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Abstract: Some studies have shown the usability of neoadjuvant chemotherapy (NAC) in gastric cancer (GC). Nev-
ertheless there are a few predictive markers of the effectiveness of NAC in GC. The aim of this study is to assess
the predictive impact of organic cation transporter 2 (OCT2) expression on response to neoadjuvant chemotherapy
(NAC) in gastric cancer. We retrospectively assessed 66 patients with advanced gastric cancer received NAC with
S-1/cisplatin or paclitaxel/cisplatin. Expression levels of OCT2 were assessed by immunohistochemistry in pre-
chemotherapy biopsies and correlated with clinicopathologic parameters including pathologic response. High ex-
pression level of OCT2 (OCT2"e") was significantly associated with intestinal type according to Laurén classification
(P =0.03) and low histologic grade (P = 0.03). In univariate analysis of the entire cohort, no variables showed any
significant association with a response, although intestinal type (P = 0.09), low histologic grade (P = 0.09), and
OCT2"e" (P = 0.07) tended to be more frequent in responders compared with non-responders. When the two treat-
ment groups were separately assessed in the univariate analysis, a significantly higher rate of OCT2"¢" was observed
in responders compared with non-responders in the S-1/cisplatin group (P = 0.001). In addition, multivariate analy-
sis identified OCT2"e" as the sole independent predictor of response (P = 0.04). However, in the paclitaxel/cisplatin
group, no variables were associated with response. Taken together, our results suggest that OCT2"e" may represent
a potential predictor of response to NAC with S-1/cisplatin in gastric cancer.
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Introduction ing 5-fluorouracil (5-FU) prodrug, plus cisplatin
(5-1/CDDP) and paclitaxel plus CDDP (PTX/
CDDP) are promising regimens [3-5]. Nev-
ertheless, it has been pointed out that there
is a risk of delaying surgery in patients who
do not respond to NAC, and thus the identifica-

tion of predictors of NAC response is essen-

Although the incidence of gastric cancer (GC)
has declined over the last few years, GC still
remains a significant cause of cancer death
worldwide [1]. Clinical studies have shown
that neoadjuvant chemotherapy (NAC) is fea-

sible and improves clinical outcomes of pa-
tients with locally advanced GC [2]. Advan-
tages of NAC include a high rate of complete
surgical resection, downstaging, and avoid-
ance of unnecessary surgery [2]. In Japan,
NAC is an investigational treatment only per-
mitted in clinical trials [2]. Among several
NAC regimens, S-1, a fluoropyrimidine contain-

tial for selecting the appropriate treatment
strategy.

To the best of our knowledge, only a few studies
on predictive markers of the effectiveness of
NAC with S-1/CDDP in primary GC and no stud-
ies on PTX/CDDP have been undertaken to
date.
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Thymidylate synthase (TS) is an essential DNA
synthetic enzyme that is suppressed by 5-fluo-
ro-deoxyuridine-monophosphate, an active me-
tabolite of 5-FU, and has received attention as
a possible predictor of resistance to fluoropy-
rimidines [6, 7]. However, characterization of
the role of high TS expression in NAC resistance
with S-1/CDDP has been confusing [8, 9].

The solute carrier (SLC) transporters are imper-
ative for the cellular uptake of endogenous
compounds, xenobiotics, and clinically impor-
tant drugs [10-12]. Since the facilitated uptake
system via SLC transporters is an important
mechanism for the responsiveness to antican-
cer drugs, expression levels of SLC transport-
ers may help predict an individual’'s susceptibil-
ity to certain treatments. Organic cation
transporters (OCTs; encoded by SLC22 genes)
play a critical role in the cellular uptake of
endogenous cationic substrates, hydrophilic
exogenous xenobiotics, and platinum antican-
cer drugs [11]. For instance, organic cation
transporter 2 (OCT2), also called SLC22A2, is a
critical determinant in uptake and consequent
cytotoxicity of CDDP and oxaliplatin [13-15].
OCT2 is strongly expressed in renal proximal
tubule cells, and uptake of CDDP, mediated by
OCT2, is essential to explain selective organ
toxicity of CDDP [15]. On the other hands, our
research group recently found that high OCT2
expression was significantly correlated with
longer progression-free survival in patients
with metastatic colorectal cancer treated
with first-line fluorouracil/leucovorin/oxaliplatin
(FOLFOX)-based chemotherapy [16]. However,
the clinicopathologic role of OCT2 in GC remains
to be elucidated.

Therefore, in this study, we immunohistochemi-
cally assessed the impact of the OCT2 expres-
sion level in GC for predicting response to NAC
with S-1/CDDP or PTX/CDDP regimens.

Materials and methods
Patients and chemotherapy

Fifty-six patients with advanced GC who
received NAC between 2001 and 2006 at the
Kanagawa Cancer Center Hospital were recruit-
ed for this study. The patients were treated with
CDDP-based NAC with S-1/CDDP or PTX/CDDP
regimens. Two or four courses of these regi-
mens were administered, depending on the
response to NAC and resectability of the tumor.

2286

In the S-1/CDDP regimen, S-1 80 mg/m? was
orally administered twice daily for the first 3
weeks of a 4-week cycle and CDDP 60 mg/m?
was intravenously administered on day 8 of
each cycle [3, B]. In the PTX/CDDP regimen,
paclitaxel 80 mg/m? and cisplatin 25 mg/m?
were given on days 1, 8, and 15 over a 4-weekly
cycle [3, 4].

Prior to NAC, patients underwent an endoscop-
ic biopsy of their tumor. Written informed con-
sent was obtained from all patients and the
Ethics Committees of Kobe University Graduate
School of Health Sciences and Kanagawa
Cancer Center Hospital approved the study.

Tumor specimens and histologic assessment

Pre-chemotherapy biopsies with multiple piec-
es and post-chemotherapy resection materials
were fixed in 10% formalin and embedded in
paraffin, and 3-um-thick sections were pre-
pared. Sections were stained with hematoxylin
and eosin, to assess histopathologic features
and response to NAC. Histologic grade was
defined as well (G1), moderately (G2), poorly dif-
ferentiated (G3), or undifferentiated (G4), and
reflected the poorest grade within the tissue.
G1 and G2 were defined as low histologic grade,
and G3 and G4 as high histologic grade.

Pathologic response to NAC was evaluated
using post-chemotherapy resection materials,
according to the Japanese Classification of
Gastric Carcinoma [17] as follows: grade 0, no
effect; grade 1, slight effect (grade 1a, viable
tumor cells occupy more than 2/3 of the entire
cancer area; grade 1b, viable tumor cells
remain in more than 1/3 but less than 2/3 of
the entire cancer area); grade 2, considerable
effect (viable tumor cells remain in less than
1/3 of the entire cancer area); and grade 3,
complete response (no viable tumor cells
remain). Patients with tumors showing grades 2
and 3 were defined as responders, and patients
with tumors showing grades 0, 1a, and 1b as
non-responders.

Protein expression and gene amplification of
human epidermal growth factor receptor type 2
(HER2) were analyzed using immunohistochem-
istry and fluorescence in situ hybridization
(FISH), respectively. Tumors with strong posi-
tive staining in at least one cancer cell cluster
(five or more cells) or FISH ratio of > 2.2 were
regarded as positive for HER2.
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Table 1. Patient and tumor characteristics

Characteristic N=56 N =28 N =28

Total S-1/CDDP PTX/CDDP

Age (years)

Median 64 61 64

Range 40-77 41-79 40-77
Sex

Man 33 16 17

Woman 23 12 11
Tumor localization

Proximal 26 10 16

Non proximal 30 18 12
Laurén classification

Intestinal 11 5 6

Non-intestinal 45 23 22
Histologic grade

G1/G2 11 5 6

G3/G4 45 23 22
HER2 status?

Positive 2 0 2

Negative 45 23 22

Human epidermal growth factor receptor type 2 (HER2) was
evaluable in 47 of the 56 patients. NAC: neoadjuvant chemo-

therapy; CDDP: cisplatin; PTX: paclitaxel.

Immunohistochemistry of OCT2

Sections of biopsy specimens were deparaf-
finized in xylene and then immersed in a graded
alcohol series, and rehydrated in tap water.
Heat-induced antigen retrieval (HIAR) method
was applied using a pressure cooker for 10 min
at 120°C in 0.001 mol/L EDTA (pH 8.0). After
HIAR, the sections were cooled to room tem-
perature (RT) for 30 min. Sections were then
rinsed in tap water followed by phosphate-buff-
ered saline (PBS; pH 7.2).

The sections were subsequently incubated with
an anti-human OCT2 rabbit polyclonal antibody
(1:800 dilution; Atlas Antibodies, Stockholm,
Sweden) overnight at RT. After rinsing with PBS,
sections were incubated with the Histofine
Simple Stain MAX-PO (Nichirei Bioscience,
Tokyo, Japan) as a secondary reagent for 1 h at
RT. Thereafter, reaction products were devel-
oped using diaminobenzidine solution (Dako,
Glostrup, Denmark) and the nuclei were lightly
counterstained with Mayer's hematoxylin. A
negative control was included in each run with-
out applying the primary antibodies. Sections
of normal kidney were used as a positive
control.
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Assessment of OCT2 level

All  of the immunostaining results were
assessed by three investigators (A.N., R.T., and
S.K.) who had no knowledge of the clinicopa-
thologic details of the patients. The staining
intensity on cell membranes was graded on a
scale of 0-3 (0, none; 1, weak; 2, moderate; 3,
strong). The percentage of positive tumor cells
was scored as follows: 0, 0%; 1, 1-10%; 2,
11-50%; 3, 51-100%. A final semi-quantitative
score (0-6) was derived by adding the intensity
score and the percentage score. According to
the cutoff score determined by receiver operat-
ing characteristic curve analysis, the cutoff
threshold was set at 4 using the best sensitivity
and specificity. Scores of 0-3 were considered
low expression level (OCT2'°%) and scores of 4-6
were considered high expression level
(OCT2"e"), In the event of disagreement, the
three investigators reevaluated the immuno-
stained sections and discussed the interpreta-
tion until agreement was reached.

Statistical analysis

The Fisher’s exact test was used to evaluate
the association of OCT2 level with patient age
and sex, tumor localization, Laurén classifica-
tion, histologic grade, HER2 status, and NAC
regimen. The Fisher’s exact test was also used
to determine the association of pathologic
response with patient age and sex, tumor local-
ization, Laurén classification, histologic grade,
HER2 status, NAC regimen, and OCT2 level. A
logistic regression model for multivariate analy-
sis was performed to identify independent pre-
dictors of response. All variables assessed on
the univariate analysis were included in the
multivariate analysis. Differences with a
P-value < 0.05 were considered statistically
significant. All analyses were performed using
SPSS 21.0 software (SPSS Inc., Chicago, IL,
USA).

Results
Patient and tumor characteristics

Pre-chemotherapy characteristics of patients
and tumors are shown in Table 1. The median
age of the patients was 64 (range, 40-77) years
and the study population included 33 men and
23 women. Twenty-six patients had tumors
located in the proximal third, 13 had tumors in
the middle third, and 11 had tumors in the dis-
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Table 2. Association between OCT2 level and
clinicopathologic parameters

0CT2
Variables No. High (%) Low (%) value
Age (years)
>60 38 30(79) 8(21) 0.20
<60 18 11(61) 7(39)
Sex
Man 33 26(79) 7(21) 0.36
Woman 23 15(65) 8(3bH)
Tumor localization
Proximal 26 19(73) 7(27) 1.00
Non proximal 30 22(73) 8(27)
Laurén classification*
Intestinal 11 11(100) O0(O) 0.032
Non-intestinal 45 30 (67) 15(33)
Histologic grade*
G1/G2 11 11(100) O0O(O) 0.032
G3/G4 45 30(67) 15(33)
HER2 status®
Positive 2 1 (50) 1(50) 0.54
Negative 45 31(69) 14 (31)
NAC regimen
S-1/CDDP 28 20(71) 8(29) 1.00
PTX/CDDP 28 21(75) 7(25)

tLaurén classification and histologic grade data showed the
same pattern; 2Statistically significant; *Human epidermal
growth factor receptor type 2 (HER2) was evaluable in 47 of
the 56 patients. OCT2: organic cation transporter 2; NAC:
neoadjuvant chemotherapy; CDDP: cisplatin; PTX: paclitaxel.

tal third. In six patients, the tumors diffusely
involved the entire stomach. Regarding Laurén
classification, 11 tumors were intestinal, 36
were diffuse, and 9 were mixed type. Three
patients had G1 tumors, 8 had G2 tumors, 32
had G3 tumors, and 13 had G4 tumors. HER2
was evaluable in 47 of the 56 tumors and was
positive in only two tumors. Twenty-eight
patients received the S-1/CDDP regimen and
the remaining 28 received the PTX/CDDP regi-
men. No significant differences in characteris-
tics were detected between the S-1/CDDP and
PTX/CDDP groups.

Association of OCT2 level with clinicopatho-
logic parameters

OCT2"e" was observed in 41 (73%) of the 56
pre-chemotherapy biopsy specimens. As shown
in Table 2, OCT2"e" was significantly associated
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with intestinal type according to Laurén classifi-
cation (P = 0.03) and low histologic grade (P =
0.03). However, no significant association with
OCT2 level was detected for age, sex, tumor
localization, HER2 status, or NAC regimen.

Univariate analysis of association of clini-
copathologic parameters or OCT2 level with
pathologic response to NAC in the entire
cohort

Thirty-one patients (55%) were classified as
responders (grade 2 in 28 patients and grade 3
in three patients) and the remaining 25 (45%)
as non-responders (grade O in 9 patients, grade
la in 12 patients, and grade 1b in 4 patients).
Table 3 shows univariate analysis of the asso-
ciation of clinicopathologic parameters or OCT2
level with pathologic response to CDDP-based
NAC in the entire cohort. Intestinal type (P =
0.09), low histologic grade (P = 0.09), and
OCT2"e" (P = 0.07) tended to be more frequent
in responders compared with non-responders,
but this was not statistically significant.
However, age, sex, tumor localization, HER2
status, and NAC regimen showed no associa-
tion with response.

Univariate analysis of the association of
clinicopathologic parameters or OCT2 level
with pathologic response to NAC according to
chemotherapy regimen

The S-1/CDDP and PTX/CDDP groups were
subjected separately to further analysis (Table
4; Figure 1A). HER2 was not included in this
analysis, because there were no HER2-positive
tumors in the S-1/CDDP group. In the S-1/
CDDP group, a significantly higher rate of
OCT2"e" was observed in responders compared
with non-responders (80% vs. 20%; P = 0.001).
Accuracy of the OCT2 level for predicting
response to S-1/CDDP chemotherapy was
82%: 23 (16 responders with OCT2"e" and 7
non-responders with OCT2°%) of the 28
patients. Figure 1B and 1C show representa-
tive patterns of OCT2 expression in pre-chemo-
therapy biopsy specimens from a responder
and a non-responder, respectively. However, no
significant association with response was
detected for age, sex, tumor localization,
Laurén classification, or histologic grade.
Conversely, in the PTX/CDDP group, no vari-
ables were associated with response.
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Table 3. Univariate analysis of the association
between clinicopathologic parameters or OCT2
level and chemotherapeutic response in the
entire cohort

Res. Non-res. P-

Variables No. (%) (%) value
Age (years)
>60 38 22(58) 16(42) 0.77
<60 18 9(50) 9 (50)
Sex
Man 33 20(61) 13(39) 0.42
Woman 23 11(48) 12(52)
Tumor localization®
Proximal 26 14 (54) 1246) 1.00
Non-proximal 30 17 (b7) 13(43)
Laurén classification?
Intestinal 11 9(82) 2(18) 0.09
Non-intestinal 45 22(49) 23 (51)
Histologic grade?
G1/G2 11 9(82) 2(18) 0.09
G3/G4 45 22(49) 23(51)
HER2 status®
Positive 2 1(50) 1 (50) 1.00
Negative 45 24 (b3) 21 (47)
NAC regimen
S-1/CDDP 28 17 (61) 11(39) 0.59
PTX/CDDP 28 14 (50) 14 (50)
OCT2 level
High 41 26(63) 15(37) 0.07
Low 15 5(33) 10(67)

‘Even when diffuse/entire vs. non-diffuse/entire was analyzed
instead of proximal vs. non-proximal, a significant association
was not detected; 2Laurén classification and histologic grade
data showed the same pattern; *Human epidermal growth
factor receptor type 2 (HER2) was evaluable in 47 of the 56
patients. OCT2: organic cation transporter 2; Res.: responder;
Non-res.: non-responder; NAC: neoadjuvant chemotherapy;
CDDP: cisplatin; PTX: paclitaxel.

Multivariate analysis of predictors of response
to NAC in the S-1/CDDP group

We included age, sex, tumor localization,
Laurén classification, and OCT2 level in multi-
variate analysis; histologic grade was not
included to avoid multicollinearity due to the
same data distribution as Laurén classification
(Table 5). This analysis demonstrated that
OCT2"e" was the sole independent predictor of
response (odds ratio [OR], 47.59; 95% confi-
dence interval, 1.15-2.00 x 103 P = 0.04).
However, age, sex, and tumor localization were
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not independent predictors. Unfortunately, the
OR for chemotherapeutic response in the
Laurén classification could not be calculated
because the data contained zero: no patients
with intestinal-type tumors were classified as
non-responders.

Discussion

Although S-1/CDDP and PTX/CDDP are promis-
ing NAC regimens for primary GC, to the best of
our knowledge, only a few studies on biomark-
ers for predicting the effectiveness of NAC with
S-1/CDDP and no studies on PTX/CDDP exist to
date. Kamoshida and colleagues [8], using an
immunohistochemical technique, found no sig-
nificant association between pre-chemothera-
py TS expression and pathologic response to
NAC with S-1/CDDP. In their study, they further
analyzed the combination of TS and p53
expression and indicated that the TS- and/or
p53-high phenotypes are a strong predictor of
NAC resistance with S-1/CDDP. Conversely,
Miyazaki et al. indicated that pre-chemothera-
py expression level of TS, analyzed by enzyme-
linked immunosorbent assay, was significantly
higher in non-responders than in responders
[9]. Nevertheless, clinicians might find more
value in identifying predictors of response to
NAC in GC rather than those of resistance.

Because the influx of drug molecules via SLC
transporters is an important determinant of
intracellular drug concentrations, it may influ-
ence the sensitivity of tumor cells to cytotoxic
anticancer agents. For example, OCT2 is a criti-
cal determinant in uptake and consequent
cytotoxicity of CDDP [13-15]. Therefore, in this
study, we immunohistochemically assessed
the association of OCT2 expression levels with
pathologic response to NAC with S-1/CDDP or
PTX/CDDP in GC.

In the univariate analysis of the entire cohort,
no variables showed any significant association
with a response, although intestinal type (P =
0.09), low histologic grade (P = 0.09), and
OCT2"e" (P = 0.07) tended to be more frequent
in responders compared with non-responders.
Two previous studies with large samples
showed intestinal type and low histologic grade
were associated with pathologic response to
NAC with CDDP-based regimens [19, 20]. Thus,
an insufficient sample size may be one of the
main causes of the lack of statistical signifi-
cance in our results.
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Table 4. Univariate analysis of the association between clinicopathologic parameters or OCT2 level
and chemotherapeutic response according to NAC regimen

S-1/CDDP group

PTX/CDDP group

Variables No. Res. (%) Non-res. (%) P-value No. Res. (%) Non-res. (%) P-value

Age (years)
>60 19 13 (68) 6 (32) 0.41 19 9 (47) 10 (53) 1.00
<60 9 4 (44) 5 (56) 9 5 (56) 4 (44)

Sex
Man 16 12 (75) 4 (25) 0.12 17 8 (47) 9 (53) 1.00
Woman 12 5(42) 7 (58) 11 6 (55) 5 (45)

Tumor localization®
Proximal 10 6 (60) 4 (40) 1.00 16 8 (50) 8 (50) 1.00
Non-proximal 18 11 (61) 7 (39) 12 6 (50) 6 (50)

Laurén classification?
Intestinal 5 5 (100) 0(0) 0.13 6 4(67) 2 (33) 0.65
Non-intestinal 23 12 (52) 11 (48) 22 10 (45) 12 (55)

Histologic grade?
G1/G2 5 5 (100) 0 (0) 0.13 6 4 (67) 2(33) 0.65
G3/G4 23 12 (52) 11 (48) 22 10 (45) 12 (55)

OCT2 level
High 20 16 (80) 4 (20) 0.0013 21 10 (48) 11 (53) 1.00
Low 8 1(13) 7 (88) 7 4 (57) 3(43)

Human epidermal growth factor receptor type 2 (HER2) was not included because of no HER2-positive tumors in the S-1/CDDP
group. ‘Even when Diffuse/entire vs. Non-diffuse/entire was analyzed instead of Proximal vs. Non-proximal, a significant as-
sociation was not detected; 2Laurén classification and histologic grade data showed the same pattern; 3Statistically significant.
OCT2: organic cation transporter 2; NAC: neoadjuvant chemotherapy; CDDP: cisplatin; PTX: paclitaxel; Res.: responder; Non-

res.: non-responder.

Nevertheless, we also considered that there
may be effects of the two different groups of
NAC regimens in our cohort, and assessed a
predictive value of clinicopathologic parame-
ters and OCT2 level according to NAC regimen.
In the S-1/CDDP group, OCT2"e" was the only
significant predictor of response in univariate
(P = 0.001) and multivariate analyses (P =
0.04). However, in the PTX/CDDP group, OCT2
had no effect on response to NAC. This finding
suggests that independent predictors of
response to CDDP-based NAC may differ
according to the individual chemotherapeutic
regimen. However, we can only speculate as to
the reasons for the lack of an association
between the OCT2 expression and response in
the PTX/CDDP group. We hypothesize that the
predictability of OCT2 for response might be
influenced by the combination of PTX. A clinical
study has suggested that paclitaxel may help
alleviate platinum resistance in ovarian cancer
[18]. Thus, PTX might play a greater role than
CDDP in patients treated with the PTX/CDDP
regimen.
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To the best of our knowledge, this is the first
study underlining the potential role of SLC
transporter expression for predicting response
to NAC in GC. However, this study is limited by
its retrospective design, small number of
patients, and lack of survival analysis, which
precludes drawing any firm conclusions. In the
future, our results require validation with anoth-
er large population and also in prospective
studies. However, we believe that our result
may assist in decision making in GCs for screen-
ing GC patients who are more likely to respond
to NAC with S-1/CDDP.

Another finding of our study was that OCT2"en
was significantly associated with low histologic
grade; i.e., well and moderate differentiation.
Interestingly, an in vitro study using human
embryonic stem cells demonstrated that
expression levels of OCT2 mRNA in differenti-
ated embryonic stem cells with embryoid body
formation was markedly increased compared
with undifferentiated cells [21]. However, the
underlying mechanisms involved in OCT2
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Figure 1. Association between OCT2 expression level and pathologic response to NAC with S-1/CDDP. A: A signifi-
cantly higher rate of OCT2"e" was detected in responders (black bar) compared with non-responders (gray bar) in the
S-1/CDDP group (P = 0.001). However, no variables were associated with response in the PTX/CDDP group. B: OCT2
immunostaining of a biopsy specimen from a responder showing OCT2"e" status. Strong staining was observed in
the cell membrane of a number of tumor cells. C: OCT2 immunostaining of a biopsy specimen from a non-responder
showing OCT2"" status. Only a few of the tumor cells showed positive staining. P = 0.001; CDDP: csiplatin; PTX:
paclitaxel; Res: responder; Non-res: non-responder; Prox: proximal localization; Intes: intestinal type.

Table 5. Multivariate logistic regression analysis of predic-
tive factors for chemotherapeutic response in the S-1/
CDDP group

Variables OR (95% CI) P-value
Age

> 60 vs. < 60 1.11 (0.08-16.55) 0.94
Sex

Man vs. Woman 9.44 (0.60-148.31) 0.11
Tumor localization

Proximal vs. Non-proximal 0.20 (0.01-3.32) 0.26
Laurén classification

Intestinal vs. Non-intestinal -1 -1
OCT2 level

High vs. Low 47.59 (1.15-2.00 x 10%) 0.042

Histologic grade was not included because it represents the same data
as Laurén classification. *0dds ratio (OR) in the Laurén classification
could not be calculated because the data contained zero; 2Statistically
significant. CDDP: cisplatin; Cl: confidence interval; OCT2: organic cation
transporter 2.
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expression during the differentiation of
GC cells have not been elucidated and
thus further studies are required.

In summary, our study suggests that
OCT2Me" in pre-chemotherapy biopsy
specimens may be a potential predictor
of pathologic response to NAC with S-1/
CDDP in GC. Thus, NAC with S-1/CDDP
may be recommended for patients with
GC showing OCT2Mien,
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