a 3 30-
The rates of CTCggyjg_pos in &;
different pathological stages g
of breast cancer, P=0.077. b =3 20+
The rates of CTCpacaps—pos i n
different pathological stages of X 104
breast cancer, P=0.004 O

-

O o

0 | i

pTNM stage of breast cancer

red blood cells. Briefly, three volumes of hypotonic lysis
buffer (10 mM Tris-HCI, 10 mM NaCl, 5 mM MgClI2, pH
7.6) was mixed with one volume of blood sample and cen-
trifuged at 2000 rpm for 15 min a 4 °C with the supernatant
discarded. The hypotonic lysis was repeated one more time
and the resulting cell pellet was stored at — 80 °C.

C;

CTCCEACAMS- pos (0/0)

m 0 I ] m w
pTNM stage of breast cancer

Table 2 Correlation between the preoperative KRT19 and CEACAMS5 mRNA-marked CTC levels and the clinicopathological features of 603

patients with breast cancer

Variables Cases  CTCxrrg_pos (%) CTCipriones (%) X° P CTC cpacams—pos (%) CTCeracams—neg (%) X° P
Age (years) 5.342  0.069 0.799 0.671
<45 179 40 (22.3) 139 (77.7) 35 (19.6) 144 (80.4)
45-55 228 47 (20.6) 181 (79.4) 37 (16.2) 191 (83.8)
> 55 196 27 (13.8) 169 (86.2) 35(17.9) 161 (82.1)
Tumor size (cm) 1.793  0.408 1.775 0412
£2 274 58 (21.2) 216 (78.8) 44 (16.1) 230 (83.9)
2-5 306 51(16.7) 255 (83.3) 57 (18.6) 249 (81.4)
>5 23 5@21.7) 18 (78.3) 6(26.1) 17 (73.9)
Lymph node status 85.749 <0.0001 1.888 0.596
0 352 60 (17.0) 292 (83.0) 58 (16.5) 294 (83.5)
1-3 131 26(19.8) 105 (80.2) 28 (21.4) 103 (78.6)
4-9 68 15 (22.0) 53 (78.0) 13 (19.1) 55 (80.9)
> 10 52 13 (25.0) 39 (75.0) 8(15.4) 44 (84.6)
Histological grade 0942  0.624 1.248 0.536
I 76 16 (21.1) 60 (78.9) 10 (13.2) 66 (86.8)
1I 420  81(19.3) 339 (80.7) 77 (18.3) 343 (81.7)
111 107 17 (15.9) 90 (84.1) 20 (18.7) 87 (81.3)
ER status 0.355 0.551 0411 0.521
Negative 160 33 (20.6) 127 (79.4) 31(19.4) 129 (80.6)
Positive 443 81(18.3) 362 (81.7) 76 (17.2) 367 (82.8)
PR status 1.605 0.205 0.655 0.418
Negative 211 45(21.3) 166 (78.7) 41 (19.4) 170 (80.6)
Positive 392 69 (17.6) 323 (82.4) 66 (16.8) 326 (83.2)
HER? status 2.191 0.139 0.190 0.663
Negative 476 84 (17.6) 392 (82.4) 75 (15.8) 401 (84.2)
Positive 127 30(23.6) 97 (76.4) 32(25.2) 95 (74.8)
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Total RNA isolation and cDNA synthesis

Total RNA was extracted from the cell lysate using TRI-
zol reagent (Invitrogen, Gaithersburg, MD, United States)
according to the manufacturer’s instructions. The concen-
tration and purity of RNA were determined using a Nan-
oDrop spectrophotometer (Thermo Scientific, Wilming-
ton, DE, United States). A260/A280 ratios in the range of
1.8-2.0 were considered satisfactory for purity standards
in this study. First-strand cDNA was synthesized using the
SuperScript First-Strand cDNA Synthesis kit (Invitrogen)
according to the manufacturer’s instructions and then stored
at —20 °C for subsequent quantitative polymerase chain
reaction experiments.

Real-time qPCR

The mRNA expression levels of KRT19 and CEACAMS
were detected by real-time PCR using the ABI 7500 Real-
Time PCR system (Applied Biosystems, Foster City, CA,
United States). Quantification of mRNA levels of tar-
get genes was accomplished by measuring the fractional
cycle number at which the amount of expression reached
a fixed threshold (CT). All of the reactions were run in
triplicate. The primers targeting KRT19 (NM_002276.4)

and CEACAMS5 (NM_001291484.2) were optimized using
Oligo 6.0 software and synthesized by Shanghai Shenggong
Bioengineering Co., Ltd. The following thermocycling con-
ditions were used under the standard mode according to
the manufacturer’s recommendations: 50 °C 2 min, 95 °C
pre-denaturation 3 min; 95 °C 30 s, 62 °C 1 min, 40 cycles.

CTC-positive criteria

The receiver operating characteristic (ROC) curves were made
based on KRT19 mRNA levels of samples and the correspond-
ing overall survival (OS) status of patients. The optimal cut-
off value of 32.5 of KRT19 mRNA CT level was selected
according to ROC curve analyses. It is with higher sensitiv-
ity and specificity to separate all patients into high KRT19
mRNA level group and low KRT19 mRNA level group with
distinguished OS status. Patients with a CT value of KRT19
mRNA less than or equal to 32.5 were defined as CTC-positive
patients, and with a CT value higher than 32.5 were defined
as CTC-negative patients (CTCgprjg_p,» KRTI9 mRNA
CT<32.5, n=114; CTCygr/g_pee» KRT19 mRNA CT>32.5,
n=489).

According to the ROC curve, the optimal cut-off value of
the CEACAMS5 mRNA CT level was set at 35.0. Based on this
cut-off value in predicting 5-year survival, it is with higher

Fig.2 Kaplan.—Meier survival (a) (b) 100 o o
curves according to preopera- 100d— s mims ien
tive CTCypr9 and CTC cgpcupss T e mmann
levels in patients with breast — 804
cancer. a CTCggyyo level for = 80 2
LRFES; b CTC gy caps level for é ~ 604
LRFS; ¢ combined CTC ez o 601 ‘If
and CTC g4 caps levels for L
LRFS; P values were calculated X 40-4P=0.005 5 40P =0.939
by the log-rank test and P<0.05 - HR = 4.39 [1.88, 34.48] HR =0.94 [0.21, 4.18]
denoted significance 204 — CTCygrrroneg N = 489 204 — CTCceacams-negs N = 496
—— CTCkrr19-pos, N =114 —— CTCceacams-pos, N =107
0 L) L] ] ] ] L] L] 1 o L] L] L 1 L] 1 L] 1
0 1224364860728496 0 12243648 60728496
Months Months
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5 40— CTCxrrigneg/cEACAMS-neg., N = 422
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T CTCkRrr19-pos.iCEACAMS5-neg.» N = 141
—— CTCKRr19-pos./CEACAM5-pos., N = 40
1
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sensitivity and specificity to separate all patients into high
CEACAMS5 mRNA level group and low CEACAMS5 mRNA
level group with distinguished OS status. CTC-positive
patients were defined as those whose CT value of CEACAMS5
mRNA was less than or equal to 35.0, while CTC-negative
patients were defined as those whose CT value was higher
than 35.0 (CTC cgacams—poss CEACAMS mRNA CT <35.0,
n=107; CTC cgacams—neyy CEACAMS mRNA CT > 35.0,
n=496).

We also defined CTC status by combining KR719 mRNA
and CEACM5 mRNA levels. We defined KRT/9 mRNA
CT value higher than 32.5 and CEACAMS5 mRNA CT value
higher than 35.0 as CTC,y; KRT19 mRNA CT value
less than or equal to 32.5 or CEACAMS5 mRNA CT value
less than or equal to 35.0 was defined as CTCux_positives
KRTI19 mRNA CT value was less than or equal to 32.5 and
CEACAMS5 mRNA CT value was less than or equal to 35.0
defined as CTC ogye-

Statistical analysis

All statistical analyses were performed using SPSS 24.0 statis-
tical software (SPSS Inc, Chicago, IL, United States). Based
on KRT19, CEACAM5 mRNA CT levels in breast cancer tis-
sues, and corresponding OS status of patients, the receiver
operating characteristic (ROC) curve was made to identify the
optimized cut-off value of the two marker’s mRNA levels. The
relationship between the CTCy g9, CTC s capss and the clini-
cal pathological features was calculated using the 4 test and
are displayed in cross-tables. Survival analysis was performed
using the Kaplan—Meier method and compared by the log-rank
test. The variables significantly affecting LRFS, DMFS, OS,
and PFS were investigated by multivariate analysis according
to the Cox proportional hazard model. P values <0.05 were
considered statistically significant.

Results

Difference of CTC-positive rate in preoperative
peripheral blood of breast cancer patients
with different pTNM

The rates of CTCggrg_,, In preoperative peripheral blood
of stage 0-IV breast cancer were 14.5% (8/55), 18.2%
(27/148), 18.8% (56/298), 23.3% (24/103), and 31.6%
(24/76), respectively, and the difference was statistically
significant (;(2= 8.429, P=0.077, Fig. 1a). The rates of CTC
CEACAMS—pos 11l Preoperative peripheral blood of stage 0-1V
breast cancer were 14.5% (8/55), 14.2% (21/148), 18.1%
(54/298), 23.3% (24/103), and 34.2% (26/76), respectively,
and the difference was statistically significant (y*=15.269,
P=0.004, Fig. 1b).

Correlation between the preoperative CTCypy;o, CTC
ceacams levels and clinicopathological factors

The correlation between the preoperative CTCgpr;q lev-
els and the clinicopathological characteristics is shown in
Table 2. Preoperative CTCygyryg_,, in peripheral blood of
patients with breast cancer was closely related to the metasta-
sis of lymph nodes (P <0.0001), and had no significant corre-
lation with other clinicopathological features (P> 0.05). The
correlation between the preoperative CTC g4 45 l€vels and
the clinicopathological characteristics is shown in Table 2.
There was no significant correlation between CTC qz4caus
and the clinicopathological features (P> 0.05).

Univariate and multivariate survival analyses
of clinicopathological characteristics for LRFS,
DMFS, and OS of patients with Breast Cancer

The median follow-up period for the entire cohort was 84
months (range 12—-107 months).

For local recurrence-free survival (LRFS), the 7-year
LRFS rates in the preoperative CTCggryg_y,, and CTC
KRT19—pos &roups were 98.8% and 94.8%, respectively

Table 3 Univariate and multivariate analyses of the clinicopathologi-
cal variables for LRFS in breast cancer patients

Variables HR (95% CI) P
Univariate
CTCkgrro
Positive versus negative 4.39 (1.88-34.48) 0.005
CTCcracams
Positive versus negative 0.94 (0.21-4.30) 0.939
Tumor size (cm)
> 2 versus < 2 1.01 (0.37-2.76) 0.984
Pathological type
DCIS versus invasive carcinoma 1.13 (0.15-8.73) 0.909
Histological grade
III versus I-11 1.95 (0.70-5.44) 0.200
Lymph node status
Positive versus negative 1.72 (1.07-2.76) 0.026
ER status
Positive versus negative 0.71 (0.21-2.35) 0.574
PR status
Positive versus negative 1.07 (0.32-3.54) 0918
HER?2 status
Positive versus negative 0.76 (0.17-3.46) 0.720
Multivariate
CTCrrro
Positive versus negative 4.05 (1.30-12.59) 0.016
Lymph node status
Positive versus negative 1.65 (1.02-2.67) 0.041

@ Springer



380

Breast Cancer Research and Treatment (2019) 174:375-385

(P=0.005, Fig. 2a). The 7-year LRFS rates in the CTC
ceacams—neg A0 CTCepacaps_pos groups were 98.0% and
98.1%, respectively (P=0.939, Fig. 2b). By combining
KRT19 with CEACAMS5 mRNA, we divided patients into
CTCositiver CTCyear—positives and CTC 5 groups. The
7-year LRFS rates of the three groups are 95%, 97.2%, and
98.6%, respectively (P =0.206, Fig. 2¢).

Univariate analysis showed that preoperative CTC
KRT19—pos (P =0.005) and lymph node metastasis (P =0.026)
were associated with local recurrence-free survival (LRFS)
(Table 3).

The multivariate survival analysis indicated that CTC
KRT19-pos 11 Peripheral blood before surgery (P=0.016) and
lymph node metastasis (P=0.041) were independent risk
factors for local recurrence-free survival (LRFS) in breast
cancer patients (Table 3).

For distant metastatic free survival (DMFS), the 7-year
DMES rates in the preoperative CTCggryg_pe, and CTC
KRT19—pos &roups were 88.5% and 78.3%, respectively
(P=0.002, Fig. 3a). The 7-year DMFS rates in the preop-
erative CTC cpacams—neg 30d CTCcpacaps—pos Eroups were
89.5% and 72.9%, respectively (P <0.0001, Fig. 3b). The
7-year DMFS rates of the CTC gives CTCca—positives
and CTC . groups defined by combining KRT79 with

negtiv

Fig.3 Kaplan—-Meier survival

—_
LY
~—

CEACAMS5 mRNA levels are 67.5%, 80.1%, and 90.5%,
respectively (P <0.0001, Fig. 3c).

Univariate analysis showed that preoperative CTC
krT19-pos (P =0.002), CTC cpacaps—pos (P <0.0001), tumor
size (P <0.0001), and lymph node metastasis (P <0.0001)
were related to distant metastatic free survival (DMFS)
(Table 4).

The four factors with prognostic potential for DMFS
were subsequently subjected to multivariate analysis using
the Cox proportional hazards model. As shown in Table 5,
preoperative CTCypri9_p,, (P=0.010), CTCpacams—pos
(P=0.000), and lymph node metastasis (P =0.040) were the
independent prognostic factors for distant metastasis-free
survival (DMFS) in breast cancer patients (Table 4).

For overall survival (OS), the 7-year OS rate of preop-
erative CTCyprg_ye and CTCyrrsg_ s groups were 94.1%
and 87.8%, respectively (P=0.019, Fig. 4a). The 7-year
OS rate of the preoperative CTC cgscaps—ne, and CTC
CEACAMS—pos &Toups were 93.8% and 88.8%, respectively
(P=0.006, Fig. 4b). The 7-year OS rates of the CTC iy
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94.3%, respectively (P=0.016, Fig. 4c).
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Table 4 Univariate and multivariate analyses of the clinicopathologi-
cal variables for DMFS in breast cancer patients

Variables HR (95% CI) P
Univariate
CTCkgr1o
Positive versus negative 2.05 (1.38-4.28) 0.002
CTCcracams
Positive versus negative 2.92 (2.41-7.90) < 0.0001
Tumor size (cm)
> 2 versus < 2 2.03 (1.39-2.95) < 0.0001
Pathological type
DCIS versus Invasive carcinoma 23.51 (0.94-588.87) 0.055
Histological grade
III versus I-1T 1.29 (0.87-1.92) 0.212
Lymph node status
Positive versus negative 1.96 (1.63-2.36) < 0.0001
ER status
Positive versus negative 0.70 (0.44-1.12) 0.134
PR status
Positive versus negative 0.73 (0.47-1.13) 0.161
HER? status
Positive versus negative 1.55 (0.96-2.51) 0.075
Multivariate
CTCrrro
Positive versus negative 4.24 (1.50-6.45) 0.01
CTCcracams
Positive versus negative 3.03 (1.92-4.80) < 0.0001
Lymph node status
Positive versus negative 1.44 (1.02-2.04) 0.040

Univariate analysis showed that preoperative CTC
KRT19—pos (P =0.019), tumor size (P=0.003), and lymph
node metastasis (P < 0.0001) were related to overall survival
(OS) (Table 5).

The three factors with prognostic potential for OS were
subsequently subjected to multivariate analysis using the
Cox proportional hazards model. As shown in Table 3,
preoperative CTCygrjg_,,0, (P =0.046) was the independ-
ent prognostic factor for overall survival in breast cancer
patients (Table 5).

Prognostic model and risk groups

We proposed a new prognostic model to better identify
breast cancer patients at high risk for metastasis and poor
prognosis. This new prognostic model was proposed by
risk factors for distant metastasis-free survival (DMFS)
(CTCxirr19-pos» CTCpacams—pos> a0d lymph node metasta-
sis) and stratified patients into three groups as follows: the
low-risk group, comprising patients with O or 1 risk factor;

the intermediate-risk group, comprising patients with 2
factors; and the high-risk group, comprising patients with
all 3 factors. Finally, there were 504, 77, and 22 patients
in the low-, intermediate-, and high-risk groups, respec-
tively. The 7-year DMFS rates for the low-, intermedi-
ate-, and high-risk groups were 90.7%, 67.5%, and 59.1%,
respectively, and a statistically significant difference was
observed (P <0.0001; Fig. 5). This new prognostic model
may potentially help clinicians make a more accurate judg-
ment for prognosis and individual therapeutic treatment to
improve survival and quality of life.

Relationship between changes of KRT19,
CEACAMS5 mRNA levels and prognosis
before and after treatment

We randomly selected 100 patients from 604 patients to
receive KRT19 and CEACAMS5 mRNA expression levels
after treatment, and explored the relationship between
KRTI19 » CEACAMS5 mRNA levels and prognosis before
and after treatment. All patients underwent a chemother-
apy regimen containing anthracyclines and/or paclitaxel.
HERZ2-positive patients were treated with trastuzumab and
the number of median chemotherapy was 5 times. The
expression levels of KRT19 and CEACAMS5 mRNA after
treatment were obtained by detecting peripheral blood
on the second day after the end of the last chemotherapy.
We defined post-treatment reduction in KRT19 and/or
CEACAMS5 mRNA as therapeutically effective. Among
them, 65 patients had a decrease in KRT719 mRNA after
treatment, and 2 patients developed disease progres-
sion (local recurrence, distant metastasis, or death); the
7-year PFS rate was 96.9%; There were 35 patients with
unchanged or elevated KRT79 mRNA after treatment, and
5 patients developed disease progression; the 7-year PFS
rate was 85.7% (P =0.036; Fig. 6a).

There were 63 patients with decreased CEACAMS
mRNA after treatment, and 2 patients with disease progres-
sion (local recurrence, distant metastasis, or death); the
7-year PFS rate was 96.8%. There were 37 patients with
unchanged or elevated CEACAMS5 mRNA after treatment
and 5 cases of disease progression; the 7-year PFS rate of
86.5% (P=0.047; Fig. 6b).

There were 83 patients with decreased KRT19 and/or
CEACAMS5 mRNA after treatment, and 3 patients developed
disease progression (local recurrence, distant metastasis, or
death), and the 7-year PFS rate was 96.4%. There were 17
patients with no reduction in KRT19 and CEACAMS5 mRNA
after treatment, and 4 patients developed disease progres-
sion. The 7-year PFS rate was 76.5% (P =0.002; Fig. 6¢).
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Fig. 4 ‘ Kaplan.—Meier survival (a) (b)
curves according to preopera- 100- 1004 ——
tive CTC and CTC h : o
levels in [;(gtTi]egnts with brCeFai\sCtAMj T auma 804
cancer. a CTCygy;q level for 80+
0S; b CTC,; level for OS; o )
[ combinedcglfcégng and CTC é 604 é 60-
CEACAM5lle\iels§0; OE; f values 8 a0dp= 0019 8 404 P = 0.066
were calculated by the log- “JP=0. 4P=0.
r?nk.tCS[ and P <0.05 denoted HR =2.11[1.17, 5.42] HR =1.85 [0.95, 4.63]
significance 204 — CTCKRT19—negs n =489 204 — CTCCEACAM5-negs n = 496
—— CTCkrr19-pos: N = 114 —— CTCceacams-poss N =107
0 1 | L L] L] 1 L] 1 0 1 ] | L] ] L ] 1
0 1224364860728496 0 1224364860728496
Months Months
(c)
100- w
80+
<
2 60-
pre P=0.016
O 40— CTCkgrrigneg/cEacAMSnegs N = 422
Y CTCKRrT19-neg./CEACAMS-pos. AN
20- CTCkRrT19-pos.ICEACAM5-neg.» N = 141
—— CTCkRr19-pos.ICEACAMS5-pos.» N = 40

Discussion

Tumor recurrence and distant metastasis are the leading fac-
tors influencing the clinical outcome of patients with breast
cancer. Many breast cancer patients with resectable tumors
died of postoperative distant metastasis and had a poor prog-
nosis [2]. Therefore, identifying one method or marker to
determine the potential of cancer cell spreading and dis-
ease progression in patients with breast cancer patients will
certainly help to tailor postoperative adjuvant therapies and
improve clinical outcomes.

Recently, gene-based biomarkers have demonstrated
clinical value for the diagnosis, prognosis, and prediction
of drug responses in a variety of cancers [15]. For breast
cancer, several tumor-specific markers, including KR719 and
CEACAMS in either serum or tumor tissue, have been used
to detect metastasis and predict prognosis [9, 11, 16, 17].
RT-qPCR, a sensitive, specific, and rapid method, has been
widely used to detect the presence of circulating cancer cells
in peripheral blood, the expression of tumor markers, and
micrometastases, as well as predict prognoses [8].

In the present study, we detected the KRT19 mRNA-
marked CTC and CEACAMS5 mRNA-marked CTC levels in
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preoperative peripheral blood of breast cancer patients using
RT-qPCR and analyzed the differences of these biomarkers
expression in different pathological stages of breast cancer
using the X2 test. In metastatic breast cancer, the rate of CTC
KRT19-pos 18 significantly higher than that of intraductal carci-
noma of the breast and invasive breast cancer (stage I-III),
although the P value (P=0.077) is not statistically signifi-
cant. And this result was similar to those of a previous study
[18, 19]. The same is true for the rate of CTC cgscapss—pos IN
these five groups of breast cancer patients and the P value
(P=0.004) obtained is statistically significant. Our results
were similar to the reports by Michiko Imamura et al. [20]
and Shao et al. [16]. The result suggested that quantitative
monitoring of peripheral blood KRT19 and CEACAMS5
mRNA-marked CTC levels may suggest metastasis of breast
cancer, and KRT19 and CEACAMS may be potential bio-
markers for distant metastasis in breast cancer patients.

We also analyzed the correlation between CTC grz0,
CTC gacams and clinicopathological variables. Our results
showed significant correlation between the preoperative CTC
KRT19-pos 1€Vels and the metastasis of lymph nodes. Lymph
node metastasis is one of the most important prognostic
factors for breast cancer patients. However, it is difficult to
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Table 5 Univariate and multivariate analyses of the clinicopathologi-
cal variables for OS in breast cancer patients

Variables HR (95% CI) P
Univariate
CTCkgrio
Positive versus negative 2.11 (1.17-5.42) 0.019
CTCeracams
Positive versus negative 1.85 (0.95-4.60) 0.066
Tumor size (cm)
> 2 versus < 2 2.19 (1.31-3.66) 0.003
Pathological type
DCIS versus Invasive carci- 23.37 (0.26-2084.69) 0.169
noma
Histological grade
III versus I-I1 1.25 (0.73-2.16) 0417
Lymph node status
Positive versus negative 1.73 (1.35-2.23) < 0.0001
ER status
Positive versus negative 0.82 (0.43-1.58) 0.560
PR status
Positive versus negative 0.75 (0.41-1.37) 0.341
HER? status
Positive versus negative 1.32 (0.66-2.61) 0.431
Multivariate
CTCkgr1o
Positive versus negative 1.92 (1.01-3.63) 0.046

40P < 0.0001

— Low risk group, n = 504

201 — |ntermediate risk group, n =77

—— High risk group, n = 22

0 122436486072 84 96
Months

Fig.5 Cumulative survival curves for 603 patients with breast can-
cer according to risk groups by Kaplan—Meier survival analysis. The
7-year DMFS rates for the low-, intermediate-, and high-risk groups
were 90.7%, 67.5%, and 59.1%, respectively (P =0.000)

detect lymph node micrometastasis by routine pathologi-
cal examination. In our study, the result showed that CTC
KRT19—pos Strongly correlated with lymph node metastasis.
Our results were similar to the reports by Yu et al. [21].
KRTI9, a cytoskeletal protein, is derived from epithelial
cells and is expressed in normal epithelial and epithelial

primary tumors and metastatic tumor cells. KRT19 expres-
sion is absent in normal peripheral blood and lymphoid tis-
sues [9]. If the KRT19 transcript is detected in lymph nodes
of patients with epithelial tumors, the presence of dissemi-
nated cancer cells could be considered [22]. Therefore, our
result indicated that preoperative KRT19 mRNA levels may
serve as potential marker to detect lymph node metastasis in
breast cancer patients.

KRT19, a tissue-specific marker for epithelial tumor
micrometastasis, has been reported to be a prognostic
marker in esophageal cancer [23], hepatocellular carcinoma
[24], gastric cardia cancer [22], and lung cancer [25]. Sev-
eral studies have suggested the potential role of CEACAMS
in monitoring disease recurrence and treatment response as
well as in predicting the prognosis of many malignancies
[17, 26]. Based on the previously published data of KRT19
and CEACAMS in other malignancies, we further explored
the relationships between preoperative KRT19/ CEACAMS
mRNA-marked CTC levels with LRFS, DMFS, and OS in
patients with breast cancer. To analyze the prognostic value
of preoperative KRT19 and CEACAMS5 mRNA-marked
CTC levels in breast cancer patients, Kaplan—-Meier sur-
vival analysis and multivariate analysis were performed in
the following analysis. The Kaplan—Meier survival analysis
showed that high preoperative CTCygr;9_,,,, level was cor-
related with a poor LRFS and OS in breast cancer patients.
Our results were similar to the reports by Konstantinos
Tryfonidis et al. [25], who demonstrated that preoperative
KRTI19 mRNA level in peripheral blood was correlated
with poor prognosis. The Univariate analysis showed that
preoperative CTCypryg_,p5 a0d CTCppcapss—pos 1eVeEls were
independent risk factors for DMFS in breast cancer patients.
In a word, high level of double-marked CTC by KRT19 and
CEACAMS mRNA indicated unfavorable survival of breast
cancer patients.

In our study, we have a conclusion that preoperative CTC
krT19-poss CTCcracaMs—pos» a1d lymph node metastasis were
the independent prognostic factors for distant metastasis-free
survival (DMFS). And in clinical practice, we noticed that
breast cancer patients with these risk factors tended to have
a poorer prognosis. Therefore, we proposed a prognostic
model based on these risk factors and classified breast cancer
patients into low-, intermediate- and high-risk groups. We
further compared the survival curves of the three groups and
found that there was a significant difference in DMFS among
the three different risk groups. This prognostic model can
be easily constructed, and it may potentially help clinicians
make a more accurate judgment for prognosis and individual
therapeutic treatment to improve survival and quality of life
based on the risk stratification. Breast cancer patients with a
high-risk score may benefit from closer monitoring or more
aggressive postoperative adjuvant therapy.
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In our study, we found that patients with a significant
reduction in KRT19 and CEACAM5 mRNA in peripheral
blood after treatment had a better prognosis than patients
who did not change or increased. And combining these
two indicators, the prediction ability of PFS is better than
single KRT19 or CEACAMS5 (P =0.002 compare with
P=0.036 or P=0.047). Therefore, measuring the value
of KRT19 and CEACAMS mRNA in peripheral blood after
the end of the last chemotherapy and comparing these two
indicators with the preoperative peripheral blood, we can
measure the therapeutic effect and predict the prognosis,
thus guiding the clinical jobs.

In summary, double-marked CTC by KRTI19 and
CEACAMS5 mRNA is a prognostic index of breast can-
cer patients before surgery and after chemotherapy. CTC
KRT19-pos indicates lymph node statues of preoperative
patients. Therefore, the RT-qPCR-based molecular diag-
nosis of CTC could be used for prognostic prediction of
breast cancer patients and guiding clinical treatment. More
importantly, the new proposed prognostic model may help
clinicians provide better individual therapeutic approaches
and improve the outcome of patients with breast cancer.
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