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Ethics

The study data and informed consent were obtained in
accordance with the Declaration of Helsinki, and the study
protocol was approved by the Ethics Review Board of each
institution. The institutions where ethics was obtained were
as follows: Kanagawa Cancer Center, Osaka General Medi-
cal Center, Chiba Cancer Center, Hiroshima University,
Kinki University, Teikyo University, Toyonaka Municipal
Hospital, Hiroshima City Asa Hospital, Prefectural Aichi
Hospital, Kochi University, Minoh City Hospital, National
Hospital Organization Nagoya Medical Center, Shizuoka
General Hospital, Nagoya City University, and Osaka-Kita-
Teishin Hospital. All patients were given a written expla-
nation of the study protocol and provided their written
informed consent before participating.

Inclusion and exclusion criteria

Patients 20 years of age or older who were undergoing
chemotherapy for gastric cancer were considered eligible
for this study. Patients who developed moderate-to-severe
oral mucositis (CTCAE v4.0 grade 21) during any cycle
of chemotherapy (S-1, paclitaxel, irinotecan, cisplatin, etc.)
were asked to be enrolled in the study. All participants were
required to have a “good” performance status (i.e., scores
of 0 or 1 on the Eastern Cooperative Oncology Group per-
formance status scale). Patients with any of the follow-
ing characteristics were not eligible for the study: use of
Kampo medicine within 2 weeks before registration and a
history of severe hypersensitivity (allergy) to any medicine
containing antiphlogistics, analgesics, opioids, or steroids.
Patients with serious constipation and pregnant or lactating
females were excluded from the study. Any other medical
conditions that made a patient unsuitable for inclusion in
the study according to the opinion of the investigator were
also considered to be exclusion criteria for this study.

Chemotherapy

Gastric cancer chemotherapy was administered according
to the protocols of each treatment, and the administration
of each agent was described in case report form. Patients
enrolled in this study received the following chemotherapy.

Group A: S-1 monotherapy. S-1: The treatment regimen
consisted of 6-week cycles in which 80 mg/m? per day
was given for 4 weeks followed by 2-week rest for adju-
vant setting and 5-week cycles in which 80 mg/m? per
day for 3 weeks followed by 2-week rest for advanced
gastric cancer patients

Group B: S-1 plus cisplatin. S-1: 80 mg/m? oral admin-
istration (p.o.) daily for 21 days, every 5 weeks. Cis-

platin: 60 mg/m? intravenous drip (d.i.v.) day 8, every
S5 weeks.

Group C: S-1 plus paclitaxel. S-1: 80 mg/m? p.o. daily
on days 1-14 of 3 weeks cycle. Paclitaxel: 50 mg/m?
d.i.v. days 1, 8 every 3 weeks.

Group D: paclitaxel. Paclitaxel: 80 mg/m? d.i.v. days 1,
8, 15, every 4 weeks.

Group E: S-1 plus docetaxel. S-1: 80 mg/m? p.o. daily
on days 1-14 of 3 weeks cycle. Docetaxel: 40 mg/m?
d.i.v. days 1 every 3 weeks.

Group F: docetaxel. Docetaxel: 60 mg/m? d.i.v. days 1
every 3 weeks.

Group G: CPT-11 plus cisplatin. CPT-11: 60 mg/m>
d.i.v. days 1 every 2 weeks. Cisplatin: 30 mg/m? d.i.v.
days 1 every 2 weeks.

Group H: CPT-11. CPT-11: 150 mg/m* d.i.v. days 1
every 2-3 weeks

Study drug

Both TJ-14 and the placebo were administered at a dose of
2.5 g/three times per day (for a total daily dose of 7.5 g).
The placebo formulation matched the texture, flavor, and
other characteristics of the active drug. The patients were
advised to dissolve 2.5 g of TJ-14 or the placebo in 50 ml
of drinking water and rinse their oral cavity with the solu-
tion three times daily for 10 s. The test drug was adminis-
tered from the first day to final day of the protocol treat-
ment course. After the protocol treatment course, TJ-14
was administrated for one course, as much as possible. The
patients followed the oral care instructions throughout the
treatment period before the next course of chemotherapy
began. No other prophylactic mouthwashes or treatments
for mucositis were allowed in this clinical trial.

Study assessment

The signs and symptoms of oral mucositis were assessed
by the investigator during the screening cycle. The CTCAE
v4.0 grading (Table 1) was used to assess the severity of
oral mucositis. The time to healing of oral mucositis was
defined as the period from the start date of the protocol
treatment or the date of onset of oral mucositis to the date
when all oral mucositis symptoms disappeared. If all oral
mucositis symptoms fail to disappear within the study
treatment period, the observation shall be continued until
symptom disappearance. Additionally, the patients reported
their own ability to eat solid foods. Safety was assessed
throughout the study using physical examinations, includ-
ing inspection of the oral tissue, hematology and serum
chemistry laboratory tests, and adverse event reporting.
Any adverse event, whether related or unrelated to the
study drug, was reported with the date and time of onset,
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Table 1 Severity of oral mucositis

Grade 1 Asymptomatic or mild symptoms;
Intervention not indicated

Grade 2 Moderate pain; not interfering with oral intake;
Modified diet indicated

Grade 3 Severe pain;
Interfering with oral intake

Grade 4 Life-threatening consequence;
Urgent intervention indicated

Grade 5 Death

Common Terminology Criteria for Adverse Events (CTCAE) Version
4.0

severity, pattern, action taken, and outcome. If the adverse
event had not resolved at the time the case report forms
were collected, a follow-up report was provided a later
date. If no follow-up report was provided, the investigator
had to provide justification. All adverse events were fol-
lowed until they either resolved or the investigator deter-
mined that the event was no longer clinically significant.

Statistical analysis

The eligible patients were randomly assigned on a 1:1
ratio to receive either TJ-14 or the placebo. After check-
ing patient eligibility, randomization was carried out cen-
trally at the data center using dynamic randomization with
main prognostic factors, including the chemotherapy regi-
men (postoperative adjuvant chemotherapy, unresectable
metastatic/recurrent lesions), presence/absence of previous
treatment of oral mucositis, age (=60 years, <60 years),
and institution.

Assuming an incidence of grade 2 or worse COM of
10 % in the TJ-14 group and 35 % in the placebo group, a
sample size of 42 for each group was estimated to have at
least 80 % power under a significance level of two-sided
10 %. Therefore, in order to account for possible dropouts,
a target sample size of 90 patients was required.

The difference in the incidence of grade 2 or worse
COM between the groups and its 90 % confidence inter-
val was calculated. Comparisons were made using the chi-
squared test. The baseline characteristics were compared
using the chi-squared test for categorical variables and the
Wilcoxon test for continuous variables. The Kaplan-Meier
method, log-rank test, and Cox proportional hazard regres-
sion model were used to assess the time to healing among
the patients with COM. A hazard ratio (HR) smaller than 1
indicated that TJ-14 accelerated the healing of COM. The
frequencies of adverse events were compared using Fish-
er’s exact test. All p values were two-sided. The statistical
analyses were performed using the SAS software package
for Windows, release 9.3 (SAS Institute, Cary, NC).

@_ Springer

Results
Patients

Of the patients receiving chemotherapy for gastric cancer, 91

. who developed CTCAE v4.0 2grade 1 oral mucositis dur-

ing the screening cycle and provided informed consent were
randomized to either the TJ-14 (n = 45) or placebo (n = 46)
group. The baseline demographics and disease characteristics
of the per protocol set (PPS) population are shown in Table 2.
A total of 61.5 % of the subjects were male, and 38.5 % of
the subjects were female; the median age was 68 years (range
36-89 years). All patients had histologically confirmed gastric
adenocarcinoma. There were no disparities between the two
PPS randomized groups. The majority of patients received S-1
adjuvant (484 %) or S-1-based doublet (22.0 %) regimens,
and the treatment groups were balanced for the chemotherapy
regimen (Table 2). No patients received radiation therapy or
molecular targeting agents before enrollment. No patients
were enrolled in the study if there was any clinical evidence of
another active oral mucosal disease at baseline.

Incidence and duration of COM

The incidence of 2grade 2 COM was 40 % (18 patients)
in the TJ-14 group and 41.3 % (19 patients) in the placebo
group, and there was no significant difference between the
two groups (p = 0.588); the primary end point was not
met in this study. More, when comparing the duration of
2grade 2 COM between the two treatment groups, there
was not significantly difference (HR 0.97 (0.41-2.29) log-
rank p = 0.937) (Fig. 1).

However, among the patients who developed Grade
1 COM during the screening cycle, the median duration
of any grade of COM was 9.0 days in the TJ-14 group
and 17.0 days in the placebo group [HR 0.598; 95 % CI
(0.226-1.585), p = 0.290] (Fig. 2). Treatment with TJ-14
reduced the duration of any grade of COM compared with
the placebo.

Chemotherapy treatment failure during the protocol
treatment

Chemotherapy treatment failure was observed in 26.7 %
(12 patients) of the subjects in the TI-14 group and 21.7 %
(10 patients) of the subjects in the placebo group. For most
chemotherapy regimens, there were no significant differ-
ences with regard to the incidence of the treatment failure.

Safety

Hematological, blood biochemistry, and non-hematological
toxicities were analyzed. The most commonly reported
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Table 2 Patient characteristics of the TJ-14 and placebo groups

Treatment Placebo (N = 46)  TJ-14 (N=45)  pvalue
Sex

Male 28 (60.9 %) 28 (62.2 %) 0.895
Female 18 (39.1 %) 17 (37.8 %)

Age

Median 67.5 68.0 0.648
Range 42.0-89.0 36.0-84.0

PS

0 38 (82.6 %) 39 (86.7 %) 0.855
1 5 (10.9 %) 4 (8.9 %)

2 3 (6.5 %) 2 (4.4 %)

Status

Adjuvant 21 (45.7 %) 23 (51.1 %) 0.602
Advanced 25 (54.3 %) 22 (48.9 %)

Oral care (patients)

-+ 3(6.5 %) 2 (4.4 %) 0.664
- 43 (93.5 %) 43 (95.6 %)

Oral care (institution)

+ 11 (23.9 %) 7 (15.6 %) 0.317
- 35 (76.1 %) 38 (84.4 %)
Chemotherapy at the time of registration

S-1 19 (42.2 %) 25 (55.6 %) 0.490
S-1 + CDDP 3 (6.7 %) 5(11.1 %)

S-1 4+ DTX 6 (13.3 %) 1(2.2 %)

S-1+4PTX 2 (4.4 %) 3 (6.7 %)

DTX 1(2.2 %) 1(2.2 %)

PTX 3(6.7 %) 2 (4.4 %)

CPT-11 +CDDP 122 %) 2 (4.4 %)

CPT-11 3 (6.7 %) 122 %)

5-FU + CDDP 00 %) 122 %)

other 7 (15.6 %) 4 (8.9 %)

CDDP Cisplatin, PTX Paclitaxel, DTX Docetaxel, 5-FU 5-fluoroura-
cile

treatment-related adverse events were anorexia, a change
in PS, nausea, neutropenia, and diarrhea, all of which typi-
cally occur in cancer patients receiving cytotoxic chemo-
therapy (Table 3). The majorities of these events were mild
to moderate in severity and considered to be unrelated to
the study drug.

Discussion

To date, this randomized trial is the first evaluation of the
use of TJ-14 to treat COM in patients with gastric can-
cer in a prospective placebo-controlled randomized phase
II study. The primary purpose of this study was to prove
the effects of TJ-14 in reducing the incidence of Zgrade 2
oral mucositis. The incidence of oral mucositis of 2grade 2
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Fig. 1 Duration of 2grade 2 chemotherapy-induced oral mucositis in
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Fig. 2 Duration of any grade of chemotherapy-induced oral mucosi-
tis in the patients who developed grade 1 oral mucositis during the
screening cycle

was 40.0 % in the TJ-14 group and 41.3 % in the placebo
group in the overall study population. Therefore, treatment
with TJ-14 did not exhibit any effect with regard to reduc-
ing the frequency of grade 2 events or the duration of grade
2 chemotherapy-induced oral mucositis in gastric cancer
patients receiving fluorinated pyrimidine-based chemo-
therapy. Why did this trial not meet its primary objec-
tive? The most likely reason is that the dose reduction of
chemotherapy performed before the administration of TJ-
14 treatment may have affected the incidence and dura-
tion of COM. Generally, among patients who developed
2grade 2 COM before being entered into this study, the
physicians may have been inclined to stop or postpone the
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Table 3 Hematological and biochemical toxicities observed during the treatment

>Grade 1 >Grade 2
TI-14 (N =45) Placebo (N = 46) p value TJ-14 (N = 45) Placebo (N = 46) p value

Hematological toxicity

Leucopenia 5(11 %) 8 (17 %) 0.39 0 (0 %) 12 %) 0.32
Neutropenia 7 (16 %) 7 (15 %) 0.96 3(7 %) 49 %) 0.72
Hemoglobin 37 (82 %) 40 (87 %) 0.53 13 (29 %) 8 (17 %) 0.19
Platelet 49 %) 6 (13 %) 0.53 0 (0 %) 12 %) 0.32
T-Bilirubin 3(7 %) 409 %) 0.72 0 (0 %) 0 (0 %) 1.00
AST 2 (4 %) 2 (4 %) 0.98 0(0 %) 0(0 %) 1.00
Non-hematological toxicity

Anorexia 18 (40 %) 19 (41 %) 0.90 8 (18 %) 4(9 %) 0.20
Nausea 7 (16 %) 9 (20 %) 0.62 2 (4 %) 2 (4 %) 0.98
Vomiting 3(7 %) 2 (4 %) 0.63 00 %) 12 %) 0.32
Diarrhea 5(11 %) 409 %) 0.70 00 %) 12 %) 0.32
Constipation 37 %) 5011 %) 0.48 0 (0 %) 12 %) 0.32
Peripheral neuropathy 12 %) 12 %) 0.99 00 %) 12 %) 0.32
Lassitude 37 %) 3 (7 %) 0.99 0(0 %) 12 %) 0.32
Hand-foot syndrome 0 (0 %) 12 %) 0.32 0(0 %) 12 %) 0.32
Skin reaction 2 (4 %) 0 (0 %) 0.15 0(0 %) 12 %) 1.00
Dysgeusia 2 (4 %) 12 %) 0.54 12 %) 12 %) 0.99
Edema 12 %) 12 %) 0.99 0 (0 %) 12 %) 0.32
Change in PS 8 (18 %) 9 (20 %) 0.83 2 (4 %) 3(7 %) 0.66

AST aspartate aminotransferase

original chemotherapy and reduce the dose at the time of
the next chemotherapy cycle, which was exactly the time
of study treatment and observation [33]. The incidence of
oral mucositis of 2grade 2 was 36.4 % in the patients who
received chemotherapy dose reduction and 42.0 % in the
patients who did not receive dose reduction. With regard to
the incidence of toxicity in this study, 36 patients developed
CTCAE v4.0 2grade 2 oral mucositis during the screening
cycle. Among these patients, seven received dose reduction
before the protocol cycle. The median duration of Zgrade
2 oral mucositis was 10.0 days in the patients treated with
prophylactic dose reduction and 16.0 days in the patients
treated without prophylactic dose reduction. There was a
significant difference between the two groups (p = 0.034).
It has been reported that the COM was depending on the
dose and type of chemotherapy [34, 35]. Coleman et al.
[36] evaluated 116 women with measurable metastatic
breast cancer participated in a randomized phase II study of
single-agent liposomal pegylated doxorubicin given either
as a 60 mg/m? every 6 weeks (ARM A) or 50 mg/m? every
4 weeks (ARM B) schedule. They found that the adverse
event profiles of the two schedules were distinctly different,
and mucositis was more common with ARM A (35 % CTC
grade 3/4 in ARM A, 14 % in ARM B). More, Elting et al.
[37] retrospectively analyzed 599 patients who developed
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chemotherapy-induced oral mucositis. They found that a
reduction in the dose of the next cycle of chemotherapy
was twice as common after cycles with mucositis as it was
after cycles without mucositis (23 vs. 11 %; p < 0.0001).
Taking these findings into consideration, dose reduction
in the chemotherapy regimen may have been a key issue
improving the incidence and/or the duration of COM. We
assume that the effects of TJ-14 in oral mucositis may be
less prominent due to the use of chemotherapy dose reduc-
tion just before the experimental cycles. Taking these find-
ings into consideration, dose reduction in the chemotherapy
regimen may have been a key issue improving the inci-
dence and duration of COM. We assume that the effects of
TJ-14 in oral mucositis may be less prominent due to the
use of chemotherapy dose reduction just before the experi-
mental cycles.

A Dborderline significant difference, however, was
observed in the patients who developed Zgrade 1 COM at
the time of screening. The median duration of any grade
of oral mucositis was 9.0 days in the TJ-14 group and
17.0 days in the protocol treatment cycle group. Treat-
ment with TJ-14 reduced the duration of any grade of oral
mucositis compared with the placebo. In patients with
grade 1 COM before the experimental cycle, it is presumed
that the physicians may not have reduced the chemotherapy
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dose. Therefore, most of the patients who developed
COM of grade 1 were not influenced by dose reduction
of chemotherapy. These results suggest that the effects of
TJ-14 would have been more prominent if chemotherapy
dose reduction had not been performed before the experi-
mental cycles. As mentioned above, it has been previously
reported that TJ-14 exerts an anti-inflammatory effect by
suppressing the levels of lipopolysaccharide-induced IL-6
and IL-8, and cyclooxygenase (COX)-1 and COX-2 [38,
39], in a dose-dependent manner [40]. Further studies are
needed to clarify the exact mechanisms underlying these
observations.

In conclusion, this trial did not show a beneficial effect
of TJ-14 in reducing the incidence of chemotherapy-
induced oral mucositis as the primary end point, likely
due to the use of dose reduction before the experimen-
tal cycles, which was not prohibited by the study -pro-
tocol. In the patients with >grade 1 COM at the screen-
ing cycle, an obvious reduction in the risk of COM (HR
0.60) was demonstrated. In this regard, the addition of
TJ-14 to chemotherapy regimens may have shortened the
duration of oral mucositis when no dose reduction was
performed before the administration of the experimental
agents. A further analysis may lead to a better interpreta-
tion of the study results by examining subgroups that will
benefit from TJ-14 treatment. A more definitive design
in a future trial of TJ-14 for chemotherapy-induced oral
mucositis is needed to eliminate the influence of arbitrary
dose reduction based on the discretion of the individual
physician.
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ABSTRACT ,

Background. Accuracy of the radiologic diagnosis of
gastric cancer staging after neoadjuvant chemotherapy
remains unclear.

Methods. Patients enrolled in the COMPASS trial, a ran-
domized phase II study comparing two and four courses of
S-1 plus cisplatin and paclitaxel and cisplatin followed by
gastrectomy, were examined. The radiologic stage was
determined by using thin-slice computed tomography (CT)
or multidetector low CT by following Habermann’s method.
Results. A total of 75 patients registered in the COMPASS
study who underwent surgical resection were examined in this
study. The radiologic T and pathologic T stages were not sig-
nificantly correlated (p = 0.221). The radiologic accuracy and
rates of underdiagnosis and overdiagnosis were 42.7, 10.7, and
46.7%, respectively. When patients were stratified according to
the pathologic response of the primary tumor, the correlation
was not significant in either the responders (n = 32,
p = 0410) or the nonresponders (n = 43, p = 0.742). The
radiologic accuracy was 37.5% in the responders and 42.7% in
the ponresponders. The radiologic N and pathologic N stages
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were significantly correlated (p = 0.000). The radiologic
accuracy and rates of underdiagnosis and overdiagnosis were
44,29.3, and 26.7%, respectively. When stratifying the patients
with measurable tymph nodes according only to the radiologic
response, the correlation was significant in the nonresponders
{(n =23, p = 0.035) but not in the responders (n = 28,
p = 0.634). The radiologic accuracy was 39.3% in the
responders and 52.1% in the nonresponders.

Conclusions. Restaging using CT after neoadjuvant che-
motherapy for gastric cancer is considered to be inaccurate
and unreliable. In particular, the radiologic  T-staging
determined after neoadjuvant chemotherapy should not be
considered in clinical decision-making.

Gastric cancer is the second leading cause of cancer death
worldwide, accounting for 736,000 deaths in 2008." Complete
surgical resection is essential for curing gastric cancer. Recent
large phase 11l studies have demonstrated that multimodality
treatment including surgery significantly improves the sur-
vival of locally advanced disease compared with surgery
alone, postoperative adjuvant chemotherapy with S-1 in
Japan, postoperative adjuvant chemotherapy with capecita-
bine plus oxaliplatin in Korea and the United States, and
preoperative and postoperative chemotherapy with epirubi-
cin, cisplatin, and fluorouracil in the United Kingdom.™™

Neoadjuvant chemotherapy is a promising treatment for
gastric cancer when considering intensive chemotherapy
with a relatively toxic regimen.” Even with treatment
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including D2 gastrectormy and adjuvant chemotherapy, the
prognosis of stage III tumors is not satisfactory.’ Neoad-
juvant chemotherapy has been tested in several phase III
trials in eastern Asia where D2 gastrectomy and adjuvant
chemotherapy is a standard treatment.” After administering
neoadjuvant chemotherapy, physicians must evaluate
tumor progression and the response to treatment in order to
continue or stop the chemotherapy and to assess resect-
ability with respect to surgery and determine the most
appropriate surgical procedure to fit the tomor stage con-
sidering the benefits and risks of surgery,

Endoscopic ultrasoﬁography (EUS) and computed

tomography (CT) are standard approaches for staging pri-
mary gastric cancer. The diagnostic accuracy of T-staging
i8 77.1 to 88.9% on CT and 65 to 92.1% on EUS, whereas
that of N-staging is 51 to 71% on CT and 63 to 78% on
EUS.” ' However, there are no reliable data with respect to
restaging after neoadjuvant chemotherapy. Previously,
several small studies demonstrated that preoperative EUS
is inaccurate in patients who receive neoadjuvant chemo-
therapy.!""!* Regarding CT, Park et al.'® reported that the
accuracy of T- and N-staging after neoadjuvant chemo-
therapy using CT is 57 and 37%, respectively. However,
the sample size was only 38 in their study, and the eval-
uation criteria for assessing tumor depth were not defined.
Moreover, the criteria for determmmg nodal metastasm
were not optimized, -

To evaluate the radiologic accuracy of restaging after
neoadjuvant chemotherapy using CT, the present study was
conducted as an exploratory analysis of a randomized
phase 1I study that strictly defined primary staging, neo-
adjuvant chemotherapy, restaging after neoadjuvant
chemotherapy, and the surgical procedures.

PATIENTS AND METHODS

Patients registered into the randomized phase II COM-
PASS trial who received gastrectomy with nodal dissection
were examined in this study. The details of the COMPASS
trial have been described in a previous article.'* Briefly, the
key eligibility criteria included T2-3/N+4 or T4aNQ in
cases of scirrhous or junctional tumors, T2-3 with nodal
metastasis to the major branched artery, T4aN+ , T4b,
paraaortic nodal metastases, or resectable minimal perito-
neal metastases confirmed on laparoscopy. The use of
staging laparoscopy was mandatory to diagnose peritoneal
metastasis. The eligible patients were randomized to
receive two courses of S-1 plus cisplatin, four courses of
S-1 plus cisplatin, two courses of paclitaxel plus cisplatin,
or four courses of paclitaxel plus cisplatin. The primary
end point of the COMPASS trial is the 3-year overall
survival rate and will recruit 60 to 80 subjects. This study

was conducted in a cohort of consecutive patients recruited
into the COMPASS trial.

Regarding the S-1 plus cisplatin regimen, S-1 (80 mg/
m?) was given orally twice daily for the first 3 weeks of a
4-week cycle, and cisplatin was given as an intravenous
infusion of 60 mg/m> on day 8 of each cycle, as previously
described."® With respect to the paclitaxel plus cnsplaun
regimen, paclitaxel (60 mg/m?) and usplatm (25 mg/m %
were administered on days 1, 8, and 15 as one course
repeated every 4 weeks.'® The neoadjuvant chemotherapy

 was discontinued in cases of documented disease pro-

gression, unacceptable toxicity, or withdrawal of consent.

- Two to six weeks after the completion of neoadjuvant
chemotherapy or when the tumors progressed during
treatment, the patients proceeded to surgery. RO resection
was achieved with gastrectomy and standard D2 lym-
phadenectomy.'” Parazortic nodal dissection or combined
resection of a small portion of the peritoneum or adjacent
organs was permitted for curative intent; however, more
invasive procedures, such as pancreaticoduodenectomy or
Appleby’s surgery, were not. When macroscopically
curative surgery was achieved, the protocol treatment was
terminated.

The radiologic diagnosis of T and N was determined by
using thin-slice CT with a 5- to 7-mm thickness or multi-
detector low CT by following Habermann’s method.'®'”
T1 tumors were defined as tumors that could not be found
on images or that had focal thickening of the inner layer
with a visible outer layer of the gastric wall and a clear fat
plane around the lesion. T2 tumors were defined as tumors
with focal or diffuse thickening of the gastric wall with
transmural involvement and a smooth outer border of the
wall or only a few small linear strands of soft tissue
extending into the fat plane involving less than one-third of
the wmor extent. T3 tumors were defined as transmural
tumors with obvious blurring of at least one-third of the
tumor extent or wide reticular strands surrounding the outer
border of the tumor. T4 tumors were defined as tumors with
obliteration of the fat plane between the gastric tumor and
the adjacent organ or invasion of an adjacent organ. The
regional lymph nodes were considered to be involved by
metastases if they measured larger than 8 mm in the short-
axis diameter. Tumor progression was evaluated according
to the 7th edition of the International Union against Cancer
TNM classification.?®*' The radiologic response of the
Iymph nodes was evaluated according to version 1.0 of the
Response Evaluation Criteria for Solid Tumors.”® The
surgical specimens were pathologically evaluated as grade
0 when degeneration and/or necrosis were absent within
the tumor, grade la when these areas accounted for less
than one-third of the tumor, grade 1b when these areas
accounted for more than one-third and less than two-thirds
of the tumor, grade 2a when these areas accounted for more



Clinical Diagnosis after NAC for GC

than two-thirds of the tumor, although tumor tissue
apparently remained, grade 2b when only minimal tumor
cells remained, and grade 3 when no residual tumor was
detected.'’ Patients with grade 1b, 2a, 2b, or 3 tumors were
classified as responders, whereas those with grade 0 or 1
tamors were classified as nonresponders.

All statistical analyses were performed by using the
SPSS version 18.0 software program. Correlations between
the two groups were analyzed with the chi-square test.

RESULTS

Between October 2009 and July 2011, a total of 83
patients were enrolled in the COMPASS study. All patients
were eligible and received neoadjuvant chemotherapy.
Among these 83 patients, 6 did not proceed to surgery
because of tumor progression, 2 received bypass surgery
because of peritoneal metastasis, and 75 underwent surgi-
cal resection and were entered into this study. The
background characteristics of these 75 patients are shown
in Table 1.

The relationship between the radiologic T and patho-
logic T stage is demonstrated in Table 2. No significant
correlation was found in the 75 patients (p = 0.221). The

TABLE 1 Background of the patients (n = 75)

Variable Data
Age (years) Median 66
Range 32-80
Sex Male/Pemale 53722
Performance status 0/1 74/1
Macroscopic type 0 1
1 N
2 20
3 34
4 8
5 7
Histologic type Differentiated 14
Undifferentiated 56
Clinical T T2 1
T3 6
Tda 64
T4b 4
Clinical N No 12
N1 37
N2 17
N3 9
Regimen Two courses of S-1 plus cisplatin 20
Four courses of S-1 plus cisplatin 18

Two courses of paclitaxel plus cisplatin 18
Four courses of paclitaxel plus cisplatin 19

radiologic accuracy and rates of underdiagnosis and over-
diagnosis were 42.7% (32 of 75), 10.7% (8 of 75), and
46.7% (35 of 75), respectively.

A pathologic response of the primary tumor was
observed in 32 patients. When stratifying the patients
according to the pathologic response (Table 3), the corre-
lation was not significant in either the responders (n = 32,
p = 0.410) or the nonresponders (n = 43, p = 0.742). The
radiologic accuracy and rates of underdiagnosis and over-
diagnosis were 37.5% (12 of 32), 3.1% (1 of 32), and
59.4% (19 of 32), respectively, in the responders and

TABLE 2 Relationship between clinical T after neoadjuvant che-
motherapy and pathologic T

Clinical T Pathologic T Total
TO TI T2 T3 T4a  T4b

T1 0* o° ¢ 0c 0¢ 0° 0

T2 2° 0" 2 e 0° 0 6

T3 0! 3* 0* 6° 4¢ 1€ 14

Tda 20 3w 6 18 24° 1¢ 54

T4b 0 0* o IS o* o* 1

Total 4 6 8 27 28 2 75

* Overdiagnosis

b Accurate diagnosis
¢ Underdiagnosis

TABLE 3 Relationship between clinical T after neoadjuvant che-
motherapy and pathologic T by stratifying the pathologic response of
the primary tumor

Clinical T Pathologic T Total
TO TI T2 T3 Tda Téb
Responder
T1 ¢ o 0t ¢ 0° o 0
T2 2 ¢ 2> 0° 0° 5
T3 o 22 0t 4 0° 0° 6
T4a 2 2 4 5 6" 0° 19
Tdb ¢ 0 0t o 20 oP 2
Total 4 4 6 0 8 0 32
Nonresponder
TI 0t o 0° ¢ 0° 0° 0
T2 e 0 0> 0° 0°
T3 o ®™oooer 2P g 1 8
T4a o ®2r 120 18d e 34
T4b o N ¢ A 0’ o° 0
Total 0 2 2 15 22 2 43

* Overdiagnosis
b Accurate diagnosis
¢ Underdiagnosis
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46.5% (20 of 43), 16.3% (7 of 43), and 37.2% (16 of 43),
respectively, in the nonresponders.

The relationship between the radiologic N and patho-
logic N stage is shown in Table 4. A significant correlation
was found in all 75 patients (p = 0.000). The radiologic
accuracy and rates of underdiagnosis and overdiagnosis
were 44% (33 of 75), 29.3% (22 of 75), and 26.7% (20 of
75), respectively. For the diagnosis of nodal positivity, the
radiologic accuracy, sensitivity, and specificity were 70.7%
(53 of 75), 84.9% (45 of 53), and 36.4% (8 of 22),
respectively.

Fifty-one patients had measurable lymph nodes
according to RECIST version 1.0. Among these patients, a
radiologic response was observed in 28 cases. When the 51
patients with measurable lymph nodes were stratified

TABLE 4 Relationship between clinical N after neoadjuvant che-
motherapy and pathologic N

Total

Clinical N Pathologic N

NO NI N2 N3
NO 8" 5¢ 3 0 16
N1 128 o¢ 11° 0° 32
N2 28 6° 15 3¢ 26
N3 o° o° o° 1 1
Total 2 20 29 4 75

* Accurate diagnosis
b Overdiagnhosis
¢ Underdiagnosis

TABLE § Relationship between clinical N after neoadjuvant che-
motherapy and pathologic N by stratifying the radiologic response of
the lymph node

Clinical N Pathologic N Total
NO N1 N2 N3
Responder
NO # 0° 1® 0¢ 2
NI 6" 4+ 4° 0* 14
N2 2° 3® 6 1¢ 12
N3 ob o* ob o 0
Total 9 7 11 1 28
Nonzresponder
NO 0 o° o° 0¢
N1 3® 3 3¢ 0° 9
N2 o° b g 2 13
N3 o° o° o° 1 1
Total 3 6 11 3 23

® Accurate diagnosis
5 Overdiagnosis
¢ Underdiagnosis

according to the radiologic response (Table 5), the corre-
lation was significant in the nonresponders (n = 23,
p = 0.035) but not in the responders (n = 28, p = 0.634).
The radiologic accuracy and rates of underdiagnosis and
overdiagnosis were 39.3% (11 of 28), 21.4% (6 of 28), and
39.3% (11 of 28), respectively, in the responders and
52.1% (12 of 23), 21.7% (5 of 23), and 26.1% (6 of 23),
respectively, in the nonresponders.

Discussion

This study evaluated the accuracy of radiologic diagnosis
after neoadjuvant chemotherapy in 75 patients enrolled in the
prospective randomized phase II COMPASS study, which
predefined radiologic criteria for T- and N-staging. The
radiologic overall accuracy was 42.7% for T-staging and 44%
for N-staging. Previously, we examined the radiologic accu-
racy of primary staging determined according to the same
criteria using CT in 315 patients with primary resectable
gastric cancer and demonstrated that the radiologic accuracy
was 71.4% for T-staging and 75.9% for N-staging.'” Com-
pared with the primary staging, restaging after neoadjuvant
chemotherapy was found to be inaccurate and unreliable.

With respect to T-staging after neocadjuvant chemother-
apy, the radiologic T and pathologic T stages were not
significantly correlated. The overall accuracy was only
42.7%. These results suggest that T-staging using CT pro-
vides no clinical information and should not be considered
in clinical decision-making. Previously, Park et al."”
reported that the accuracy of T restaging was 47% on EUS
and 57% on CT. The accuracy reported in their study was
slightly better than that observed in the present results. In
this study, the radiologic accuracy was 37.5% in the
responders and 46.5% in the nonresponders, which suggests
that the radiologic accuracy is affected by the response of
the primary tumor. In Park and colleagues’ study, the
response rate and accuracy stratified according to the
response were not demonstrated.’”

Most cases of misdiagnosis of the T stage are due to over-
diagnosis. Park et al'® also reported similar results.
Chemotherapy acts on tumor tissue and induces a variety of
changes of in both the tumor and stroma, including necrosis,
inflammation, and fibrosis.”” The depth of tumor invasion may
become shallow if these changes occur in the tumor tissue.
Chemotherapy-induced stromal changes can cause difficulties
in distinguishing the wall layer of the stomach on CT, by which
overdiagnosis and/or misdiagnosis can occur. When the T stage
was examined by separating the patients according to the
pathologic response of the primary tumor, the radiologic
accuracy was lower and the rate of overdiagnosis was higher in
the responders than in the nonresponders. However, the
radiologic accuracy was not significantly high, even in the
nonresponders. It should be clarified whether chemotherapy-
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induced stromal changes occur regardless of the tumor
response.

The radiologic N and pathologic N stages were signifi-
cantly correlated even though the radiologic overall accuracy
of N-staging was only 44%. Moreover, the radiologic accu-
racy and sensitivity of the diagnosis of nodal positivity were
both high: 70.7 and 84.9%, respectively. These results suggest
that N-staging using CT is not accurate for diagnosing each N
category, although it is useful for diagnosing nodal positivity.
Previously, Park et al. ' reported that the accuracy of N re-
staging was 39% on EUS and 37% on CT, whereas that of
nodal positivity was 68% on both EUS and CT in 38 patients.
Their results support our data. The sensitivity for diagnosing
nodal positivity in this study was high, at 84.9%; however, the
specificity was low, at 36.4%, thus suggesting that radiolog-
ically determined positive findings are reliable, whereas
negative findings are not.

We next examined the accuracy of N-staging by strati-
fying the radiologic nodal response. The radiologic
accuracy was low, at 39.3%, in the responders and higher,
at 52.1%, in the nonresponders, which suggests that the
radiologic accuracy of N-staging decreases when meta-
static nodes respond to chemotherapy. The rates of
underdiagnosis and overdiagnosis were almost half in the
overall cohort and the nonresponders; however, overdiag-
nosis was a major cause of misdiagnosis in the responders.
Among the responders, eight (89%) of nine patients with
pathologic NO disease were radiologically misdiagnosed as
being node-positive. This result suggests that the enlarged
nodes did not disappear even though the nodal metastasis
pathologically disappeared.

In conclusion, restaging of gastric cancer after neoad-
juvant chemotherapy by using CT is inaccurate and
unreliable. In particular, the radiologic T stage determined
after neoadjuvant chemotherapy should not be considered
in clinical decision-making.
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Abstract

Background and Objectives Cetuximab shows activity in
KRAS (Kirsten rat sarcoma viral oncogene homolog) wild-
type metastatic colorectal cancer (mCRC). Recent studies
have demonstrated that cetuximab induces antibody-
dependent cell-mediated cytotoxicity (ADCC) in mCRC.
We investigated the associations of FcyR (fragment C
v receptor) and EGFR (epidermal growth factor receptor)
polymorphisms with the outcome of mCRC patients treated
with cetuximab and FOLFIRI (folic acid/3-fluorouracil/
irinotecan) as second-line therapy in the FLIER (Cetux-
imab Plus Folinic Acid/5-Fluorouracil/Irinotecan in KRAS
Wild-Type Metastatic Colorectal Cancer as a Second-Line
Treatment) study. :
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Methods A total of 57 patients were evaluated in this
study. The association of each polymorphism with the
response rate, progression-free survival, and overall sur-
vival was analyzed. :

Results A tendency for longer overall survival was
observed in patients with the EGFR CA repeat >36
genotype than in those with the <35 genotype (600 versus
483 days, P = 0.051). The haplotype containing the 131H
and 158V alleles was associated with a lower response rate
than the other haplotypes (£ = 0.018). These results are
contrary to previously published results.

Conclusion Our data suggest that FeyR and EGFR CA
repeat polymorphisms may be associated with the outcome
of mCRC patients treated with cetuximab and FOLFIRI,
although forther investigations will be needed to confirm
the association of FcyR and EGFR polymorphisms with the
efficacy of cetuximab.
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A multivariate analysis has shown that EGFR
(epidermal growth factor receptor) CA repeat
polymorphism was the only independent predictor of
overall survival. ‘

A tendency for longer overall survival was observed
in patients with the EGFR CA repeat >36 genotype
than in those with the <35 genotype.

The haplotype containing the 131H and 158V alleles
was significantly associated with a lower response
‘rate than the other haplotypes.

1 Introduction

Colorectal cancer has a high incidence and high mortality
worldwide. In 2012, colorectal cancer was the second most
prevalent cancer among males (9 %) and the third among
females (8 %) [1]. Approximately 92,000 new cases of
colorectal cancer are diagnosed each year in Japan [2].
Cetuximab, a chimeric immunoglobulin G1 (IgGl)
monoclonal antibody targeted against the extracellular
domain of EGFR (epidermal growth factor receptor) has
shown efficacy in patients with metastatic colorectal cancer
(mCRC) [3, 4]. Since it was established that KRAS (Kirsten
rat sarcoma viral oncogene homolog) mutations are a major
negative predictor of efficacy [5, 6], additional biomarkers
have emerged in attempts to improve the selection of
patients who are likely to be responsive to cetuximab.
Modulation of the immune response could be another
important mechanism of cetuximab sensitivity. Antibody-
dependent cellular cytotoxicity mediated through the
fragment C v receptor (FcyR) carried by immune cells,
such as macrophages and natural killer cells, plays an
important role in the antitumor effect of the IgG1 antibody
[7]. Constitutional polymorphisms on genes encoding the
activating receptors FeyRlla (Fc fragment of IgG, low
affinity IIa, receptor), which is mainly expressed on mac-
_ rophages, and FcyRIlla (Fc fragment of IgG, low affin-
ity IIIa, receptor), which is expressed on natural killer cells
and macrophages, affect their affinity for buman IgG.
These polymorphisms consist of a histidine (H)/arginine
(R) polymorphism at position 131 on FcyRIla and a valine
(V)/phenylalanine (F) polymorphism at position 158 on
FcyRIHla {8]. On the basis of the different binding affini-
ties, patients harboring FcyRIla-131H/H and FeyRilla-
158V/V genotypes would be expected to mediate a more
potent antibody-dependent cell-mediated cytotoxicity
(ADCC) antitumor response after monoclonal antibody
treatment [9—11]. Clinical studies have shown that the
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FeyRHa-131H/H {12, 13] and FeyRIlla-158V/V genotypes
{12-14] are associated with better clinical outcomes of
rituximab as first-line treatment for follicular lymphoma
and trastuzumab-based therapy in metastatic breast cancer.
In vitro studies have shown that cetuximab is able to
induce ADCC [15, 16]. However, conflicting data have
been published regarding the allele best able to predict the
clinical response of mCRC patients treated with cetuximab
[17-19].

Additionally, the number of CA single sequence repeats
in intron 1 of the EGFR gene, which affects the tran-
scription efficiency of the gene, is associated with the
response to EGFR antibodies. Several studies have sug-
gested a correlation between polymorphic variations in
intron 1 of the EGFR gene and the response to EGFR
inhibitors. Head and neck cancer cells with a smaller
number of EGFR intron 1 CA repeats had higher EGFR
expression and greater sensitivity to anti-EGFR therapy
[20], and mCRC patients with a smaller number of EGFR
intron 1 CA repeats showed greater sensitivity o treatment
with cetuximab and irinotecan [21].

A polymorphic variant in EGFR arising from a single
nucleotide substitution (142285 G>A) leads to an arginine
(R) to lysine (K) substitution in codon 521 of the extra-
cellular domain of EGFR [22]. Compared with the wild-
type S21R allele, the 521K allele variant has attenuated
affinity in ligand binding and proto-oncogene induction,
which may affect the efficacy of cetuximab [22-24].

The aim of the present study was to evaluate the influ-
ence of FeyRIla, FeyRIHa, and EGFR polymorphisms and
the number of CA single sequence repeats in intron 1 of the
EGFR gene on the outcome of 57 patients with oxaliplatin-
resistant mCRC treated with cetuximab plus FOLFIRI
(folic acid/5-fluorouracil/irinotecan).

2 Patients and Methods
2.1 Eligible Patients

We conducted a study of cetuximab plus FOLFIRI in
advanced/metastatic colorectal cancer as second-line ther-
apy for KRAS codon 12/13 wild-type colorectal cancer.
This study was called the FLIER (Cetuximab Plus Folinic
Acid/5-Fluorouracil/Irinotecan in KRAS Wild-Type Meta-
static Colorectal Cancer as a Second-Line Treaunent) study
(UMINO000002094) and was a multicenter phase II study.
The eligibility criteria were as follows. The patients
included in the study had histologically proven, unresec-
table mCRC with at least one measurable lesion, according
to the Response Evaluation Criteria in Solid Tumors
(RECIST). They had an Eastern Cooperative Oncology
Group performance status of 0 or 1 and adequate organ
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function for the study treatment. All patients were at least
20 years old and had a life expectancy of at least 3 months.
They had previously received at least one regimen of ox-
aliplatin-containing chemotherapy at least 28 days prior to
the first study treatment. For inclusion in the study, each
patient’s primary or metastatic tumor tissue needed to have
immunohistochemically confirmed EGFR expression and
KRAS wild-type sequences at codons 12 and 13. Each of
the patients included in the study had previously had sur-
gery, and samples of their tumors had been stored [25]. In
our analysis, the patients with BRAF (v-raf murine sarcoma
viral oncogene homolog B) mutations were excluded
because of their extremely poor prognosis. The study
protocol was performed according to the Declaration of
Helsinki and was approved by the institutional review
board at Yamaguchi University, as well as at each study
site. All patients provided written informed consent before
initiation of study-related procedures. All patients were
treated with cetuximab at a standard loading dose of
400 mg/m? over a 2 h period, followed by a weekly infu-
sion of 250 mg/m? over a 1 h period, combined with the
standard dosage for FOLFIRI in Japan. Briefly, FOLFIRI
consisted of irinotecan 150 mg/m® plus leucovorin
200 mg/m*> administered intravenously for 90 min, fol-
lowed'by a fluorouracil 400 mg/m?® bolus on day 1 and a
fluorouracil 2,400 mg/m® continuous infusion for 46 h
every 2 weeks.

2.2 Clinical Evaluation and Response Criteria

For all patients with measurable disease, the response was
evaluated every 2 months during the course of the study by
computed tomography, according to RECIST version 1.0,
and classified as complete response (CR), partial response
(PR}, stable disease (SD), or progressive disease (PD).

2.3 Immunohistochemical Analysis of EGFR
Expression

Paraffin-embedded tissues fixed in 10 % neutral buffered
formalin were cut at 4 pm thickness. Immunostaining of
the sections was performed using the EGFR pharmDx™
kit (Dako, Glostrup, Denmark), in accordance with the
manufacturer’s instructions. EGFR expression was defined
as membranous immunohistological brown staining of
tumor cells. Tumor cells with any membrane staining
above the background level, whether this was complete or
incomplete circumferential staining, were considered
positive for EGFR expression. The primary tumor was
considered positive when 1 % of tumor cells had mem-
branous staining.

2.4 Examination of KRAS and BRAF Mutations
and EGFR CA Repeats in Intron 1 Genotyping

DNA extraction was performed using a QlAamp DNA
FFPE Tissue kit (Qiagen, Tokyo, Japan), in accordance
with the manufacturer’s instructions. Mutation of KRAS at
codons 12 and 13 and BRAF at codon 600 were determined
by direct sequencing, as previously described [26, 27].

2.5 Examination of FeyRIla, FeyRillu, and EGFR
Genotyping

Peripheral blood was treated with ethylenediaminete-
traacetic acid, disodium salt (EDTA-2Na) as an anticoag-
ulant, and genomic DNA was extracted using a
conventional Nal method [28). FeyRIfa-H131R 15180127,
FeyRIITa-V158F 15396991, and EGFR-R521K 182227983
polymorphisms were genotyped using the TagMan tech-
nique. The primer sets used for amplifications were the
TagMan SNP  Genotyping Assays C 9077561 10,
C 25815666 10, and C 16170352 20 (Applied Biosystems,
Foster City, CA, USA). The reactions were performed in
384-well microtiter plates. The assay volume was 5 L and
contained TagMan Genotyping Master Mix (Applied Bio-
systems), Assay Mix, and 20-40 ng of genomic DNA
diluted in dH,0. The PCR profile was 2 min at 50 °C (to
degrade dU-containing DNA), 10 min at 95 °C {denatur-
ation), and 40 cycles of 15s at 95 °C and | min of
annealing and extension at 60 °C. End-point reading of the
fluorescence generated during the PCR amplification was
performed using an ABI Prism 7900HT (Applied
Biosystems).

2.6 Statistical Analysis

Fisher’s exact test and trend test were used to calculate
P values for the associations between genetic parameters
and response rates.

OS5 was defined as the time from registration to death
from any cause. Progression-free survival (PFS) was also
analyzed, and it was defined as the time from registration to
the first appearance of progression or death from any cause.

The association between the patient characteristics and
OS was examined using Cox proportional hazards regres-
sion models; we report hazard ratio (HR) estimates and
their 95 % confidence intervals (CIs). The association of
each polymorphism with OS and PFS was analyzed using
Kaplan—Meier curves and the log-rank test. All statistical
analyses were performed using SPSS for Windows version
20 software (SPSS, Chicago, IL, USA). All P values were
two-sided and considered statistically significant when
<0.05.
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Preliminarily Enrolled to FLIER Study (n=112)

3 KRAS CD12 mutation
S (n=37, including 4 EGFR negative cases)
KRAS CD13 mutation (n=8)

Excluded (n=45

v

KRAS and BRAF wild type, EGER positive (n=67)

Excluded (n=7) | Exclusion Criteria of Treatment Protocol
- (n=7)

v
( Enrolled to Treatment Protocol of FLIER Study (n=60) 1

Excluded (n=3)

N
l Final Subset of this Analysis (n=57) i

BRAF CD60) mutation (n=3) |

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT)
diagram for the FLIER (Cetuximab Plus Folinic Acid/5-Fluorouracil/
Irinotecan in KRAS Wild-Type Metastatic Colorectal Cancer as a
Second-Line Treatment) study. BRAF v-raf murine sarcoma viral
oncogene homolog B, CD codon, EGFR epidermal growth factor
receptor, KRAS Kirsten rat sarcoma viral oncogene homolog

3 Results

Between December 2008 and December 2009, 112 patients
were preliminarily enrolled; of these 112 patients, 37 with
a KRAS codon (CD) 12 mutation, including four EGFR-
negative cases, and eight patients with a KRAS CD13
mutation were excluded. Of 67 patients with KRAS exon2

Table 1 Patient characteristics (N = 57)

Characteristic Value
Age (years)

Average 62.7

Range 37-82
Sex (n)

Male 37

Female 20
Paitern of metastatic disease (1)

Liver 35

Lung 21

Other 17
First-line regimen (n)

FOLFOX -+ bevacizumab 29

FOLFOX 14

FOLFOX + cediranib/placeba 1

Other 3
FOLFOX bolus/infusional fluorouracil and leucovorin  with
oxaliplatin
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wild-type and EGFR-positive tumors, 57 eligible patients
were finally enrolled in the FLIER study. Three patients
with a BRAF CD600 mutation were excluded, and 57
patients formed the final subset for this analysis. The
Consolidated Standards of Reporting Trials (CONSORT)
diagram is shown in Fig. 1. The characteristics of the 57
patients are summarized in Table 1.

3.1 Association of Overall Survival with Patient
Characteristics

Associations between the patient characteristics and OS are
summarized in Table 2. A multivariate analysis showed
that EGFR CA repeats were the only independent predictor
of OS (HR 1.97, 95 % CI 1.02-3.78, P = 0.04).

3.2 Association of Objective Response with Each
Polymorphism

Associations between each genotype and the objective
response are summarized in Table 3. The FeyRlla,
FeyRIla, EGFR (R521K), and EGFR CA repeat genotypes
were not significantly associated with the response rate
(P = 0487, P = 0410, P =0.934, P = 0.220, respec-
tively; Fisher's exact test). The result of LD analysis is
shown in Supporting Figure S1.

3.3 Association of Progression-Free Survival
and Overall Survival with Each Polymorphism

The associations of each genotype with PFS and OS are
summarized in Table 4. A tendency for longer OS was
observed in patients with the EGFR CA repeat >36
genotype than in those with the <35 genotype (600 versus
483 days, P = 0.051; log-rank test). There was no asso-
ciation of FeyRlla, FeyRIa, EGFR (R521K), and EGFR
CA repeat genotypes with PES.

3.4 Association of FcyR Haplotype and Diplotype
with Response

The association between FeyR haplotypes and response are
summarized in Table 5. The haplotype containing the
131H and 158V alleles was significantly associated with a
lower response rate than the other haplotypes (P = 0.018;
Fisher’s exact test). There was no association of FcyR
haplotypes with PFS or OS (data not shown). The associ-
ations between FcyR diplotypes and response are summa-
rized in Table 6. The diplotypes containing 131H and
158V alleles had a significantly lower response rate than
the other diplotypes (P = 0.038; trend test). There was no
association of FcyR diplotypes with PFS or OS (data not
shown).
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Table 2 Associations of patient

- . Characteristic n Univariate analysis Multivariate analysis
characteristics with overall
survival HR 95 % CI P value HR 95 % CI P value
Age
<65 years 35 0.95 0.53~1.70 0.86 0.84 0.46-1.53 0.57
>65 years 22
Sex
Male 37 1.12 0.62-2.04 0.70 1.22 0.66-2.23 0.53
Female 20
Number of metastatic sites
1 12 1.20 0.60-2.41 0.61
>2 45
EGFR (CA repeats)
<35 13 1.86 0.99-3.52 0.06 1.97 1.02-3.78 0.04
>36 42
FeyR polymorphisms
CI confidence interval, EGFR Both FeyRlla-131H 17 094  050-1.76 084
epidermal growth factor and FeyRIIla-158V
o .
¥ eetepor, AR sgacs raio Otber 10
,(lazil;:ren:mAéS??jég:igfaﬁﬁ Genotype Detail Objective response
EGFR (epidermal growth factor Response (1) P value
receptor) genotypes with
objective response CR + PR SD + PD Fisher's C-A.
exact test trend test
FeyRITa (H131R) HH 10 25 0487 0.239
HR 6 9
RR 3 3
FeyRIla (V1S8F) 133 15 22 0.410 0.173
BV 3 11
\'A% 1 4
EGFR (R521K) RR 7 12 0.934 0.613
KR 9 17
C.~A. Cochran—~Armitage, CR KK 3 8
complete response, PD EGFR (CA repeats) <35 3 12 0.220
progressive disease, PR partial >36 16 25

response, SD stable disease

4 Discussion

Two important findings were obtained from the present
study. First, the haplotype containing the FeyRIlq-131H
and FeyRIIa-158V alleles was significantly associated
with a lower response rate than the other haplotypes
{Table 5; P = 0.018; Fisher’s exact test), and the diplo-
types containing the FeyRlla-131H and FeyRIa-158V
alleles also had significantly lower response rates than the
other diplotypes (Table 6; P = 0.038; trend test). Several
studies have atternpted to correlate clinical outcomes with
FeyR polymorphisms that are known to modulate anti-
body—receptor engagement, but the results were not con-
sistent. FryRI1a-158F/F has previously been correlated

with a higher response rate and with longer PFS in mCRC
patients treated with cetuximab [18, 19], and those findings
are supportive of our results. In contrast, some reports have
demonstrated that the FeypRIHa-158V/V genotype confers
higher binding affinity for IgGl in vitro [10], and patients
harboring this genotype have greater responsiveness to
herceptin and rituximab {13, 14]. In another trial of mCRC
treated with cetuximab, improved clinical outcomes in
FeyRifla-158V/V carriers were reported [17]. Combined
analysis of FcyRlla and FeyRIlTa polymorphisms was
performed in several studies. Patients with any FeyRlla-
131H allele and/or FcyRIlla-158F allele had a higher
response rate and longer PES [18], whereas patients with
any FcyRlia-131H and/or FeyRIIa-158V allele had a
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Table 4 Associations of FeyR (fragment C y receptor) and EGFER (epidermal growth factor receptor) polymorphisms with overall survival and

progression-free survival

Polymorphism Detail n Progression-free survival Overall survival
Median P value of Median P value of
(days) log-rank test (days) log-rank test
FeyRIlo (HI3IR) HH 35 254 0.747 553 0.991
HR 16 203 663
RR 6 277 549
FeyRIla (V158F) FF 37 271 0.507 553 0.234
FV 15 286 737
vv 5 154 270
EGFR (R521K) RR 11 230 0.236 566 0.386
KR 26 315 553
KK 20 159 330
EGFR (CA repeats) (<35, 236) S 15 307 0.954 483 0.051
L 42 254 600

L >36 CA repeats, O overall survival, PFS progiession-free survival, § <35 CA repeats

Table 5§ Associations of FcyR

Haplotype of FeyRila-HI31R Allele Objective response (N == 112)
(fragment C y receptor) and FeyRIa-V158¥ frequency
haplotypes with objective Response (1) P value
response
CR + PR SD + PD Fisher’s
exact test
HFE 0.589 24 42 0.549
Without HF 4 32
g 0.196 9 13 0.460
Without RF 29 61
HV 0.170 2 17 0.018
Without HV 36 57
CR complete response, PD RV 0.045 3 2 0.334
progressive disease, PR partial .
response, SD stable disease Without RV 3 72
‘;“"" 6 t"‘é“"““?"’;* OFFepR  Diplotype of FeyRIa-HI3IR  Allele Objective response (N = 56)
(. agment & ¥ recep 0?) and FeyRUTa-V{58F frequency
diplotypes with objective Response [#] P value

response

CR + PR 8D + PD Fisher’'s C.—A. trend
exact test test

C.~A. Cochran—-Armitage, CR HV/HV
complete response, PD HVinon-HV
progressive disease, PR partial Non-HV/non-HY

0071 0 4 0.162 0.038

0.196 2 9
0.732 17 24

response, SD stable disease

higher disease control rate [29] and longer PFS [17]. These
discrepancies might be explained as follows. Although
ADCC induction is clear in in vitro models, some problems
have been raised in cancer patients. ADCC is markedly
impaired in cancer patients, especially patients with
advanced disease and a high tumor burden, because of
frequently observed natural killer cell dysfunction [30]. In
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addition, the tumor microenvironment enhances the
expansion of immunosuppressive cells, such as regulatory
T cells and myeloid-derived suppressor cells [31], which
impair the ADCC activity indoced by cetuximab.

Second, our study demonstrated that patients with the
EGFR genotype with 36 or more CA single sequence
repeats in intron 1 had a tendency for longer OS than
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patients with 35 or fewer CA repeats (600 versus 483 days,
P = 0.051; log-rank test; Table 3). The number of CA
repeats in the EGFR gene affects the transcription effi-
ciency of the gene, with transcription levels declining with
increasing numbers of CA repeats in vitro [32], and is also
associated with the response to EGFR antibodies. Head and
neck cells with a smaller number of EGFR intron 1 CA
repeats have shown higher EGFR expression and greater
sensitivity to anti-EGFR therapy in vitro [20], and mCRC
patients with a smaller number of EGFR intron 1 CA
repeats have shown greater sensitivity to cetuximab and
jrinotecan than patients with a larger number of CA repeats
{19, 21]. The data from the previous studies conflict with
our data.

Furthermore, our study found no association of EGFR
R521K polymorphism with the response rate, PFS, and OS.
Compared with the wild-type 521R allele, the 521K allele
variant has attenuated affinity in ligand binding and proto-
oncogene induction, which may affect the efficacy of ce-
tuximab {22-24]. This polymorphism has served as a pre-
dictive marker for cetuximab-based treatment in KRAS
wild-type colorectal cancer, as patients with the KR or KK
genotypes have been found to have a significantly higher
response rate and longer PFS and OS than patients with the
RR genotype [24].

These discrepancies regarding the association between
EGFR polymorphisms and the outcome of cetuximab
treatment might be explained as follows. A second sub-
group analysis of the BOND study showed that the degree
of EGFR expression—either the percentage of -EGFR-
expressing tumor cells or the maximal staining intensity
per cell—did not correlate significantly with the clinical
response rate [33]. This finding could be the explanation
for the conflicting results.

5 Conclusion

Our data suggest that FcyR and EGFR CA repeat poly-
morphisms may be associated with the outcome of KRAS-
wild type mCRC in patients treated with cetuximab and
FOLFIRI as second-line therapy, although these results are
countroversial now, and further investigations will be nee-
ded to confirm the association of FcyR and EGFR poly-
morphisms with the efficacy of cetuximab.
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ABSTRACT

Background. The feasibility and safety of D2 surgery
following neoadjuvant chemotherapy (NAC) has not been
fully evaluated in patients with gastric cancer. Moreover,
risk factor for surgical complications after D2 gastrectomy
following NAC is also unknown. The purpose of the
present study was to identify risk factors of postoperative
complications after D2 surgery following NAC.
Methods. This study was conducted as an exploratory
analysis of a prospective, randomized Phase II trial of
NAC. The surgical complications were assessed and clas-
sified according to the Clavien-Dindo classification. A uni-
and multivariate logistic regression analyses were per-
formed to identify risk factors for morbidity.

Results. Among 83 patients who were registered to the
Phase 11 trial, 69 patients received the NAC and D2 gas-
trectomy. Postoperative complications were identified in 18
patients and the overall morbidity rate was 26.1 %. The
results of univariate and multivariate analyses of various
factors for overall operative morbidity, creatinine clearance
(CCr) < 60 ml/min (P = 0.016) was identified as sole
significant independent risk factor for overall morbidity.
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Occurrence of pancreatic fistula was significantly higher in
the patients with a low CCr than in those with a high CCr.
Conclusions. Low CCr was a significant risk factor for
surgical complications in D2 gastrectomy after NAC.
Careful attention is required for these patients.

Gastric cancer is the second most frequent cancer-rela-
ted cause of death after lung cancer.' Complete resection is
essential for the cure of gastric cancer. After the long
debate, D2 gastrectomy has been established as a standard
surgical procedure not only in Japan and Korea, but also in
Burope and United States,>™

Recently, several large phase III studies demonstrated
that multimodality treatment, including surgery, signifi-
cantly improved the survival of locally advanced disease
compared with surgery alone; postoperative adjuvant che-
motherapy with S-1 in Japan, postoperative adjuvant
chemotherapy with capecitabine plus oxaliplatin in Korea,
and pre- and postoperative chemotherapy in United King-
dom.*® Neoadjuvant chemotherapy is a promising
treatment for gastric cancer when considering intensive
chemotherapy with relatively toxic regimen.” Neoadjuvant
chemotherapy is tested in several phase III trials in the
eastern Asia where D2 and adjuvant chemotherapy is a
standard treatment.'™' Although D2 gastrectomy is a
feasible and safe procedure as a primary treatment when
performed by experienced surgeons, the feasibility and
safety of D2 surgery following neoadjuvant chemotherapy
has not been fully evaluated. Two positive phase IIT trials
performed in United Kingdom and France demonstrated



