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Abstract: Oxaliplatin is currently approved for patients with metastatic colorectal cancer (mCRC). Its uptake and con-
sequent cytotoxicity is determined by the levels of organic cation transporter 2 (OCT2). In addition, tumor budding 
(TB) is associated with high malignant potential. However, the impact of the levels of OCT2 and TB on clinicopatho-
logical findings and the prognosis of mCRC patients treated with oxaliplatin-based chemotherapy remains unclear. 
Here, 80 mCRC patients were retrospectively assessed. Immunohistochemistry was performed to determine the 
levels of OCT2 and TB. High levels of OCT2 (47/80, 59%) were detected at the invasion front and were associated 
with depth of invasion (P=0.03), whereas high levels of TB (40/80, 50%) were associated with extensive lymphatic 
invasion (P=0.03). In univariate analysis, high OCT2 levels were significantly correlated with longer progression-free 
survival (PFS) (P=0.02) whereas high TB levels were associated with shorter PFS (P=0.01). In combined analysis, 
patients with 2 favorable factors (high OCT2/low TB) had longer PFS than those with 1 (P=0.03) or 0 (P<0.001) 
favorable factors. Multivariate analysis confirmed that the OCT2 level (P=0.007), TB level (P=0.004), and combined 
OCT2/TB status (P=0.001) were independent predictors for PFS. These results suggest that high levels of OCT2 
indicate severe invasion, but also better prognosis in mCRC patients treated with oxaliplatin-based chemotherapy, 
possibly because of its role in oxaliplatin susceptibility. Combined analysis of OCT2 and TB status may guide the 
selection of patients for successful oxaliplatin-based chemotherapy.
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Introduction

Colorectal cancer (CRC) is the third leading 
cause of cancer worldwide and accounts for 9% 
of all new cancer cases and cancer deaths [1]. 
Twenty percent of all CRC patients are diag-
nosed with metastatic CRC (mCRC). While the 
overall 5-year survival rate for CRC patients is 
64%, this rate drops to 12% in mCRC patients, 
despite recent advances in combined systemic 
chemotherapies [1].

Platinum compounds such as cisplatin, carbo-
platin, and oxaliplatin are among the most 
active anticancer drugs and are widely used in 
combination with other anticancer drugs or 
radiation. Oxaliplatin, a diaminocyclohexane-

containing platinum agent, differs in its spec-
trum of activity and resistance profile from 
those of cisplatin and carboplatin [2, 3]. 
Combination therapy with infusional 5-fluoro-
uracil (5-FU)/leucovorin (LV) plus oxaliplatin 
(FOLFOX) is currently one of the standard first-
line regimens for mCRC [4], for which cisplatin 
and carboplatin treatments are essentially inef-
fective [2, 3]. The identification of prognostic 
markers that can predict benefit from first-line 
oxaliplatin-based chemotherapy is one appro- 
ach towards personalized therapy of mCRC.

Facilitating increases in intracellular drug accu-
mulation through solute carrier (SLC) transport-
ers is an important mechanism for enhancing 
the efficacy of anticancer drugs [5]. The organic 
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cation transporters (OCTs) that belong to the 
SLC22A family mediate intracellular uptake of 
various structurally diverse organic cations 
including endogenous compounds, xenobiot-
ics, and clinically used drugs [6, 7]. In vitro 
studies have demonstrated that OCT2, also 
referred to as SLC22A2, is a critical determi-
nant of the uptake and consequent cytotoxicity 
of platinum compounds, particularly oxaliplatin 
[8-10]. To our best of knowledge, however, the 
clinicopathological role of OCT2 in CRC remains 
to be elucidated.

The morphological features of tumor cells at 
the invasion front differ from those at the tumor 
center. The presence of isolated cells or small 
cell clusters in the stroma at the invasive front 
indicates a process that is closely related to the 
disintegration of cell adhesion molecules 
called, “tumor budding” (TB) [11]. A high level of 

factor receptor treatment, no preoperative che-
motherapy and/or radiotherapy, and availability 
of paraffin-embedded tissue specimens of the 
resected primary tumors.

The clinicopathological findings of the patients 
are summarized in Table 1. Patient ages ranged 
from 27 to 79 years (median age, 62 years). 
Depth of invasion (pT factor) and lymph node 
metastasis (pN factor) were classified accord-
ing to the tumor-node-metastasis (TNM) classi-
fication of the International Union against 
Cancer [18]. Lymphatic and venous invasion 
were categorized according to the Japanese 
Classification of Colorectal Carcinoma: no inva-
sion (ly0, v0), minimal invasion (ly1, v1), moder-
ate invasion (ly2, v2), and severe invasion (ly3, 
v3) [19]. Histological classification (well-differ-
entiated, moderately differentiated, poorly dif-
ferentiated, and mucinous adenocarcinoma) 

Table 1. Clinicopathological findings of mCRC patients and their as-
sociation with OCT2 and TB levels

Variables n
OCT2 TB

Low High P value Low High P value
Age (years)
    <60 26 12 14 0.63 14 12 0.81
    ≥60 54 21 33 26 28
Gender
    Male 53 23 30 0.64 28 25 0.64
    Female 27 10 17 12 15
Location of primary tumor
    Colon 56 25 31 0.46 28 28 1.00
    Rectum 24 8 16 12 12
Histological differentiation
    Well/moderate 75 31 44 1.00 38 37 1.00
    Poor/mucinous 5 2 3 2 3
Depth of invasion
    pT2/pT3 41 22 19 0.03* 24 17 0.18
    pT4 39 11 28 16 23
Lymph node metastasis
    pN0/pN1 45 18 27 0.82 24 21 0.65
    pN2 35 15 20 16 19
Lymphatic invasion
    ly0/ly1 19 6 13 0.43 14 5 0.03*

    ly2/ly3 61 27 34 26 35
Venous invasion
    v0/v1 23 7 16 0.32 14 9 0.32
    v2/v3 57 26 31 26 31
*Statistically significant; mCRC, metastatic colorectal cancer; OCT2, organic cation 
transporter 2; TB, tumor budding.

TB has been associated 
with high tumor grade, vas-
cular and lymphatic inva-
sion, lymph node metasta-
sis, and poor prognosis in 
CRC patients [11-17]. In a 
preliminary examination to 
determine the optimal imm- 
unohistochemical conditio- 
ns to detect OCT2, we ob- 
served strong OCT2 positivi-
ty at the TB sites in CRC tis-
sues. Therefore, this study 
aimed to address the impact 
of the OCT2 and TB levels on 
clinicopathological findings 
and the prognosis of mCRC 
patients treated with oxalipl-
atin-based chemotherapy.

Materials and methods

Patients and tissue sam-
ples

We evaluated 80 mCRC 
patients who were treated 
at the Fujita Health Unive- 
rsity Hospital from 2007 to 
2011. Eligibility criteria for 
study enrollment were first-
line chemotherapy with 
FOLFOX or FOLFOX plus bev-
acizumab (FOLFOX/BV), no 
prior anti-epidermal growth 
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was also defined according to the Japanese 
Classification of Colorectal Carcinoma.

First-line FOLFOX chemotherapy consisted of 
oxaliplatin (85 mg/m2) infused over 90 min, l-LV 
(200 mg/m2) infused during 2 h, followed by a 
400 mg/m2 intravenous bolus of 5-FU on day 1 
and a 2400 mg/m2 continuous infusion of 5-FU 
over 46 h every 2 weeks. In the FOLFOX/BV 
regimen, patients receiving bevacizumab were 
dosed at 5 mg/kg every 2 weeks on day 1 of 
FOLFOX. Written informed consent for the 
administration of chemotherapy as well as the 
use of tumor tissue for immunohistochemical 
analysis was obtained from all patients. The 
ethics committees of Kobe University Graduate 
School of Health Sciences and Fujita Health 
University School of Medicine approved this 
study.

The resected tumors were fixed in 10% formalin 
and embedded in paraffin wax. Three-
micrometer-thick sections were cut and mount-
ed onto aminopropyltriethoxysilane-coated 
slides. Routine hematoxylin and eosin staining 
was performed to assess histopathological fea-
tures under a light microscope. Tissue sections 
from the deepest invasive sites were chosen.

Immunostaining for OCT2 and cytokeratin

Immunostaining was performed not only for 
OCT2 but also for pan-cytokeratin, an epithelial 
cell marker that facilitates the visualization of 
tumor buds [14, 16, 17]. Sections were depar-
affinized in xylene, rehydrated in a graded 
series of alcohol, and rinsed with tap water.

The slides were subjected to heat-induced anti-
gen retrieval in a pressure cooker for 10 min at 
120°C with optimal soaking solutions: 0.001 
mol/L ethylenediaminetetraacetic acid (pH 8.0) 
for OCT2 and 0.01 mol/L citrate buffer (pH 6.0) 
for pan-cytokeratin. Blocking of endogenous 
peroxidase was not performed, because the 
enzyme is inactivated during the heating treat-
ment [20]. After heating treatment, the sec-
tions were cooled in the soaking solution for 30 
min at room temperature (RT). The sections 
were then rinsed with running tap water and 
then with 0.01 mol/L phosphate-buffered 
saline (PBS, pH 7.2). After rinsing, the sections 
were incubated with primary antibodies over-
night at RT. The primary antibodies used were a 
rabbit polyclonal anti-OCT2 (1:400, Sigma-

Aldrich, St. Louis, MO, USA) and a mouse mono-
clonal anti-pan-cytokeratin (clone AE1/AE3, 
1:400; Dako, Glostrup, Denmark). The sections 
were then rinsed in PBS, and incubated accord-
ingly with either anti-rabbit or anti-mouse 
horseradish peroxidase polymer (Histofine 
Simple Stain MAX-PO; Nichirei Bioscience, 
Tokyo, Japan) for 1 h at RT. Subsequently, the 
reaction products were visualized using a 
diaminobenzidine solution (Dako). The sections 
were then rinsed in distilled water, counter-
stained with Mayer’s hematoxylin, dehydrated 
through a graded series of alcohol and xylene, 
and finally coverslipped.

A normal kidney tissue section was used as 
positive control and staining with PBS contain-
ing 1% bovine serum albumin instead of the 
primary antibody was used as negative 
control.

Assessment of OCT2 and TB levels

Three investigators (S.T., Y.H., and S.K.) who 
were blinded to both the clinicopathological 
findings and outcome data assessed each of 
the stained sections independently. Discordant 
results were then discussed until an agreement 
was reached. Expression levels of OCT2 were 
evaluated independently at the tumor center 
and the invasion front. The percentage of posi-
tively stained tumor cells was scored from 1 to 
4 (1, <10%; 2, 10% to 50%; 3, 51% to 80%; 4, 
>80% of positive tumor cells), and the staining 
intensity was graded from 0 to 3 (0, negative; 1, 
weak; 2, moderate; 3, strong staining). A com-
posite score (0 to 12) was obtained by multiply-
ing the percentage of positively stained cells 
and intensity. According to the cut-off score 
determined by receiver operating characteristic 
(ROC) curve analysis, scores of 0-8 represent-
ed a low OCT2 level and scores of 9-12 repre-
sented a high OCT2 level.

TB was defined as the presence of tumor buds 
(dedifferentiated single cells or clusters com-
posed of <5 cells at the invasion front) in the 
pan-cytokeratin-stained sections, according to 
the criteria proposed by Ueno et al. [11]. The 
invasion front was scanned using the low-pow-
er (4×) objective lens to identify the area with 
the highest density of TB. The number of tumor 
buds was then counted in 10 fields using the 
high-power (40×) objective lens. Tumors with 
an average of <10 tumor buds were classified 
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as having a low TB level and those 
with an average of ≥10 tumor buds 
were considered as having a high TB 
level [17].

Assessment of patient prognosis

Because overall survival is generally 
influenced by many factors including 
molecular markers and subsequent 
lines of therapy, we analyzed pro-
gression-free survival (PFS) to assess 
the prognostic significance of OCT2 
and TB. PFS was defined as the peri-
od from the start of first-line chemo-
therapy until the first evidence of 
radiological progression or death.

Statistical analysis

The Wilcoxon’s rank sum test was 
employed to determine whether the 
levels of OCT2 or TB were statistically 
different between the tumor center 
and the invasion front. The Spearman 
rank correlation test was used to 
measure the strength of association 
between OCT2 and TB levels. The 
Fisher’s exact test was applied to 
examine the association of OCT2 and 
TB levels with clinicopathological 
parameters.

The Kaplan-Meier method was used 
to estimate PFS, and the differences 

Figure 1. Representative immunostaining patterns for organic cation transporter 2 (OCT2). Strong membranous/
cytoplasmic expression of OCT2 was found at the invasion front (tumor cell groups surrounded by stroma), whereas 
the tumor center (asterisk) showed no or weak OCT2 staining. A: Low magnification. B: High magnification of the 
boxed area. Scale bar, 100 μm.

Table 2. Univariate analysis of prognostic factors for PFS in 
mCRC patients treated with oxaliplatin-based chemotherapy
Variables Median PFS month (95% CI) P value
Tumor location
    Colon 11.0 (9.5-12.5) 0.54
    Rectum 9.0 (5.1-12.9)
Depth of invasion
    pT2/pT3 10.0 (8.0-12.0) 0.43
    pT4 11.0 (8.5-13.5)
Lymph node metastasis
    pN0/pN1 10.0 (7.8-12.2) 0.73
    pN2 10.0 (8.3-11.7)
Lymphatic invasion
    ly0/ly1 14.0 (9.6-18.4) 0.45
    ly2/ly3 10.0 (8.8-11.2)
Venous invasion
    v0/v1 11.0 (9.4-12.6) 0.52
    v2/v3 10.0 (7.8-12.2)
OCT2
    Low 9.0 (6.0-12.0) 0.02*

    High 12.0 (9.8-14.2)
TB
    Low 12.0 (8.6-15.4) 0.01*

    High 9.0 (6.5-11.5)
Combined OCT2 and TB
    Two favorable factors 14.0 (11.5-16.5) <0.001*

    One favorable factor 10.0 (8.9-11.1)
    No favorable factors 6.0 (4.2-7.8)
*Statistically significant; PFS, progression-free survival; mCRC, metastatic 
colorectal cancer; CI, confidence interval; OCT2, organic cation transport-
er 2; TB, tumor budding.
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between the survival curves were assessed 
using the log-rank test. A Cox proportional haz-
ard regression model for PFS was used to 
assess the independence of variables. Results 
were considered significant at a P value of less 
than 0.05. Statistical analyses were performed 
using the SPSS 20.0 software program (SPSS 
Inc., IL, USA).

Results

OCT2 and TB levels in CRCs

OCT2 immunostaining tended to be strong at 
the invasion front but weak or absent at the 
tumor center. High OCT2 levels at the invasion 
front were observed in 47 tumors (59%) but 
invariably, the tumor center expressed low 
OCT2 levels (P<0.001, Figure 1). The remaining 
33 tumors (41%) displayed low OCT2 levels 
both at the tumor center and at the invasion 
front. Surface epithelial cells in the adjacent 
normal mucosa displayed weak or moderate 
OCT2 staining, consistently weaker than that at 
the invasion front of the tumor tissues. With 
regard to TB, high levels were observed in 40 
tumors (50%). OCT2 levels at the invasion front 
did not correlate with TB levels (r=0.18, 
P=0.12).

Correlation of OCT2 and TB levels with clinico-
pathological findings

We evaluated the correlation of OCT2 and TB 
levels with clinicopathological findings (Table 
1). High OCT2 levels were significantly associ-
ated with depth of invasion (more frequently in 
tumors with serosal invasion, P=0.03), but did 
not correlate with the other parameters (patient 
age, gender, tumor location, degree of differen-
tiation, lymph node metastasis, lymphatic and 
venous invasion, and chemotherapy regimen).

Figure 2. Kaplan-Meier progression-free survival (PFS) curves according to levels of organic cation transporter 2 
(OCT2) and tumor budding (TB). A: High levels of OCT2 (solid line) significantly correlated with longer PFS (P=0.02) 
as compared with low levels of OCT2 (dashed line). B: High levels of TB (solid line) significantly correlated with 
shorter PFS (P=0.01) as compared with low levels of TB (dashed line).

Figure 3. Kaplan-Meier progression-free survival 
(PFS) curves according to the number of favorable 
organic cation transporter 2 (OCT2)/tumor budding 
(TB) factors: 2 favorable factors (high OCT2/low 
TB) (solid line), 1 favorable factor (high OCT2/high 
TB or low OCT2/low TB) (dashed line), and 0 favor-
able factors (low OCT2/high TB) (dotted line). This 
combined classification was significantly associated 
with PFS (P<0.001). Patients with 2 favorable factors 
achieved the longest PFS whereas those with 0 fa-
vorable factors had the shortest PFS.
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High TB levels were significantly associated 
with the degree of lymphatic invasion (P=0.03), 
but not with the other clinicopathological 
parameters.

Correlation of OCT2 and TB levels with PFS in 
univariate analysis

All patients could be evaluated for PFS, with the 
median PFS of patients being 8.3 months 
(range, 2.4-27.3 months). Contrary to the asso-
ciation with severe invasion, a high OCT2 level 
was a favorable factor for PFS: median PFS was 
12.0 months in patients with high OCT2 levels 
and 9.0 months in patients with low OCT2 lev-
els (P=0.02) (Table 2, Figure 2A). In contrast, 
high levels of TB correlated significantly with 
shorter PFS: median PFS was 9.0 months in 
patients with high TB levels and 12.0 months in 

patients with low TB levels (P=0.01) (Table 2, 
Figure 2B).

The number of favorable OCT2/TB factors was 
significantly associated with PFS (P<0.001) 
(Table 2, Figure 3). Patients with 2 favorable 
factors (high OCT2/low TB; median PFS of 14.0 
months; Figure 4A and 4B) showed significantly 
longer PFS than those with 1 favorable factor 
(high OCT2/high TB or low OCT2/low TB; medi-
an PFS of 10.0 months; P=0.03) and those with 
0 favorable factors (low OCT2/high TB; median 
PFS of 6.0 months; P<0.001; Figure 4C and 
4D). Patients with 1 favorable factor showed 
significantly longer PFS than those with 0 favor-
able factors (P=0.005). In contrast, tumor loca-
tion, depth of invasion, lymph node metastasis, 
lymphatic invasion, and venous invasion did 
not correlate with PFS.

Figure 4. Representative immunostaining patterns according to patient progression-free survival (PFS). A, C: Organ-
ic cation transporter 2 (OCT2). B, D: Pan-cytokeratin. Pan-cytokeratin immunostaining enabled clear visualization 
of tumor budding (TB). A, B: Immunohistochemical results of a tumor from a patient with a long PFS (14.1 months), 
showing the most favorable OCT2/TB pattern (high OCT2/low TB). C, D: Immunohistochemical results of a tumor 
from a patient with a short PFS (7.0 months), showing the least favorable pattern (low OCT2/high TB). Scale bar, 
100 μm.
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Correlation of OCT2 and TB levels with PFS in 
multivariate analysis

We first used the Cox proportional hazard 
regression model with seven variables: tumor 
location, depth of invasion, lymph node metas-
tasis, lymphatic invasion, venous invasion, 
OCT2 level, and TB level (Table 3, model 1). 
This analysis showed that only the OCT2 level 
(hazard ratio [HR], 0.44; 95% confidence inter-
val [CI], 0.24-0.80; P=0.007) and TB level (HR, 
2.38; 95% CI, 1.31-4.30; P=0.004) preserved 
independent prognostic significance.

Next, the combined OCT2 and TB status was 
evaluated in multivariate analysis (Table 3, 
model 2). We found that the number of favor-
able OCT2/TB factors was the sole indepen-
dent predictor of PFS (HR, 0.43; 95% CI, 0.26-
0.70; P=0.001).

Discussion

Significant progress in the treatment of patients 
with mCRC has been achieved with the devel-
opment of 5-FU plus oxaliplatin- or irinotecan-
containing chemotherapy regimens [4]. To 
avoid the improper administration of these regi-
mens that would cause unpleasant side effects, 
it is important to identify predictive factors that 
can select patients for oxaliplatin-based che-
motherapy from irinotecan-based or other com-

bination therapies. One candidate predictive 
factor is the excision repair cross-complemen-
tation group 1 (ERCC1), a key protein that 
repairs DNA adducts induced by platinum com-
pounds. Indeed, a large number of studies eval-
uated whether ERCC1 protein and mRNA 
expression levels as well as DNA polymor-
phisms were associated with poor outcomes in 
CRC patients treated with oxaliplatin-based 
chemotherapy [21, 22]. Unfortunately, howev-
er, the results of these studies were inconsis-
tent. Therefore, additional work is warranted to 
further identify biomarkers that are associated 
with the benefit of oxaliplatin-based chemoth- 
erapy.

Facilitated transport systems are involved in 
the intracellular uptake of platinum drugs. 
Thus, the level of platinum compound trans-
porters may predict, at least in part, the sensi-
tivity of tumors to platinum drugs [23]. 
Preclinical studies have indicated that the level 
of the transporter OCT2 is a critical determi-
nant in the uptake and consequent cytotoxicity 
of platinum compounds, particularly oxaliplatin 
[8-10]. In addition, several researchers have 
emphasized that TB should be used as an index 
of tumor aggressiveness in CRC patients [11-
17]. However, to the best of our knowledge, the 
impact of the levels of OCT2 and TB on clinico-
pathological findings and the prognosis of 

Table 3. Multivariate analysis of prognostic factors for PFS in mCRC patients treated with oxaliplatin-
based chemotherapy

Model 1 Model 2
Variables HR (95% CI) P value Variables HR (95% CI) P value
Tumor location Tumor location
    Colon vs. Rectum 0.77 (0.39-1.54) 0.46     Colon vs. Rectum 0.77 (0.39-1.52) 0.45
Depth of invasion Depth of invasion
    pT2/pT3 vs. pT4 0.90 (0.47-1.72) 0.74     pT2/pT3 vs. pT4 0.90 (0.48-1.72) 0.76
Lymph node metastasis Lymph node metastasis
    pN0/pN1 vs. pN2 0.94 (0.50-1.77) 0.86     pN0 vs. pN1/pN2 0.94 (0.51-1.72) 0.83
Lymphatic invasion Lymphatic invasion
    ly0/ly1 vs. ly2/ly3 0.87 (0.43-1.81) 0.72     ly0/ly1 vs. ly2/ly3 0.88 (0.43-1.81) 0.73
Venous invasion Venous invasion
    v0/v1 vs. v2/v3 1.15 (0.59-2.23) 0.68     v0/v1 vs. v2/v3 1.15 (0.60-2.24) 0.67
OCT2 Combined OCT2 and TB
    Low vs. High 0.44 (0.24-0.80) 0.007*     Two favorable factors vs. 0.43 (0.26-0.70) 0.001*

TB     One favorable factor vs.
    Low vs. High 2.38 (1.31-4.30) 0.004*     No favorable factors
*Statistically significant; PFS, progression-free survival; mCRC, metastatic colorectal cancer; HR, hazard ratio; CI, confidence 
interval; OCT2, organic cation transporter 2; TB, tumor budding.
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mCRC patients treated with first-line oxaliplat-
in-based chemotherapy has not been evalu- 
ated.

We found that OCT2 has a unique expression 
pattern in CRC tissues: high levels of OCT2 
were detected at the invasion front, whereas 
the tumor center consistently displayed low 
OCT2 levels. In addition, clinicopathological 
correlation analysis indicated that the level of 
OCT2 was associated with depth of invasion. 
One study showed that OCT2 mRNA was 
expressed in 11 of 20 CRC tissues [8]. However, 
OCT2 mRNA was not expressed in CRC cell 
lines [8, 10]. These data suggest that the 
upregulation of OCT2 is specific to CRC cells 
that invade the surrounding tissue. Until now, 
however, the molecular basis of this phenome-
non has not been understood and further stud-
ies are required to elucidate the roles of OCT2 
in promoting CRC cell invasion.

In agreement with other studies [12, 16], a high 
level of TB was associated with lymphatic inva-
sion. High TB levels have been linked to 
increased expression of proteins that are close-
ly related to the degradation of the extracellular 
matrix (ECM) [24]. The levels of ECM degrada-
tion proteins such as matrix metalloprotein-
ase-2 [25], urokinase plasminogen activator 
(uPA), and uPA receptor have been shown to 
correlate with lymphatic invasion [26]. Thus, TB 
cancer cells may be producing proteins that 
degrade the ECM in order to invade the lym-
phatic vessels.

With regard to the impact of the OCT2 level on 
PFS in mCRC patients treated with oxaliplatin-
based chemotherapy, high OCT2 levels were 
significantly associated with longer PFS. 
Furthermore, multivariate analysis confirmed 
an independent prognostic impact of OCT2. 
Preclinical data on the influence of OCT2 on the 
uptake and consequent cytotoxicity of oxalipla-
tin [8-10] and our present clinical data suggest 
a better prognosis for mCRC patients with 
tumors having a high OCT2 level. This improved 
prognosis may be attributable to the high levels 
of OCT2 within invading cells that would allow 
for efficient uptake of oxaliplatin. 

Tumors with a high TB level were significantly 
associated with a shorter PFS, and this inde-
pendent prognostic significance was preserved 
on multivariate analysis. Several studies have 
reported an independent adverse effect of TB 

on the survival of CRC patients [11-13, 15, 16]. 
However, in one study, an association of TB 
with poor outcome was shown only on univari-
ate but not on multivariate analysis [27].

When evaluating OCT2 and TB in combination, 
patients with 2 favorable factors achieved the 
longest PFS whereas those with 0 favorable 
factors had the shortest PFS. On multivariate 
analysis, the combined OCT2/TB status was 
identified as a powerful independent prognos-
tic factor, with a higher significance than that of 
individual OCT2 or TB status. However, this 
study is limited by its retrospective design and 
small number of patients. Thus, larger prospec-
tive studies are needed to evaluate the feasibil-
ity of our results.

In conclusion, a high OCT2 level may be an 
independent factor for longer PFS in mCRCs 
patients treated with first-line oxaliplatin-based 
chemotherapy, possibly because of its role in 
rendering invading cancer cells more suscepti-
ble to oxaliplatin. Combined analysis of OCT2 
and TB status may provide important informa-
tion for the selection of mCRC patients for oxali-
platin-based chemotherapy.
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