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INTRODUCTION

Although the incidence of gastric cancer (GC) has been declin-
ing for several decades, it is still the fifth most common cancer
and the second most frequent (8.8%) cause of cancer death in
the world [1]. The prognosis of GC varies considerably de-
pending on tumor and patient characteristics [2]. Based on
the American Joint Committee on Cancer (AJCC) Cancer Stag-
ing Manual, Tth Edition (2010), the AJCC tumor, node, metas-
tasis (TNM) classification and staging system for GC was re-
leased. The outcomes of patients after curative surgery for ad-
vanced GC depend on pathologically diagnosed TNM stage,
allowing physicians to develop a prognosis and design a treat-
ment plan for individual patients. Unlike early gastric carcino-
mas without lymph node metastasis (AJCC stage IA) or inoper-
able stage IV disease, which have an excellent or dismal prog-
nosis, respectively, in most cases, stage Ib to Il cancers are
heterogeneous; the 5-year survival rate is 57.4% in stage IB,
45.5%in 11A,32.8%in 11B, 19.8% in IlIA, and 9.2% in llIB [2,3]. In
Korea, the 5-year relative survival rates and 95% confidence
intervals (Cls) for localized, regional and distant metastatic GC
are 92.4% (95% Cl, 92.0 to 92.8), 55.7% (95% Cl, 55.0 to 56.4),
and 5.5% (95% Cl, 5.0 to 6.0), respectively [4]. The addition of
prognostic systems or molecular markers to the AJCC staging
system would allow further refinements in predicting recur-
rence risk and might be helpful for individualized treatment
decisions and postoperative counseling.

Recently, we reported a prognostic algorithm for GC—the
Gastric Cancer Prognostic Score (GCPS)—comprised of eight
genes (LAMP5, CDC25B, CDK1, CLIP4, LTB4R2, MATN3, NOX4,
and TFDP1) that were discovered and validated in more than
700 stage Il GC patients patients by gene expression profiling
of archived paraffin-embedded tumor blocks [5]. In this
study, we found that the GCPS identified GC patients at high-
risk for recurrence regardless of adjuvant treatment, and that
high-risk stage Il GC patients showed similar disease-free
survival to stage Il patients regardless of specific Lauren type
(diffuse or intestinal), warranting future validation with a
fast, easy, and cost effective method using tissues from an
outside hospital. We further validated the GCPS in a separate
cohort using a quantitative real-time polymerase chain reac-
tion (QRT-PCR) technique.

METHODS

Clinicopathologic characteristics of patients
The independent cohort included 134 patients who received
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D2 gastrectomy for GC in Ajou University Hospital from Janu-
ary 1, 2005, to December 31, 2016, and included 93 males
(69.4%). We were able to extract good quality RNA from ar-
chival tissue samples and obtain reliable qRT-PCR results in
128 of these GC patients. All study participants or their next
of kin provided informed consent to their participation in the
study. Local Institutional Review Boards approved this study.

RNA extraction

For isolation of total RNA from formalin-fixed paraffin-embed-
ded tissue, 10 (4-um-thick) sections were cut from each tissue
block. RNA was isolated using the RNeasy FFPE kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. These preparations were deparaffinized, followed by
proteinase K treatment, on-column DNase digestion, and elu-
tion using Rnase-free water as described in the manufactur-
er’s protocol. Total RNA samples were stored at -80°C until
use. RNA concentrations were measured using NanoDrop
(Thermo Fisher Scientific, Wilmington, DE, USA).

Complementary DNA synthesis

Total RNA from each sample was reverse transcribed with
the SuperScript VILO complementary DNA (cDNA) synthesis
kit (Thermo Fisher Scientific) according to the manufactur-
er’s recommendations. Target RNA (2 ug) was reverse tran-
scribed using 5X VILO Reaction Mix and 10X SuperScript En-
zyme Mix. cDNA synthesis was performed with the following
thermal cycling parameters: 10 minutes at 25°C, 60 minutes
at 42°C, and 5 minutes at 85°C (Applied Biosystems, Foster
City, CA, USA). Finally, cDNA was diluted 1:5 prior to use in
qRT-PCR.

Selection of primers and probes

Primers and TagMan probes were designed using Primer Ex-
press (http://primer-express.software.informer.com/3.0/).
The TagMan probes were 5'-labeled with the reporter fluo-
rescent dye 6-carboxy-fluorescein (FAM), and 3" minor groove
binder-nonfluorescent quencher (MGB-NFQ). Glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) (VIC-MGB) was
used as an endogenous control. All probes were purified by
high-performance liquid chromatography.

Quantitative real-time polymerase chain reaction

PCR was performed on a 7900HT Sequence Detection Sys-
tem (Applied Biosystems, Foster City, CA, USA) in 384-well
plates using a final volume of 10 pL consisting of 5 pL 2X
Tagman PreAmp Master Mix, 4 uL cDNA sample, and 1 pL
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primer/probe. PCR amplifications were performed in tripli-
cate wells using the following conditions: 2 minutes at 50°C
and 10 minutes at 94°C, followed by 40 two-temperature cy-
cles of 95°C for 15 seconds and 60°C for 60 seconds. Differ-
ences in expression were determined by the relative quanti-
fication method, and the cycle threshold (Ct) values of the
test genes were normalized to the Ct values of endogenous
control GAPDH. The fold change was calculated using the
equation 2,

Cutoff point for GCPS in the qRT-PCR assay

In a previous study, we developed the GCPS using an n-Count-
er-based assay. For the GCPS prediction model, a gradient
lasso algorithm was used. Using a cutoff of 0.2205 for GCPS in
the n-Counter-based assay, GC patients were robustly divided

Table 1. Cox regression estimate of genes used to calculate a new
GCPS using a qRT-PCR assay

Gene symbol Cox regression estimate
LAMP5 0.0636
CDC25B -0.0175
CDK1 -0.1005
CLIP4 0.4822
LTB4R2 -0.3950
MATN3 0.2982
NOX4 0.0288
TFDP1 -0.2886

GCPS, Gastric Cancer Prognostic Score; qRT-PCR, quantitative re-
al-time polymerase chain reaction.
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into two groups: high-risk and low-risk. From the validation
cohort of 216 patients treated with chemoradiotherapy in our
previous study [5], we selected 48 samples for the qRT-PCR as-
say, 24 high-risk and 24 low-risk patients. The data were nor-
malized using an internal reference gene, GAPDH. GCPS for
each sample was calculated using Cox regression estimates
that were defined in the previous study (Table 1). Kaplan-Mei-
er survival curves were performed to assess performance of
the cutoff value for GCPS.

RESULTS

The qRT-PCR results from 48 samples from previous study
cohort [5] showed a similar pattern to our nanostring data by
scale function data comparison (Fig. 1A). First, we chose
0.4424 as the cutoff point that divides the samples in half.
Next, 50% of the samples were reclassified as high-risk and
low-risk groups with the new cutoff point. Kaplan-Meier sur-
vival curves showed significantly different survival between
low-risk and high-risk patients stratified by a new gRT-PCR
results (P=0.016) (Fig. 1B).

We obtained reliable qRT-PCR results in 128 cases, which
were further analyzed with predefined algorithms. For 128
GC patients with AJCC stage IB-1V, the median age was 60
years (range, 27 to 80 years), and 13 cases (10.2%) were posi-
tive for Epstein-Barr virus. By Lauren classification, intestinal
type was observed in 91 cases, diffuse in 28, and mixed in
nine cases. Most of the patients (n=101, 78.9%) received
postoperative adjuvant chemotherapy. Recurrence occurred
in 39 patients, and postoperative overall survival ranged
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Fig. 1. (A) The direct comparison of quantitative real-time polymerase chain reaction (QRT-PCR) and nanostring results showed a similar
pattern by scale function data comparison. (B) Kaplan-Meier survival curves in 48 patients showed significantly different survival between

low-risk and high-risk patients stratified by qRT-PCR results.
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Table 2. Clinicopathologic characteristics of 128 patients with gastric cancer

Characteristic

No recurrence (n=89)

Recurrence (n=39)

Age (yr), median (Q1-Q3) 57 (49-67) 65 (57-71)
Sex, male/female 61/28 29/10
Tumor size (cm), mean+SD 52+2.4 6.3%£29
Tumor location, upper/middle/lower/two or more 21/22/46/0 7/5/27
Borrmann type, 0/I/11/11l/IV 9/5/22/50/3 3/0/6/28/2
Histology, well/moderate/poorly differentiated/mixed/ 12/31/29/11/6 3/9/21/5/1
not otherwise specified
Depth of invasion, T1+T2/T3+T4 34/55 11/28
Lymph node status, negative/positive 36/53 2/37
EBV, negative/positive 78/11 37/2
EBV, Epstein-Barr virus.
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Fig. 2. (A) In comparison of survival in patients with and without adjuvant chemotherapy, there was a significant survival benefit of
adjuvant chemotherapy. (B) Stage IB-lll patients who received adjuvant chemotherapy were stratified into 74 high-risk and 21 low-risk
patients and the survival difference was statistically significantly different (P<0.0001). (C) Stage IB-lIl patients who did not receive adjuvant
chemotherapy were stratified into 20 high-risk and 6 low-risk patients and the survival difference was statistically significantly different
(P=0.028). (D) In stage I-lI patients without adjuvant chemotherapy, one low-risk stage IIA patient showed long-term recurrence-free

survival while nine of 12 high-risk patients were died of disease.
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from 1.9 to 71.6 months. AJCC stages included 16 patients
with stage IB, 36 with stage IIA, 19 with stage 1B, 26 with
stage IlIA, 24 with stage llIB, and seven with stage IV disease.
The clinicopathologic characteristics of 128 patients with or
without recurrence are summarized in Table 2.

Using the methods described above, we defined 0.4424 as
a new cutoff value from gRT-PCR results. As we observed a
significant survival benefit of adjuvant chemotherapy (Fig.
2A), we divided the patient group according to the presence
of adjuvant chemotherapy. Risk groups defined by GCPS us-
ing qRT-PCR stratified 95 stage IB-Ill patients who received
adjuvant chemotherapy into 74 high-risk patients and 21
low-risk patients. The survival of these groups was statistical-
ly significantly different (P<0.0001). In detail, out of 74 high-
risk patients with stage IB-IIl, 52 died of disease, whereas
only 15 of 21 low-risk patients in stage IB-Ill died of disease
(Fig. 2B). Among stage IV patients, we identified four high-
risk patients and two low-risk patients, but could not find
any survival difference between them. The survival differ-
ence remained significant in 27 patients who did not receive
adjuvant chemotherapy (P=0.028) (Fig. 2C).

After subtraction of stage | and Il patients without adjuvant
chemotherapy, only one AJCC stage IIA patient was classified
as low-risk, and this patient showed long-term recur-
rence-free survival after operation without chemotherapy.
Among 12 (four IB, six IIA, two IIB in stage) patients defined
as high-risk, nine (two IB, five IIA, two IIB in stage) died of dis-
ease within 67 months after operation (Fig. 2D).

DISCUSSION

To generate easy and cost effective molecular markers pre-
dicting recurrence in patients with GC, we validated and re-
produced a previously described 8-gene based GCPS using a
gRT-PCR assay with 48 tumor samples from the previous co-
hort and then further extended this to 128 GC tissues from an
independent cohort at an outside hospital. After recalculat-
ing the gRT-PCR results, we developed a new cutoff value
and validated the ability to predict recurrence in patients
with AJCC stage IB to Ill GC.

GC is the second most common cause of cancer-related
death and is responsible for approximately one million
deaths annually [6]. In Korea, GC is the most prevalent cancer
in men and the second leading cause of cancer-related death
[7]. The AJCC classification is based on depth of invasion,
number of metastatic lymph nodes, and metastasis [8]. This
system represents an excellent common language in the

http://doi.org/10.23838/pfm.2017.00205

field of GC, but it does not include additional prognostic fac-
tors such as age, tumor size, or other tumor characteristics
[9]. Given that some biological markers, such as oncogenes,
tumor-suppressor genes, cell cycle regulators, and DNA re-
pair genes, are related to tumorigenesis, growth, invasion,
and metastasis, many investigators are searching for new
predictive factors among these molecular markers [2]. Addi-
tion of such prognostic systems or molecular markers to the
AJCC staging system would allow further refinements in pre-
dicting recurrence risk and can be helpful for individualized
treatment decisions and postoperative counseling. In this as-
pect, our study is significant because we used the same gas-
tric tumor samples with a different platform, reproduced
similar results to the previous study, and then extended the
study to a larger number of independent patients who un-
derwent the same D2 gastrectomy at a different institute.
Moreover, when we subtracted stage | and Il patients without
adjuvant chemotherapy, one patient classified as low-risk
showed long-term recurrence-free survival after operation,
whereas nine out of 12 patients defined as high-risk died of
disease. This dramatic survival difference is similar to our
previous results for GC patients treated with surgery only [5].
Our results imply that GCPS is a clinically applicable ap-
proach with low cost that can easily be performed in many
institutes.

As recurrence is frequent among patients with GC after rad-
ical gastrectomy, it is important to stratify patients at a high-
risk of recurrence. In our previous study [5], we clearly
demonstrated that the presence of molecular heterogeneity
in GC, which was associated with clinical outcomes but inde-
pendent of clinicopathologic staging information. Our previ-
ous data indicated that stage IB/Il patients had very poor
prognosis when their tumors expressed high-risk gene signa-
tures. Therefore, it might be necessary to prospectively de-
sign a trial to test whether chemoradiotherapy is required for
stage IB/Il patients with low-risk gene expression profiles. To
minimize any potential bias from variations in clinical prac-
tice or surgery at a single center, we extended our patient co-
hort to 128 patients treated in an independent hospital
during a similar period to our patient cohort. Moreover, to re-
place the original test that required special equipment and
had high cost, we used almost the same algorithm with a dif-
ferent platform. Finally, we validated our GCPS results using
the new platform.

In conclusion, we reproduced the 8-gene based GCPS with
an easily applicable qRT-PCR assay and successfully predict-
ed recurrence in patients with GC.
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