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Abstract: Although metastatic colorectal cancer (mCRC) is commonly treated with 5-fluorouracil (5-FU)/leucovorin/
oxaliplatin (FOLFOX), their response to FOLFOX varies, and no biomarkers predictive of treatment outcome have 
been validated. Organic anion transporter 2 (OAT2) and organic cation transporter 2 (OCT2) are critical determi-
nants in uptake of 5-FU and oxaliplatin, respectively. In this study, we evaluated whether OAT2 and OCT2 levels 
can predict effectiveness of FOLFOX-based therapy. We retrospectively assessed 90 patients with mCRC who were 
treated with first-line FOLFOX with or without bevacizumab. We immunohistochemically determined OAT2 and OCT2 
expression levels at invasion fronts of their tumors and correlated the levels to clinicopathological parameters, 
including objective tumor response (OTR) and progression-free survival (PFS). High expression of OAT2 (OAT2High) 
and OCT2 (OCT2High) were detected in 36% and 60% of the tumors, respectively. OCT2High was significantly associ-
ated with invasion depth (P=0.03), whereas OAT2High was not associated with any clinicopathological parameters. 
In univariate analysis, OAT2High was significantly correlated with good OTR (P=0.02), and OCT2High with long PFS 
(P=0.03). Multivariate analyses showed that OAT2High and OCT2High, respectively, were the sole independent predic-
tors of good OTR (P=0.02) and long PFS (P=0.03). We found that patients with OAT2High/OCT2High showed the best 
treatment outcomes (good OTR and long PFS) with significantly higher frequency than patients with other expres-
sion patterns (P=0.003). OAT2High/OCT2High status was also the only independent predictive factor in multivariate 
analysis. This study suggests that OAT2High and OCT2High are important independent predictors of good outcomes in 
FOLFOX-treated mCRC.

Keywords: Organic anion transporter 2, organic cation transporter 2, 5-fluorouracil, oxaliplatin, objective tumor 
response, progression-free survival, colorectal cancer

Introduction

Colorectal cancer (CRC) is the fourth leading 
cause of cancer and accounts for 9% of all new 
cancer cases and cancer deaths [1]. Approxi- 
mately 20% of all CRC patients are diagnosed 
with metastatic CRC (mCRC) at the time of pre-
sentation. The 5-year overall survival (OS) rate 
for CRC patients is 64%, which drops to 12% in 
mCRC patients [1]. Infusional 5-fluorouracil 
(5-FU)/leucovorin/oxaliplatin (FOLFOX) is a 
standard first-line regimen for mCRC [2]. How- 

ever, as with other antitumor agents and regi-
mens, individual patients vary in their res- 
ponses to FOLFOX treatment, for both effective-
ness and toxicity. Therefore, biomarkers to pre-
dict which patients might derive most clinical 
benefit with the fewest side effects from the 
FOLFOX regimen would be useful to guide treat-
ment decisions.

As facilitated transport systems mediate cellu-
lar uptake of many anticancer drugs, their com-
ponent molecules may help predict the res- 
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ponse to chemotherapy. The solute carrier 
(SLC) transporter families of proteins are essen-
tial for cellular uptake of endogenous com-
pounds, xenobiotics and clinically important 
drugs [3, 4]. Organic anion transporter 2 (OAT2), 
also referred to as SLC22A7, mediates the sodi-
um-independent uptake of anticancer drugs, 
including 5-FU, methotrexate and paclitaxel [5]. 
Recently, we reported that high expression lev-
els of OAT2 (OAT2High) were correlated with path-
ological good response to neoadjuvant 5-FU- 
based chemotherapy [6].

In vitro studies have indicated that organic cat-
ion transporter 2 (OCT2), also called SLC22A2, 
is a critical determinant in the uptake and con-
sequent cytotoxicity of oxaliplatin and cisplatin 
[7-9]. Because of the high efficiency of oxalipla-
tin influx, the effectiveness of oxaliplatin in the 
treatment of mCRC has been suggested to 

ptor treatment, no preoperative chemotherapy 
and/or radiotherapy, availability of tissue speci-
mens of the resected primary tumors, and no 
serious concomitant illness that could have 
affected treatment duration or survival. Patien- 
ts received computerized tomography examina-
tions every 4-6 chemotherapy cycles. All 
patients provided written informed consent to 
undergo chemotherapy and for investigational 
use of their specimens. This study was approved 
by the ethics committees of Kobe University 
Graduate School of Health Sciences and Fujita 
Health University School of Medicine.

First-line FOLFOX chemotherapy, administered 
in 2-week cycles, consisted of intravenous 
oxaliplatin 85 mg/m2 infused over 90 min and 
intravenous l-leucovorin 200 mg/m2 infused 
over 2 h, followed by intravenous 5-FU 400 mg/
m2 as a bolus injection, then 2400 mg/m2 as a 

Table 1. Clinicopathological characteristics of mCRC patients 
and their correlation to expression levels of OAT2 and OCT2

Variables N
OAT2 OCT2

High (%) P value High (%) P value
Age
    < 60 31 11 (35) 0.59 18 (58) 0.48
    ≥ 60 59 21 (36) 36 (61)
Gender
    Male 58 20 (34) 0.48 32 (55) 0.15
    Female 32 12 (38) 22 (69)
Primary tumor site
    Colon 62 21 (34) 0.40 36 (58) 0.38
    Rectum 28 11 (39) 18 (64)
Histological differentiation
    Well/moderate 85 29 (34) 0.24 51 (60) 0.69
    Poor/mucinous 5 3 (60) 3 (60)
Depth of invasion
    pT2/pT3 45 14 (31) 0.26 22 (49) 0.03a

    pT4 45 18 (40) 33 (73)
Lymph node metastasis
    pN0/pN1 50 17 (34) 0.45 31 (62) 0.41
    pN2 40 15 (38) 23 (58)
Lymphatic invasion
    ly0/ly1 20 8 (40) 0.41 14 (70) 0.22
    ly2/ly3 70 24 (34) 40 (57)
Venous invasion
    v0/v1 24 8 (33) 0.50 17 (71) 0.15
    v2/v3 66 24 (36) 37 (56)
aStatistically significant. mCRC: metastatic colorectal cancer; OAT2: organic 
anion transporter 2; OCT2: organic cation transporter 2.

result from high expression of 
OCT2 (OCT2High) in CRC tissues 
[8]. In a recent study, we found 
that OCT2High was significantly cor-
related with longer progression-
free survival (PFS) in mCRC pa- 
tients treated with FOLFOX-based 
chemotherapy [10].

Based on these results, we con-
sidered that the combined status 
of OAT2 and OCT2 might more 
strongly influence clinical out-
comes of patients with FOLFOX-
treated mCRC. Here, we investi-
gated the influence of OAT2 and 
OCT2 expression on objective tu- 
mor response (OTR) and PFS in 
mCRC patients treated with FOLF- 
OX.

Materials and methods

Patients and tissue samples

We retrospectively collected data 
for 90 patients with mCRC who 
received FOLFOX-based chemo-
therapy between Nov. 2006 and 
Feb. 2013 at Fujita Health Univer- 
sity Hospital. Eligibility criteria inc- 
luded first-line treatment with a 
FOLFOX or FOLFOX + bevacizum-
ab (FOLFOX/BV) regimen, no prior 
anti-epidermal growth factor rece- 



OAT2 and OCT2 in colorectal cancer

530	 Am J Cancer Res 2014;4(5):528-536

continuous intravenous infusion over 46 h. In 
the FOLFOX/BV regimen, bevacizumab was 
also intravenously given as 5 mg/kg every 2 
weeks on day 1 of FOLFOX.

We obtained formalin-fixed, paraffin-embedded 
tissue blocks of primary tumors for the 90 
patients. Sections (3-μm thick) were cut and 
mounted on slides coated with aminopropyl-
triethoxysilane. Hematoxylin and eosin staining 
was routinely performed to assess histopatho-
logical features under a light microscope. Dep- 
th of invasion (pT factor) and lymph node 
metastasis (pN factor) were categorized accord-
ing to the tumor-node-metastasis (TNM) classi-
fication of the International Union against Can- 
cer (UICC) [11]. Histological classification was 
defined according to the Japanese Classification 
of Colorectal Carcinoma [12]. Lymphatic and 

in PBS (Dako, Glostrup, Denmark) for 5 min at 
RT and the sections were then incubated with 
the primary antibodies overnight at RT. The pri-
mary antibodies used were a rabbit polyclonal 
anti-OAT2 antibody (1:200, TransGenic, Kuma- 
moto, Japan) and a rabbit polyclonal anti-OCT2 
antibody (1:400, Sigma-Aldrich, St. Louis, MO, 
USA). After rinsing with PBS, sections for OAT2 
staining were incubated with post-primary 
block for 30 min, rinsed, and then incubated 
with Novolink polymer for 30 min (Novolink 
Polymer Detection Systems; Leica Microsys- 
tems, Wetzlar, Germany) at RT. Sections for 
OCT2 staining were incubated with anti-rabbit 
horseradish peroxidase polymer (Histofine 
Simple Stain MAX-PO; Nichirei Bioscience, Tok- 
yo, Japan) for 1 h at RT. We detected reaction 
products using a diaminobenzidine solution 
(Nichirei Bioscience). Sections were rinsed with 

Table 2. Univariate analysis of predictive factors for OTR in pa-
tients with mCRC treated with FOLFOX-based chemotherapy
Variables N Good OTR (%) Poor OTR (%) P value
Primary tumor site
    Colon 57 33 (58) 24 (42) 0.40
    Rectum 25 13 (52) 12 (48)
Histological differentiation
    Well/moderate 78 44 (56) 34 (44) 0.59
    Poor/mucinous 4 2 (50) 2 (50)
Depth of invasion
    pT2/pT3 43 23 (53) 20 (47) 0.39
    pT4 39 23 (59) 16 (41)
Lymph node metastasis
    pN0/pN1 47 25 (53) 22 (47) 0.35
    pN2 35 21 (60) 14 (40)
Lymphatic invasion
    ly0/ly1 19 9 (47) 10 (53) 0.27
    ly2/ly3 63 37 (59) 26 (41)
Venous invasion
    v0/v1 22 9 (41) 13 (59) 0.08
    v2/v3 60 37 (62) 23 (38)
OAT2 expression
    Low 52 24 (46) 28 (54) 0.02a

    High 30 22 (73) 8 (27)
OCT2 expression
    Low 32 18 (56) 14 (44) 1.00
    High 50 28 (56) 22 (44)
aStatistically significant. OTR was evaluable in 82 of the 90 patients. FOLFOX: 
5-fluorouracil/leucovorin/oxaliplatin; mCRC: metastatic colorectal cancer; 
OAT2: organic anion transporter 2; OCT2: organic cation transporter 2; OTR: 
objective tumor response.

venous invasion were also classi-
fied according to the Japanese 
Classification of Colorectal Carci- 
noma: no invasion (ly0, v0), mini-
mal invasion (ly1, v1), moderate 
invasion (ly2, v2), and severe 
invasion (ly3, v3). Tissue sections 
from the deepest invasive sites 
were used for immunohistochem-
ical staining. Patients’ clinicopa- 
thological characteristics are sum- 
marized in Table 1. 

Immunohistochemistry

Sections were deparaffinized in 
xylene, rehydrated in an ethanol 
gradient, and rinsed with tap 
water. For antigen retrieval, sec-
tions were heat-treated using a 
pressure cooker for 10 min at 
120°C in optimal soaking solu-
tions: 0.01 mol/L Tris base con-
taining 0.001 mol/L ethylenedi-
aminetetraacetic acid (EDTA) (pH 
9.0) for OAT2; and 0.001 mol/L 
EDTA (pH 8.0) for OCT2. After 
heating, the sections were cooled 
in the soaking solution for 30 min 
at room temperature (RT), and 
rinsed with tap water and then 
with 0.01 mol/L phosphate-buff-
ered saline (PBS, pH 7.2). After 
rinsing, nonspecific binding sites 
were blocked with 0.25% casein 
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tap water, counterstained with Mayer’s hema-
toxylin, dehydrated in an ethanol gradient, 
treated with xylene, and coverslipped. Positive 
controls were formalin-fixed, paraffin-embed-
ded sections of normal kidney. Negative control 
sections were incubated with PBS containing 
1% bovine serum albumin instead of primary 
antibodies.

Assessment of OAT2 and OCT2 levels

The stained sections were assessed by three 
investigators (A.T., S.T., and S.K.) who were 
blinded to clinical characteristics and outcome 
data. Discordant results were discussed until 
agreement was reached. We had recently 
observed that OCT2High was found at the inva-
sion front rather than the tumor center and it 
was significantly correlated with longer PFS 
[10]. Along this line, we focused on the expres-

sion levels of OAT2 and OCT2 at tumor invasion 
fronts, in which several processes occur that 
are important in metastasis. The percentage of 
positive tumor cells with membrane staining 
was judged ranging from 1 to 4 (1: < 10%; 2: 
10-50%; 3: 51-80%; 4: > 80% positive tumor 
cells), and staining intensity was scored bet- 
ween 0 and 3 (0, negative; 1, weak; 2, moder-
ate; 3, strong staining). A composite score of 
0-12 was obtained by multiplying percentage 
and intensity. Receiver operating characteristic 
curve analysis for the threshold for high expres-
sion level indicated that the best cut-off score 
for optimal sensitivity and specificity (maximum 
sum of sensitivity and specificity), was 9, with 
scores of < 9 representing low expression lev-
els (OAT2Low, OCT2Low) and scores of ≥ 9 repre-
senting high expression level (OAT2High, 
OCT2High).

Assessment of treatment outcomes

OTR was evaluated by the response evaluation 
criteria for solid tumors (RECIST) [13], and clas-
sified into complete response (CR), partial res- 
ponse (PR), stable disease (SD), and progres-
sive disease (PD). Patients who achieved either 
CR or PR were considered as having “good” 
OTR, whereas patients showing SD or PD had 
“poor” OTR.

Because OS is influenced by many factors 
including molecular markers and subsequent 
therapy regimens, we analyzed PFS, defined as 
the time from the start of FOLFOX-based che-
motherapy until first evidence of radiological 
progression or death from any cause. Patients 

Figure 1. Representative patterns of OAT2 immunostaining according to OTR. A. A tumor from a patient with mCRC 
who had a partial response (good OTR), showing OAT2High status. B. A tumor from a patient with mCRC who had a 
stable disease (poor OTR), showing OAT2Low status. Scale bar: 50 μm.

Table 3. Multivariate analysis of predictive 
factors for OTR in patients with mCRC treated 
with FOLFOX-based chemotherapy
Variables OR 95% CI P value
Lymphatic invasion
    ly0/ly1 vs. ly2/ly3 1.33 0.43-4.10 0.62
Venous invasion
    v0/v1 vs. v2/v3 2.33 0.79-6.82 0.12
OAT2 expression
    Low vs. High 3.37 1.24-9.17 0.02a

aStatistically significant. CI: confidence interval; FOLFOX: 
5-fluorouracil/leucovorin/oxaliplatin; mCRC: metastatic 
colorectal cancer; OAT2: organic anion transporter 2; OR: 
odds ratio; OTR: objective tumor response.
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still alive without progression were censored at 
the last follow-up.

Statistical analysis

The SPSS 21.0 software program (SPSS Inc., 
Chicago, IL, USA) was used for all statistical 
analyses. Spearman rank test was used to 
measure correlations between OAT2 and OCT2 
levels. Fisher’s exact test was used to examine 
correlations between OAT2 and OCT2 levels 
and clinicopathological parameters. OTR accor- 
ding to OAT2 and OCT2 levels was also evalu-
ated using the Fisher’s exact test. The Kaplan-

shows the correlation of clinicopathological 
parameters or OAT2 and OCT2 levels with OTR. 
OAT2High was significantly correlated with a good 
OTR; 22 (73.3%) of 30 patients with OAT2High 
tumors but only 24 (46.2%) of 52 patients with 
OAT2Low tumors showed good OTR (P=0.02, 
Figure 1). However, no correlation was noted 
between OTR and primary tumor site, histologi-
cal classification, depth of invasion, lymph 
node metastasis, lymphatic invasion, venous 
invasion, or OCT2 level.

Next, a multivariate analysis to identify signifi-
cant predictive factors for OTR (Table 3) showed 

Table 4. Univariate analysis of predictive factors for 
PFS in patients with mCRC treated with FOLFOX-based 
chemotherapy
Variables Median PFS (95% CI)a P value
Primary tumor site
    Colon 11.00 (9.64-12.36) 0.43
    Rectum 9.90 (6.10-13.70)
Histological differentiation
    Well/moderate 10.60 (9.03-12.17) 1.00
    Poor/mucinous 14.10 (7.88-20.32)
Depth of invasion
    pT2/pT3 9.90 (7.88-11.92) 0.70
    pT4 11.40 (9.15-13.65)
Lymph node metastasis
    pN0/pN1 10.00 (7.45-12.55) 0.95
    pN2 11.20 (9.67-12.74)
Lymphatic invasion
    ly0/ly1 14.00 (9.25-18.75) 0.48
    ly2/ly3 10.50 (8.89-12.11)
Venous invasion
    v0/v1 10.60 (8.54-12.66) 0.80
    v2/v3 11.00 (8.42-13.58)
OTR
    Poor 8.90 (4.99-12.80) 0.34
    Good 11.00 (9.59-12.42)
OAT2 expression
    Low 9.50 (7.36-11.64) 0.15
    High 11.40 (9.78-13.02)
OCT2 expression
    Low 8.90 (6.65-11.15) 0.03b

    High 11.80 (10.44-13.16)
aIn months. bStatistically significant. PFS was evaluable in 87 of the 
90 patients. CI: confidence interval; FOLFOX: 5-fluorouracil/leucovo-
rin/oxaliplatin; mCRC: metastatic colorectal cancer; OAT2: organic 
anion transporter 2; OCT2: organic cation transporter 2; OTR: objec-
tive tumor response; PFS: progression-free survival.

Meier method was used to estimate PFS; 
differences between the survival curves 
were assessed with the log-rank test. 
Variables with a P-value < 0.35 in univari-
ate analyses were included in multivariate 
analyses, using logistic regression for OTR 
and Cox proportional hazards regression 
for PFS to assess predictive factors that 
may affect the treatment outcomes. P < 
0.05 was considered significant.

Results

Correlation between OAT2 and OCT2 lev-
els and clinicopathological characteristics

Notably, OCT2 expression was strong at 
the invasion front but weak or absent at 
the tumor center. OAT2High and OCT2High 
were seen in 32 tumors (36%) and 54 
tumors (60%), respectively, but their levels 
did not correlate (r=0.07, P=0.52).

We evaluated the correlation of OAT2 and 
OCT2 levels with various clinicopathologi-
cal parameters (Table 1). OCT2High was sig-
nificantly associated with depth of inva-
sion (more frequent in tumors with serosal 
invasion, P=0.03) but not with the other 
parameters. However, no significant asso-
ciations were noted between OAT2 level 
and any of the clinicopathological parame- 
ters.

Correlation between OAT2 and OCT2 
levels and OTR

Of the 90 patients, 82 were evaluable for 
OTR. Five (6%) patient achieved CR, 41 
patients (50%) achieved PR, 33 patients 
(40%) had SD, and 3 (4%) had PD. Table 2 
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that OAT2High was the sole independent predic-
tive factor for a good OTR (odds ratio [OR]: 3.37; 
95% confidence interval [CI]: 1.24-9.17; P= 
0.02).

Correlation between OAT2 and OCT2 levels 
and PFS

Of our 90 patients, 87 were evaluable for PFS; 
their median PFS was 8.80 months (95% CI, 
4.18-25.64). As shown in Table 4 and Figures 2 
and 3, OCT2High significantly correlated with lon-
ger PFS: median PFS was 11.80 months in 
patients with OCT2High tumors and 8.90 months 
in patients with OCT2Low tumors (hazard ratio 
[HR]: 0.57; 95% CI: 0.35-0.94; P=0.03). How- 
ever, PFS did not correlate with primary tumor 
site, histological classification, depth of inva-
sion, lymph node metastasis, lymphatic inva-
sion, venous invasion, OTR, or OAT2 level.

Multivariate analysis showed that OCT2High 
remained an independent predictor for longer 
PFS (HR: 0.57; 95% CI: 0.35-0.95; P=0.03; 
Table 5). 

Correlation between OAT2 and OCT2 levels 
and combined OTR and PFS outcomes

We classified 79 patients into two groups 
according to OAT2 and OCT2 levels in their 
tumors: patients with OAT2High/OCT2High tumors 

combined good OTR/long PFS (OR: 5.45; 95% 
CI: 1.65-18.03; P=0.006; Table 7).

Discussion

Although the FOLFOX regimen is widely used to 
treat mCRC [2], no validated biomarkers predic-
tive of its clinical effectiveness for individual 
patients have been identified. In this study, we 
investigated the predictive value of expression 
levels of OAT2 and OCT2 for OTR and PFS in 
patients with mCRCs treated with FOLFOX-
based chemotherapy. First, we found that 
OCT2High was associated with depth of invasion, 
as reported in our previous study [10]. Active 
migration and invasion by cancer cells are a 
prerequisite for development of metastases. 
Several in vitro studies have indicated that nor-
epinephrine, a neurotransmitter that is also 
transported by OCT2 [14, 15], can promote 
migration and invasion of colon and breast can-
cer cells [16, 17]. Further studies are needed to 
elucidate the role of OCT2-norepinephrine 
interactions in promoting CRC cell invasion.

Second, when we examined the effect of OAT2 
and OCT2 on OTR in these patients, we found a 
significantly higher proportion of good OTR in 
patients with OAT2High tumors compared with 
patients with OAT2Low tumors. In addition, 
OAT2High was the sole independent predictive 
factor for good OTR in multivariate analysis. Our 

Figure 2. Kaplan-Meier PFS curves of patients with mCRC according to 
OCT2 level. OCT2High (orange line) was significantly associated with a longer 
PFS compared with OCT2Low (blue line) (P=0.03).

(n=18) and patients whose 
tumors were either OAT2Low, 
OCT2Low or both (n=61). Fur- 
thermore, to evaluate OTR and 
PFS in combination, we cate-
gorized PFS as either longer 
(long PFS) or shorter than the 
median PFS (short PFS). 
OAT2High/OCT2High status was 
significantly associated with a 
good OTR/long PFS pattern, 
the best clinical outcome; 
61% of patients with OAT2High/
OCT2High tumors had good 
OTR/long PFS compared with 
21% of those whose tumors 
expressed either OAT2Low, 
OCT2Low or both (P=0.003; 
Table 6). 

In multivariate analysis, OAT- 
2High/OCT2High status remained 
an independent predictor for 
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recent work indicated that OAT2High was an 
independent predictor of pathological good 
response to neoadjuvant 5-FU-based chemo-
therapy [6]. Taken together, tumor responsive-
ness to 5-FU-containing regimens may be 
dependent on expression levels of OAT2. 
Conversely, unlike OAT2, no correlation between 
OCT2 level and OTR was noted.

Third, we found patients with OCT2High tumors 
had significantly longer PFS than did patients 
with OCT2Low tumors, and OCT2High was the sole 
independent predictive factor for longer PFS. 
Considering the invasion-specific expression 
pattern of OCT2 [10], improved PFS may result 
from the high levels of OCT2 within invading 
cancer cells that would allow for efficient 
uptake of oxaliplatin. Collectively, the results 
regarding the correlation with OTR and PFS sug-

gest that adding oxaliplatin to 5-FU/leucovorin, 
when mediated by OCT2, may reduce cancer 
burden and delay cancer progression rather 
than shrink tumors. However, randomized clini-
cal trials that assess the effect of adding oxali-
platin to 5-FU/leucovorin showed evidently 
higher rates of good OTR when oxaliplatin was 
added [18, 19]. This discrepancy may at least 
partly because only one oxaliplatin-uptake 
transporter (OCT2) analyzed. Because oxalipla-
tin is reportedly also uptaken by organic cation 
transporters 1 [8] and 3 [7, 20] and organic cat-
ion/carnitine transporters 1 and 2 [21], these 
transporters, if expressed in CRC tissues, might 
function concurrently with OCT2. Incidentally, 
to the best of our knowledge, 5-FU-uptake 
transporters other than OAT2 remain unknown.

Currently, no consensus exists on a valid sur-
rogate endpoint [22]. Although prolongation of 
PFS as a surrogate endpoint is clearly desirable 
from patient’s point of view, a standard defini-
tion of progression by RECIST should be also 
used [23]. Therefore, we finally used OTR and 
PFS as a combined endpoint and found that 
patients with the most favorable pattern 
OAT2High/OCT2High showed the best treatment 
outcomes (good OTR and long PFS) with signifi-
cantly higher frequency than patients with 
other patterns for OAT2 and OCT2 expression. 
In addition, OAT2High/OCT2High status remained 
an independent predictor in multivariate analy-
sis. These results indicate that patients with 
OAT2High/OCT2High tumors will tend to have the 
greatest benefit from first-line FOLFOX-based 
chemotherapy. However, 21% of the patients 

Table 5. Multivariate analysis of predictive 
factors for PFS in patients with mCRC treated 
with FOLFOX-based chemotherapy
Variables HR 95% CI P value
OTR
    Poor vs. Good 0.91 0.55-1.49 0.69
OAT2 expression
    Low vs. High 0.68 0.41-1.13 0.14
OCT2 expression
    Low vs. High 0.57 0.35-0.95 0.03a

aStatistically significant. CI: confidence interval; FOLFOX: 
5-fluorouracil/leucovorin/oxaliplatin; HR: hazard ratio; 
mCRC: metastatic colorectal cancer; OAT2: organic anion 
transporter 2; OCT2: organic cation transporter 2; OTR: 
objective tumor response; PFS: progression-free survival.

Figure 3. Representative patterns of OCT2 immunostaining according to PFS. A. A tumor from a patient with long 
PFS (24.0 months), showing OCT2High status. B. A tumor from a patient with short PFS (5.1 months), showing OCT2Low 
status. Scale bar: 50 μm.
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with non-OAT2High/OCT2High patterns also show- 
ed good OTR and long PFS.

[6]	 Nishino S, Itoh A, Matsuoka H, Maeda K, Ka-
moshida S. Immunohistochemical analysis of 

Table 6. Univariate analysis of predictive factors for 
combined OTR and PFS in patients with mCRC treated 
with FOLFOX-based chemotherapy

Variables N gOTR/
lPFS (%)

Non-gOTR/
lPFS (%)a P value

Primary tumor site
    Colon 55 20 (36) 35 (64) 0.11
    Rectum 24 4 (17) 20 (83)
Histological classification
    Well/moderate 75 22 (29) 53 (71) 0.58
    Poor/mucinous 4 2 (50) 2 (50)
Depth of invasion
    pT2/pT3 41 8 (20) 22 (80) 0.05
    pT4 38 16 (42) 33 (58)
Lymph node metastasis
    pN0/pN1 44 14 (32) 30 (68) 0.81
    pN2 35 10 (29) 25 (71)
Lymphatic invasion
    ly0/ly1 18 6 (33) 12 (67) 0.78
    ly2/ly3 61 18 (30) 43 (70)
Venous invasion
    v0/v1 21 6 (29) 15 (71) 1.00
    v2/v3 58 18 (31) 40 (69)
OAT2/OCT2
    High/high 18 11 (61) 7 (39) 0.003c

    Non-high/highb 61 13 (21) 48 (79)
aPatients with unfavorable outcomes of at least one of OTR and PFS. 
bTumors with low levels of at least one of OAT2 and OCT2. cStatisti-
cally significant. This analysis was evaluable in 79 of the 90 patients. 
FOLFOX: 5-fluorouracil/leucovorin/oxaliplatin; gOTR/lPFS: good OTR/
long PFS; mCRC: metastatic colorectal cancer; OAT2: organic anion 
transporter 2; OCT2: organic cation transporter 2; OTR: objective 
tumor response; PFS: progression-free survival.

Table 7. Multivariate analysis of predictive factors for 
combined good OTR and long PFS in mCRC patients 
treated with FOLFOX-based chemotherapy
Variables OR 95% CI P value
Primary tumor site
    Colon vs. Rectum 2.47 0.64-9.54 0.19
Depth of invasion
    pT2/pT3 vs. pT4 1.92 0.62-5.90 0.26
OAT2/OCT2
    High/high vs. Non-high/higha 5.45 1.65-18.03 0.006b

aTumors with low levels of at least one of OAT2 and OCT2. bStatisti-
cally significant. CI: confidence interval; FOLFOX: 5-fluorouracil/leucov-
orin/oxaliplatin; mCRC: metastatic colorectal cancer; OAT2: organic 
anion transporter 2; OCT2: organic cation transporter 2; OR: odds 
ratio; OTR: objective tumor response; PFS: progression-free survival.

In conclusion, OAT2High/OCT2High may be an 
independent predictor for the best clinical 
outcomes for patients with mCRC treated 
with first-line FOLFOX-based chemothera-
py, possibly because of the roles of OAT2 
and OCT2 in uptake of the corresponding 
drugs. However, this study was limited by 
its retrospective design, the small number 
of patients and the limited types of trans-
porters assessed. Thus, our results need 
to be validated in larger studies that include 
other SLC transporters, to elucidate further 
their predictive power, which can potential-
ly optimize and individualize treatment regi-
mens based on the substrate drugs.
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