Received: 24 July 2020

Revised: 18 November 2020

Accepted: 19 November 2020

DOI: 10.1002/ags3.12415

ORIGINAL ARTICLE

= AG Surg Annals of G;n(mcmcmloglu’:lS\lr”c
b

Ty
=]

WILEY

Prognostic impact of LY6K and CDCA1 expression for patients
with esophageal squamous cell carcinoma

Junya Oguma1
Naoya Nakamura?

!Department of Gastroenterological
Surgery, Tokai University School of
Medicine, Isehara, Japan

2Department of Pathology, Tokai University
School of Medicine, Isehara, Japan

Correspondence

Soji Ozawa, Department of
Gastroenterological Surgery, Tokai
University School of Medicine, 143
Shimokasuya, Isehara, Kanagawa 259-1193,
Japan.

Email: sozawa@tokai.ac.jp

| Soji Ozawa'

| Terue Sakakibara® | Hiroshi Kajiwara?® |

| Hiroyasu Makuuchi’

Abstract

Aim: In the present study, we investigated the relationship between the expressions
of two cancer testis antigens (CTA), LY6K (lymphocyte antigen 6 complex locus K)
and CDCAT1 (cell division cycle associated 1), in esophageal squamous cell carcinoma
(ESCC) tumors and the long-term outcomes of patients with ESCC to clarify the clini-
cal significance of LY6K and CDCA1 expression in ESCC tumors.

Methods: A total of 175 patients with thoracic ESCC who had undergone a thoracic
esophagectomy with three-field lymphadenectomy without neoadjuvant therapy
were retrospectively reviewed in this study. LY6K and CDCA1 expressions were
evaluated in tumor tissues using immunohistochemical (IH) staining.

Results: Median patient age was 63 years; 159 patients (90.9%) were men. Ninety-
four patients (55.3%) were LY6K-positive, and 85 patients (48.6%) were CDCA1-
positive. The LY6K-positive group had a significantly worse overall survival (OS) than
the LY6K-negative group (P = 0.012), and the CDCA1-positive group had a signifi-
cantly worse OS than the CDCA1-negative group (P = 0.010). A multivariate analysis
suggested that pathological N stage, venous invasion, LKé6Y-positive and CDCA1-
positive were independent prognostic factors. The patients were classified into four
groups according to the staining pattern combinations of the two CTA. The LY6K-
positive and CDCA1-positive group was found to have a significantly poorer outcome
than the other groups.

Conclusion: ESCC patients with a combination of LY6K and CDCA1 expression in
their tumor tissues had a worse prognosis than all the other ESCC patients and it was

an independent factor associated with prognosis for patients with ESCC.
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1 | INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is one of the most ma-
lignant gastroenterological cancers,! and a definitive treatment for
patients with ESCC is difficult because lymph node metastasis or
distant metastasis occurs at a relatively early stage.2 An analysis of
prognostic factors and the response to chemoradiotherapy among
patients with ESCC is now in progress.s'4 However, in a comprehen-
sive registry of esophageal cancer performed in Japan in 2012, the
five-year survival rate of ESCC patients after surgery was 55.6%, in-
dicating a poor prognosis.” Various biomarkers thought to be related
to the prognosis of ESCC are known, including vascular endothe-
lial growth factor (VEGF),6 the vasohibin family,7 epidermal growth
factor receptor (EGFR),%? cyclin D1,%° the p16 gene,'! and so on.
However, novel biomarkers should continue to be investigated not
only for diagnosis, but also the development of treatments, including
molecular targeting treatments.

Cancer testis antigens (CTA) are defined as proteins that are
highly expressed in cancer cells but not in normal cells, except for
the cells in reproductive tissues such as the testis, ovary and pla-
centa.’? CTA are considered to be both immunotherapeutic targets
and good biomarkers for the diagnosis of cancer or the monitoring
of recurrences. We previously reported that an expression pattern
of IMP-3 (insulin-like growth factor Il m-RNA binding protein 3),
which is a CTA, was related to the long-term outcome of patients
with ESCC.*® The immunohistochemical (IH) expression of LY6K
(lymphocyte antigen 6 complex locus K), another CTA, was thought
to be related to the prognosis of patients with ESCC.* Accordingly,
a serological antibody against LY6K was suggested as a diagnostic
biomarker for ESCC.1° Moreover, a phase Il clinical trial of immuno-
therapy using peptides derived from CTA including IMP-3, LY6K and
TTK (tyrosine/threonine kinase) for the treatment of ESCC has been
reported.'® Moreover, a phase Il clinical trial of inmunotherapy using
IMP-3, LK6Y and CDCA1 (cell division cycle associated 1) for pa-
tients with head and neck cancer has also been reported.!” Several
reports have described CDCA1 overexpression in gastric cancer,®
lung cancer'? and head and neck cancer,?° but no report has men-
tioned CDCA1 expression in ESCC. These reports suggest that CTA
are potential biomarker candidates for the diagnosis and monitoring
of patients with ESCC and that they might also be targets for the de-
velopment of novel molecular-targeted drugs and immunotherapy.
However, the clinicopathological significance of LY6K and CDCA1
expression in ESCC tumors remains unclear, and the relationship of
expression in ESCC among multiple CTA was also unclear. Although
the present study was a classic IH analysis, it used a novel approach
to evaluate the relationships among combinations of the expressions
of multiple CTA and prognosis.

The aim of the present study was to investigate the relationship
between the expressions of LY6K and CDCA1 in ESCC tumors and
the clinicopathological features and long-term outcomes of patients
with ESCC to clarify the clinical significance of these expressions in
ESCC tumors.

3 3 . 195
H}'?‘ AG Surg Annals okGastmcmcmlogu _Wl LEYJ_
2 | METHODS

2.1 | Patients

In the present study, a total of 175 patients with thoracic ESCC
who had undergone thoracic esophagectomy with three-field lym-
phadenectomy without neoadjuvant therapy at Tokai University
Hospital between January 2003 and December 2005 were ret-
rospectively reviewed. Adjuvant chemotherapy with cisplatin
and 5-fluorouracil was performed after surgery for patients with
pathological lymph node metastasis. We excluded patients with
synchronous or metachronous multi-organ primary cancers and
tissue types other than squamous cell carcinoma. The patients
were followed up using endoscopy, computed tomography (CT),
ultrasonography (US), and blood tests every 6 months for 5 years
after surgery. The esophageal cancers were mainly classified ac-
cording to the Japanese Classification of Esophageal Cancer.2%?2
Pertinent clinicopathological information was collected from the
medical records of each patient. This study was approved by
the Ethics Committee of Tokai University Hospital (registration
No.13R-058).

2.2 | Immunohistochemical staining

Surgically resected tumor specimens and metastatic lymph nodes
were fixed in 10% formalin for 24 hours and embedded in paraf-
fin. Four-micrometer-thick paraffin sections were mounted on
silane-coated glass slides and deparaffinized in xylene (5 minutes,
3 times) and ethyl alcohol (3 minutes, 4 times). Antigen retrieval
was performed using the following process. After washing with
0.01 mol/L phosphate buffered saline (PBS), the slides were incu-
bated in 0.01 mol/L Tris-buffered saline at 98°C for 20 minutes and
then left at room temperature for 60 minutes. After washing with
0.01 mol/L PBS once again, the endogenous peroxidase activity was
abolished in 0.3% H,0O, in methanol for 30 minutes. This reaction
was then blocked with 10% normal sheep serum for 10 minutes.
The slides were incubated with a rabbit polyclonal antihuman LY6K
antibody (Imgenex, San Diego, CA, USA) as the first antibody and
biotinylated anti-rabbit IgG antibody (Vectastain ABC Kit, Vector
Laboratories, Inc., Burlingame, CA, USA) was used as the second
antibody. A mouse monoclonal antihuman Nuf2 (CDCAZ1) antibody
(Upstate, Lake Placid, NY, USA) as a first antibody and biotinylated
anti-mouse IgG antibody (Vectastain ABC Kit, Vector Laboratories,
Inc., Burlingame, CA, USA) was used as the second antibody. After
washing with 0.01 mol/L PBS, the labeled antigen was visualized
using the diaminobenzidine reaction. The sections were coun-
terstained with hematoxylin. The placenta was used as a positive
control. Cancerous tissue from an esophageal cancer was used as
a negative control after the addition of 0.01 mol/L PBS instead of a
rabbit polyclonal antihuman LY6K antibody and a mouse monoclonal
antihuman CDCA1 antibody.
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2.3 | Expression of LY6K and CDCA1

Immunohistochemical staining results were assessed by two inde-
pendent investigators with no knowledge of the clinicopathological
data. If the interpretation of the IH staining results differed between
two pathologists, a final decision was made after a review and dis-
cussion. Kappa statistics of IH staining of two CTA were 86.3% in
LY6K and 91.4% in CDCA1. The expression of LY6K was evaluated
based on the intensity of staining in the tumor cells and was classi-
fied into three groups: strong, moderate and weak. Strong or moder-
ate staining was regarded as LY6K-positive, and weak staining was
regarded as LY6K-negative (Figure 1). These criteria for LY6K expres-
sion were similar to those of previous reports.”’15 The expression
of CDCA1 was evaluated based on the area of staining in the tumor
tissues using the following criteria: diffuse, dark brown staining in
more than 60% of the tumor cells; focal, brown staining in 30% to
60% of tumor cells; and sporadic, brown cells in less than 30% of
the tumor cells. The cutoff value for the area of dark brown staining
indicating positive CDCA1 expression was defined using a receiver
operating characteristic curve analysis (cutoff value: 60%, area
under the curve: 0.576); Figure S1. Diffuse staining was regarded
as CDCA1-positive, and focal or sporadic staining was regarded as
CDCA1-negative (Figure 2).

2.4 | Statistical analysis

Correlations between each group and the clinicopathological vari-

ables were analyzed using the chi-squared test and Fisher’s exact

test for categorical variables and the Mann-Whitney U test for

continuous variables. Overall survival (OS) was defined as the time
from surgery until death from any cause. Relapse-free survival (RFS)
was defined as any disease recurrence, but deaths were censored.
The survival curves were estimated using the Kaplan-Meier method.
A Cox proportional hazards model was used for the univariate and
multivariate analyses to determine associations between clinico-
pathological factors and survival. A multivariate analysis was car-
ried out for variables for which the P value was <0.05 in univariate
analysis. The number of factors selected in multivariate analysis was
determined based on the number of events in each analysis. P val-
ues of <0.05 were considered statistically significant. SPSS Statistics
software, version 23 (IBM Corp., Armonk, NY, USA) was used for all
the statistical analyses.

3 | RESULTS
3.1 | Patient characteristics

The clinicopathological factors of the 175 patients in our cohort
are shown in Table 1. The median age was 63 years; 159 patients
(90.9%) were men, and 16 patients (9.1%) were women. Ninety-four
patients ( 53.7%) were LY6K-positive, and 85 patients (48.6%) were
CDCA1-positive. Regarding LY6K staining, the numbers of patients
with pathological lymph node metastasis or an infiltrative type of
infiltrative growth pattern (INFc) were higher in the LY6K-positive
group than in the LY6K-negative group. Regarding CDCA1 staining,
the number of patients with poorly differentiated ESCC was higher
in the CDCA1-negative group than in the CDCA1-positive group.
The median follow-up period was 50 months.

FIGURE 1 Immunohistochemical (IH)
staining for LY6K expression in a resected
esophageal squamous cell carcinoma
(ESCC) specimen. A and B; Representative
LY6K-negative specimen, magnification
%200 (A, hematoxylin and eosin [HE]
staining, B, LY6K IH staining). C and D,
Representative LY6K-positive specimen,
magnification x200 (C, HE staining, D,
LY6K IH staining)
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FIGURE 2 Immunohistochemical

(IH) staining for CDCA1 expression in

a resected esophageal squamous cell
carcinoma (ESCC) specimen. A and

B; Representative CDCA1-negative
specimen, magnification x200 (A, HE
staining, B, CDCA1 IH staining). C and D,
Representative CDCA1-positive specimen,
magnification x200 (C, HE staining, D,
CDCA1 IH staining)
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3.2 | Survival analysis

The OS rate and the RFS rate were compared using a log-rank test
according to the staining patterns for each IH staining. Regarding
LY6K staining, the LY6K-positive group had a significantly worse OS
(P = 0.012; Figure 3A) and RFS (P = 0.015) than the LY6K-negative
group. Regarding CDCA1 staining, the CDCA1-positive group had
a significantly worse OS (P = 0.010; Figure 3B) and RFS (P = 0.029)
than the CDCA1-negative group.

3.3 | Prognostic factors in survival analysis

In the survival analysis using the Cox proportional hazard model,
univariate analyses revealed relationships between the patho-
logical T stage (HR = 2.416, P < 0.001), pathological N stage
(HR = 3.785, P < 0.001), INF (HR = 1.641, P = 0.003), lymphatic
invasion (HR = 2.235, P = 0.025), venous invasion (HR = 3.581,
P < 0.001), LY6K-positive (HR = 1.758, P = 0.014), CDCA1-positive
(HR = 1.750, P = 0.012) and OS. A multivariate analysis of OS sug-
gested that the pathological N stage (HR = 2.772, P = 0.004), ve-
nous invasion (HR = 3.372, P < 0.001), LYé6K-positive (HR = 1.890,
P = 0.011) and CDCA1 positive (HR = 1.987, P = 0.003) were
independent factors associated with OS (Table 2). Univariate
analyses revealed relationships between the pathological T
stage (HR = 2.056, P < 0.001), pathological N stage (HR = 4.086,
P < 0.001), INF (HR = 1.980, P = 0.001), lymphatic invasion
(HR =2.242, P = 0.016), venous invasion (HR = 3.386, P < 0.001),
LY6K-positive(HR=1.667,P=0.017), CDCA1-positive (HR=1.562,
P = 0.032) and RFS. A multivariate analysis of RFS suggested that
the pathological N stage (HR = 3.184, P < 0.001), venous invasion
(HR = 3.091, P < 0.001), LY6K positivity (HR = 1.739, P = 0.016)

and CDCA1 positivity (HR = 1.613, P = 0.027) were independent
factors associated with RFS. Moreover, a multivariate analysis of
OS that included the combination of LY6K positivity and CDCA1
positivity as a factor suggested that the pathological N stage
(HR = 2.925, P = 0.002), venous invasion (HR = 3.453, P < 0.001),
and LY6K and CDCA1 positivity (HR = 2.981, P < 0.001) were in-
dependent factors associated with OS (Table 3). A multivariate
analysis of RFS that included the combination of LY6K positivity
and CDCA1 positivity as a factor suggested that the pathological
N stage (HR = 3.322, P < 0.001), venous invasion (HR = 3.092,
P <0.001), and LY6K and CDCA1 positivity (HR =2.401, P < 0.001)
were independent factors associated with RFS.

3.4 | Relationship between LY6K and
CDCA1 expression

To evaluate the relationship between LY6K expression and CDCA1
expression in ESCC tissues, the frequency of each expression was ana-
lyzed using a chi-squared test. A significant relationship was not ob-
served between the expressions of the two CTA (P = 0.880; Table 4).

3.5 | Relationship between recurrence pattern and
LY6K and CDCA1 expression

The recurrence pattern according to the expressions of LY6K and
CDCA1 is shown in Table S1. The recurrence rate after surgery was
higher among patients with LY6K positivity regardless of the recur-
rence pattern, but it was not related to CDCA1 expression. The recur-
rence rate was much higher in patients with a combination of LY6K

positivity and CDCA1 positivity, regardless of the recurrence pattern.



198 Wl LEY— 1“; AGsufg AnnalsofG;mmcmcrulogigg&;:% OGUMA ET AL.
TABLE 1 Association between expression of two CTA and clinicopathological factors of patients with ESCC
LY6K CDCA1
No. of all patients Positive Negative Positive Negative
Characteristics (n = 175) (%) (n =94) (%) (n =81) (%) P-value (n = 85) (%) (n =90) (%) P-value
Age (median; range) 63 (41-82) 63 (47-82) 62 (41-82) 0.766 63 (45-82) 63 (41-82) 0.720
Gender
Male 159 (91) 85 (90) 74 (91) 1.000 74 (87) 85 (94) 0.117
Female 16 (9) 9 (10) 7(9) 11 (13) 5(6)
Location of tumor
Upper 17 (10) 10 (11) 7(9) 0.974 9 (10) 8(9) 0.554
Middle 92 (52) 49 (52) 43(53) 44 (52) 48 (53)
Lower 66 (38) 35(37) 31(38) 32(38) 34 (38)
Depth of tumor invasion (pT)
Tla 21(12) 8(8) 13 (16) 0.112 14 (16) 7(8) 0.112
T1ib 49 (28) 21(22) 28 (34) 21 (25) 28 (31)
T2 27 (15) 16 (17) 11(13) 9(11) 18 (20)
T3 71(41) 44 (47) 27 (33) 36 (42) 35(39)
T4 7 (4) 5 (6) 2(4) 5 (6) 2(2)
Lymph node metastasis (pN)
Positive 108 (62) 67 (71) 41 (51) 0.008 54 (63) 54 (60) 0.644
Negative 67 (38) 27 (29) 40 (49) 31(37) 36 (40)
Lymphatic invasion (ly)
Positive 149 (85) 83 (88) 66 (81) 0.286 70(82) 79 (88) 0.341
Negative 26 (15) 11(12) 15 (19) 15 (18) 11(12)
Venous invasion (v)
Positive 104 (59) 60 (64) 44 (54) 0.220 49 (58) 55 (61) 0.648
Negative 71(41) 34 (36) 37 (46) 36 (42) 35(39)
Differentiation
Well 55 (31) 28 (30) 27 (33) 0.838 35 (41) 20 (22) <0.001
Moderate 92 (53) 50 (53) 42 (52) 45 (53) 47 (52)
Poor 28 (16) 16 (17) 12 (15) 5(6) 23 (26)
INF
a 27 (15) 10 (11) 17 (21) 0.031 17 (20) 10(11) 0.150
b 96 (55) 49 (52) 47 (58) 41 (48) 55 (61)
c 52 (30) 35(37) 17 (21) 27 (32) 25(28)
pStage
0 19 (11) 7(7) 12 (15) 0.268 12 (14) 7 (8) 0.462
I 30(17) 14 (15) 16 (20) 11 (13) 19 (21)
I 38(22) 19 (20) 19 (23) 20 (23) 18 (20)
I 57 (32) 34 (36) 23 (28) 27 (32) 30(33)
IVa 31(18) 20(22) 11 (14) 15 (18) 16 (18)
Adjuvant chemotherapy
+ 80 (46) 46 (49) 34 (42) 0.366 31(36) 49 (54) 0.023
- 95 (54) 48 (51) 47 (58) 54 (64) 41 (46)

Abbreviations: CTA, cancer testis antigen; ESCC, esophageal squamous cell carcinoma; INF, infiltrative growth pattern (a: expansive type, b:
intermediate type, c: infiltrative type).
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FIGURE 3 Overall survival curves for all patients according to
LY6K (A) and CDCA1 (B) expression. The curves were calculated
using the Kaplan-Meier method. Differences between two groups
were evaluated using a log-rank test

3.6 | Survival analysis in the combination of
LY6K and CDCA1 expression

The patients were classified into four groups according to the
combinations of the two CTA staining patterns: Group A (n = 41),
patients with LY6K-negative and CDCA1-negative expression;
Group B (n =49), patients with LY6K-positive and CDCA1-negative
expression; Group C (n = 40), patients with LY6K-negative and
CDCA1-positive expression; and Group D (n = 45), patients with
LY6K-positive and CDCA1-positive expression. The OS rates were
compared among these four groups using the log-rank test, and
Group D had a significantly poorer outcome than the other groups
(Figure 4).
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4 | DISCUSSION

In the present study, ESCC patients with the combined overexpres-
sion of both LY6K and CDCA1 in their tumor tissues had a worse
prognosis than all the other patients, and the combined overexpres-
sion of these two CTA was also an independent factor associated
with prognosis.

Previous reports have suggested a relationship between LY6K ex-
pression and the prognosis of patients with head and neck cancer,?®
breast cancer,®® and non-small cell lung cancer.’ Ishikawa et al re-
ported that LY6K was expressed in 95% of ESCC cases and suggested
that patients with LY6K expression in their tumor tissues had a poor
prognosis.14 In the present study, the expression of LY6K was evaluated
and patients with LY6K positivity had a poorer prognosis than those
with LY6K negativity. Our results were consistent with the above-men-
tioned previously reported findings. We also evaluated CDCA1 ex-
pression in ESCC patients and the CDCA1 expression in patients with
ESCC has never been reported before. Patients with CDCA1-positive
staining had a significantly worse prognosis; CDCA1 positivity was also
an independent factor associated with survival.

Regarding the differences in the staining patterns of the two
CTA, these differences may have been caused by the different func-
tions of the two CTA and/or tumor heterogeneity. The IH staining
findings in our cohort supported this hypothesis, as the positive
areas of IH staining were not consistent between the two CTA (data
not shown). Our study suggested that multiple CTA are correlated
with the prognosis of ESCC patients. The combination of the two
CTA expressions was also evaluated in the present cohort, and the
synchronous expression of LY6K and CDCA1 in tumor tissues was
associated with a significantly worse prognosis compared with that
of the other patient groups. Nevertheless, the expressions of the
two CTA were not associated with each other. Moreover, our results
suggested that these two CTA had differing influences on recur-
rence after surgery. A previous report suggested that LY6K and the
LY6 family may have functions related to cell signaling and cell adhe-
sion, and the overexpression of LY6K was associated with a highly
malignant phenotype of ESCC.}* In contrast, CDCA1 is thought to
play a role in the regulation of mitosis, and the overexpression of
CDCA1 might be primarily caused by an epigenetic mechanism.?’
Our results suggested that the synchronous activation of multiple
CTA may further promote the progression of cancer. The reason was
thought to be tumor heterogeneity, rather than the interaction of
multiple CTA. However, additional investigation is needed to clar-
ify the relationship between tumor heterogeneity and the biological
malignancy of ESCC. ESCC patients with the expressions of multiple
CTA may benefit from aggressive immunotherapeutic intervention.

Sato et al suggested that the presence of multiple biomarkers was
more strongly correlated with the prognosis of ESCC patients than
that of a single biomarker.?® Regarding the development of novel
therapeutic procedures, single-target therapy might have a lower
tumor specificity, and its influence on other tissues and organs might
be a concern. In contrast, multiple-target therapy would increase the

tumor specificity, enabling a stronger therapeutic effect and greater
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TABLE 2 Univariate and multivariate analysis of overall survival for patients in the present study by Cox proportional hazards model

Univariate analysis

Multivariate analysis

No. of patients

Characteristics (n=175) HR 95% CI P-value HR 95% Cl P-value
Age (years) 0.980 0.635-1.513 0.929
264 78
<63 97
Gender 1.081 0.471-2.483 0.854
Male 159
Female 16
Location of tumor 0.965 0.445-2.095 0.929
Upper 17
Middle and Lower 158
Adjuvant 1.280 0.854-1.920 0.233
chemotherapy
+ 80
= 95
pT 2.416 1.491-3.915 <0.001 1.188 0.669-2.109 0.556
2,3and 4 105
laand 1b 70
pN 3.785 2.212-6.474 <0.001 2.772 1.387-5.539 0.004
1 108
0 67
Differentiation 0.807 0.427-1.525 0.509
Poor 28
Well and Moderate 147
INF 1.641 1.047-2.571 0.003 0.916 0.563-1.488 0.722
c 52
aandb 123
ly 2.235 1.106-4.519 0.025 0.419 0.150-1.171 0.097
Positive 149
Negative 26
v 3.581 2.137-6.001 <0.001 3.372 1.699-6.694 <0.001
Positive 104
Negative 71
LY6K 1.758 1.120-2.758 0.014 1.890 1.160-3.079 0.011
Positive 94
Negative 81
CDA1 1.750 1.131-2.709 0.012 1.987 1.264-3.123 0.003
Positive 85
Negative 90

Abbreviations: INF, infiltrative growth pattern (a: expansive type, b: intermediate type, c: infiltrative type), ly, lymphatic invasion, v, venous invasion.

feasibility in patients who meet the criteria for such treatments.
Although several reports have suggested that combinations of mul-

tiple CTA expression are observed in other cancers, 2%

no report
has suggested that the presence of these combinations is correlated
with the long-term outcome of ESCC patients. Recently, immuno-
therapy with cancer vaccination, which is derived from peptides

expressed in cancer tissues, has been aggressively developed for

the treatment of several cancers.?° Cancer vaccines derived from
multiple antigens may have more clinical benefits than those derived
from a single antigen, as they are expected to overcome problems
associated with the heterogeneity of tumor cells and the escape of
tumor cells from peptide-specific immunoresponses because of the
loss of expression of a particular antigen.3! A phase Il clinical trial

for ESCC patients using a combination of three peptide vaccines has
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TABLE 3 Multivariate analysis of overall survival for patients in
the present study including the combination of LY6K positivity and
CDCA1 positivity as an explanatory variable by Cox proportional
hazards model

No. of
patients
Characteristics (n=175) HR 95% ClI P-value
pT
2,3,and 4 105 1.275 0.714-2.219 0.427
laand 1b 70
pN
1 108 2925  1.468-5.828 0.002
0 67
INF
c 52 0.835  0.509-1.370 0.475
aandb 123
ly
Positive 149 0.351  0.125-0.986 0.050
Negative 26
v
Positive 104 3.453  1.735-6.873  <0.001
Negative 71
LY6K and CDCA1 expression
Group D 45 2981  1.822-4.876  <0.001

Group A, B,and C 130

Abbreviations: INF, infiltrative growth pattern (a: expansive type, b:
intermediate type, c: infiltrative type); ly, lymphatic invasion; LY6K and
CDCA1 expression, (Group A: LY6K-negative and CDCA1-negative,
Group B: LY6K-positive and CDCA1-negative, Group C: LY6K-negative
and CDCA1-positive, Group D: LY6K-positive and CDCA1-positive). v,
venous invasion.

FIGURE 4 Overall survival curves
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TABLE 4 Relationship between LY6K expression and CDCA1
expression

CDCA1 positive ~ CDCA1 negative  P-
Variable (n =85) (n=90) value
LK&Y positive 45 49 0.880
(n=94)
LK6&Y negative 40 41
(n=81)

demonstrated a therapeutic effect.%?

Moreover, a phase Il clinical
trial for head and neck cancer using cancer vaccines derived from
a combination of IMP-3, LY6K and CDCA1, which we have already
evaluated, also showed a survival benefit.>® Immunotherapy associ-
ated with these CTA is expected to contribute to the development of
treatments for patients with ESCC in the future.

A limitation of the present study was first its single-center, retro-
spective design. Second, sample size of the present study was small
for evaluation of clinicopathological significance of CTA in patients
with ESCC. Third, the decisions regarding the expressions of the
CTA evaluated in this study were not objective, as they were based
on the pathologists’ judgements of the histopathological findings.
However, standardized criteria for histopathological decisions re-
garding the expressions of CTA do not yet exist.

To our knowledge, the present study is the first report to sug-
gest that the combined expression of two CTA, LKé6Y and CDCA1,
is a predictor of a poor prognosis among patients with ESCC. The
present results suggest that the expression of multiple CTA in ESCC
might be a stronger biomarker for the diagnosis and targeting of
novel molecular drugs or immunotherapy than the expression of a
single CTA. Tumor-specific therapies targeting specific CTA should
be developed for patients with ESCC in the future.

—— Group A
—— Group B
Group Avs. Group D : P<0.001 —— Group C
Group B vs. Group D : P=0.001 GI‘OUp D

Group C vs. Group D : P=0.002

according to the combined classification -
of LY6K and CDCA1 expression in four
groups: Group A, patients with LY6K- 0.8
negative and CDCA1-negative type;
Group B, patients with LY6K-positive and %
CDCA1-negative type; Group C, patients S 85
with LY6K-negative and CDCA1-positive %
type; and Group D, patients with LY6K- § 04 —
positive and CDCA1-positive type. The 3
curves were calculated using the Kaplan-
Meier method. Differences between two 0.2
groups were evaluated using a log-rank
test 00 -
T T
0 10
Number at risk
GroupA 41 39
GroupB 49 45
GroupC 40 32
GroupD 45 35

T | I T T
20 30 40 50 60

Time after surgery (months)

31 27 27 24 23
39 32 28 25 22
28 25 24 24 22
21 19 16 15 13



OGUMA ET AL.

202 3 A setrrrr A
Wl LEY_ .-‘;."z; AGSurg AllndlsOkGM[rULll[Ll'Ul()th

ACKNOWLEDGEMENTS

The authors would like to thank Ms Makiko Tanaka (Department of
Gastroenterological Surgery, Tokai University School of Medicine)
for support with the IH staining and Ms Izu Inada (Department of
Gastroenterological Surgery, Tokai University School of Medicine)
for support with the data analysis. The authors used an English
Language Service (International Medical Information Center, Tokyo,
Japan) for language editing.

DISCLOSURE
Conflicts of Interest: Authors declare no conflicts of interest for this
article.

Ethical Statement: The protocol for this retrospective study
has been approved by the institutional review board of the Tokai
University Hospital (Registration No. 13R-058). This work followed
the guidelines set forth in the Helsinki Declaration of 1975, as re-

vised in 2000, concerning Human and Animal Rights.

ORCID
Junya Oguma https://orcid.org/0000-0002-3865-0514
https://orcid.org/0000-0001-6130-1753
https://orcid.org/0000-0002-3463-8059

https://orcid.org/0000-0003-4332-5254

Soji Ozawa
Hiroshi Kajiwara

Naoya Nakamura

REFERENCES

1. Enzinger PC, Mayer RJ. Esophageal cancer. N Engl J Med.
2003;349:2241-52.

2. Oguma J, Ozawa S, Kazuno A, Yamamoto M, Ninomiya Y, Yatabe
K, et al. Prognostic impact of lymphovascular invasion in lymph
node-negative superficial esophageal squamous cell carcinoma. Dis
Esophagus. 2019;32:1-8.

3. Oguma J, Ozawa S, Koyanagi K, Kazuno A, Yamamoto M, Ninomiya
Y, et al. Prognostic significance of pathological tumor response and
residual nodal metastasis in patients with esophageal squamous cell
carcinoma after neoadjuvant chemotherapy followed by surgery.
Esophagus. 2019;16:395-401.

4. Takashima K, Fujii S, Komatsuzaki R, Komatsu M, Takahashi M,
Kojima T, et al. CD24 and CK4 are upregulated by SIM2, and are pre-
dictive biomarkers for chemoradiotherapy and surgery in esopha-
geal cancer. Int J Oncol. 2020;56:835-47.

5. Tachimori Y, Ozawa S, Numasaki H, Ishihara R, Matsubara H, Muro
K, et al. Comprehensive registry of esophageal cancer in Japan,
2012. Esophagus. 2019;16:221-45.

6. Shih CH, Ozawa S, Ando N, et al. Vascular endothelial growth
factor expression predicts outcome and lymph node metastasis
in squamous cell carcinoma of the esophagus. Clin Cancer Res.
2000;6:1161-8.

7. Ninomiya Y, Ozawa S, Oguma J, Kazuno A, Nitta M, Kajiwara H,
et al. Expression of vasohibin-1 and -2 predicts poor prognosis
among patients with squamous cell carcinoma of the esophagus.
Oncol Lett. 2018;16:5265-74.

8. Ozawa S, Ueda M, Ando N, Shimizu N, Abe O, et al. Prognostic sig-
nificance of epidermal growth factor receptor in esophageal squa-
mous cell carcinomas. Cancer. 1989;63:2169-73.

9. KitagawaY, Ueda M, Ando N, et al. Further evidence for prognostic
significance of epidermal growth factor receptor gene amplification
in patients with esophageal squamous cell carcinoma. Clin Cancer
Res. 1996;2:909-14.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sinozaki H, Ozawa S, Ando N, et al. Cyclin D1 amplification as
a new predictive classification for squamous cell carcinoma
of the esophagus, adding gene information. Clin Cancer Res.
1996;2:1155-61.

Takeuchi H, Ozawa S, Ando N, et al. Altered p16/MTS1/CDKN2 and
cyclin D1/PRAD-1 gene expression is associated with the progno-
sis of squamous cell carcinoma of the esophagus. Clin Cancer Res.
1997;3:2229-36.

Boon T, OId IJ. Cancer tumor antigens. Curr Opin Immunol.
1997;9:681-3.

Sakakibara T, Ozawa S, Oguma J, Nakui M, Yamamoto S,
Makuuchi H, et al. Prognostic significance of IMP-3 expression
pattern in esophageal squamous cell carcinoma. J Thorac Dis.
2019;11:3776-84.

Ishikawa N, Takano A, Yasui W, Inai K, Nishimura H, Ito H, et al.
Cancer-testis antigen lymphocyte antigen 6 complex locus k is a se-
rologic biomarker and a therapeutic target for lung and esophageal
carcinomas. Cancer Res. 2007;67:11601-11.

Zhang B, Zhang Z, Zhang X, Gao XU, Kernstine KH, Zhong LI, et al.
Serological antibodies against LY6K as a diagnostic biomarker in
esophageal squamous cell carcinoma. Biomarker. 2012;17:372-8.
Kono K, linuma H, Akutsu Y, Tanaka H, Hayashi N, Uchikado Y,
et al. Multicenter, phase Il clinical trial of cancer vaccination for ad-
vanced esophageal cancer with three peptides derived from novel
cancer-testis antigens. J Transl Med. 2012;10:141.

Yoshitake Y, Fukuma D, Yuno A, et al. Phase Il clinical trial multiple
peptide vaccination for advanced head and neck cancer patients
revealed induction of immune responses and improved OS. Clin
Cancer Res. 2014;21:312-21.

Ohnuma S, Miura K, Horii A, Fujibuchi W, Kaneko N, Gotoh O, et al.
Cancer-associated splicing variants of the CDCA1 and MSMB genes
expressed in cancer cell lines and surgically resected gastric cancer
tissues. Surgery. 2009;145:57-68.

Hayama S, Daigo Y, Kato T, Ishikawa N, Yamabuki T, Miyamoto M,
et al. Activation of CDCA1-KNTC2, members of centromere pro-
tein complex, involved in pulmonary carcinogenesis. Cancer Res.
2006;22:119-22.

Wu ZH, Fang M, Zhou Y. Comprehensive analysis of the expression
and prognosis for CDCAs in head and neck squamous cell carci-
noma. PLoS One. 2020;15:e0236678. https://doi.org/10.1371/
journal.pone.0236678

Japan Esophageal Society. Japanese classification of esophageal
cancer, 11th Edition: part I. Esophagus. 2017;14:1-36.

Japan Esophageal Society. Japanese classification of esophageal
cancer, 11th Edition: part Il and Ill. Esophagus. 2017;14:37-65.

de Nooij-van Dalen AG, van Dongen GA, Smeets SJ, et al.
Characterization of the human Ly-6 antigen, the newly annotated
member Ly-6K included, as molecular marker for head-and-neck
squamous cell carcinoma. Int J Cancer. 2003;103:768-74.

Lee JW, Lee YS, Yoo KH, et al. LY-6K gene: a novel molecular marker
for human breast cancer. Oncol Rep. 2006;16:1211-4.
KobayashiY, Takano A, Miyagi Y, et al. Cell division cycle-associated
protein 1 overexpression is essential for the malignant potential of
colorectal cancers. Int J Oncol. 2014;44:69-77.

Sato Y, Motoyama S, Wakita A, et al. High TLR4 expression pre-
dicts a poor prognosis after esophagectomy for advanced thoracic
esophageal squamous cell carcinoma. Esophagus. 2020;17:408-16.
Wang M, Li J, Wang L, et al. Combined cancer testis antigens en-
hanced prediction accuracy for prognostic of patients with hepato-
cellular carcinoma. Int J Clin Exp Pathol. 2015;8:3513-28.

Jin S, Cao S, Grigorev A, et al. Establishment of cancer/testis an-
tigen profiling based on clinicopathological characteristics in re-
sected pathological stage Il non-small cell lung cancer. Cancer Man
Res. 2018;10:2031-46.


https://orcid.org/0000-0002-3865-0514
https://orcid.org/0000-0002-3865-0514
https://orcid.org/0000-0001-6130-1753
https://orcid.org/0000-0001-6130-1753
https://orcid.org/0000-0002-3463-8059
https://orcid.org/0000-0002-3463-8059
https://orcid.org/0000-0003-4332-5254
https://orcid.org/0000-0003-4332-5254
https://doi.org/10.1371/journal.pone.0236678
https://doi.org/10.1371/journal.pone.0236678

OGUMA €T AL. P S, 208
f‘?‘ AG Surg AnnalaotGns[mmmmloug _Wl LEYJ_

29. Kantoff PW, Higano CS, Shore ND, et al. Impact study investigators. SUPPORTING INFORMATION
Sipuleucel-t immunotherapy for castration-resistant prostate can-
cer. N Engl J Med. 2010;363:411-22.

30. Weber JS, O'Day S, Urba W, et al. Phase I/l study of ipilimumab for
patients with metastatic melanoma. J Clin Oncol. 2008;26:5950-6.

31. Lesterhuis WJ, Haanen JB, Punt CJ, et al. Cancer immunothera-
py-revisited. Nat Rev Drug Discov. 2011;10:591-600. How to cite this article: Oguma J, Ozawa S, Sakakibara T,

32. Kono K, linuma H, Akutsu Y, et al. Multicenter, phase Il clinical trial Kajiwara H, Nakamura N, Makuuchi H. Prognostic impact of
of cancer vaccination for advanced esophageal cancer with tree
peptides derived from novel cancer-testis antigens. J Transl Med.
2012:10:141. squamous cell carcinoma. Ann Gastroenterol Surg.

33. Yoshitake Y, Fukuma D, Yuno A, Hirayama M, Nakayama H, Tanaka 2021;5:194-2083. https://doi.org/10.1002/ags3.12415
T, et al. Phase Il clinical trial of multiple peptide vaccination
for advanced head and neck cancer patients revealed induc-
tion of immune responses and improved OS. Clin Cancer Res.
2014;21:312-21.

Additional supporting information may be found online in the

Supporting Information section.

LY6K and CDCA1 expression for patients with esophageal



https://doi.org/10.1002/ags3.12415

