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Percutaneous biopsy EUS-FNA

P value
Group A Group B
Patients 46 75
Site of puncture
Pancreas 46 74 > (.9999
Head/body/tail 12/32/2 34/31/9 00114
Sex (male/ female) 25/ 39736 > 0.8525
Age, yr > 0.8466
=65 28 48
<65 18 27
Tumor diameter, mm (range) 44.8 (18-111) 255 (7-70)
=40 30 25 0.0007
<40 16 50
Pasges (range) 226 (1-4) 2.85 (2-5) <0.0001

Adequate specimens obtained’ n (%)

Cytology 42(913) 75 (100)  0.0192
Histology 41 (89.1) 65(867) 07812
Positivity for cancer n (%)
Cytology 33 (78.6) 72(04.6) 00079
Histology 33 (30.5) 51(78.4) > 0.9999
Total # (%) 43 (93.5) 73 (97.3) 0.2672
Complications 71 (%) 2 (4.3) 1{L3) >0.5567
Pever' Peritonitis'
Bleeding'
Time from puncture to definitive diagnosis
Cytology, d {range) 4.05 (0-8) 1,65 (0-5) < 0.0001
Histology, d (range) 3.95(2-7) 318 (2-10) 0.7066

'An onesite pathologist was available for endoscopic ultrasound-guided
fine-needle aspiration (FUS-FNA) but not for ultvasonography-guided-FN A,

RESULTS

US-FNA was petformed in 48 patients from February
2006 until October 2009, Two cases (tenal cell carcinoma
and malignant lymphoma) weze excluded from the analy-
sis of US-FNA because the patients did not have primary
PC. EUS-FNA was attempted in 125 cases and was suc-
cessfully performed in 123 cases from November 2009
until September 2011, Among these, 48 patients did not
meet the selection critetia (lymph node metastasis, 34
cases; other pancreatic fumor, 10 cases; other abdominal
tumor, three cases, and mediastinum tumot, one case).
EUS-ENA could not be petformed in two patients be-
cause of difficulty of visualization due to total gastrec-
tomy in one case, and impossibility of ensuring the punc-
ture route in the other. Thus, 46 patients who underwent
US—FNA (Group A) and 75 who underwent EUS-FNA
(Group B) wete eligible for analysis.

Table 1 shows the characteristics of the study sub-
jects. The distribution of the target tumor in the pancreas
differed significantly between the two groups, with the
tmor location mote frequent in the pancreatic head/tail
than in the pancteatic body in Group B: The maximum
diameter of the target tumor ranged from 18 to 111 mm
(median, 44.8 mm) in Group A and from 7 to 70 mm
(median, 25.5 mm) in Group B. A sigaificantly larger
number of farget tumors were < 40 mm in Group B

than in Group A (P = 0.0007).
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Table 1 shows a comparison of the results of per-
cutanieous biopsy with those of BUS-FNA. Adequate
cytological and histological specimens were obtained in
42 (91.3%) and 41 (89.1%) Group A patients (# = 46),
tespectively, and in 75 (100%) and 65 (86.7%) Group B
patients (# = 75).

Results of cytology indicated the presence of cancer
cells in 33 Group A patients (78.6%) and in 72 Group
B patients (94.6%). Histological studies showed cancer
tissue in 33 (80.5%) and 51 (78.4%) patients in Group A
and Group B, respectively. In total, a cancer diagnosis was
made in 43 Group A (93.5%) and 73 Group B (97.3%)
patients by cytology and/or histology. These 116 patients
wete diagbosed with pancteatic adenocarcinoma by cytol-
ogy/histology as well as by imaging and their subsequent
clinical course. The final diagnosis of PC in the remain-
ing five patients for whom there was no cytological or
histological proof was confirmed by the clinical coutse
until April 2012. The positive cytology/histology rate did
not differ between the two groups.

Total puncture procedutes per patient varied from
one to five, with a median of 3. The frequency of mul-
tiple punctutes, that is, > 2, was significantly higher in
Gtoup B than in Group A. Time from the day of punc-
ture until the day of the final cytological diagnosis vatied
from 0 to 8 d (median, 4.1 d) in Group A and from 0 to
5 d (median, 1.7 d) in Group B. The period was signifi-
cantly shorter in Group B than in Group A. The time
from the day of puncture until the day of the final histo-
logical diagnosis varied from 2 to 7 d (inedian, 4.0 d) in
Group A and 2 to 10 d (median, 3.2 d) in Group B, with
no significant differcace between the two groups,

Sevete adverse events occurred in two Group A
patients (4.3%) and in one Group B patent (1.3%). In
Group A, one patient developed a high fever, which ve-
quired hospitalization but tesolved with only symptom-
atic treatment. The other Group A patient experienced
upper gastrointestinal bleeding, which was confitmed by
endoscopy to be related to the needle biopsy. This patient
was treated by blood transfusion and antiulcet medication
and was hospitalized for 1 wk without surgical interven-
tion. The adverse event in Group B was an abdomiaal
abscess that required surgical deainage. The patient expe-
tienced continuons abdominal pain one night after EUS-
FNA, and dynamic CT demonstrated an abscess in front
of the pancreatic body tumor, which was cleatly related
to the EUS-FNA puncture. Fortunately, she recovered af-
ter surgery and antibiotic therapy and could receive che-
motherapy thereafter. There was no cancer seeding event
up to 6 mo from the time of puncture in any patient in
etther group.

DISCUSSION

The aim of the cutrent study was to investigate the re-
sults of two different approaches to obtain pancreatic
hiopsy specimens, which are a percutaneous approach
and BEUS-FNA, because this issue has seldom been ad-
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dressed™. Out results confirmed the usefulness of BUS-
FNA, especially with regard to cytology. The National
Comprehensive Cancer Network Guidelines (2012)
require that cytological or histological confirmation is
needed. for the diagnosis of unresectable pancreatic
catcinoma. Tn patients with stage IV PC, a biopsy of
the metastatic lesion 1s prefesrted for proof of cancer,
However, in those with stage Il PC and some patients
with stage IV PC in whom it is difficult to access meta-
static sites for biopsy procedures, the primaty tumor of
the paticreas must be targeted to obtain proof of cancer.

Pancreatic juice cytology was developed in the eatly 1980s

and is still being performed; however, cancer cells canfiot
easily be observed by collection of pancreatic juice™".
Percutaneous needle biopsy was developed with the ex-
pectation of a more definitive method to obtain proof
of cancer from thé primary pancreatic tumot™ >, Our
institute then used pércutaneous needle biopsy wider
extracorporeal US guidance as the standatd for histo-
logical confirmation of the pancreatic prifmary tmot.

Recently, EUS-FNA was introduced and was used mainly

17-23]
in high-volume cancer centers in Japan"™, As a result

of the risk of cancer seeding as well as other risks with
percutaneous biopsvj we adopted EUS-FNA beginning
in Novembes 2009 in place of percutaneous biopsy: We
expected that EUS-FNA would have advantages over a
percutaneous procedure with regard to efficacy in confir-
mation of cancer and avoiding advetse reactions before
administering chemotherapy to patients with PC,

Our results demonstrated that EUS-FNA is effec-
tive and feasible for obtaining proof of cancerin can-
didates for PC chemotherapy. In fact, BUS-FNA might
have merits with regard to obtaining specimens from
small tumors or tumors in the pancreatic tail, for which
performance of percutaneous biopsy is difficult™ ",
In this stady, the location of the tatget tumor was most
frequent at the body of the pancreas in Group A. In ad-
dition, the target twinors were lagger in Group A than in
Group B. These findings suggest that patients might have
been excluded from Group A in which difficulty conld
be expected in making a punctute because the tumor was
eithet stall ot difficult to delineate. In these cases, endo-
scopic retrograde cholangiopancreatography or liver bi-
opsy might have been performed to obtain confifmation
of malignancy, if possible:

Horwhat ¢ a/l? ¥ have performed a randomized con-
trolled trial of EUS-FNA and percutapeous biopsy of
the pancreas (US- and CT-guided) in 2006. Although
there was no statistically significant difference in accuracy
between the two methods, the resulis showed that EUS-

FNA had the advantage in the diagnosis of pancreatic

malignancy. In our study, the diameters of the target
tumors in the EUS-FNA group (Group B) were smaller
than those in the US-FNA group (Group A) and the
deviation of distribution around the puncture site was
smaller in the EUS-FNA than the US-FNA group. Our
results indicated high performance through the use of
EUS-FNA and are not inconsistent with those of Hox-
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what ¢f a/'?. In the present study, there was no analysis
of accuracy in the two groups, because our institution is
an oncology hospital and we rarely perform biopsies of
benign cases.

The benefits of EUS-FNA might be maximized to
make a pathological diagnosis in patients with an abdomi-
val tumor of an uncertain type, The definite merit of our
BEUS-FNA procedure was thought to be tapid cytological
results, but pethaps success in this regard was mainly due
to the contribution of an on-site cytotechnologist and
not to the EUS-FNA procedure itself. Iglesias-Garcia e
af™ have claimed that on-site cytological evaluation im-
proves the diagnostic vield of EUS-guided FNIA for the
cytological diagnosis of solid pancreatic masses. Savoy
et &l have pointed out that even trained endosonog-
raphers have variable and, in some cases, inferior abili-
ties in interpreting on-site cytology in compatison with
cytotechnologists. In the present study, we had adequate’
specimens for all cases in the EUS-FNA group. This is
natusal because we continued the examination until we
obtained a sufficient quantity of specimens that were
checked by the on-site cytotechnologist, On the contraty,
there was no difference in the rate of adequate specimens
obtained for histological examination between the EUS-
FNA and US-FNA groups, because the collected tissue
was checked by the examiner’s naked eye in both groups.
The ptesence of an on-site cytotechnologist to accom-
pany EUS-ENA is considered to be necessaty, at least, in
high-volume centers.

In the present study, the positivity rate for malignancy
was higher for BEUS-FNA cytology than for histology.
Suppotting the current results, another study has shown
that the positivity rate for malignancy in BUS-ENA cytol-
ogy of the pancreas was higher than that in histology™"

As previously reported, EUS-needle core biopsy is
useful for histological and cytological diagnosis in terms
of sample volume™™. In addition, the combhined results
of EUS-FNA cytology and EUS-needle cote biopsy have
been reported to improve diagnn»3'1:;[32"“i However, to con-
firm the malignancy, EUS-FNA cytology is mote useful
than EUS-needle cote biopsy™. This result is similar fo the
results of our study, indicatinig that eytology might be mote
useful than histology fot the diagnosis of malignancy.

In the cusrent study, thete was no cancer seeding in
any patient in either group. As previously ieported, there
were rate cases of seeding among patients who under-
went US-guided FNAM. With regard to the punctute
route, we suggest that thete is less possibility of seeding
in patients who undergo EUS-FNA than in patients who
undergo US-FNA, although some recent studies have
shown the possibility of seeding in patients who undergo
BUS-FNAP™, We did inform patients who were sched-
uled to undergo EUS-FNA about the possibility of this
complication.

The limitations of our study included its retrospec-
tive nature. Furthermote, thete were no cases of benign
pancteatic conditions to enable an evaluation of US and
BUS-ENA for accurate differentiation between malignant'
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and benign diseases.

In conclusion, EUS-FNA, as well as percutancous
needle aspiration, is an effective modality to obtain cyto-
pathological confirmation in patients with advanced PC.
BUS-FNA cytology was able to detect malignancy at a
high rate. We believe that EUS-FNA has advantages for
smaller tumors located deeply and for tumors it which the
diagnosis is uncertain by various other imaging modalities.
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Background

Ultrasonography-guided fine-needle aspiration (US-FNA) hiopsy or camputed
tomagraphy (CT)-guided FNA biopsy was used for histological/cytological diag-
nosis of pancreatic cancer (PC). US-FNA is fimited to masses in the pancreatic
tail. CT-guided FNA is time-consuming and limited by a substantial false-nega-
tive rate. There have been concerns about percutaneous cancer seeding and
difficulty in puncturing for small tumors. Endoscopic ultrasound (EUS)-guided
FNA has been developed as a more feasible method of obtaining definitive
specimens for the diagnosis of PC. Studies on the results of the two different
approaches to obtain pancreatic blopsy specimens; Which are the percutaneous
approach and EUS-FNA, have rarely been conducted.

Research frontiers

The benefits of EUS-FNA might be maximized to be able to make a pathologi-
cal diagnosis in patients with an abdominal tumor of an uncertain type.
Innovations and breakthroughs

EUS-FNA is effective and feasible for obtaining proof of cancer in PC chemo-
therapy candidates. In fact, EUS-FNA might have advantages with regard to
obtaining specimens from small tumors or tumors in the pancreatic tail, for
which petformance of percutaneous biopsy is difficult,

Applications

The results suggest that EUS-FNA is the best method of obtaining eytelogical
samnples for diagnosis of unresectable PC. This method can be used for ather
fypes of cancer,

Terminology

Onesite cytotechnologist: An on-site cytotechnologist should attend the puncture
examination to confirm quickly the existence of atypical cells. The information of
the aytotechnologist is more appropriate than that of the endoscopist.

Peer review

This'is a good descriptive study in which EUS-FNA is a feasible and safe tech-
nique to acquire pancreatic specimens. The results are interesting in that the
advantages of EUS-FNA over the percutaneous pracedure are time hetween
examination and diagriosls, the possibility of puncture of small tumors, and
wmors in the tall of the pancreas.
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Abstract

Background: It is clear that genetic variations in the fat mass and obesity-associated (FTO) gene affect body mass
index and the risk of obesity. Given the mounting evidence showing a positive association between obasity and
pancreatic cancer, this study aimed to investigate the relation between variahts in the FTO gene, obesity and
pancreatic cancer risk.

Methods: We conducted a hospital-based case~control studly in Japan to investigate whether genetic variations in
the FTO gene were associated with pancreatic cancer risk. We genotyped rs9939609 in the FTO gene of 360 cases
and 400 control subjects. An unconditional logistic model was used to estimate the odds ratio (OR) and 95%
confidence interval (Cl) for the assaciation between rs9939609 and pancreatic cancer risk,

Results: The minor allele frequency of rs9939609 was 0,18 among control subjects. BMI was not associated with
pancreatic cancer risk. Compared with individuals with the common homozygous TT genotype, those with the
heterozygous TA genotype and the minor homozygous AA genotype had a 48% (OR=1.48; 95%Cl: 1.07-2.04), and
66% increased risk (OR=1,66; 95%Cl: 0.70-3.90), respectively, of pancreatic cancer after adjustment for sex, age, body
mass index, cigarette smoking and history of diabetes. The per-allele OR was 141 (95%Cl: 1.07-1.85). There were no

significant interactions between TA/AA genotypes and body mass index.

Conclusions: Our findings indicate that 159939609 in the FTO gene is associated with pancreatic cancer risk in
Japanese subjects, possibly through a mechanism that is indepsndent of obesity. Further investigation and
replication of our results is required in other independent samples.
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Background

In 2010, approximately 28,000 Japanese subjects died
from pancreatic cancer, making it the fifth leading cause
of cancer deaths in Japan [1]. Despite extensive research
efforts, the etiology of pancreatic cancer remains poorly
understood. Cigarette smoking and long-standing type 11
diabetes are two well-established risk factors, based on
consistent findings from epidemiologic studies [2,3]. In
addition, being overweight and obese have been impli-
cated in the development of pancreatic cancer [4], with
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statistically significant, positive associations observed in
large cohort studies conducted in Western countries
[5-7], and corroborated in at least four metfa-analyses
[8-11] and three pooled analyses [12-14]. The positive
association between body mass index (BMI) and pancre-
atic cancer, however, has not been clearly obsérved in
Asian populations. To date, four cohort studies have ex-
amined the association between BMI and pancreatic
cancer in Asians, but the results have been inconsistent
and inconclusive [15-18].

Recently, geriome-wide association (GWA) studies
have identified at least 30 loci that affect BMI and the
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risk of obesity [19]. Among these loci, the fat mass and
obesity-associated (FTO) gene, which was first identified
in a GWA study of diabetes in 2007 [20], has the stron-
gest influence on BMI and obesity. Rs9939609, located
in the first intron of the FTO gene, was found to be as-
sociated with both BMI and type II diabetes in subse-
quent GWA studies in diverse populations [21-23), The
association of rs9939609 with various traits, including
hip circumference, energy intake and total mortality has
also been studied [24-26]. In addition, rs9939609 geno-
types have been linked with the risk of prostate, breast
and endometrial cancers [27-29]. The association be-
tween genetic variations in the FTO gene and the risk of
pancreatic cancer; however, is not clear. Of the three
studies that examined this association, only one case—
control study, conducted at the MD Anderson Cancer
Center in the United States, reported that the minor A
allele of FTO, rs9939609, was associated with an in-
creased risk of pancreatic cancer among overweight sub-
jects [30]. Another two studies examined rs8050136 of
the FTO gene, with one study reporting a positive asso-
ciation [31], and the other no association [32].

Given the mounting evidence showing a positive asso-
ciation between obesity and pancreatic cancer, we hy-
pothesized that variants in the FTO gene may be
associated with pancreatic cancer risk through effects on
obesity or other mechanisms. In a search of the litera-
ture for obesity-related genetic variants, we found that
PTO rs9939609 was the most widely studied single nu-
cleotide polymorphism (SNP), and has been found to
exert strong effects on BMI, as well as diabetes. Further-
more, it showed strong linkage disequilibrium with other
SNPs in the FTO gene, such as rs8050135 and
1517817449 [22]. We therefore investigated the associ-
ation between FTO rs9939609 and pancreatic cancer
risk in a case—control study in Japan.

Methods

Study subjects

Qur study is an ongoing hospital-based case—control
study focusing on the role of genetic polymorphisms
and gene-environment interaction in pancreatic cancer.
For the present analysis, eligible cases were patients aged
older than 20 years, who were newly diagnosed with
pancreatic cancer in five hospitals located in centyal,
north and Tolyo metropolitan areas from April 1, 2010
through May 15, 2012. The diagnosis of pancreatic can-
cer was based on imaging modalities or pathologic re-
ports. The response rate among cases was 85% (441/
516) as of July 1, 2012. Almost all of the cases were
approached within a week after the diagnosis of pancre-
atic cancer, and very few cases died before they were in-
vited to participate in our study, During the same
period, we recruited control subjects with no diagnosis
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of cancer from inpatients and outpatients from the par-
ticipating hospitals where the cases were enrolled, as
well as relatives of inpatients, and individuals undergo-
ing a medical checkup in one of the participating hospi-
tals, Control subjects were eligible if they were more
than 20 years old and had no prior cancer diagnoses. Re-
cruitment of controls was accomplished by approaching
eligible participants in the hospitals who satistied the
study requirements, and the response rate was 98%
(525/534). Control subjects had a variety of diseases,
such as anemia, gastric ulcer, and irritable bowel syn-
drome. Control subjects were matched with case pa-
tients according to sex and age (within 10-year
categorjes). As a result, data from 360 case patients and
400 control subjects were included in the present
analysis.

All subjects provided written, informed consent. This
study was approved by the ethical board of Aichi Medical
University (Nagakute, Japan), the Institutional Review
Board (IRB) of Cancer Institute Hospital (Tokyo,
Japan), the IRB of Kanagawa Cancer Center Hospital
(Kanagawa, Japan), the IRB of Tokyo Metropolitan
Komagome Hospital (Tokyo, Japan), and the IRB of
Sapporo Medical University (Sapporo, Japan).

Data collection

Study subjects were asked to fill out a self-administered
questionnaire including information on demographic
characteristics, medical history, and lifestyle factors, such
as cigarette smoking, alcohol consumption and dietary
intake. For body weight, data on usual weight over the
year prior to study entry as well as weight at age 20 were
reported by the study participants. For current or former
smokers, we collected detailed data on smoking expos-
ure, including smoking status (never, former, or current
smokers), average number of cigarettes smoked per day,
age at starting’ and quitting, and duration of smoking,
For subjects with type II diabetes, we recorded the age
at diagnosis. In addition to the questionnaire survey, all
consenting participants provided a 7-mL venous blood
sample. Genomic DNA was extracted from peripheral
lymphocytes at SRL Hachioji Laboratory and then stored
at -30°C at the Department of Public Health, Aichi Med-
ical University.

Genotyping assays

Genotyping was performed using the Tagman SNP
Genotyping Assay (Applied Biosystems, Foster City, CA,
USA) at the laboratory of Aichi Cancer Center Research
Institute, Nagoya, Japan. Laboratory staff were blinded
to case or control status, Four quality control samples
were included in each assay, and the successful genotyp-
ing rate was 100%.
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Statistical analysis

Case—control differences in selected demographic char-
acteristics and risk factors were evaluated using t tests
{for continuous variables) and Chi-square tests (for cat-
egorical variables). A chi-square test was used to test
genotype frequencies in control subjects for Hardy-
Weinberg equilibrium (HWE) by comparing observed
genotype frequencies with those expected under HWE.
A co-dominant genomic model was assumed for SNP ef-
fects. Unconditional logistic regression methods were
used to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) for the association between rs9939609 ge-
notypes and pancreatic cancer risk. Homozygous carriers
of the common FTO rs9939609 T allele served as the
reference group. All analyses were adjusted for age (con-
tinuous), sex (male or female), BMI (<20, 20-22.4, 22.5-
24.9, 225.0), history of diabetes (yes or no), and cigarette
smoking (current, former, never smokers). ORs were also
estimated for the variant allele on the basis of a log-
additive model. The interaction of genotype-BMI and
genotype-history of diabetes with respect to pancreatic
cancer risk was assessed using the likelihood ratio test.
Because recent-onset diabetes may result from pancre-
atic cancer, we performed an analysis excluding cases
who had onset of diabetes within 2 years prior to the
diagnosis of pancreatic cancer.

All P-values were two-sided, with P<0,05 indicating
statistical significance. All statistical analyses were
performed using SAS 9.2 (SAS Institute, Inc., Cary, NC,
~ USA).

Results

The distribution of genotypes among control subjects
did not deviate from the Hardy-Weinberg equilibrium
(P=0.94). The minor allele frequency (MAF) was 0.18
among control subjects. Table 1 summarizes the charac-
teristics of cases and controls. Both groups had a similar
distribution of sex and 10-year age groups. The mean
age was 65.1+8.1 years for cases, and 58.5+9.1 years for
controls. Cases were more likely to be current smokers
and have a history of diabetes compared with controls.
Current smokers had an approximately 2.9-fold increased
risk of pancreatic cancer compared with nonsmokers,
after adjustment for age, sex, BMI, and history of diabetes
(OR=2.86; 95%Cl: 1.79-4.57). Individuals who had a BMI
of 30 or more had a 1.21-fold increased risk, but the asso-
ciation was not statistically significant. Similar results were
obtained in an additional analysis in which BMI at age 20
was used (data not shown). Risk of pancreatic cancer was
significantly increased among subjects reporting a history
of diabetes (OR=2.94; 95%CL 1.90-4.57). The significant,
positive association remained after excluding pancreatic
cancer cases with recent-onset diabetes (OR=1.92; 95%Cl:
1.20-3.08). Among control subjects, the mean BMI was
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Table 1 Association between variations in the fat mass
and obesity-associated gene and pancreatic cancer risk:
a case~control study in Japan

Characteristics Case patients Control subjects  OR (95% CI)
(N=360) {N=2400)
Age group Matching
factor
<50 12.(3.3) 19 (4.8)
50-59 44 (12.2) 79 (19.8)
60-69 141 (39.2) 170 (42.5)
70-79 138 (38.3) 115 (288)
=80 25 (69 17 (43)
Sex Matching
factor
Female 215 (89.7) 226 (56.5)
Male 145 (40.3) 174 (43.5)
Body mass index
(kg/m?)
<25 278 (77.2) 312 (780) 100
250-299 64 (17.8) 750187 0.96 (0.65-143)
=30 16 (4.4) 12 (30) 121053277
Unknown 2(06) 1(03) -
Smoking status
Non-smokers 145 (40.2) 202 (50.5) 1.00
Former smokers 119 (33.1) 140 (350) 123 {182-1.85)
Current Smokers 96(26.7) 58 (14.5) 2.86 (1.79-457)
History of diabetes
No 269 (74.7) 362 (90.5) 1.00
Yes 87 (242) 35(87) 2.94 (1.90-4.57)
Unknown 4011 3(08) -

OR: odds ratio; Cl: confidence interval,
OR was adjusted for sex, age, smoking. status and history of diabetes.

22.7+3,1 for the TT genotype, 23.2+3.3 for the TA genoc-
type, and 21.1£2.9 for the AA genotype.

Table 2 shows the association between variants in the
FTO gene (rs9939609) and pancreatic cancer risk. Com-
pared with individuals with the TT genotype, the multi-
variate adjusted OR for developing pancreatic cancer
was 148 (95%CL: 1.07-2.04) among those with the TA

Table 2 Association between the FTO rs2939609 and
pancreatic cancer risk

FTO Cases  Control Age- and sex- Multivariable-
rs9939609 subjects adjusted OR adjusted OR

T 213 27 1.00 ’ 100

TA 133 116 149 (109203) 148 (107-2.04)
A& 14 13 149 (067-3.29) 1.66 (0.70-3.90)

OR: odds ratio ; (: confidence interval.
Multivariable adjusted OR-adjusted for age, sex, body mass index; cigarette
smeking and history of diabetes.
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genotype, and 1.66 (95%CL: 0.70-3.90) among those with
the AA genotype. Under the dominant mode], the OR
was 1.49 (95%CL 1.09-2.05) among cartiers of the TA/
AA genotype. Under the log-additive model, each add-
itional copy of minor allele A was associated with a 1.4~
fold increased risk of pancreatic cancer (OR=1.41, 95%
CL 1.07-1.85).

We found no significant interaction between FTO
r$9939609 and BMI (Table 3). Individuals with both a
TA/AA genotype and a history of diabetes had a 3.7-fold
increased risk of pancreatic cancer compared with those
with a TT genotype and no history of diabetes (Table 4),
but a test for the interaction was not statistically
significant.

Discussion
This was a hospital-based case—control study in Japan to
investigate whether genetic variations in the FTO gene
were associated with pancreatic cancer risk. The main
findings of our study were: 1) individuals with the FTO
1s9939609 TA genotype had a significant 1.5-fold in-
creased risk of pancreatic cancer compared with those
with the TT genotype; and 2) a combination of the FTO
rs9939609 TA/AA genotype and a history of diabetes
significantly increased the pancreatic cancer risk, with
an OR of 3.70 (95%Cl: 1.59-8.63). ’
We found that obesity, defined as a BMI of 30 or
more, was dssociated with 1.2-fold increased risk of pan-
creatic cancer, but this association was not statistically
significant. In contrast to evidence of a positive associ-
ation between obesity and pancreatic cancer in Western
countries, available data on the role of obesity in pancre-
atic: cancer in Japanese are inconclusive. There have
been no prospective studies that have observed a cleay
dose—response relation between baseline BMI and pan-
creatic cancer risk in the Japanese population [15,16].
Given that less than 5% of the subjects were obese in
this study, it might be difficult to observe significant as-
sociations. The small percentage of obese people may be
the main reason for the inconclusive results on BMI and

Table 3 Joint associations of the FTO rs9932609 and BMI
with respect to pancreatic cancer risk

Genotype BMI Casas/control  Age-and sex- Multivariable-
subjects adjusted OR adjusted OR
" <25 166/220 1.00 1.00
TA/AA <25 112/92 169 (12022405 168 (1.18-241)
T 225 45/51 1.29 (0.81-2.04) 1,20 (0.75-1.94)
TA/AA 225 35/36 135 {0.81-2.25) 121 071207

P for
interaction=0.29

Multivariable OR: adjusted for age, sex, cigarette smoking and history
of diabetes.
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Table 4 Joint associations of the FTO rs 9939609 and
history of diabetes with respect to pancreatic cancer risk

Genotype History of  Cases/  Age-and sex- Multivariable-
diabetes control adjusted OR  adjusted OR
subjacts

T No 163/243 1.00 1.00
TA/AA No 106/118 138 (0.59-1.93) 141 (1.00-1598)
T Yes 34/260 176 (1.01-307) 170 (0.96-3.00)
TA/AA Yes 24/8 403 (1,75-9.24)  3.70 (1.59-863)

P for

Interaction=0.28

Cases were excluded if the onset of diabetes was within 2 years prior to the
diagnosis of pancreatic cancer.

Multivariable OR: adjusted for age, sex, body mass index, and

cigarette smoking.

pancreatic cancer in Asians, including Japanese [15-18].
In addition, differences in body fat distribution, in gen-
etic predisposition to obesity and in lifestyle factors be-
tween Caucasians and Asians may contribute to the
inconsistent results on BMI and pancreatic cancer risk
in Asian populations [33,34].

Because of the positive association between obesity
and pancreatic cancer in Caucasians and the plausible
mechanisms, several research groups have hypothesized
that variants in obesity-related genes might be associated
with pancreatic cancer risk. The association between
159939609 in the FTO gene was reported in one previ-
ous hospital-based case—control study conducted at the
MD Anderson Cancer Center; Texas, USA [30]. Of the
15 obesity- and diabetes-associated genotypes in the
FTO gene, 59939609 was found to be positively associ-
ated with pancreatic cancer risk in persons who were
overweight, whereas no increased risk was observed in
persons who had a BMI of less than 25 kg/m* [30], In
contrast, our study showed a significant, positive associ-
ation between rs9939609 TA/AA genotype and pancre-
atie cancer risk in individuals with a BMI of less than 25
kg/m® We consider that the difference in minor allele
frequency (MAF) may be the main reason, given the fact
that the MAF was 18% in our study, much Jlower than
the 38% in the MD Anderson Cancer Center case—control
study. The possible differences in selection of cases and
controls, patterns of linkage disequilibrium and effects of
gene-gene interactions may also account for the inconsist-
ent findings. In addition to rs9939609, rs8050136 in the
FTO gene was found to be associated with pancreatic
cancer risk in individuals of European ancestry [31];
however, no association was noted in another case—
control study [32].

In our study, FTO rs9939609 genotypes were associ-
ated with pancreatic cancer risk. However, the mean
BMI did not differ among rs9939609 genotypes for con-
trol subjects, and no significant interaction was observed
between rs9939609 TA/AA genotypes and BMI with
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respect to pancreatic cancer risk. It is possible that the
positive association observed between rs9939609 geno-
types and pancreatic cancer risk may be driven by a
mechanism other than adiposity. Diabetes, a well-
established risk factor for pancreatic cancer, is a possible
candidate. There is evidence suggesting that Asian
people are more susceptible to insulin resistance at a
lesser degree of obesity than Caucasians [33,34]. Besides
its close association with adiposity, FTO has been shown
to be associated with susceptibility to type 1I diabetes
[21,22]. We found that individuals with a TA/AA geno-
type and a history of diabetes were at a 3.7-fold in-
creased risk of pancreatic cancer. However, a test for the
interaction was not statistically significant. Another pos-
sibility is that FTO is just a proxy of as yet unidentified
causal variants, and it is those variants that exert their
effects on rs9939609 and influence pancreatic cancer
risk. Given that the function of the FTO gene is largely
unknown, further studies are needed to comprehensively
evaluate multiple SNPs in the FTO gene and elucidate
the mechanisms by which FTO 159939609 influences
pancreatic cancer risk.

Our study has several limitations, First, it is well-
known that two significant issues, namely selection bias
and recall bias, plague case—control studies. Our results
might have been biased if hospital controls did not rep-
resent the same population from which the cases were
derived, However, the allele frequencies observed among
control subjects in our study were similar to those
reported in the studies of Asian populations [22]. In par-
ticular, the MAF of FTO rs9939609 was 18% in our con-
trol subjects, which is very close to that reported from a
sample of 100 Japanese included in the HapMap project.
Moreaver, the risk estimates for current smokers and in-
dividuals with a history of diabetes were comparable to
those estimated from cohort or population-based case—
control studies [2,3], providing indirect evidence that se-
lection bias might not be a serious concern in our study.
Second, as for recall bias, while the analysis of the asso-
ciation between pancreatic cancer and BMI based on
self-reported weight and height might be affected by re-
call bias, the association with the obesity-related geno-
type was not, Third, although our study included a
relatively large sample size compared with previous
studies conducted in Japan, the sample size may not
have been large enough to detect significant gene-
environment interactions in subgroups. Finally, it is
possible that the results could represent a chance associ-
ation and therefore replication in other independent
samples is required. Despite these limitations, there are
several advantages of the hospital-based design adopted
in our study, including rapid case ascertainment, a high
response rate from both cases and controls, and high

quality genotyping,
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Conclusion

Our findings indicate that rs9939609 in the FTO gene is
associated with pancreatic cancer risk in Japanese subjects,
possibly through a mechanism that is independent of
obesity, Because of the limited statistical power, our results
need replication in other independent samples. The fast-
increasing prevalence of overweight/obesity and type II
diabetes in Asians provides a good opportunity to further
address this association and its underlying mechanisms.
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Abstract

Purpose To evaluate the efficacy and safety of the combi-
nation of gemcitabine (GEM) and S-1 (GS) in comparison
to GEM alone (G) for unresectable pancreatic cancer.
Methods In this multicenter randomized phase II study,
we randomly assigned unresectable pancreatic cancer
patients to either the GS group or the G group., The GS
group regimen consists of intravenous 1,000 mg/m* GEM
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during 30 min on days 1 and 8, combined with 80 mg/m?

oral S-1 twice daily on days 1~14, repeated every 3 weeks,
On the other hand, the G group regimen consists of intrave-
nous 1,000 mg/m? GEM on days 1, 8, and 15, repeated
every 4 weeks., The primary endpoint was objective
response rate {ORR). Secondary end points included treat-
ment toxicity, clinical response benefit, progression-free
survival (PFS), and overall survival.
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Results We registered 117 patients from 16 institutions
between June 2007 and August, 2010, The ORR of the GS
group was 28.3%, whereas that of the G group was 6.8%.
This difference was statistically significant (P = 0.005). The
disease control rate was 64.2% in the GS group and 44.1%
in the G group. Median PES was 6.15 months in the GS
group and 3.78 month in the G group. This was also statisti-
cally significant (P = 0.0007). Moreover, the median over-
all survival (OS) of the GS group was significantly longer
than that of the G group (13.7 months vs. 8.0 months;
P =0.035). The major grade 3—4 adverse events were neu-
tropenia (54.7% in the GS group and 22.0% in the G
group), thrombocytopenia (15.1% in the GS group and
5.1% in the G group), and skin rash (9.4% in the GS group).
Conclusions The GS group showed stronger anticancer
activity than the G group, suggesting the need for a large
randomized phase III study to confirm GS advantages in a
specific subset.

Keywords Unresectable pancreatic cancer -
Chemotherapy - Gemcitabine - S-1 - Gemcitabine+S-1

Introduction

Pancreatic cancer (PC) currently is the fifth leading cause
of cancer-related mortality in Japan, with an estimated
25,960 deaths attributable to the disease in 2010 [1].
Although surgical complete removal of the tumor is the
only chance of cure, almost all PC patients are diagnosed at
an advanced unresectable stage, despite recent improve-
ments in diagnostic techniques. Moreover, since PC recuirs
in about 20% of patients even after surgical resection,
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development of effective chemotherapy is essential to
improve the prognosis of this disease.

Gemcitabine (Gem) is widely used as a standard sys-
temic chemotherapeutic agent for advanced PC [2].
Although some combination therapies including Gem have
shown survival benefit, these are not considered as standard
regimens [3, 4]. S-1 is a fourth generation oral fluoropyrim-
idine, which contains tegafur/gimeracil/oteracil potassium
at a molar ratio of 1.0:0.4:1.0. The efficacy of S-1 has
already been shown in a variety of solid tumors, particu-

larly gastric cancer [5, 6]. A phase II trial of S-1 alone for

PC metastatic to other organ has shown a response rate of
37.5% and a median survival of 9.2 months [7, 8]. More-
over, non-randomized phase II frials of a combination of
Gem and S-1 (GS) therapy have demonstrated excellent
results as to ORR of 44-48% and median survival of
10-12 months [9-13].

The cument study (PC-01) was a randomized phase IT trial
to clarify the effectiveness of GS, prior to an anticipated phase
I trial comparing GS with Gem alone, because there are
many chemotherapy regimens that did not prove survival ben-
efit despite the fact that one-arm phase II studies showed
extremely promising results. Consequently, we, investigators
of the Japan Clinical Cancer Research Organization (JAC-
CRQO), considered the current study (PC-01) could accurately
elucidate the true activity of GS, because selection bias. fre-
quently seen in one-arm trials may be minimized by prospec-
tive randomization studies.

Patients and methods
Patients

The eligibility criteria for enrollment into this study (March
2007-August 2010) were patients with histologically or ¢yto-
logically proven pancreatic adenocarcinoma, patients with
International Union Against Cancer clinical stage IIT (locally
advanced disease: T4NO-1 and MO) or 1V (metastatic disease:
T1-4N0-1 and M1), patients with measurable lesions as defi-
ned in the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.0 guidelines, age >20 and <80, no prior
anticancer treatment for any malignancies, an Eastern Cooper-
ative Oncology Group performance status (PS) <2, adequate
bone marrow (leukocyte count >4,000/mm°®, neutrophil
>2,000/mm’, platelet count >100,000/mm?, and hemoglobin
>8.0 g/dl), adequate renal function (serum ereatinine concen-
tration <1.5 mg/dl and creatinine ¢learance >60 mil/min), ade-
quate hepatic function (serum bilirubin level <2.0mg/dl,
serom alanine and aspartate transaminase levels <2.5 times the
upper limit of the institutional normal; if biliary drainage was
performed for jaundice before registration, the former
<5 times the upper limit of the institutional normal and the
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latter <2.5 times the upper limit of the institutional normal),
oxygen saturation >93%, adequate nourishment, no serious
complications, life expectancy of at least 8 weeks, and provi-
sion of written informed consent from the patient.

Before randomization, a complete history was obtained
and physical examination, routine hematology and bio-
chemistry, ECG, chest X-ray, and abdominal computed
tomography (CT) scan were performed.

Study design

PC-01 was an open-label, screening design, randomized
phase II study. The primary end point was ORR. Secondary
end points included treatment toxicity, clinical response
benefit, PFS, and OS.

Patients were randomly assigned to the G group or the
GS group in a 1:1 ratio. Random assignment was per-
formed centrally by a web-based assistant system (flexible
license assisted data server, JACCRO, Tokyo), using a
computer-driven minimization procedure. Stratification
factors were stage (I vs. IV), PS (0 or 1 vs. 2), and pain
due to cancer (present vs. absent),

This study protocol was approved by the Protocol
Review Committee of the JACCRO and Institutional
Review Board of each institution, ClinicalTrials.gov identi-
fler number was NCT00514163.

Protocol treatment

Eligible patients were randomly assigned to either the G
group or the GS group. The G group patients received
1,000 mg/m? Gem intravenously during 30 min on days 1,
8, and 15, as 1 course repeated every 4 weeks, Patients with
grade 4 hematological toxicities or grade 3 non-hematolog-
ical toxicities underwent dose reduction to 800 mg/m? in
the next course. The GS group patients received 1,000 mg/m?
Gem intravenously during 30 min on days 1 and 8, and
40 mg/m?® S-1 taken orally twice daily on days 1-14, every
3 weeks. When patients developed grade 4 hematological
toxicities or grade 3 non-hematological toxicities by day 8,
treatment was delayed by 1 week, and the S-1 dose was
reduced to 60 mg/m® in the next course. In neither arms,
prophylactic granulocyte-colony stimulating factor support
allowed. Treatment was continued until progression, unac-
ceptable toxicity, or patient refusal to continue the protocol
treatment. The discontinuation of the protocol treatment for
the reasons mentioned above was defined as protocol
cessation.

Response and toxicity assessment

Toxicities were evaluated at each patient visit, according to the
Common Terminology Criteria for Adverse Events version

3.0. CT or magnetic resonance imaging scans were performed
at the baseline and after every 4 weeks to assess radiological
response according to the RECIST version 1.0. Radiological
tumor shrinkage of the primary tumor of the pancreas was
assessed for all patients in the current study, ORR and DCR
were set at the frequency of complete response plus partial
response, in addition to stable disease among patients in each
arm, respectively.

Clinical response benefit was assessed using daily anal-
gesic consumption (measured in oral morphine-equivalent
milligrams). Among patients who required opioid before
the protocol treatment, patients whose opioid administra-
tion decreased to better than half of the baseline by day 1 of
course 3 (8 weeks later in the G group and 6 weeks later in
the GS group) were defined to be responders.

Statistical considerations

The primary endpoint was ORR. A sample size of 49 was
required for a one-sided alpha value of 0.05 and a beta value of
0.20 with an expected response rate of 30% in the GS group
and a threshold response rate of 10% in the G group. The pro-
tocol was activated in June 2007, and a total of 110 patients
were planned for recruitment accounting for some drop-off

Table 1 Patient characteristics

Characteristics G group GS group P value

(n=39) (n=153)

n n
Gender
Male 35 32 1.00
Female 24 21
Age
<65 31 28 1.00
=65 28 25
ECOG PS
0 45 44 0.66
lor2 14 9
Locally advanced 18 13 0.53
Metastatic 41 40
Metastatic sites
Liver 30 28 0.85
Lymph node 10 6 043
Peritoneum 7 12 0.14
Lung 3 8 0.11
Ascites and/or pleural effusion )
Present 4 7 0.34
Absent 55 a6
Pain
Present 20 17 1.00
Absent 39 36

) Springer

Il - 448



Cancer Chemother Pharmacol

{ 117 patients enrolled l

@GS group
(n=58)

3 1 patient ineligible

ITT population {n=57) |

G group
(n=59)

TIT population (n=39) 1

Apatienits received

| no study drog

i FAS population (n=59) l PAS population (n=33) J

Fig. 1 Trial profile

cases within 1 year. If the null hypothesis (response 1ate) was
not attained, the subsequent phase I trial would be designed
to confirm the superiority of GS therapy to Gem alone.

The frequencies of each charactetistic in Table 1 and
each ORR and DCR in Table 3 were analyzed by the chi-
square test,

OS was determined as the time from the date. of registration
to the date of death due to any cause and was censored at the
date of the last follow-up for surviving patients. PFS was mea~-
sured from the date of registration to the date of the first evi-
dence of radiological or clinical progression, or death due to
any cause and was censored at the date of the last follow-up
CT for surviving patients with no clinical progression, OS and
PPS were estimated by the Kaplan-Meier method, and the
confidence interval (CI) was calculated with the Greenwood
formula, Comparison of survival probability was conducted by
the log-rank test. P values of less than 0.05 were considered to
indicate statistically significant differences in the current study.
The analysis was carried out with the SAS 9.2 statistical soft-
ware (SAS Institute, Cary, NC, USA).

Results

Because of the poor recruitment rate, the protocol was
amended twice, in January 2008 and February 2009, and a
total of 117 patients were enrolled by Augnst 2010 from 16
hospitals (see “Appendix’™). One patient was judged to be
ineligible after registration, because the final pathological
diagnosis was not cancer. Accordingly, a total of 116 were
allocated into either the G group (N = 59) or the GS group
(W= 57) from among the intent-to-treat (ITT) population.
Of the 116 patients, 4 in the GS group received supportive
care instead of protocol treatment because of early deterio-
ration or patient refusal. The full analysis set (FAS) con-
sisted of 112, i.e., 59 and 53 patients in the G group and the
GS group, respectively (Fig. 1).

@ Springer

Patient data registration was closed in June 2011,
10 months after the last patient registration. At the time of
analysis, protocol treatment had been continued in 1 of 53
patients in the GS group. All analyses in comparisen
between the G group and the GS group were done in the
FAS population, except OS.

Patient characteristics

Patient characteristics are.shown in Table 1. The median
age in the G group was 64 (41-79) years old, and that in
the GS group was also 64 (45-77) years old, Although
the protocol allowed enrollment of patients with PS 2,
almost all patients were in good general condition (PS
0:1:2 was 79%:18%:3%, respectively). Metastatic dis-
ease was found in 72% of the patients. Analgesics
(including opioids) were used in 33% (19%) of the
patients at the baseline.

Toxicity

The major grade 3-4 adverse events are shown in Table 2,
Although the frequency of grade 3-4 adverse events in the
GS group was higher than that in the G group regarding
both hematological and non-hematological toxicities, the
toxicities were predictable and imanageable. Discontinua-
tion of the protocol treatment due fo toxicity was seen in 13
(22%) of 59 protocol-cessation patients in the G group, and
14 (27%) of 52 protocol-cessation patients in the GS group.
Treatment-related death was reported in 1 patient in each
arm.

Clinical response benefit

At baseline, 12 and 10 patients required opioids in the G
group and the GS group, respectively. There were 0
responders to opioids of 12 in the G group, and 2 of 10 in
the GS group.

Objective response

Radiological responses are shown in Table 3. There was
no complete response. The ORR in the GS group
(28.3%) was significantly higher than that in the G group
(6.8%), and the null hypothesis was rejected (two-sided
P =0.,005). Also the DCR in the GS group was signifi-
cantly higher,

In 31 patients with locally advanced disease, partial
response was demonstrated in 1 (5.6%) of 18 patients in the
G group, and 3 (23%) of 13 patients in the GS group. In the
remaining 81 patients with metastatic disease, partial
response was seen in 3 (7.3%) of 41 patients in the G group,
and 12 (30%) of 40 patients in the GS group.
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Table 2. Summary of maximum toxicity grades

Event G group (n = 59) GS group (n = 53)
Grade 3 (%) Grade 4 (%) Grade 3/4 (%) Grade 3 (%) Grade 4 (%) Grade 3/4 (%)
Hematological
WBC 5.1 0 5.1 20.8 57 26.4
Hemoglobin 5.1 0 5.1 7.5 0 7.5
Neutrophil 20.3 1.7 22.0 41.5 13.2 549
Platelet 34 1.7 51 7.5 7.5 15.1
Non-hematological
Fatigue 5.1 1.7 6.8 3.8 0 33
Anorexia 5.1 0 5.1 3.8 0 38
Nausea 1.7 0 1.7 3.8 0 3.8
Diarrhea 0 0 0 3.8 0 38
Stomatitis 0 0 0 3.8 0 38
Skin rash 0 0 0 7.5 1.9 94
AST 3.4 0 3.4 1.9 0 1.9
ALT 6.8 4] 6.8 3.8 0 3.8
ALP 6.8 0 6.8 3.8 0 3.8
Bilirubin 6.8 0 6.8 1.9 0 1.8
Albumin 0 0 0 1.9 0 1.9
C-reactive protein 0 0 0 1.9 0 19
Treatment-related death 1.7 1.9
Progression-free survival 100 =
PFS curves are shown in Fig, 2. Discontinuation of the § 80
protocol treatment due to progression was seen in 34 (58%) 2
of 59 protocol-cessation patients in the G group, and 20 B 60+
(38%) of 52 protocol-cessation patients in the GS group. 'g '
The median progression survival time in the GS group g 40 e
{6.15 months) was significantly longer than that in the G g T, OGS Eow
group (3.78 months, P = 0.0007). {% 20 "'""-..,
G group o "---:_"”"“;
Post-study treatment T N —C
0 V] 18 24 30 36

After discontinuation of the protocol treatment, 37 (67%) of o Months from registration
55 patients in the G group and 23 (44%) of 52 patients in N 59 21 4 4 2

GS gronp 53 21 12 4 4 3 2

the GS group received various second-line treatments, most
of which consisted of Gem or S-1 or both.

Overall survival in the ITT population

OS curves in the G group (N = 59) and the GS group (N = 57)
are shown in Fig. 3. The GS gronp included 4 patients who
deteriorated early or refused before protocol treatrment, and
subsequently received best supportive care without any anti-
cancer treatment. The median survival time and 1-year survival
probability in the G group and the GS group were 8,0 months
and 29.0%, and 13.7 months and 55.9%, respectively. OS was

Fig. 2 Kaplan-Meier estimates of progression-free survival (n = 112)

significantly better in the GS group (P = 0,035), and its hazard
ratio was 0.63 (95%, 0.41-0.97).

OS curves in the relation to extent of original disease are
shown in Figs. 4 and 5. The median survival time in locally
advanced and metastatic disease in the G group and the GS
group were 8.7 and 7.7 months, and 14.6 and 12.9 months,
respectively. OS in metastatic disease was significanily
better in the GS group (P = 0.029).
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Table 3 Objective response
Total (n = 112) G group GS group P value
(n=159) (n=153)
n (%) )
Complete response 0 0 -
Partial response 4(6.8) 15 (28.3)
Stable disease 22 (373) 19(35.9)
Progressive disease 23 (39.0) 7{13.2)
Not evaluable 10070 12 (22.6)
Objective response rate (%) 6.8 28.3 0.005
(95% CI) (2.7-16.2) (18.0-41.6)
Disease control rate (%) 44.1 64.2 0.039
(95% CI) (32.2-56,7)  (50.7-75.7)
Locally advanced G group GS group P value
(r=31) (n=18) (n=13)
n (%) 7 (%)
Complete response 0 0 -
Partial response 1(5.6) 3(23.1)
Stable disease 7(38.9) 5(38.5)
Progressive disease 5(27.8) 0
Not evaluable 5(271.8) 5(38.5)
Objective response 5.6 23.1 0.284
rate (%)
(95% C1) (1.0-25.8) (8.2-50.3)
Disease control 44.4 61.5 0473
rate (%)
(95% CI) (24.6-66.3) (35.5-82.3)
Metastatic G group GS group P value
(n=81) (n=41) (n =40}
n{%) n{%)
Complete response g [t} -
Partial response 3(7.3) 12 (30.0)
Stable disease 15 (36.6) 14 (35.0)
Progressive disease 18(43.9) 7(17.5)
Not evaluable 5(12.2) 7(17.5)
Objective response 7.3 30 0.011
rate (%)
95% CD) (2.5-19.4) (18.1-45.4)
Disease control 439 65 0.075
rate (%)
{95% CI) (29.9-59.0) (49.5~77.9)
Discussion

We set out to determine whether a combination of S-1 plus
GS would obtain betier results than GEM alone in a phase
11 study of unresectable pancreatic cancer,
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(¢} 6 12 18 24 30 36
Months from registration
Number at risk
Ggroup 59 39 14 8 5
GS group 57 42 26 18 3 4 2
Fig. 3 Kaplan—Meier estimates of overdll survival (n = 116)
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Fig. 4 Kaplan-Meier estimates of overall survival in locally advanced
(n=32)

The current PC-01 study, which was intended to screen
GS as a promising investigation for a phase I trial com-
paring to standard Gem alone, successfully met this pri-
mary endpoint. Although the response rate obtained in the
current study was lower than that in the previous one-arm
phase II trials, the anticancer activity of GS was confirmed
to be stronger than Gem alone [9-13). Favorable results of
GS as to PES and OS data also encouraged us to plan a
large phase HI study comparing GS to standard Gem alone,
However, results of large randomized phase Il study of GS
and Gem alone, known as the GEST trial, which was
started by another Japanese cooperative group after our PC-
01, were reported at the latest annual meeting of American
Society of Clinical Oncology 2011 [14]. This large-scale
(¥=600) GEST did not show OS superiority of GS
compared to Gem alone. In terms of the survival benefit,
this study seems to contradict the present PC-01 study.
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Months from registration

Number at risk
G group 41 26 8 3 2
GS group 43 31 18 7 4 3 2

Fig. 5 Kaplan—Meier estimates of overall survival in Metastatic
(n=84)

Fluoropyrimidine and its derivatives have been intensively
examined in combination with Gem for PC [15, 16]. All of
those combinations have failed to show OS superiority
compared to Gem alone in phase IIT settings, whereas rela-
tively favorable results were generally reported in terms of
response rate and survival. Accordingly, it may be impor-
tant to explore a specific population in whom benefit would
be maximized by GS therapy, though it may be difficult to
develop Gem and fluoropyrimidine combination as a con-
ventional frontline regimen for standard risk cases with
advanced PC,

The main limitation of the PC-01 study derived from its
inclusion of a relatively large number of patients who were
found to be non-evaluable, mainly due to either the deterio-
ration of the disease or patient refusal, which might well
have affected the outcome of local response. On the other
hand, randomized comparison of GS and Gem alone was
one of the strengths of the current study. The ORR of GS in
a previous non-randomized phase II study was extremely
high, around 40%, perhaps due to selection bias [9-13].
However, in actual practice, since the response rate is usu-
ally below 30%, the PC-01 demonstrated a response rate
acceptable to medical oncologists. Although PC-01 was not
a phase IIT trial designed to confirm survival benefit, the OS
and PFS data in the ITT population were impressive. The
GS group showed a significant sucvival advantage against
Gem-group, even though the GS group included 3 cases of
early deterioration. In the subset analysis, there was some
discrepancy for the favorable population for GS between
the current PC-01 and the GEST study. For exaniple, GS
was favorable in metastatic disease in PC-01; on the other
hand, it was favorable in locally advanced disease in the
GEST. GEMSAP, another Japanese study group, also
carried out a randomized phase II trial of GEM and GS

comparison and reported GS superiority to GEM in PFS in
ASCO02011 [17].

Further accumulation of GEM and GS data might
warrant an integrated meta-analysis to identify the popula-
tion most likely to benefit from GS. Subsequently, a large
randomized phase III trial to confirm GS advantages in a
specific patients subset may be justified.

In conclusion, PC-01 demonstrated that GS had strong
anticancer activity, and we believe that GS in some situa-
tions would be beneficial to give advanced PC patients,
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The following investigators registered patients for this
study:
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Yuji Matsumura (Juntendo University School of Medicine,
2-1-1 Tokyo, Japan); Naoto Egawa, Yasushi Omuro
{Tokyo Metropolitan Cancer and Infectious Diseases
Center Komagome Hospital, Tokyo, Japan); Atsushi
Sofuni, Fumihide Ttokawa (Tokyo Medical University
Hospital, 6-7-1, Nishi-Shinjuku, Tokyo, Japan); Hisatsugu
Mouri (Kanazawa University,13-1, Ishikawa, Fapan); Keiji
Hanada, Tomohiro Tiboshi (JA Onomichi General Hospital,
Hiroshima, Japan); Yasutoshi Kimura (Sapporo Medical
University School of Medicine, Hokkaido, Japan); Takeo
Ukita, Takuro Endo, Hiroaki Shigoka (Tcho University
Ohashi Medical Center, Tokyo, Japan); Yusuke Ishida
(Kurume University School of Medicine,Fukuoka, Yapan);
Manabu Kawai (Wakayama Medical University, Wakay-

ama, Japan); Takaaki Ikeda (Yokosuka Kyosai Hospital,

Kanagawa, Japan); Tsutomu Hijioka (Kumamoto Red
Cross Hospital, Kumamoto, Japan); Ryohei Watanabe
(Matsuyama Shimin Hospital, Ebime, Japan); Shinya
Ohoka (Tokyo Medical and Dental University, Tokyo,
Japan).

Yuki Hirose (Japan Red Cross FukuiHospital, Fukui,
Japan); Taksaki Ikari (Tobu Chiiki Hospital Tokyo Metro-
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Gastroduodenal stenting with Niti-S stent: Long-term
benefits and additional stent intervention

Takamitsu Sato," Kazuo Hara,’ Nobumasa Mizuno,’ Susumu Hijioka,' Hiroshi Imaoka,’
Yasumasa Niwa,” Masahiro Tajika,? Tsutomu Tanaka,? Makoto Ishihara,? Yasuhiro Shimizu,?
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Kensuke Kubota® and Kenji Yamao'
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Background and Aim: Self-expandable metallic stents have
mainly heen used for the palliation of malignant gastric outlet
obstruction {GOO). However, their use in long-term survivors and
the feasibility, safety and benefit of additional intervention
for stent dysfunction remain controversial. The present study
examined the long-term benefits of endoscopic gastroduodenal
stenting.

Methods: We reviewed 61 patients treated with Niti-§ stents
at several hospitals and estimated the efficacy of stent interven-
tion, stent patency, eating period and factors related to poor
effectiveness.

Results: All 61 first stent interventions and 14 additional stent
interventions (11 second interventions and 3 third intervent
jons) were successfully carried out. Clinical success rates were
83.6% and 85.7%, and median stent patency was 214 days and
146 days (P = 0.47), respectively. Fifty patients could be treated
with a first stent only, and 11 patients received additional stents.

At the time of study termination or death, 70.0% of the former
group and 63.6% of the latter group maintained oral intake
[P =0.71), and each 86% and 100% among the group could main-
tain oral intake for a period exceeding half of their remaining lives
after first stent intervention. Karnofsky performance status <50
(P =0.03), ascites (P=0.009), and peritoneal dissemination
{P = 0.001) appeared to be factors related to poor effectiveness.

Conclusions: Despite the presence of factors related to poor
effectiveness, endoscopic gastroduodenal stenting would Be the
first treatment of choice for GOO and provide long-term benefits.
If stent dysfunction occurs, additional stent intervention enables
continued oral intake safely.

Key words: additional stent intervention, factors related to poor
effectiveness, gastric outlet obstruction (GO0}, long-term
benefit, Niti-S gastroduodenal stenting

INTRODUCTION

OR PALLIATION OF symptomatic malignant gastric -

outlet obstruction (GOO), endoscopic gastroduodenal
stent intervention is an effective and minimally invasive pro-
cedure, and has become an alternative to surgical
gastroenterostomy,'™ With the availability of through-the-
scope (TTS)-type stents, stent placement has become tech-
nically easier and more widespread,’®
The Niti-S Pyloric Duodenal D-type stent (Niti-8 stent;
Taewoong Medical, Seoul, Korea) is an uncovered nitinol
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stent, and has unique features of low axial force, litle fore-
shortening, and high expansible force. We use the Niti-S
stent to palliate most of our patients with malignant GOOQ.
However, only a few published reports on Niti-S gastroduo-
denal stenting exist."” Some studies have reporfed that the
long-term outcome of endoscopic stent intervention is less
favorable compated with surgical gastroenterostomy.® In
our experience, many patients experience long-term survival
after endoscopic gastroduodenal stenting, with continued
palliation with additional stent interventions among those
with stent dysfunction. However, thie use of this approach in -
patients with long expeeted survival remains controversial.'"’

Estimating first and additional gastroduodenal stent inter-

© ventions, the present study aimed to determine the feasibil-

ity, efficacy and benefit of long-term palliation of malignant
GOO using Niti-S:stents.
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METHODS

Patients

E RETROSPECTIVELY STUDIED a total of 61

patients with symptomatic malignant GOO who
received initial treatment with a Niti-S Stent from March
2011 to April 2013. Patients were enrolled at two tertiary
medical centers in Japan: Aichi Cancer Center Hospital and
Yokohama City University Hospital. All patients were
assessed clinically, and all malignancies were staged with
standard cross-sectional imaging, including cemputed
tomography (CT) before stenting. We excluded patients who
had been treated with stents other than Niti-S, those with
prior surgical resection of the stomach or duodenum, and
patients with multiple levels of obstruction in the intestinal
fract.

Equipment and procedure

We used uncovered Niti-S stents of 6 cm, 8 em, 10 cm, and
12 ¢m lengths, with fully expanded diameters of 20 mm or
22 mm. The 10-Fr delivery system enabled through-the-
scope stent placement using the TIF-260V, JF-260V,
CF-H260AI, and CF-Q240 (Olympus, Tokye, Japan) endo-
scopes with a working channel diameter of 23.7 mm.

Patients. were -sedated with i.v. pethidine hydrochloride
and midazolam, After identifying the site and length of
obstruction with a water-soluble radiographic contrast
medinm using endoscopic retrograde cholangiography
(ERCP) catheter (Tandem: XL; Boston Scientific' Japan,
Tokyo, Japan), the stenosis was negotiated with a biliary
guidewire (Jagwire, Boston Scientific Japan or RevoWave-J;
Piolax Medical Devices, Inc., Kanagawa, Japan). Without
pre-~dilation, the stent delivery system was inserted over the
guidewire through the working channel and deployed across
the stricture with fluoroscopic guidance.

After stent intervention and follow up

One day after stent intervention, stent position and expan-
sion were assessed with abdominal X-rays in all patients. If
there was no abdominal pain, oral intake was allowed start-
ing with liquids, followed by semisolids and then solids. If
the patients’ nutritional status improved sufficiently, they
were considered for chemotherapy and/or radiotherapy, as
appropriate. The primary physician followed up patients for
symptom resolution until study termination (July 2013), or
fleath,

The Gastric Outlet Obstruction Scoring System (GOOSS)
was used before and after stent intervention for assessing
symptomatic status of patients," This score divides oral
intake ability into the following categoties: 0, no oral intake;

© 2014 The Authors

1, liquids only; 2, soft solids; 3, low-residue diet; and 4,
normal diet. In the present paper, score 4 is our original
score,

Qutcomes

Primary outcome was long-term improvement in oral intake
as estimated by eating period. Secondary outcomes were
feasibility and safety of additional stent interventions, and
factors related to poor effectiveness.

We compared the following factors between patients who
were palliated with a single stent, and those who required
additional stenting: technical success, procedure time, time
to oral fluids and solids, length of hospitalization, oral intake
ability, clinical effect, stent patency, stent dysfunction,
and complications. The clinical effect was assessed 1 week
after any interventions and classified into three levels:
good, improvement of both oral intake and symptoms; mod-
erate, improvement of either oral intake or symptoms; poor,
improvement of neither oral intake nor symptoms. Early and
late complications were defined as those occurring within 1
weck, and later than 1 week after the procedure, respectively.
The following factors were studied for prediction of poor stent
efficacy: age, scx, site of obstruction, tumor stage, pre-
intervention GOOSS, Karnofsky performance status (KPS),
previous gastroduodenal or biliary stenting, ascites and peri-
toneal dissemination. We differentiated ascites from perito-
néal dissemination by the presence of peritoneal nodules in
the latter condition, with or without ascites, as detected by
imaging modalities.

To estimate long-term outcome, patients with first-stent
intervention only were compared to patients with additional
stent intervention according to the following: final oral
intake ability, eating period, survival time after first stent
intervention, and percent eating period. Eating period and
survival time were defined as the time from the date of the
first stent intervention to the final follow up or death, respec-
tively. We also reviewed post-procedure therapy and biliary
drainage.

The present study was approved by the ethical committees
of Aichi Cancer Center Hospital (3-145) and Yokohama City
University Hospital (B140109014) and registered as a clini-
cal trial (UMINO0O012784).

Statistical analysis

Summary statistics are presented as means * standard devia-
tion for parametric data and as medians and interquartile
range for non-parametric data. Standard statistical compari-
sons were made as appropriate. Multivariate analysis of
factors related to poor effectiveness was done with the logis-
tic regression method. Patericy of duodenal stents, cumula-
tive eating period, and cumulative survival of the two gronps
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