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We recently showed that Thl and Th17 cells con-
tribute to chronic GVHD using a MHC-compatible,
minor histocompatibility antigen-incompatible mouse
model of chronic GVHD [21]. Thl and Th2 responses
were up-regulated early after HSCT, followed by up-
regulation of Thl7 cells [21]. Significantly greater
numbers of Thl7 cells infiltrated into the lung and
liver from allogeneic recipients than from syngeneic
recipients [21]. Infusion of IFN-y” or IL-17" donor
T cells attenuated chronic GVHD in the skin and sali-
vary glands [21], confirming that Thl and Thl7
contribute to the development of chronic GVHD. We
also identified a population of donor-derived IFN-y/
I1.-17 double-positive cells following only allogeneic
HSCT, not syngeneic HSCT, suggesting that this
population is generated by allogeneic stimulation, but
is not due to lymphopenia-induced proliferation [21].

Recently, the Thl7 cell spectrum has been shown
to range from “classical” to “alternative” Thl7 cells.
Classical Thl7 cells depend on TGF-8, are more
regulated, and less pathogenic. In contrast, “alterna-
tive” Th17 cells depend on IL-23, are less regulated,
and more pathogenic [80]. The accumulated evidence
suggests that T-bet and IFN-y expression by Thl7
cells is dependent on IL.-23, but is inhibited by
TGF-8 and is thus a characteristic of alternative
rather than classical Th17 cells [80-84]. Further
investigations will be needed to clarify the differ-
ence(s) in the functions of IL-17 single-positive and
IFN-y/1.-17 double-positive cells, taking into consid-
eration both classical and alternative Thl7 cells, in
chronic GVHD pathogenesis.

Retinoids for the Treatment of Chronic GVHD

Retinoic acid, the active metabolite of vitamin A,
exerts multiple effects on cell differentiation and sur-
vival by binding to retinoic acid receptors (RARs) and
retinoid X receptors (RXRs) [85]. All-trans-retinoic
acid (ATRA) has been reported to suppress the dif-
ferentiation of Th17 cells with reciprocal induction of
Tregs [86]. Am80, a novel RARa/B-specific syn-
thetic retinoid, has a biological activity approxi-
mately 10 times more potent than that of ATRA, and
directly inhibits Thl cytokine production [87]. Thus,
we hypothesized that retinoids would down-regulate
both Thl and Thl7 differentiation in donor T cells,
resulting in attenuation of chronic GVHD. Recipient
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mice were orally administered Am80 from day 0 of
HSCT. We found that Am80 significantly ameliorated
the clinical and pathological chronic GVHD score,
compared with controls [21]. Additionally, periph-
eral lymph nodes from Am80-treated recipients pro-
duced significantly less Thl and Thl7 cytokines,
confirming that Am80 regulated both Thl and Th17
responses, resulting in the attenuation of chronic
GVHD [21]. We also demonstrated that Am80 was

effective in the treatment setting; Am80 was orally
administered to mice from day 21 of HSCT, when

clinical signs of chronic GVHD had developed [21].

We are now planning a phase I/II clinical study of
Am80 for the treatment of refractory chronic GVHD.

Conclusions

We reviewed many mediators that contribute to or
regulate chronic GVHD. A better understanding of the
biology of chronic GVHD will lead to the development
of novel strategies for its prevention and treatment.
Successful clinical studies of treatments for chronic
GVHD would improve patient outcomes and result in
the establishment of new standards of care.
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Randomized, Open-Label, Phase III Study Comparing
Irinotecan With Paclitaxel in Patients With Advanced
Gastric Cancer Without Severe Peritoneal Metastasis After
Failure of Prior Combination Chemotherapy Using
Fluoropyrimidine Plus Platinum: WJOG 4007 Trial

Shuichi Hironaka, Shinya Ueda, Hirofumi Yasui, Tomohiro Nishina, Masahiro Tsuda, Takehiko Tsumura,
Naotoshi Sugimoto, Hideki Shimodaira, Shinya Tokunaga, Toshikazu Moriwaki, Taito Esaki,

Michitaka Nagase, Kazumasa Fujitani, Kensei Yamaguchi, Takashi Ura, Yasuo Hamamoto, Satoshi Morita,
Isamu Okamoto, Narikazu Boku, and Ichinosuke Hyodo

Purpose
This phase Il study compared treatment with weekly paclitaxel and biweekly irinotecan in patients

with advanced gastric cancer refractory to treatment with fluoropyrimidine plus platinum.

Patients and Methods

Patients were randomly assigned to receive either paclitaxel (80 mg/m? on days 1, 8, and 15, every
4 weeks) or irinotecan (1560 mg/m? on days 1 and 15, every 4 weeks). Primary end point was
overall survival (OS), and secondary end points were progression-free survival (PFS), response
rate, adverse events, and proportion of patients who received third-line chemotherapy.

Results

Of 223 patients, 219 were eligible for analysis. Median OS was 9.5 months in 108 patients
allocated to the paclitaxel group and 8.4 months in 111 patients allocated to the irinotecan group
(hazard ratio [HRI], 1.13; 95% CI, 0.86 to 1.49; P = .38). Median PFS was 3.6 months in the
paclitaxel group and 2.3 months in the irinotecan group (HR, 1.14; 95% CI, 0.88 to 1.49; P = .33).
Response rate was 20.9% in the paclitaxel group and 13.6% in the irinotecan group (P = .24).
Common grade 3 to 4 adverse events were neutropenia (paclitaxel group, 28.7%; irinotecan
group, 39.1%), anemia (21.3%; 30.0%), and anorexia (7.4%; 17.3%). Treatment-related deaths
occurred in two patients (1.8%) in the irinotecan group. Third-line chemotherapy was administered
in 97 patients (89.8%) after paclitaxel treatment and in 80 patients (72.1%) after irinotecan
treatment (P = .001).

Conclusion
No statistically significant difference was observed between paclitaxel and irinotecan for OS. Both

are reasonable second-line treatment options for advanced gastric cancer.

J Clin Oncol 31:4438-4444. © 2013 by American Society of Clinical Oncology

Since S-1 was approved for treatment of
advanced gastric cancer in Japan, several phase

The outcomes in patients with unresectable gastric
cancer are extremely poor; median survival times of
3 to 5 months have been reported with best support-
ive care (BSC) alone.'” In randomized studies con-
ducted in the 1990s, first-line chemotherapy for
advanced gastric cancer provided survival benefit
over BSC alone. After many clinical trials, at present,
fluoropyrimidine plus platinum with or without
epirubicin or docetaxel is regarded as standard first-
line chemotherapy in the treatment of gastric can-
cer worldwide.*”

4438 © 2013 by American Society of Clinical Oncology
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III studies have been conducted, such as the
JCOG 9912 (Japan Clinical Oncology Group
9912; fluorouracil v S-1 virinotecan plus cispla-
tin),'® SPIRITS (S-1 Plus Cisplatin Versus S-1
in a Randomized Controlled Trial in the Treat-
ment for Stomach Cancer; S-1 v S-1 plus cispla-
tin),” and GCO0301/TOP-002 trials (Gastric
Cancer 0301/Topotecin-002; S-1 v S-1 plus iri-
notecan).'' On the basis of these study results,
S-1 plus cisplatin is accepted as standard first-
line chemotherapy for advanced gastric cancer

281 Oncology. All rights reserved.



Paclitaxel or Irinotecan in Second-Line Gastric Cancer Treatment

in Japan. Despite. no robust evidence of survival benefit,
> 70% of participants received second-line chemotherapy in
these studies.”"!

Many phase II studies of second-line chemotherapy for advanced
gastric cancer have been conducted.'**® In evaluations of taxanes,
administration of both paclitaxel (210 mg/m?) and docetaxel (60
mg/m®) on a triweekly schedule resulted in high rates of grade 3 or 4
neutropenia (37% to 88%),'>* whereas lower rates of severe neutro-
penia (3% to 32%) were observed with weekly administration of
paclitaxel (80 mg/m?).'>'® Regarding efficacy parameters, response
rate (RR) and progression-free survival (PFS) were similar for
patients on the triweekly and weekly schedules of paclitaxel. Two
reports evaluated weekly paclitaxel as second-line chemotherapy,
in which median overall survival (OS) was 5 and 6.9 months,
respectively.'>'® In other studies, combination chemotherapy in-
cluding biweekly administration of irinotecan (150 mg/m?) as
second-line chemotherapy resulted in median OS of 8 to 10
months,'>?° although toxicity seemed to be more severe than that
seen with weekly paclitaxel. Thus, weekly paclitaxel has become the
preferable second-line chemotherapy in Japan.

At present, taxanes and irinotecan are two main options for treat-
ment of advanced gastric cancer refractory to fluoropyrimidine plus plat-
inum. However, to our knowledge, no randomized study has directly
compared the efficacy of these two treatments. The West Japan Oncology
Group (WJOG) conducted a phase III trial (WJOG 4007) comparing
paclitaxel with irinotecan in patients with advanced gastric cancer.

Patients
Eligible patients were age 20 to 75 years with histologically confirmed
metastatic or recurrent gastric adenocarcinoma. Other inclusion criteria were

Eastern Cooperative Oncology Group performance status (ECOG PS) of 0 to
2; disease progression confirmed by computed tomography (CT), endoscopy,
or other imaging technique during or within 1 month after last dose of
first-line chemotherapy with fluoropyrimidine plus platinum; no prior chem-
otherapy with taxanes or irinotecan; and no severe peritoneal metastasis.
Severe peritoneal metastasis was defined as ileus or subileus suggested on
barium enema examination and moderate to severe ascites exceeding the
pelvic cavity on spine CT scan caused by peritoneal metastasis. In case of
treatment with adjuvant or neoadjuvant chemotherapy consisting of fluoro-
pyrimidine plus platinum, patients with disease progression during treatment
or within 6 months after treatment completion were eligible. Adequate bone
marrow, hepatic, and renal functions were also required.

Study Design

WJOG 4007 was a prospective, multicenter, randomized, open-label,
parallel-group phase III clinical trial conducted at 37 centers in Japan. The
protocol was approved by the independent ethics committee or institutional
review board of each participating institution. This trial was conducted in
accordance with the Declaration of Helsinki. All patients provided written
informed consent before study entry. The trial was registered with the Univer-
sity Hospital Medical Information Network.

After checking eligibility, patients were randomly assigned at a 1:1 ratio
to receive either paclitaxel or irinotecan. Random assignment was carried out
centrally at the data center using minimization method with the following
adjustment factors: institution, ECOG PS (0 to 1 v 2), and measurable lesions
(presence v absence). Neither investigators nor patients were blinded to the
allocated treatment.

Treatment

Paclitaxel (80 mg/m?) was administered intravenously on days 1, 8, and
15, every 4 weeks. Patients were premedicated with histamine receptor-1 and
-2 blockers and dexamethasone for prophylaxis of allergic reactions 30 min-
utes before paclitaxel administration. Irinotecan (150 mg/m?) was adminis-
tered intravenously on days 1 and 15, every 4 weeks. Dose reduction and/or
cycle delays were permitted according to predefined toxicity criteria. Treat-
ment continued until disease progression, occurrence of unacceptable serious
toxicity, or patient refusal of further treatment. Subsequent chemotherapy was
not specified.

Fig 1. CONSORT diagram.
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Assessments

Vital signs, ECOG PS, and laboratory tests were assessed within 7 days
before study entry. Physical examinations and hematology and biochemistry
tests were conducted during drug administration throughout the treatment
course. Tumor assessments using CT scans of the chest, abdomen, and pelvis
were performed within 28 days before study entry and repeated every 2
months after random assignment until discontinuation of protocol treatment.
RECIST (version 1.0) was used to evaluate treatment responses.”’ Safety as-
sessments were repeated every 2 weeks until initiation of subsequent chemo-
therapy or 6 weeks after the last protocol treatment. Severity of adverse events
was graded according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (version 3.0). The WJOG Data and Safety Moni-
toring Committee reviewed serious adverse events for trial safety during the
protocol treatment. Investigators assessed response, progression, and toxicities
in their patients; independent central assessments of response and disease
progression were not performed.

Statistical Analysis :

The primary end point was OS, defined as time from random assign-
ment to death resulting from any cause. Secondary end points were PFS,
defined as time from random assignment to disease progression or death
resulting from any cause; RR; toxicity; and proportion of patients who
received subsequent chemotherapy.

Previous single-arm studies showed median OS of 5 and 6.9 months
in paclitaxel-'>!¢ and 8 and 10 months in irinotecan-containing regi-
men.'??° Irinotecan was contraindicated for patients with severe perito-
neal metastasis, because its biliary-excreted metabolites caused severe

Table 1. Baseline Patient Demographic and Clinical Characteristics

Weekly

Paclitaxel Irinotecan

{n = 108) n=111)
Characteristic No. % No. %

' Age, years
Median
Range

64.5

Prior gastrectomy
Yes 37
No 71

34.3 39 35.1
65.7 72

k Target lesion
Yes 91
No 17

88 79.3
23

iffus
Peritoneal metastasis
Yes 28 25.9 28 25.2
74.8

No 80 741 83

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status.

4480 © 2013 by American Society of Clinical Oncology

toxicities. In gastric cancer, peritoneal metastasis often developed along
with disease progression, and we therefore speculated that subsequent
irinotecan after paclitaxel would be more difficult to apply in patients
compared with the reverse treatment sequence. On the basis of these
previous results and our assumption, this study was designed to detect 50%
improvement in median OS from 5 months in the paclitaxel group to 7.5
months in the irinotecan group (hazard ratio [HR], 0.67). Assuming
accrual and follow-up periods of 36 and 12 months, respectively, and using
a two-sided log-rank test with 5% a and 20% p errors, 220 patients were
required for the study. No interim analyses were planned.

A full analysis set (FAS) included all randomly assigned patients who met
the eligibility criteria (patients found to be ineligible after random assignment
were excluded). The safety analysis set (SAS) included all randomly assigned
patients who received = one dose of study medication. OS and PFS were
analyzed in the FAS and estimated using the Kaplan-Meier method. RR was
assessed in patients with = one measurable lesion at baseline. Toxicity was
analyzed in the SAS.

The primary analysis was planned for 1 year after enrollment of the
last patient or approximately 205 events, whichever came first. An inde-
pendent statistician and data analysis center performed the primary anal-
ysis for OS with unstratified log-rank test in the FAS population. All
investigators remained blinded to the data until the analysis was com-
pleted. Cox proportional hazards models were used to calculate HRs and
Cls. Fisher’s exact test was used to assess differences in RR, incidence of
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Fig 2. Kaplan-Meier curves of {A) overall and (B) progression-free survival.
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adverse events, and proportion of patients who received third-line chem-
otherapy. Exploratory subgroup analyses of OS were performed using
stratification and prognostic variables.

Patients

Between August 2007 and August 2010, 223 patients were en-
rolled from 37 centers in Japan. Of these patients, 111 were allocated to
the paclitaxel group and 112 to the irinotecan group (Fig 1). Four
patients, who either had received prior fluoropyrimidine mono-
therapy (paclitaxel group, n = 2; irinotecan group, n = 1) or had
radiologically unconfirmed disease progression (paclitaxel group,
n = 1), were ineligible for the study. Thus, the FAS consisted of 108
patients in the paclitaxel group and 111 patients in the irinotecan
group. After random assignment, three patients in the paclitaxel group
and two in the irinotecan group did not receive the protocol treat-
ment. Thus, the SAS consisted of 108 patients in the paclitaxel group
and 110 patients in the irinotecan group. Baseline characteristics of
patients in the FAS were well balanced between the two treatment
groups (Table 1). ECOG PS scores of 0 or 1 were found in a majority of
patients. The most common first-line chemotherapy was S-1 plus
cisplatin (88.6%), followed by capecitabine plus cisplatin with or with-

out anti—epidermal growth factor receptor or anti—vascular endothe-
lial growth factor antibodies (9.6%) and S-1 plus oxaliplatin (1.8%).
One or more measurable lesions were present in approximately 80%
of patients, and mild or moderate peritoneal metastasis was detected
in approximately 25% of patients in both groups. Two or more met-
astatic sites were found in < 50% of patients.

Exposure to Chemotherapy

Median number of administrations was 11.5 (range, one to 46) in
the paclitaxel group and 4.5 (range, one to 39) in the irinotecan group.
Reasons for discontinuation of treatment included: disease progres-
sion (86.7%), adverse events (7.3%), withdrawal of consent (3.2%),
and other reasons (2.8%). The proportion of patients in whom treat-
ment was discontinued because of toxicity was 5.6% in the paclitaxel
group and 9.1% in the irinotecan group.

Third-line chemotherapy was administered to 97 patients
(89.8%) in the paclitaxel group and 80 patients (72.1%) in the irino-
tecan group (P = .001). In the paclitaxel group, third-line chemother-
apy containing irinotecan was used in 81 patients (75.0%), and in the
irinotecan group, a taxane-containing regimen was used in 67 patients
(60.4%). Including later lines, 87 patients (80.6%) in the paclitaxel
group received irinotecan, and 75 patients (67.6%) in the irinotecan
group received paclitaxel.

Patients Hazard Ratio 95% Cli
Al : 219 16— 1.13 0.86 to 1.49
Age, years
<65 109 o 1.36 0.92 to 2.01
265 110 —— 0.97 0.65 to 1.44
Sex
Male 171 —— 1.08 0.79 to 1.48
Female 48 —— 1.38 0.76 to 2.49
ECOG PS
0-1 211 —1o— 1.12 0.85 to 1.49
2 8 $ 7.27 0.79 to 66.6
Gastrectomy
Yes 60 —_—— 1.05 0.611t0 1.80
No 159 T 1.24 0.90to 1.71 Fig 3. Forest plot of subgroup analyses.
ECOG PS, Eastern Cooperative Oncology
Histology Group performance status.
Intestinal 108 —1— 1.15 0.77 to 1.71
Diffuse 110 —— 1.11 0.75to 1.63
Measurable lesions
Presence 183 ~+o— 1.19 0.88 to 1.61
Absence 36 ® 0.91 0.46 to 1.81
Peritoneal metastasis
Yes 56 -1 1.31 0.76 to 2.28
No 163 ® 1.07 0.77 to 1.48
No. of metastasis sites
0-1 121 —— 0.91 0.62 to 1.33
>2 98 —_—— 1.64 1.08to 2.49
i 1
0.1 1 10
Favors irinotecan Favors weekly paclitaxel
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Efficacy

In August 2011, after a median follow-up period of 17.6 months,
203 deaths (92.7%) were reported in the patient cohort. For the pri-
mary end point of OS, no statistically significant difference was ob-
served between paclitaxel and irinotecan groups (HR, 1.13; 95% CI,
0.86 to 1.49; two-sided P = ,38). Median OS was 9.5 months (95% CI,
8.4 t0 10.7) in the paclitaxel group and 8.4 months (95% CI, 7.6 t0 9.8)
in the irinotecan group (Fig 2A). Median PFS was 3.6 months (95%
CI, 3.3 to 3.8) in the paclitaxel group and 2.3 months (95% CI, 2.2 to
3.1) in the irinotecan group. This difference was not statistically sig-
nificant (HR, 1.14; 95% CI, 0.88 to 1.49; two-sided P = .33; Fig 2B).
RR was 20.9% (19 of 91 patients) in the paclitaxel group and 13.6% (12
of 88) in the irinotecan group (Fisher’s exact P = .24).

Results of the subgroup analysis of OS are shown in Figure 3.
Although treatment with weekly paclitaxel conferred a slight survival
advantage in almost all subgroups, no significant interactions were
observed in any subgroup. In an exploratory analysis, OS was analyzed
in patients who received irinotecan and paclitaxel during second- and
later-line chemotherapies. Median OS was 10.1 months in each group,
and the survival curves of these two subgroups almost overlapped
(HR, 0.96; 95% CI, 0.69 to 1.32; two-sided P = .96).

Safety

Table 2 lists adverse events and the proportion of patients expe-
riencing adverse events during treatment in the SAS. The most com-
mon grade 3 or 4 adverse events were leukopenia (20.4%),
neutropenia (28.7%), and anemia (21.3%) in the paclitaxel group.
Leukopenia (19.1%), neutropenia (39.1%), anemia (30.0%), anorexia
(17.3%), and hyponatremia (15.5%) were common in the irinotecan
group. Grade 3 or 4 sensory neuropathy was observed in the paclitaxel
group (7.4%) only. Grade 3 or 4 febrile neutropenia was more preva-
lent in the irinotecan group (9.1%) than in the paclitaxel group
(2.8%). Three (2.7%) and four deaths (3.6%) resulting from any cause
occurred within 30 days after the last administration in the paclitaxel

Table 2. Adverse Events

Weekly Paclitaxel Irinotecan
{n = 108) n =110
Grade 3 Grade 3
All Grade to 4 All Grade to 4
Adverse Event % No. %
“Leukocytopenia: - L6947 21 19
70.0 43 39.1
. 4::764 33300
Thrombocytopenia 136 2 1.8
| Febrile neutropenia. 0091 100 9
565 65 45

Nausea

. Vom 40036400009
Anorexia
" Diarrhea: "

4442  © 2013 by American Society of Clinical Oncology

and irinotecan groups, respectively. Treatment-related death con-
firmed by the independent data safety monitoring committee was
observed in two patients (1.8%) in the irinotecan group. Causes of
death included serious pneumonia in one patient and gastric perfora-
tion in the other.

To our knowledge, this was the first randomized phase III trial com-
paring paclitaxel and irinotecan in second-line chemotherapy for ad-
vanced gastric cancer. No statistically significant differences were
observed between paclitaxel and irinotecan for the primary end point
of OS or for other parameters evaluated in this study, including PFS
and RR. Activity, feasibility, and tolerability of paclitaxel and irinote-
can were comparable for second-line treatment of advanced gas-
tric cancer.

When we planned this study, OS in patients who received
second-line chemotherapy seemed to be longer than OS in patients
who received BSC alone in previous trials.'?"*'*%° Because > 70% of
patients were receiving second-line chemotherapy as part of routine
clinical practice at that time, conducting a trial of second-line chemo-
therapy compared with BSC alone was difficult in Japan. Since then,
the survival benefit of second-line chemotherapy over BSC has been
demonstrated in two randomized trials**?*: the AIO (Arbeitsgemein-
schaft Internistische Onkologie) trial using irinotecan and Korean trial
using irinotecan or docetaxel during the same time period as this
WJOG 4007 study. On the basis of these results, second-line chemo-
therapy using irinotecan or docetaxel has been recognized as the
standard of care for patients with gastric cancer. However, further
comparison between irinotecan and taxane regimens would be valu-
able for strategic planning of treatment in patients with advanced
gastric cancer.

In the Korean trial, choice of chemotherapy regimen— docetaxel
or irinotecan—depended on investigator discretion. A subgroup
analysis showed no significant difference in survival between regimens
(median OS: docetaxel, 5.2 months v irinotecan, 6.6 months; P =
.116).% In addition, Ji et al** conducted a retrospective analysis of 725
patients with gastric cancer treated with second-line chemotherapy;
they found no relevant difference in OS between taxane and irinotecan
treatment. In our exploratory subgroup analysis, no interaction was
observed among several clinical factors; results favored neither pacli-
taxel nor irinotecan. Thus, either taxane or irinotecan can be recom-
mended as a treatment option for second-line chemotherapy in
patients with advanced gastric cancer.

Longer OS was achieved in this study than in previous phase III
studies.?>** Many patients in good condition with small tumor bur-
dens were enrolled onto our study. ECOG PS of 0 or 1 was recorded in
almost all patients, and only one metastatic site was detected in > half
of all patients. Additionally, excluding patients with severe peritoneal
metastasis resulted in a lower proportion of patients (25.6%) with
peritoneal metastasis, compared with those in the AIO (43%) and
Korean (45%) trials.”»?* These are well known as prognostic factors in
advanced gastric cancer, and these patient-selection biases might have
led to longer survival in our study.

In gastric cancer, peritoneal metastasis often develops along with
disease progression, and irinotecan would be toxic for patients with
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severe peritoneal metastasis. Indeed, the proportion of patients receiv-
ing subsequent irinotecan after second-line paclitaxel was only 24% in
the previous report.’® In this study, excluding patients with severe
peritoneal metastasis seemed to result in a high proportion of patients
(> 70%) receiving third-line chemotherapy, whereas 30% to 40% of
patients did so in previous studies.”>** Although evidence is limited
with regard to the efficacy of third-line chemotherapy in advanced
gastric cancer, this therapy may have contributed to prolonged OS,
and the unexpected higher proportion of those receiving third-line
chemotherapy might have diluted a difference in OS between the
paclitaxe] and irinotecan groups.

Overall toxicity in both treatment arms was acceptable for
second-line chemotherapy. In the paclitaxel group, common grade 3
or 4 toxicities (= 10%) included leukocytopenia, neutropenia, and
anemia. Grade 3 sensory neuropathy, which was specific to paclitaxel,
occurred at an incidence < 10% in this study. These toxicity profiles
and severity levels are consistent with those in previous reports.'>'® In
the irinotecan group, leukocytopenia, neutropenia, anemia, anorexia,
and hyponatremia were commonly observed. Frequency and severity
of these toxicities were also consistent with those in previous re-
ports.”>? Severe diarrhea, which is a well-known adverse reaction to
irinotecan, generally occurs less frequently in Asian patients than in
Western patients. In fact, grade 3 or 4 diarrhea was observed in 4.5% of
patients in this trial, 8% of those in the Korean trial,” and 26% of those
in the AIO trial>* Although ethnic diversity in metabolism of irinote-
can has been suggested, the dosage of irinotecan is commonly higher
in Western countries than in Asian countries. This may explain the
different incidence of severe diarrhea between this and other studies.

Our study has several limitations. Participants were all Japa-
nese; tumor biology may differ from that in Western patients.”® In
addition, a majority of patients received S-1 plus cisplatin as first-
line chemotherapy, whereas S-1 is not popular in Western coun-
tries. However, a large, global phase III study (FLAGS [First-Line
Therapy in Patients With Advanced Gastric Cancer Study] trial)
demonstrated S-1 plus cisplatin to be similar in efficacy to fluorou-
racil plus cisplatin.” This difference in regimens used as first-line
chemotherapy may have had little influence on interpretation of
results of our study. Because patients with severe peritoneal metas-
tasis were excluded from our study to avoid confounding effects of
serious adverse events resulting from irinotecan, our results are not
applicable to patients with severe peritoneal metastasis. Another
trial is needed to determine the most appropriate treatment in such
patients. As for statistical consideration, our hypothesis was 50%
improvement in median OS in the irinotecan group over weekly
paclitaxel group, and this resulted in a relatively small sample size.
" Therefore, if a small but true benefit existed in either group, this
study may have been underpowered to detect it.

In conclusion, no difference in OS between paclitaxel and
irinotecan groups was observed in this study. Both are considered
reasonable second-line treatment options. The differences in tox-
icity profile and treatment schedule between both treatments will
help in choosing either irinotecan or paclitaxel. Currently, several
randomized trials investigating additional benefits of molecular
targeting agents in second-line chemotherapy are planned or being
conducted using weekly paclitaxel or irinotecan as a platform or
reference regimen. The findings of our study are relevant to these
future trials.
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Abstract ATP-binding cassette (ABC) transporters are
membrane proteins that efflux various compounds from
cells, including chemotherapeutic agents, and are known to
affect multidrug resistance. Recent reports disagree on
whether ABCC11 is a risk factor for breast tumorigenesis,
but its expression in breast cancer is poorly investigated.
We hypothesized that both frequency and expression levels
of ABC transporters in breast tumors would vary by cancer
subtype, and be associated with prognosis. Here, we con-
structed a tissue microarray breast tumor samples from 281
patients, and analyzed expressions of ABCB1, ABCCI,
ABCC11, and ABCG2 immunohistochemically. Breast
cancer subtypes were determined by immunohistochemistry
of estrogen receptor, progesterone receptor, and human
epidermal growth factor receptor 2 (HER2). Protein
expression was correlated to clinicopathological charac-
teristics, clinical follow-up, and pathological complete
response to neoadjuvant chemotherapy. The tissue micro-
array comprised 191 luminal A (68.0 %), 17 luminal B
(6.0 %), 27 HER2 (9.6 %), and 46 triple-negative (16.4 %)
samples. ABCC1 and ABCC11 expressions were associated
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with significantly shorter disease-free survival (P = 0.027
and P = 0.003, respectively). ABCC1l, ABCC11, and
ABCG2, but not ABCBI1, were expressed significantly
more, and more frequently, in aggressive subtypes. Patients
with HER2+4 and triple-negative tumor subtypes that
expressed high levels of ABCC11 had significantly worse
disease-free survival (P = 0.017 and P < 0.001, respec-
tively). We have shown, for the first time, that ABCCI1,
ABCCI11, and ABCG?2 are highly expressed in aggressive
breast cancer subtypes, and that tumor ABCC11 expression
is associated with poor prognosis.

Keywords
transporters

Breast cancer - ATP-binding cassette
- ABCC11 - Tissue microarray - Subtype

Introduction

Breast cancer is a heterogeneous disease [1]. DNA micro-
array profiling studies on breast cancer have identified
distinct subtypes: luminal A, luminal B, human epidermal
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growth factor receptor 2 (HER2)-enriched, and triple-neg-
ative (which is sometimes further subdivided into the core-
basal and five-negative subtypes) [2]. These subtypes are
reportedly associated with differences in resistance to che-
motherapy [3-5] and subsequent outcomes [6, 7]. Several
mechanisms affect how cancer cells become resistant to
cytotoxic drugs, which include efflux of the drug compound
from cancer cells, and others such as mutation, overex-
pression of the drug’s targets, and drug inactivation [8].
The ATP-binding cassette (ABC) transporters are
transmembrane proteins that use ATP to transport various
molecules across extra- and intra-cellular membranes. This
function is thought to have evolved as a xenobiotic pro-
tective mechanism [9]. Of the 49 human ABC transporters
so far identified (which have been classified into seven
subfamilies), ABCA2, ABCB1, ABCC1-6, ABCC11, and
ABCG2 have been associated with chemoresistance in
breast cancer [8]. Unfortunately, all clinical trials that have
targeted ABC transporters failed to improve outcomes [10].
One explanation for this is that they all targeted ABCBI1
[also known as MDRI, permeability glycoprotein 1 (P-
glycoprotein or Pgp), and cluster of differentiation 243
(CD243)]. This led us to hypothesize that other ABC
transporters may be more important for drug resistance.
ABCC11 is a member of the ABCC1 (also known as
MDR-associated protein) sub-family. A single nucleotide
polymorphism (SNP) in the ABCC!1 gene was shown to be
responsible for “wet earwax” in humans [11]. Reports as to
whether ABCCI1 is a risk factor for breast tumorigenesis
conflict; although this gene was originally shown to be a
risk factor for development of breast cancer among Japa-
nese women [12], it is reportedly not the case in Caucasian
women [13, 14]. There has been no investigation of
ABCCI11 protein expression levels in breast tumors or their
association with cancer subtype and prognosis. We
hypothesized that both frequency and expression levels of
ABC transporters (ABCB1, ABCC1, ABCCI11, and
ABCG?2) in breast tumors would differ by cancer subtype
and be associated with prognosis. Here, utilizing a tissue
microarray newly constructed from 281 breast cancer
samples, we analyzed the expression of these transporters
in light of breast cancer subtype and prognosis, as well as
investigating the effects of neoadjuvant chemotherapy.

Methods

Tissue sources and clinical characteristics

Tissues for this study were obtained from 281 patients
treated in Yokohama City Medical Center, Japan, between

2006 and 2008, involving all stages of breast cancer. This
study was approved by the Institutional Review Board of

@ Springer

Yokohama City University, Kanagawa, Japan, and the
patients gave their informed consent before their inclusion
in the study. Core biopsy samples taken prior to treatment
were obtained from 50 patients who received neoadjuvant
chemotherapy (35 patients received anthracycline followed
by taxane; 14 received anthracycline alone; and one
received taxane alone). One hundred and eight patients
received adjuvant chemotherapy after surgery (45 received
anthracycline followed by taxane; 38 received anthracy-
cline alone; 15 received taxane alone; and 10 received
other regimens) and 208 patients received adjuvant hor-
monal therapy (tamoxifen and luteinizing hormone-
releasing hormone-agonist for 61 premenopausal patients;
tamoxifen or aromatase inhibitor for 147 postmenopausal
patients). None of the tissues described here was obtained
after any treatment. All the patients were followed up at
least every 3 months after surgery. The mean observation
period was 49 months (range: 28-60 months). The clinical
characteristics are presented in Table 1.

Table 1 Patients’ characteristics

N Jo

Age

<65 197 70.1

65< 80 28.5

4 1.4

Menstruation states

Pre menopause 87 31.0

Post menopause 154 54.8

NA 40 142
Estrogen receptor

Positive 210 74.8

Negative 71 252

NA 0 0.0
Progesterone receptor

Positive 162 42.7

Negative 119 573

NA 0 0.0
HER?2 overexpression

Present 44 15.7

Absent 237 84.3

NA . 0 0.0
Basal markers

Basal 34 12.1

Non basal 235 83.4

NA 12 4.5
Subtype

Luminal A 191 68.0

Luminal B 17 6.0

HER2 27 9.6
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Table 1 continued

N %
Triple negative 46 164
Core basal 26 9.3
Five-negative ‘ 20 7.1
Tumor stage
T1 123 43.8
T2 122 434
T3 11 3.9
T4 19 6.8
NA 6 2.1
Node
NO 150 53.4
NI 83 29.5
N2 23 8.2
N3 11 39
NA 14 5.0
Metastases
MO 259 92.2
Ml 6 2.1
NA 16 5.7
TNM stage
1 106 37.8
2 122 434
3 ' 31 11.0
4 6 2.1
NA 16 57
Observation time (days) 1458 + 509°

* Expressed as mean =+ standard deviation

Tissue microarray

The tissue microarray was constructed by taking 3.0-mm
cores from representative areas of surgical specimens from
patients using a KIN-2 tissue arrayer (Azumaya, Tokyo,
Japan), and re-embedding these cores into a gridded par-
affin block. Tissue cores were excluded from the tissue
microarray if they fail to adhere to the glass slide, did not
include invasive carcinoma, or were a non-interpretable
specimen.

Immunohistochemistry

Formalin-fixed paraffin-embedded tissue blocks were sliced
into 5-pm sections. The sections were baked at 60 °C, depa-
raffinized in xylene, and gradually rehydrated in ethanol.
Sections were boiled in antigen retrieval solution (Funakoshi,
Japan) for 30 min. Activity of endogenous peroxidase was
blocked by 20 min of quenching in 0.3 % H,0, and methanol;
the sections were then incubated in 5 % rabbit serum for

ABCBI1 and ABCCI1, or goat serum for ABCC11 and
ABCG2. Immunohistochemical reactions were performed
overnight at4 °C using monoclonal mouse antibodies against
ABCBI1 (C219; 1:100; Abcam, UK), monoclonal rat anti-
bodies against ABCC1 (MRPr1; 1:40; Monosan, The Neth-
erlands), polyclonal rabbit antibodies against ABCCI11
(1:500) [15], or monoclonal mouse antibodies against ABCG2
(BXP-21; 1:100; Abcam). For the triple-negative subtype,
cytokeratin 5/6 (D5/16 B4; Dako, Denmark) and epidermal
growth factor receptor (EGFR; Roche Diagnostics K.K,
Japan,) were used for subdivision into the core-basal or non-
basal (five-negative) subtypes. After washing, the slides were
incubated with biotinylated antibodies (15 min, room tem-
perature) and streptavidin-biotinylated peroxidase complex
(5 min, room temperature). 3,3'-diaminobenzidine (Dako
Japan, Tokyo, Japan) was used as the chromogen. All sections
were counterstained with Meyer’s hematoxylin.

Evaluation of staining

Staining results were assessed by two pathologists inde-
pendently, using a 4-point scoring system as shown in
Fig. 1: 0 = invasive tumor cells present in the tissue core
with no staining; 1 = invasive tumor cells present with
weak staining intensity; 2 = invasive tumor cells present
with strong staining intensity and <30 % of tumor cells
stained or intermediate staining intensity in >30 % of
tumor cells; and 3 = invasive tumor cells present with
strong staining in >30 % of tumor cells. To evaluate
positivity, both membranous and/or cytoplasmic staining
scoring 2 or above was considered positive (high expres-
sion)., CK5/6 and EGFR were considered positive when
cytoplasmic and/or membranous staining of invasive car-
cinoma cells was observed, regardless of intensity.

Genotyping

Genotyping of ABCC11 by the SmartAmp method was
performed as previously reported [12].

Statistical analysis

Statistical analysis used SPSS 19.0 for Windows software
(SPSS Inc., Chicago, IL). Correlations among the clinico-
pathologic parameters and each transporter were evaluated
by the Pearson xz test, the Fisher exact test, and the Mann—
Whitney test. Tukey-type multiple comparison analyses
with the %2 test and Mantel test were carried out to compare
expression of each transporter among the subtypes. Patient
outcomes were assessed by disease-free survival. Survival
distributions were estimated by the Kaplan—Meier method;
differences were compared using the log-rank test. The
multivariate Cox proportional hazard regression method

@_ Springer
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0: Negative t } 1: Weak

E E 2: Moderate |

3: Strong

Fig. 1 4-Point scoring system for ABCB1, ABCCI1, ABCC11, and
ABCG2 protein expression. Our tissue microarray contained 281
breast tumor tissues, and was stained with antibodies against ABCB1
(1:100), ABCCI1 (1:40), ABCC11 (1:500), and ABCG2 (1:100). Stain

was used to determine the independent prognostic value.
P < 0.05 was considered statistically significant.

Results

Characteristics of samples used for the tissue
microarray

Subtypes of the 281 samples on the tissue microarray were
determined using immunohistochemistry for the estrogen
receptor (ER), progesterone receptor (PgR), and HER2, as
previously reported [5, 16]. Patients’ and tumor characteristics
used for the tissue microarray are summarized in Table 1, The
numbers of cases of the respective subtypes were: luminal A
(ER+ and HER2-): 191 (68.0 %); luminal B (ER+ and
HER24-): 17 (6.0 %); HER2 (ER~ and HER2+-): 27 (9.6 %);

@ Springer

intensity was graded as negative (0), weak (1), moderate (2), or strong
(3). Representative images are shown under high magnification. Scale
bar: 50 ym

and triple-negative (ER— and HER2-): 46 (16.4 %). Triple-
negative tumors were further sub-divided into two groups,
core-basal (CK5/6+ and/or EGFR+) and five-negative (CK5/
6— and EGFR—). The core-basal subtype constituted 56.5 %
(26/46) of triple-negative tumors.

Associations between ABC transporter expression and
clinical features of the tumors are shown in Table 2. ABCB1
was detected in 32.4 % (91/277) of the tumors, ABCC1
in 39.1 % (110/279), ABCCI11 in 40.2 % (113/259), and
ABCG?2 in 24.2 % (68/278). There was no association
between ABCB1 expression and any clinical features.
ABCG2 was more frequently highly expressed in young
premenopausal patients. High expressions of ABCC1 and
ABCG2 were significantly more frequent in ER— tumors than
in ER + ones (P = 0.001 and P = 0.006, respectively).
There was no association between HER?2 expression and ABC
transporter expression.
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Table 2 The expression of ABC transporters and clinical features

ABCBI1 p Value ABCCl p Value ABCCl1 p Value ABCG2 p Value
Negative  Positive  NA Negative Positive NA Negative Positive NA Negative Positive NA

N (%) 186 91 4 169 110 2 146 113 22 (7.8 %) 210 68 3
(66.2 %) (324 %) (1.4 %) (60.2 %) (39.1 %) 0.7 %) (52.0 %) (40.2 %) (74.7 %) (242 %) (1.1 %)

Age

<65 125 68 4 0.14 119 76 2 0.54 97 83 17 (87 %) 0.13 138 56 3 <0.01
(63.5 %) (345 %) (2 %) (60.4 %) (38.6 %) (1 %) (49.2 %) (42.1 %) (70.0 %) (28.4 %) (1.6 %)

655 58 22 . 0 49 3] 0 47 28 5 (6.2 %) 69 11 0
(725 %) (215 %) (61.2 %) (38.8 %) (58.8 %) (35.0 %) (86.3 %) (13.7 %)

Menstruation status

Pre menopause 55 29 3 0.40 51 36 0 0.32 41 37 9(103%) 035 54 31 2 <0.01
(63.2 %) (333 %) (3.5 %) (58.6 %) (41.4 %) (47.2 %) 42.5 %) (62.1 %) (35.6 %) (2.3 %)

Post 104 49 1 (0.7 %) 95 57 81 63 10 (6.5 %) 81 63 10

menopause 675 %) (31.8 %) (61.7 %) (37.0 %) (52.6 %) (40.9 %) (52.6 %) (40.9 %) 6.5 %)

Estrogen receptor

Negative 50 21 0 0.61 30 39 2 <0.01 37 27 7(099%) 065 43 27 1 <0.01
(70.4 %) (29.6 %) (423 %) (54.9 %) (2.8 %) (521 % (38.0 %) (60.6 %) (38.0 %) (1.4 %)

positive 135 70 4 139 70 0 108 86 15 (7.2 %) 166 41 2
(645 %) (335 %) (2.0 %) (66.5 %) (33.5 %) (51.7 %) 41.1 %) (79.4 %) (19.6 %) (1.0 %)

Progesterone receptor

Negative 78 38 3 0.78 63 54 2 0.06 57 49 13 (109 %) 0.55 81 35 . 3 0.15
(655 %) (318 %) (2.7 %) (52.9 %) (45.4 %) (1.7 %) (47.9 %) (41.2 %) (68.0 %) (29.4 %) (2.6 %)

Positive 107 53 1 106 55 0 88 64 9 (53 %) 128 33 Y
(66.5 %) (329 %) (0.6 %) 658 %) (342 %) (54.7 %) (40.0 %) (79.5 %) (20.5 %)

HER?2 expression

Absent 155 77 3 1.00 146 88 1 0.18 123 97 15 (6.4 %) 1.00 179 55 1 0.33
(66.0 %) (328 %) (1.2 %) (62.1 %) (37.4 %) 0.5 %) (524 %) (41.2 %) (76.1 %)  (23.4 %) (0.5 %)

Present 179 55 1 22 21 1 21 16 7 (159 %) 29 13 2
(76.1 %) (23.4 %) (0.5 %) (50.0 %) (47.7 %) 2.3 %) (47.7 %) (36.4 %) (65.9 %) (29.5 %) (4.6 %)
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Fig. 2 Kaplan-Meier disease-
free survival curves according
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to expression of ABCB1 (a),
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ABCG?2 (d). The thick bold line
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Expression of ABCC1 and ABCC11 is associated
with poor patient survival

We compared expression of each transporter and patient dis-
ease-free survival (Fig. 2). In the entire study group, patients
with ABCC1+ or ABCC11+4 tumors had significantly shorter
disease-free survival compared to patients with corresponding
ABCCI1— or ABCC11— tumors (P = 0.027 or P = 0.003,
respectively).

ABC transporters are more frequently highly expressed
in aggressive subtypes of breast cancer

Because breast cancer subtypes are associated with differ-
ent clinical behaviors [2], we further analyzed clinical
outcomes according to cancer subtype and ABC transporter
expression. Expression of each transporter according to
breast cancer subtype is shown in Fig. 3. The percentage of
patients whose tumors expressed ABCB1 did not differ
among the subtypes. ABCC1 and ABCG2 were more fre-
quently highly expressed in triple-negative subtype,

@ Springer

a HR hazard ratio, ® Cl confidence interval

especially in the core-basal subtype, compared with the
luminal A subtype, whereas highly expressed ABCC11 was
more common in HER2-enriched, core-basal, and luminal
A subtypes. Although core-basal tumors tended to express
ABC transporters more often than five-negative tumors did,
only ABCC11 showed significantly more frequent high
expression in the core-basal subtype. Semi-quantification of
ABC transporters expression is shown in Fig. 3b. ABCCI,
ABCCI11, and ABCG2 were more highly expressed in
HER2-enriched and/or the core-basal subtypes, which is
consistent with frequency data shown in Fig. 3a.

Patients whose tumors expressed high levels
of ABCC11 tended towards decreased pathological
complete responses to neoadjuvant chemotherapy

We next investigated whether there was any association
between the “wet earwax” genotypes and ABCCI1
expression. Figure 4a and b show the relationship between
ABCC11 genotypes and ABCC11 expression in breast
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a Percentage of patients who showed high expression of each
transporter. b Semi-quantification of expression level of each
transporter, using a 4-point scoring system
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Fig. 4 Semi-quantification of ABCCI11 expression levels in normal
breast tissue (a) and cancer tissue (b) in patients carrying 538G/G,
538G/A (white open column, GG/GA, wet earwax phenotype), and
538A/A alleles (black filled column AA, dry earwax phenotype). ¢,

cancer tissues. ABCC11 expression did not differ among
the wet earwax genotype (538G/G + 538G/A) and the dry
earwax genotypes (538A/A), in either normal breast tissues
or breast cancer tissues. :

As ABCCI11 is known to efflux fluoropyrimidines (5-
FU) in vitro [17], assessment of responses of ABCC11+
tumors to S5-FU-based regimens could be particularly
valuable. Analysis of the association between ABC trans-
porter expression and pathological complete response to
neoadjuvant chemotherapy showed no statistically signifi-
cant differences, regardless of regimen, but patients whose
cancers expressed high levels of ABCCI11 tended to have

d Pathological complete response ratios to neoadjuvant chemotherapy
of all regimens (c) and regimens including 5-FU (d). Bars indicate
ABCB1 (white columns), ABCC1 (hatched columns), ABCCI11
(black columns), and ABCG2 (dotted columns)

decreased pathological complete responses to neoadjuvant
chemotherapy (Fig. 4c, d).

ABCC11+ tumors show worse prognoses
among aggressive breast cancer subtypes

Because patients with ABCC1+ or ABCC11+ tumors tend
to have poor prognoses, we investigated prognosis according
to subtype. Patients with ABCC1+ tumors ended to have
worse prognoses for luminal A tumors, but not significantly
so (P = 0.096). Interestingly, patients with ABCCI11+
tumors had significantly worse prognoses than did patients
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Fig. 5 Kaplan—Meier disease-free survival curve according to the subtype of breast cancer: luminal A (a), luminal B(B), HER2-enriched (¢),
triple-negative (d), core-basal (e), and five-negative (f). The thick bold line indicates ABCC11+, and the light gray line indicates ABCC11—

with ABCC11— tumors, except for the luminal A subtype,
which is known to have a better prognosis than the other
subtypes (Fig. 5a—f).

Discussion

Different subtypes of breast cancer have different biolog-
ical behaviors, including responses to systemic and local
therapies [3—5] and subsequent clinical outcomes [6, 7].
The two hormone receptor-negative subtypes, triple-nega-
tive and HER2-enriched, have poor outcomes compared
with the luminal subtypes. Among the triple-negative
subtypes, the core-basal subtype, which responds poorly to
cytotoxic chemotherapy, has the worst prognosis. Thus,
there is a particular need to elucidate drug resistance
mechanisms for this subtype.

Expression of ABC transporters is reportedly related to
chemoresistance [9]. Some ABC trarisportcrs, namely
ABCB1, ABCC1, and ABCG2, have been identified as MDR
proteins in breast cancer, which contribute to drug resistance
via ATP-dependent drug efflux pumps [8]. Because ABCB1
effluxes drugs important for breast cancer—anthracyclines
(doxorubicin, epirubicin, and daunomycin) and taxanes
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(paclitaxel, docetaxel)—ABC transporter inhibitors were the
subjects of several widely anticipated clinical trials. Unfor-
tunately, these agents proved disappointing [8, 18]. The vast
majority of clinical trials targeting ABC transporters focused
on ABCB1 (the most investigated ABC transporter) but data
that associates patients’ clinicopathological factors with
ABCBI1 expression tends to conflict [10]. This led us to
investigate expression of multiple ABC transporters that are
associated with MDR, in the context of different breast
cancer subtypes. We felt that this information would be
particularly relevant for the triple-negative subtype.

Patient characteristics and our tissue microarray staining
data generally agree with previous reports [10, 19, 20]. The
proportion of breast cancer subtypes may differ among
different races or geographic populations; e.g., prevalence
of the luminal A subtype may be higher, and the triple-
negative subtype may be lower, in Asian women than in
Western women [19]. The demographics of our tissue
microarray are consistent with the prevalence among Jap-
anese women. Leonessa et al. [10] reported that the
detection rate of ABCB1 and ABCCI in untreated tumors
by immunohistochemistry was 40 % (range: 0-100 %) and
49 % (range: 20-100 %), respectively, with no clear
association between ABCB1 and hormone receptors. In
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agreement, our results also showed no association between
ABCBI1 expression and clinical features.

Among ABC transporters, ABCC11 is at relatively early
stages of investigation. ABCCI11 is lipophilic anion pump
that can confer resistance to chemotherapeutic agents such
as methotrexate and 5-FU [17]. We previously reported
that a SNP in ABCCI1] is associated with the risk of
developing breast cancer among Japanese women [12],
although the association of ABCCI1 with breast cancer risk
is unclear in Caucasian and European women [13, 14].
These reports mentioned host factors that might differ
among races and thus modify the impact of this gene on
breast cancer risk. ABCCI1 mRNA is reportedly over-
expressed in breast tumors and breast cancer cell lines {9,
21, 22], but few studies discuss expression of the ABCC11
protein in human tumors [23]. Although the breast cancer
risk conferred by the SNP in ABCCI1 is not within the
scope of this study, we did not see significant differences in
breast cancer prognosis by SNP genotype in our samples.

Core-basal and HER2-enriched subtypes are associated
with poor clinical outcome [5]. In our series, high
expressions of ABCC1 and ABCG2 were more common in
aggressive subtypes such as core-basal. Strikingly, high
expression of ABCC11 was more frequent and intense in
both the HER2-enriched and core-basal subtypes, which
implies that ABCC11 may promote the aggressive behav-
ior of these subtypes. Indeed, ABCC11 has been shown to
export not only drugs but also other factors that affect
cancer biology. In agreement, our results show that patients
with high tumor expression of ABCCI11 have worse out-
comes, particularly among the HER2-enriched and core-
basal subtypes. This is the first study to show such an
association.

Reportedly, ABCC11 expression is related to sensitivity
and resistance to chemotherapy [17, 24-26]. In our data,
only ABCC11, but not other transporters, tended to cor-
relate with neoadjuvant chemotherapy response. Interest-
ingly, this was true of chemotherapy regimens that both did
and did not include 5-FU, which suggests that ABCC11
possesses unidentified supportive functions for drug resis-
tance other than simple drug efflux. For example, we
reported that ABCC1 and ABCG?2 in breast cancer cells
export sphingosine-1-phosphate [27], a bioactive lipid
mediator known to affect drug resistance; we cannot
exclude the possibility that ABCC11 possesses such a
function. In that case, ABCC11 could become a new target
in suppressing drug resistance.

Interestingly, it has been suggested that ABCB1 and
ABCG?2 may affect the role of cancer stem cells in drug
resistance [8]. Although we do not currently have data on
this relationship, it is intriguing to speculate that the worse
prognosis of ABCC11-expressing tumors may be related to
cancer stem cells.

Our study is limited in that it is a retrospective analysis
of prospectively collected breast tumor samples, and that it
shows only association of these transporters with breast
cancer prognosis. To evaluate adequately the role of
ABCCI1 in breast cancer drug resistance, further studies of
the mechanism of resistance are needed.

In conclusion, this is the first demonstration that
ABCC11 expression in breast cancer is associated with
aggressive subtypes and poor disease-free survival.
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