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Purpose

The present phase Il study was designed to investigate the noninferiority of S-1 alone and
superiority of gemcitabine plus S-1 compared with gemcitabine alone with respect to over-
ail survival.

Patients and Methods

The participants were chemotherapy-naive patients with locally advanced or metastatic pancreatic
cancer. Patients were randomly assigned to receive only gemcitabine {1,000 mg/m? on days 1, 8,
and 15 of a 28-day cycle), only S-1 (80, 100, or 120 mg/d according to body-surface area on days
1 through 28 of a 42-day cycle), or gemcitabine plus S-1 (gemcitabine 1,000 mg/m? on days 1 and
8 plus S-1 60, 80, or 100 mg/d according to body-surface area on days 1 through 14 of a
21-day cycle).

Results

In the total of 834 enrolled patients, median overall survival was 8.8 months in the gemcitabine
group, 9.7 months in the S-1 group, and 10.1 months in the gemcitabine plus S-1 group. The
noninferiority of S-1 to gemcitabine was demonstrated (hazard ratio, 0.96; 97.5% Cl, 0.78 t0 1.18;
P < .001 for noninferiority), whereas the superiority of gemcitabine plus S-1 was not (hazard ratio,
0.88; 97.5% Cl, 0.71 to 1.08; P = .15). All treatments were generally well tolerated, although
hematologic and Gl toxicities were more severe in the gemcitabine plus S-1 group than in the
gemcitabine group.

Conclusion

Monotherapy with S-1 demonstrated noninferiority to gemcitabine in overall survival with good
tolerability and presents a convenient oral alternative for locally advanced and metastatic
pancreatic cancer.

J Clin Oncol 31:1640-1648. © 2013 by American Society of Clinical Oncology

Fluorouracil/leucovorin plus irinotecan plus
oxaliplatin (FOLFIRINOX), a gemcitabine-free com-

Pancreatic cancer (PC) is currently the eighth lead-
ing cause of cancer-related mortality worldwide,
with an estimated 266,000 deaths in 2008." Gem-
citabine became the standard treatment for ad-
vanced PC, improving overall survival (OS)
compared with fluorouracil? Although various
gemcitabine-based combination regimens have
been evaluated, only erlotinib added to gemcit-
abine showed a survival benefit over gemcitabine,
and that was marginal ®
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bination regimen, has recently demonstrated a clear
survival benefit compared with gemcitabine for pa-
tients with metastatic PC who have a performance sta-
tus of 0 to 1.* However, because FOLFIRINOX is
associated with significant toxicity, this regimen
must be limited to patients with good performance
status and requires close monitoring.®

In Japan, clinical trials of S-1 (TS-1; Taiho
Pharmaceutical, Tokyo, Japan) have been con-
ducted since the early 2000s for patients with PC. S-1
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is an oral fluoropyrimidine derivative shown to be effective for gastric
and various other types of cancers.*” Phase I studies of S-1 as first-line
therapy for metastatic PC resulted in good response rates of 21.1% to
37.5%.%° Consequently, S-1 was approved for the indication of PC in
Japan in 2006. Development of gemcitabine plus S-1 (GS) studies have
also been initiated, mainly in Japan, and two phase II studies reported
high response rates of 44.4% to 48.5% and good median OS of 10.1 to
12.5 months. >

Because S-1 and GS have shown promising activity in PC, the
present randomized phase III study (GEST [Gemcitabine and S-1
Trial] study) was designed to evaluate whether S-1 alone is noninferior
to gemcitabine and whether GS is superior to gemcitabine alone for
locally advanced and metastatic PC with respect to OS.

Study Design

This randomized phase III study, sponsored by Taiho Pharmaceutical in
Japan and TTY Biopharm in Taiwan, was conducted as a postmarketing study
in Japan and as a registration study in Taiwan and was in compliance with the
Declaration of Helsinki. Data were collected by a contract research organiza-
tion contracted by the sponsors and were analyzed by a bio-statistician (Y.0.).
An independent data and safety monitoring committee reviewed efficacy and
safety data. The study was approved by the ethics committee or institutional
review board of each participating center.

Patients

All patients provided written informed consent. Enrollment criteria were
locally advanced or metastatic PC, histologically or cytologically proven diag-
nosis of adenocarcinoma or adenosquarnous carcinoma, no prior chemother-
apy or radiotherapy for PC, age of more than 20 years (the protocol was
amended to restrict the eligible age to < 80 years after four of the first eight
patients who were = 80 years experienced serious adverse events), an Eastern
Cooperative Oncology Group performance status score of 0 to 1,and adequate
organ functions (see Appendix, online only).

Treatment
Random assignment was performed centrally with stratification by ex-
tent of disease (locally advanced disease v metastatic disease) and institution

using the minimization method. Patients allocated to gemcitabine alone re-
ceived gemcitabine ata dose of 1,000 mg/m? intravenously over 30 minutes on
days 1, 8, and 15 of a 28-day cycle. Patients allocated to S-1 alone received S-1
orally twice daily at a dose according to the body-surface area (BSA) (<< 1.25
m?, 80 mg/d; = 1.25 to < 1.5 m?, 100 mg/d; = 1.5 m?, 120 mg/d) on days 1
through 28 of a 42-day cycle. Patients allocated to GS received gemcitabine at
a dose of 1,000 mg/m? on days 1 and 8 plus S-1 orally twice daily at a dose
according to the BSA (< 1.25m? 60 mg/d; = 1.25 to < 1.5m? 80 mg/d; = 1.5
m?, 100 mg/d) on days 1 through 14 of a 21-day cycle. The dose levels of S-1
used in the GS group were based on the results of a previous phase II study of
GS, in which 1,000 mg/m? of gemcitabine was combined with 120 mg/d, 100
mg/d, and 80 mg/d of S-1. In that study, the rate of treatment withdrawal due
to adverse events was 41% (22 of 54 patients), the rate of grade 3 or worse
neutropenia was 80%, and the dose was reduced in 56% of the patients (30 of
54 patients).!! Consequently, 20 mg/dlower doses of S-1 than those used in the
S-1 monotherapy group were used in the GS group in the present study.

In the event of predefined toxic events, protocol-specified treatment
modifications were permitted (see Appendix).

Assessments

Physical examinations, CBCs, and biochemistry tests were -usually
checked at 2-week intervals in the S-1 group and at each time of administration
of gemcitabine both in the gemcitabine group and in the GS group. All adverse
events were assessed according to the Common Terminology Criteria for
Adverse Events, version 3.0. Computed tomography or magnetic resonance
imaging was performed every 6 weeks until disease progression, and response
was assessed by the investigators according to the Response Evaluation Criteria
in Solid Tumors (RECIST), version 1.0.*? Quality of life was assessed using the
EuroQol 5 Dimension questionnaire’ at baseline and 6, 12, 24, 48, and 72
weeks after the study treatment had begun.

Statistical Analysis

The primary end point was OS, defined as time from date of random
assignment to date of death from any cause. Secondary end points were
progression-free survival (PFS), objective response rate, safety, and quality of
life. PFS was counted from the date of random assignment to the date of death
without progression or of progression as confirmed by the investigator’s as-
sessment. The median OS was assumed to be 7.5 months in the gemcitabine
group, 8.0 months in the S-1 group, and 10.5 months in the GS group. To
maintain a one-sided significance level of .025 for the entire study while testing
two hypotheses (ie, noninferiority and superiority), the one-sided significance

Fig 1. CONSORT diagram. GS, gemcit-
abine plus S-1.
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level for each comparison was set at .0125. The statistical considerations are
detailed in the Appendix.

The superiority of GS was evaluated by the stratified log-rank test. To
assess the noninferiority of -1, we used the Cox proportional hazards model
to calculate two-sided, 97.5% Cls of the hazard ratio (HR). The noninferiority
margin of S-1 was set at 1.33; that is, the null hypothesis was that the median
OS with S-1 would be approximately 2 months shorter than with gemcitabine.
We decided this setting was justified considering the convenience of S-1 and
because there are few effective drugs for the disease. Furthermore, to interpret
the obtained data, the Bayesian analysis of the log HR on the basis of the
noninformative prior distribution was preplanned. Posterior probability with
log HR within a stricter threshold (log 1.15) was also calculated.**

In each assigned group, the time-to-event distribution was estimated
with the Kaplan-Meier method. The 95% CI of the median survival time was
calculated by the method of Brookmeyer and Crowly.*> In addition, the
Greenwood formula®® was used to calculate the 95% CI for survival rates. In
subgroup analyses, interaction tests were performed to assess the homogeneity
of the effect of treatment on OS.

The primary end point was analyzed for the full analysis set. All P value
evaluations were two-tailed. Data analyses were done with SAS, version 9.1.3
(SAS Institute, Cary, NC).

Patients

Between July 2007 and October 2009, a total of 834 patients were
enrolled from 75 institutions in Japan and Taiwan (768 in Japan and
66 in Taiwan). Two patients in the GS group were excluded from the
study because enrollment was conducted before obtaining written
informed consent. The remaining 832 patients were included in the
full analysis set and used to calculate OS and PFS (Fig 1). The three
treatment groups were well balanced with respect to demographicand
baseline characteristics (Table 1).

Study Treatment

The median duration of treatment was 2.6 months in the gem-
citabine group, 2.6 months in the S-1 group, and 4.3 months in the GS
group. The main reasons for treatment discontinuation were either
disease progression (202 patients [72.9%)] in the gemcitabine group,

Table 1. Demographics and Baseline Characteristics of Patients (full-analysis set population)
Gemcitabine §-1 GS Total
(n = 277) (n = 280) (n = 275) (N = 832)
Characteristic No. % No. % No. % No. %

Sex

Male 170 61.4 170 60.7 158 57.5 498 59.9

Female 107 38.6 110 39.3 117 42.5 334 40.1
Age, years

< 65 134 48.4 145 51.8 137 49.8 416 50.0

=65 143 51.6 135 48.2 138 50.2 416 50.0
ECOG PS

0 181 65.3 178 63.6 172 62,5 531 63.8

1 96 34.7 102 36.4 103 375 301 36.2
Extent of disease

Locally advanced 66 23.8 68 24.3 68 247 202 24.3

Metastatic 21 76.2 212 75.7 207 75.3 630 75.7
Type of tumor

Adenocarcinoma 272 98.2 276 98.6 272 98.9 820 98.6

Adenosguamous carcinoma 5 1.8 4 1.4 3 1.1 12 1.4
Pancreas excision

No 254 91.7 264 94.3 248 90.2 766 92.1

Yes 23 8.3 16 5.7 27 9.8 66 7.9
Tumor location™

Head 122 44.0 110 39.3 116 42.2 348 418

Body 88 31.8 124 443 102 37.1 314 37.7

Tail 68 245 55 19.6 66 24.0 189 22.7
Biliary drainage

No 202 72.9 217 77.5 209 76.0 628 75.5

Yes 75 271 63 225 66 24.0 204 24.5
CEA, ng/mL

Median 5.7 5.6 5.9 5.7

10R 3.0-20.1 2.5-18.4 2.5-20.7 2.6-19.5
CA19-9, U/mL

Median 1,044 726 441 712

IQR 52-5,002 64-5,000 45-5,090 55-5,002
CRP, mg/dL

Median 0.40 0.50 0.40 0.43

QR 0.11-1.38 0.18-1.57 0.15-1.60 0.15-1.57
Abbreviations: CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group
performance status; GS, gemcitabine plus S-1; IQR, interquartile range.
“Including patients with tumors involving multiple sites.
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215 [76.8%] in the S-1 group, and 162 [58.9%] in the GS group) or
adverse events (40 patients [14.4%] in the gemcitabine group, 38
[13.6%] in the S-1 group, and 76 [27.6%] in the GS group). The
median relative dose-intensity was 83.0% in the gemcitabine group,
96.1% in the S-1 group, and 83.3% for gemcitabine and 87.4% for S-1
in the GS group.

Survival

The median duration of follow-up for surviving patients was 18.4
months (range, 0.3 to 36.9 months) as of July 31, 2010. The analysis of
OS was based on 710 deaths (85.3%) among the 832 patients. The
median OS was 8.8 months (95% CI, 8.0 to 9.7) in the gemcitabine
group, 9.7 months (95% CI, 7.6 to 10.8) in the S-1 group, and 10.1
months (95% CI, 9.0 to 11.2) in the GS group (Fig 2A). OS rates at 12
and 24 months were respectively 35.4% and 9.2% in the gemcitabine
group, 38.7% and 12.7% in the S-1 group, and 40.7% and 14.5% in the
GS group. The noninferiority of S-1 to gemcitabine with respect to OS
was demonstrated (HR, 0.96; 97.5% CI, 0.78 to 1.18; P < .001 for

S-1 v Gemcitabine: Hazard ratio, 0.96 (97.5% Cl, 0.78 to 1.18)
P <.001 for noninferiority

GS v Gemcitabine: Hazard ratio, 0.88 (97.5% Ci, 0.71 to 1.08)

P = .15 for superiority

== Gemcitabine
oz §1
= GS

Overall Survival
{proportion)

0.2 -
T T T L) T T
0 6 12 18 24 30 36
Time {months)
No. at risk
Gemcitabine 277 184 97 4 12 3 0
S-1 280 186 104 45 18 5 1
GS 275 208 108 42 19 3 0
P =02 for noninferiority

GS v Gemcitabine: Hazard ratio, 0.66 (97.5% Cl, 0.54 to 0.81)

1.0 1 \ §1 v Gemcitabine: Hazard ratio, 1.08 (87.5% Cl, 0.90 to 1.33)
i
§
| P<.001 for superiority

== Gemcitabine

Progression-Free Survival
(proportion)

- §-1
=GS
T 1 L 7“’”“ = T 1]
0 6 12 18 24 30 36
Time {months)
No. at risk
Gemcitabine 277 82 25 10 3 0 0
S-1 280 73 19 6 3 2 1
GS 275 130 55 21 3 0 0

Fig 2. Kaplan-Meier estimates of (A) overall survival and (B} progression-free
survival according to treatment group. GS, gemcitabine plus S-1.

www.jco.org

noninferiority). The Bayesian posterior probability that the HR of $-1
relative to gemcitabine would be less than 1.15 was calculated to be
98% on the basis of the noninformative prior distribution. However,
GS failed to improve OS at a statistically significant level as compared
with gemcitabine (HR, 0.88; 97.5% CI, 0.71 to 1.08; P = .15).

‘The analysis of PFS was based on 793 events (95.3%) among the
832 patients. The median PFS was 4.1 months (95% CI, 3.0 to 4.4) in
the gemcitabine group, 3.8 months (95% CI, 2.9 to 4.2) in the S-1
group, and 5.7 months (95% CI, 5.4 to 6.7) in the GS group (Fig 2B).
PES rates at 6 and 12 months were respectively 29.8% and 9.1% in the
gemcitabine group, 26.9% and 7.2% in the S-1 group, and 47.9% and
20.3% in the GS group. S-1 was shown to be noninferior to gemcit-
abine with respect to PES (HR, 1.09;97.5% CI, 0.90 to 1.33; P = .02 for
noninferiority), and GS significantly improved PFS compared with
gemcitabine (HR, 0.66; 97.5% CI, 0.54 to 0.81; P < .001).

Subgroup analyses of survival according to pretreatment charac-
teristics showed no significant interaction between S-1 and gemcit-
abine in any subgroup (Fig 3A). However, GS showed a favorable HR
compared with gemcitabine in the subsets of patients with locally
advanced disease or patients with a performance status of 1 (Fig 3B).

Response to Therapy

The objective response rate was 13.3% (95% CIL, 9.3 to 18.2) in
the gemcitabine group, 21.0% (95% CI, 16.1 to 26.6) in the S-1 group,
and 29.3% (95% CI, 23.7 to 35.5) in the GS group (Table 2). The
objective response rate was significantly higher in the S-1 group
(P = .02) and in the GS group (P < .001) than in the gemcit-
abine group.

Second-Line Chemotherapy

Second-line chemotherapy was performed in 184 patients
(66.4%) in the gemcitabine group, 185 (66.1%) in the S-1 group, and
172 (62.5%) in the GS group. In the gemcitabine group, 140 patients
(50.5%) received S-1 alone or S-1—based regimens, and in the S-1
group 162 (57.9%) received gemcitabine alone or gemcitabine-based
regimens as second-line chemotherapy. The most commeon second-
line regimens in the GS group were gemcitabine alone (61 patients),
GS (53 patients), S-1 alone (24 patients), irinotecan (six patients), and
fluorouracil/leucovorin plus oxaliplatin (four patients). In Japan and
Taiwan, the use of treatments such as erlotinib, oxaliplatin, and irino-
tecan for PC was not approved at the time of this study; hence
gemcitabine, S-1, or both were used in most patients as second-
line chemotherapy.

Adverse Events and Quality-Adjusted Life-Years

The major grade 3 or worse adverse events are listed in Table 3.
Patients in the gemcitabine group had significantly higher incidences
of grade 3 or worse leukopenia, neutropenia, thrombocytopenia, ele-
vated AST levels, and elevated ALT levels as compared with patients in
the S-1 group. However, the incidence of grade 3 or worse diarrhea
was higher in the S-1 group than in the gemcitabine group. Patients in
the GS group had significantly higher incidences of grade 3 or worse
leukopenia, neutropenia, thrombocytopen‘ia, rash, diarrhea, vomit-
ing, and stomatitis than patients in the gemcitabine group.

There were three deaths considered possibly related to the proto-
col treatment (interstitial lung disease, sepsis, and acute hepatitis B) in
the gemcitabine group, one in the S-1 group (unknown cause), and
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four in the GS group (unknown cause associated with myelosuppres-
sion, cerebral infarction, cerebrovascular disorder, and interstitial
lung disease). The results of quality-adjusted life-years (QALYs) are in
the Appendix and the details of quality-of-life assessments will be
reported elsewhere.

The overall and PFS curves in the S-1 group were nearly identical to
those in the gemcitabine group, confirming the noninferiority of S-1

1644 © 2013 by American Society of Clinical Oncology

to gemcitabine in terms of OS and PFS (Fig 2A, 2B). Toxicity profiles
of these two drugs differed slightly: gemcitabine tended to show he-
matologic toxicity, whereas S-1 tended to show GI toxicity. However,
both S-1 and gemcitabine were generally well tolerated. Furthermore,
the results of QALY evaluation demonstrated that S-1 and gemcit-
abine were equivalent. Hence our results suggest that S-1 can be used
as first-line therapy as a convenient oral alternative for locally ad-
vanced and metastatic PC. To thebest of our knowledge, this is the first
phase Il study to demonstrate the noninferiority of a single anticancer
agent to gemcitabine alone for locally advanced and metastatic PC.
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Table 2. Objective Response Rates (patients with measurable lesions)
Gemcitabine S-1 GS P
n = 241) (n = 248) (n = 242) () test)
Variable No. % No. % No. % Gemcitabine v S-1 Gemcitabine v GS

Response '

Complete response 1 04 0 0 2 0.8

Parlial response 31 12.9 52 21.0 69 28.5

Stable disease 18 49.4 105 42.3 102 42.1

Progressive disease 75 a1 69 27.8 37 16.3
Objective response rate* 32 13.3 52 21.0 71 29.3 .02 <.001

95% ClI 9310182 16.1 t0 26.6 23.71035.5
Disease control ratet 151 62.7 157 63.3 173 71.5 .88 .04

95% Cl 56.2 to 68.8 57.0t069.3 65.4t077.1
Abbreviation: GS, gemcitabine plus S-1.
*The objective response rate was defined as the proportion of patients who had a complete response or partial response.
tThe disease control rate was defined as the proportion of patients who had a complete response, partial response, or stable disease.

At the time of planning this study, the participants of nearly all
phase III trials included both patients with locally advanced as well as
those with metastatic PC. However, because locally advanced and
metastatic diseases are two clinical entities, it is recently recommended
that patients with locally advanced disease should be studied sepa-
rately from those with metastatic disease.”” Although this study in-
cluded locally advanced disease, subgroup analysis of extent of disease
showed no significant interaction between S-1 and gemcitabine (Fig
3A). Moreover, the OS curve in the S-1 group was still similar to those
in the gemcitabine group in both locally advanced and metastatic
disease (Fig 4A, 4B). Regarding pathologic diagnosis, our study in-
cluded adenosquamous carcinoma, although its percentage was very
low (1.4% of whole population). When the data were reanalyzed after

excluding patients with adenosquamous carcinoma, the results for OS
for gemcitabine versus S-1 was unchanged (HR, 0.96; 95% CI, 0.81 to
1.15). The selection of one treatment over the other will depend
primarily on patient preference, clinical factors, or drug costs, as bio-
markers indicating effective use of S-1 or gemcitabine do not exist at
this time.

Regarding GS, the OS did not differ significantly from gemcit-
abine, although the PFS was significantly longer in the GS group.
Second-line chemotherapy mainly with S-1 in the gemcitabine group
may be one reason for this discrepancy. The median OS in the gem-
citabine group was 8.8 months, which is longer than those previously
reported for gemcitabine in other phase III studies for locally ad-
vanced and metastatic PC.>>'8?* Although the efficacy of second-line

Table 3. Grade 3 or Worse Adverse Events (safety population)
Gemcitabine S-1 GS P
(n = 273) (n = 272) (n = 267) {Fisher's exact test)
Event No. % No. % No. % Gemcitabine v S-1 Gemcitabine v GS
Hematologic )
Leukocytes 51 18,7 10 3.7 101 378 < .001 <001
Neutrophils 112 410 24 8.8 166 62.2 <.001 <.001
Platelets 30 11.0 4 1.5 46 17.2 < .001 .05
Hemoglobin 39 14.3 26 9.6 46 17.2 1 A1
Nonhematologic
ALT 41 15.0 16 5.9 29 10.9 <.001 16
AST 41 156.0 21 7.7 32 12.0 .01 32
Bilirubin 26 9.5 39 14.3 23 8.6 .09 77
Fatigue 10 37 18 6.6 13 4.9 13 .53
Rash 2 0.7 2 0.7 11 4. 1.00 .01
Anorexia 20 7.3 31 11.4 25 9.4 11 A4
Diarrhea 3 1.1 15 5.5 12 4.5 .004 .02
Mucositis/stomatitis 0 0.0 2 0.7 6 22 25 .01
Nausea 5 1.8 5 1.8 12 4.5 1.00 .09
Vomiting 2 0.7 4 1.5 12 4.5 45 .006
Febrile neutropenia 1 0.4 1 0.4 5 1.9 1.00 12
Infection with normal ANC 6 22 7 2.6 6 2.2 79 1.00
Pneumonitis 5 1.8 0 0.0 2 0.7 .06 .45
NQTE. Grades of adverse events were defined according to the Common Terminology Criteria for Adverse Events {version 3.0).
Abbreviations: ANC, absolute neutrophil count; GS, gemcitabine plus S-1.
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$-1 v Gemcitabine: Hazard ratio, 0.84 (95% Cl, 0.57 to 1.22)

1.0 GS v Gemcitabine: Hazard ratio, 0.67 {95% Cl, 0.46 to 0.99)
Median overall survival: Gemcitabine, 12.7 months
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Fig 4. Kaplan-Meier estimates of overall survival in (A) locally advanced disease
and (B) metastatic disease. GS, gemcitabine plus S-1.

therapy was not analyzed in this study, a phase I study of second-line
S-1 in patients with gemcitabine-refractory PC showed a 15% re-
sponse rate and 58% disease control rate.”® Compared with the GS
group, which had no promising second-line therapy, the use of S-1 as
second-line therapy in the gemcitabine group might have contributed
to prolonged survival.

The lack of a significant difference in OS between gemcitabine
and GS suggests that gemcitabine and S-1 could be used sequentially
rather than concurrently. However, the GS group showed a high
response rate and favorable PFS, with a better HR of 0.66 compared
with other gemcitabine-based combination regimens in other phase
I studies (HR = 0.75 to 1.07).>'#2%222¢ Furthermore, the GS group
showed a favorable HR for OS in patients with locally advanced
disease or patients with a performance status of 1 in the subgroup
analyses. Therefore, it is speculated that there may be room to
select GS therapy, depending on the profile of the patients and
further investigations.

Regarding oral fluoropyrimidines other than S-1, capecitabine
has been studied in patients with PC, mainly in the West. In two phase

1646 © 2013 by American Society of Clinical Oncology

III studies, a combination of gemcitabine plus capecitabine did
not significantly prolong survival as compared with gemcitabine
alone.®* The results of a meta-analysis of these phase III studies,
however, demonstrated that survival was significantly prolonged by
combined treatment, with an HR 0f 0.86,%° which is similar to the HR
for GS in the present study (0.88).

One limitation of our study is that it is uncertain whether our
results can be simply extrapolated to Western patients because phar-
macokinetics and pharmacodynamics of S-1 between Westerners and
East Asians may be different.?>*” Although S-1 is available for PC only
in Japan at the moment, if S-1 is used in Western patients, its effective-
ness should be monitored and the dose should be carefully adjusted
accordingly. Another potential limitation is that the protocol-
specified noninferiority margin of 1.33 may be large. However, the
result of point estimate of the HR of S-1 was 0.96 and actual upper
limit of the 97.5% CI was 1.18, which was sufficiently lower than the
prespecified margin of 1.33. Furthermore, Bayesian posterior proba-
bility with log HR within a stricter threshold (log 1.15) was 98%.

Given that most gemcitabine-based combination regimens have
not been shown to be significantly superior to gemcitabine alone and
that FOLFIRINOX has demonstrated overwhelming superiority to
gemcitabine in a phase III study, reporting an HR of 0.57,* the devel-
opment of gemcitabine-free combination regimens for first-line treat-
ment seems to be warranted. However, because FOLFIRINOX
requires the placement of a central venous access port for continuous
intravenous infusion of fluorouracil, it can be expected that S-1, an
oral fluoropyrimidine, will replace the continuous infusion of fluo-
rouracil in the future.

In conclusion, this study has verified the noninferiority of S-1 to
gemcitabine, thereby suggesting that S-1 can be used as first-line
therapy for locally advanced and metastatic PC. Because S-1 was
confirmed to be a key treatment for PC, S-1-based regimens are
expected to be developed in the future to improve the management of
this formidable disease.
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Municipal Hospital: H. Ohzato; Kawasaki Medical School Hospital: K. Yoshida; Onomichi General Hospital: K. Hanada; Kagawa
University Hospital: F. Goda; Shikoku Cancer Center: H. Iguchi; Keio University Hospital: T. Hibi; Osaka City General Hospital: H.
Nebiki; Chiba University Hospital: T. Ishihara; Nippon Medical School Hospital: E. Uchida; Tokai University Hospital: T. Imaizumi;
Nagovya City University Hospital: H. Ohara; Aichi Cancer Center Aichi Hospital: H. Kojima; Osaka City University Hospital: N. Yamada;
Wakayama Medical University Hospital: H. Yamaue; Tokyo Medical University Hospital: F. Moriyasu; Showa University Northern
Yokohama Hospital: K. Shimada; Shizuoka General Hospital: K. Matsumura; Hyogo Cancer Center: H. Nishisaki; Kanazawa University
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Details of Adequate Organ Functions in Enrollment Criteria and Main Exclusion Criteria

Adequate organ functions were defined as follows: leukocyte count = 3,500/uL, neutrophil count = 2,000/uL, platelet count
= 100,000/u.L, hemoglobin level = 9.0 g/dL, serum creatinine level = 1.2 mg/dL, creatinine clearance = 50 mL/min, serum AST and ALT
levels = 150 U/L, and serum total bilirubin level = 2.0 mg/dL or = 3.0 mg/dL if biliary drainage was performed.

Main exclusion criteria were as follows: pulmonary fibrosis or interstitial pneumonia; watery diarrhea; active infection; marked
pleural effusion or ascites; and serious complications such as heart failure, peptic ulcer bleeding, or poorly controlled diabetes. Pancreatic
cancers other than adenocarcinoma or adenosquamous carcinoma (eg, anaplastic carcinoma) were excluded from the study.

Dosage Adjustment Guideline for Toxicities

All treatment cycles were repeated until disease progression, unacceptable toxicity, or patient refusal. If patients had aleukocyte count
of less than 2,000/pL, a neutrophil count of less than 1,000/uL, a platelet count of less than 70 X 10°/pL, or grade 3 or worse rash, the
administration of anticancer agents was postponed. S-1 was temporarily halted both in S-1 and in GS groups if patients had a creatinine
level of 1.5 mg/dL or higher or grade 2 or worse diarrhea or stomatitis. Treatment was discontinued if these events did not resolve within
4 weeks after treatment suspension. In patients who experienced febrile neutropenia, grade 4 leukopenia, neutropenia, or thrombocyto-
penia or grade 3 or worse rash, the dose of gemcitabine was reduced by 200 mg/m’. In patients with febrile neutropenia; grade 4

© 2013 by American Society of Clinical Oncology

Information downloaded from jco.ascopubs.org and provided by at Kokuritsu Gan Center on May 15, 2013 from
Copyright © 2013 American Sotfsétyl 80 @Hdidal Oncology. All rights reserved.

WwWw.jco.org



Ueno et al

leukopenia, neutropenia, or thrombocytopenia; a creatinine level of 1.5 mg/dL or higher; or grade 3 or worse diarrhea, stomatitis, or rash,
the dose of S-1 was reduced by 20 mg/d.

Sample Size Determination: Statistical Methods

In the initial plan, the total target number of patients was set at 600, given a statistical power of 80%, an enrollment period of 3 years,
and a follow-up period of 2 years. However, because patient enrollment was faster than expected, the target number of patients was revised
to 750 to provide the study with a statistical power of 90%. Consequently, the final analysis was performed after the occurrence of 680
events had been confirmed. An interim analysis was not performed. Although the actual median OS in the gemcitabine group was better

than initially expected, because an adequate number of patients had been enrolled, a power of = 90% was maintained on recalculation of
the power on the basis of the actual results.

Quality of Life

To assess the quality of life, the health status of patients on the EQ-5D questionnaire was converted into a single simple utility index
ranging from 0 for death to 1 for complete health. Quality-adjusted life-years (QALYs) for individual patients were estimated as the
product of the utility index during follow-up and survival time and were compared between the groups, using the generalized Wil-
coxon test.

As aresult, median QALYs were 0.401 in the gemcitabine group, 0.420 in the S-1 group, and 0.525 in the GS group. The QALY value
in the S-1 group was similar to that in the gemcitabine group, and there was no statistically significant difference between the two groups
(P = .56). The QALY value in the GS group was significantly better than that in the gemcitabine group (P < .001). The details of
quality-of-life assessments will be reported elsewhere.
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Gemcitabine in Patients With Intraductal Papillary
Mucinous Neoplasm With an Associated
Invasive Carcinoma of the Pancreas

Taiga Otsuka, MD,* Chigusa Morizane, MD,* Satoshi Nara, MD,T Hideki Ueno, MD,*
Shunsuke Kondo, MD,* Kazuaki Shimada, MD,T Tomoo Kosuge, MD,{ Masafumi Ikeda, MD,}
Nobuyoshi Hiraoka, MD,§ and Takuji Okusaka, MD*

Objectives: The standard chemotherapy for invasive ductal carci-
noma of the pancreas (IDC) is gemcitabine; however, the efficacy of
gemcitabine in invasive intraductal papillary mucinous neoplasm with
an associated invasive carcinoma of the pancreas (IPMN-IC) is still
unknown.

Methods: Because it is difficult to distinguish between IPMN-IC and
IDC based only on radiological findings in advanced unresectable cases,
recurrent cases after surgical resection were analyzed to identify the
efficacy of gemcitabine monotherapy for IPMN-1C.

Results: Between 1992 and 2010, 128 patients with IPMN-IC and 548
patients with IDC underwent pancreatic resection at the National Cancer
Center Hospital. Twelve patients with IPMN-IC and 73 patients with
IDC had recurred after surgery and subsequently underwent gemcitabine
at the standard dosage. The disease-control rates were comparable be-
tween the IPMN-IC and IDC patients (58.3% vs 59.4%). The median
progression-free survival was 2.8 and 4.1 months in the IPMN-IC and
IDC patients, respectively (P = 0.46). Also, no statistically significant
difference in the median survival times was observed between the
2 groups (9.3 vs 8.8 months, respectively; P = 0.09).

Conclusions: Among patients who had IPMN-IC and IDC with
recurrent disease after resection, there was no significant difference in
treatment outcomes after gemcitabine.

Key Words: chemotherapy, pancreatic cancer, IPMN, invasive ductal
carcinoma of the pancreas, intraductal papillary mucinous carcinoma,
IPMC

(Pancreas 2013;42: 889-892)

ntraductal papillary mucinous neoplasm of the pancreas

(IPMN) was first reported in Japan. The patients were de-
scribed as having a dilated pancreatic duct with mucus hyper-
secretion, and a dilated orifice of ampulla.! The true incidence
of IPMNs is unknown because they are usually asymptomatic
and small; however, IPMNs have a pronounced malignant po-
tential. The 10-year actuarial risk of developing invasive cancer
was reported as being 29% in patients with highly probable or
histologically proven IPMNs.2 Moreover, there is a report that
around 40% of patients have invasive malignancy at the time of
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diagnosis.> IPMNs with a component of invasive carcinoma led
to the designation “IPMN with an associated invasive carcinoma
(IPMN-IC).”# Although there are several reports of surgically
resected IPMN cases, clinical outcomes and sensitivity to che-
motherapy in patients with unresectable or recurrent [IPMN-IC
are still unknown. The aim of the present study was to identify
the efficacy of chemotherapy for IPMN-IC. The chemothera-
peutic regimen was limited to gemcitabine monotherapy, which
is one of the standard regimens for invasive ductal carcinoma of
the pancreas (IDC), and the treatment outcome was compared
between IPMN-IC and IDC as reference. Because it is difficult
to distinguish between IPMN-IC and IDC based only on radio-
logical findings in advanced unresectable cases, we limited the
target population of our study to recurrent cases of [IPMN-IC and
IDC patients whose definitive diagnosis was confirmed by path-
ological findings of the resected specimen.

MATERIALS AND METHODS

Patients

We reviewed the records of patients treated at the National
Cancer Center Hospital between August 1992 and March 2010.
One hundred twenty-eight consecutive patients with IPMN and
548 consecutive patients with IDC of the pancreas underwent
pancreatic resection. In our hospital, patients were followed up
for at least 5 years. The clinical data for patients who experi-
enced a recurrence before July 2010 were then retrieved, and the
treatments after recurrence were surveyed. Recurrences after
surgery were diagnosed using computed tomography or mag-
netic resonance imaging. All patients provided written informed
consent for chemotherapy before the initiation of treatment. The
institutional review board of our center approved this retro-
spective study.

Classifications of IPMN

All the surgical specimens of the target population had
been examined pathologically and a diagnosis of IPMN or
IDC had been confirmed. The classification of IPMN was based
on the World Health Organization classification* and Inter-
national Consensus Guideline.® [PMNs were classified into
3 macroscopic types, namely, main duct type, branch duct type,
and mixed type.> We diagnosed the macroscopic types by mac-
roscopic examinations of resected samples. Furthermore, IPMNs
were classified into the following 4 subtypes using histopatho-
logical and immunohistochemical findings: gastric type, intestinal
type, pancreatobiliary type, and oncocytic type. The morphol-
ogical types were diagnosed according to criteria described
previously that were based on the predominant architectural
and cell differentiation pattern.*5® We performed immunohisto-
chemistry using antibodies against mucin 1 (MUC1) (Ma552),
mucin 2 (MUC2) (Ccp58), mucin SAC MUCSAC) (CLH2), mu-
cin 6 (MUC6) (CLHS), and CDX-2 (AMT28). These were all
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purchased from Novocastra Laboratories Ltd (Newcastle-
upon-Tyne, UK). IPMNs were further categorized into 2 types
with regard to invasion, namely, noninvasive JPMN (IPMN
with low-grade, intermediate-grade, or high-grade dysplasia)
or IPMN-IC.# Noninvasive IPMN was restricted to the pan-
creatic duct wall. IPMN-IC had a definite invasion into the
pancreatic parenchyma. With respect to the staging of the in-
vasion, the T1 category in the American Joint Committee on
Cancer/TNM (invasive carcinoma of <2 cm) was divided into
the following 3 subcategories: Tla, T1b, and Tlc.>® The
Tla subcategory was formerly referred to as “minimally in-
vasive” and was defined as invasive carcinoma measuring
less than or equal to 5 mm.>!0-14

Statistical Analysis

Distributions of variables between 2 groups were com-
pared using the x* test for categorical data and the Mann-
Whitney U test for continuous data. Objective response rate was
assessed according to the Response Evaluation Criteria in Solid
Tumors version 1.0.'° Survival times were estimated using the
Kaplan-Meier method, and compared using the log-rank test.
Recurrence-free survival was defined as the interval between
surgical resection and recurrence. Progression-free survival
was calculated from the date of the initiation of gemcitabine
monotherapy until documented disease progression, or death
due to any cause (whichever occurred first). Overall survival was
defined as the time from initiation of gemcitabine monotherapy
to the date of death or the last follow-up. Differences with values
of P < 0.05 were considered as being statistically significant.

TABLE 1. Demographic and Tumor Characteristics

IPMN-IC pC
n=12 n=73 P

At the time of pancreatic resection

Age, median (range), y 70 (53-79) 63 (39-80)  0.04
Sex, n (%)
Male 6 (50) 45(62) 045
Female 6 (50) 28 (38)
AJCC stage, n (%)
I 3 (25) 0 0.01
Ila 2 (17) 9(12)
b 541 57(78)
v 2(17) 7(10)
CEA median (range), 9.6 (1.2-434.0) 5.9 (0.7-213.0) 0.48
ng/mL
CA19-9, median (range), 48 (2-6510) 596 (1-25270) 0.08
U/mL

At the time of recurrence

Age, median (range), y 73 (54-80) 64 (40-81)  0.03
Recurrent free survival, mo 14.4 7.5 0.04
Recurrent site, n (%)

Liver 6 (50) 20 (40) 0.93

Local 2017 21 (29)

Lung 1(8) 11 (15)

Lymph 3295 9(12)

Others 0 11 (15)

AJCC indicates American Joint Committee on Cancer; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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TABLE 2. Summary of Efficacy Measures

IPMN-IC IDC

n=12 n=73 P

Level of response, n

Complete 0 0

Partial 0 2

Stable disease 7 42
Response rate, % 0 2.7 056
Disease-control rate, % 58.3 60.3  0.90
Progression-free survival, median, mo 2.8 4.1 046
Overall survival, median, mo 9.3 8.8 0.09

Statistical analysis was performed using R version 2.12.2 (The R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

We selected 12 patients with IPMN-IC and 73 patients
with IDC who received gemcitabine monotherapy after
recurrence and were followed up in our center. The clinical
findings involving recurrent IPMN and IDC patients are shown
in Table 1. All of the recurrent IPMN patients were classified
using pathological findings from resected specimens as having
IPMN-IC, including 3 patients with T1a carcinoma. The median
recurrence-free survival time after surgery for the IPMN-IC
patients was longer than that for the IDC patients (14.4 vs 7.5
months, respectively; P = 0.04). Patients with [PMN-IC were
diagnosed at an earlier stage at the time of resection.

In all patients, gemcitabine monotherapy was initiated at
the standard dosage after recurrence. The antitumor effects and
prognosis are summarized in Table 2. The disease-control rates
were comparable between the IPMN-IC and IDC patients
(58.3% vs 60.3%, respectively). The median progression-free
survival was 2.8 and 4.1 months in the IPMN-IC and IDC
patients, respectively (P = 0.46). At the time of disease pro-
gression, second-line chemotherapy was administered in 58%
of the IPMN-IC patients and in 33% of the IDC patients (P =
0.09). No statistically significant difference in overall survival
times was observed between the IPMN-IC and IDC groups
(median, 9.3 vs 8.8 months, respectively; P = 0.09) (Fig. 1).

Among the IPMN-IC patients, the macroscopic classi-
fications of the IPMN at the time of resection were main duct
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FIGURE 1. Kaplan-Meier analysis of overall survival after initiation
of gemcitabine. The median survival time was 9.3 and 8.8 months
in the IPMN-IC and IDC patients, respectively (P = 0.09).
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TABLE 3. Classifications of IPMN at the Time of Resection

Macroscopic Type
Main Duct Branch Duct Mixed
n=26 n=2 n=4
Histopathological
subtype, n (%)
Pancreatobiliary 5(83) 1 (50) 2 (50)
Intestinal 1(17) 1 (50) 1(25)
Oncocytic 0 0 1(25)
Invasion, n (%)
Tla (minimally) 1(17) 1 (50) 1(25)
Colloid 1(17) 0 0
Tubular 4 (66) 1 (50) 3(75)

type in 6 patients, mixed type in 4, and branch duct type in 2.
Regarding the subtypes of the IPMN, 8 were the pancre-
atobiliary type, 3 were the intestinal type, and 1 was the
oncocytic type (Table 3). In comparing the main duct and mixed
type with the branch duct type, the median survival times from
initiation of gemcitabine were 18.0 and 8.1 months, respectively
(P = 0.08). Between the pancreatobiliary type and others, the
median survival times from initiation of gemcitabine were 21.1
and 8.5 months, respectively (P = 0.09). Survival times after
initiation of gemcitabine in 3 patients with Tla carcinoma were
1.5, 7.6, and 18.0 months. Survival times after pancreatic re-
section in these patients were 15.3, 61.7, and 37.0 months, re-
spectively. The subtype of all of the patients with minimally
invasive carcinoma was the intestinal type.

DISCUSSION

Since the first report was described in Japan,! IPMNs of
the pancreas have been discovered with increasing frequency
because of the improvement in diagnostic imaging techniques.
IPMNs express a latent or overt malignant potential. Although
resected IPMN-IC has a favorable prognosis as compared with
IDC, 62! the prognosis for advanced IPMN-IC is reported to be
as poor as advanced IDC.!® In clinical practice, one of the
standard regimens of first-line chemotherapy for advanced
pancreatic cancer remains gemcitabine monotherapy. To our
knowledge, there have been no reports on the efficacy of che-
motherapy for advanced or recurrent IPMN-IC. Our study
evaluated the efficacy of gemcitabine for IPMN-IC, which is a
standard regimen for IDC, and showed that IPMN-IC and IDC
exhibited no significant difference in treatment outcomes from
the start of gemcitabine monotherapy for the recurrent disease.

In advanced pancreatic cancer, the proportion of IPMN-IC
has been reported to be less than 5%.2%72* The carcinogenic
pathway involved in the conversion of noninvasive IPMN to
IPMN-IC is often compared with that involved in the conversion
of pancreatic intraepithelial neoplasia (PanIN) to the invasive
ductal carcinoma sequence.?> Some disparities between IPMN
and PanIN exist. In contrast to PanIN and ductal adenocarcino-
ma, DPC4 loss or mutation in pI6 is uncommon in IPMNs.26-32
Thus, the carcinogenesis of IPMNs may differ from those of
PanINs and conventional ductal adenocarcinomas. Our study did
not show a significant difference in clinical behavior such as
chemosensitivities or outcomes between IPMN-IC and IDC.
Because the results of our study were based on a small number of
patients, further studies are needed to evaluate whether the dif-
ference in carcinogenesis may affect treatment effects.

© 2013 Lippincott Williams & Wilkins

The main duct type IPMNs including the mixed type show
a more aggressive clinical course than the branch duct type
IPMNs. The prevalence of invasive carcinoma at diagnosis has
been reported to be higher in patients with main duct type than
in patients with branch duct type.> Moreover, patients with main
duct type and mixed type have a poorer prognosis than patients
with branch type in surgical resected cases.®® IPMN-IC is
typically divided into of the following 2 histologic types: tu-
bular type (conventional ductal adenocarcinoma) and colloid
type (mucinous adenocarcinoma).® With respect to the histo-
pathological classification of IPMNs, invasive cancer arising
from the pancreatobiliary type is usually the tubular type car-
cinoma that is morphologically indistinguishable from IDC and
has a poorer prognosis than other types.3* The subgroup anal-
ysis of IPMIN-IC in our study showed that the patients with the
main duct type or the pancreatobiliary type had favorable pro-
gnoses, albeit that it was not statistically significant. Although
the reason why these results seemed paradoxical when com-
pared with previous reports could not be adequately explained,
it may be partially due to an insufficient sample size. Additionally,
the pancreatobiliary type is reported to be a less common disease
entity than other types.®** However, the most common subtype
of IPMNs in our study was the pancreatobiliary type. This dis-
crepancy may be due to the bias of patient selection in our study
because we limited the target population to patients with recurrent
status; this in itself indicated the clinically aggressive nature of
the cancer. Regarding the type of invasion, the recurrence rate
and prognosis for Tla carcinoma (formerly “minimally invasive
carcinoma”) is better than that for invasive carcinoma as reported
previously. 1144 However, our study showed that once recur-
rence had occurred, prognosis was poor even for Tla carcinoma.
One patient with Tla carcinoma had an extremely aggressive
clinical course with a survival time after initiation of gemcitabine
that was only 1.5 months, and a survival time after pancreatic
resection was 15.3 months.

In conclusion, there was no significant difference in the
treatment outcomes after gemcitabine monotherapy between
IPMN-IC and IDC in patients with recurrent disease after sur-
gical resection. When we take into account the lack of other
promising treatment regimens, our results do not deny the ap-
propriateness of gemcitabine use in clinical practice of IPMN-
IC. The number of patients in this study was limited and further
studies are needed to define the role of gemcitabine in this
disease.
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Case report

Multimodal endoscopic treatment for delayed severe esophageal stricture
caused by incomplete stent removal

T. Setoyma,' S. Miyamoto,' T. Horimatsu,' S. Morita,! Y. Ezoe,> M. Muto,' G. Watanabe,’ E. Tanaka,’
T. Chiba’

Departments of ' Gastroenterology and Hepatology and ? Multidisciplinary Cancer Treatment, and Division of
Gastrointestinal Surgery, Department of Surgery, Kyoto University Graduate School of Medicine, Kyoto,
Japan

SUMMARY. The usefulness of a covered self-expandable metallic stent for benign esophageal stricture and
perforation was well established. In case of benign disease, early stent removal was recommended within 6-8 weeks
after placement. A case with severe esophageal stricture caused by incomplete stent removal 7 years after stent
placement for spontaneous esophageal rupture was reported. Residual stent fragments could be removed by
step-by-step multimodal endoscopic treatment, producing satisfactory luminal diameter of the esophagus. In
particular, stent trimming with argon plasma coagulation was safe and effective strategy. The endoscopic stent
removal is minimally invasive and should be attempted before surgical intervention; however, it is most important

to ensure early stent removal before tissue ingrowth or overgrowth can develop.

INTRODUCTION

Although rare, spontaneous rupture of the esophagus,
or Boerhaave’s syndrome, is a potentially fatal condi-
tion. Surgical treatment has long been considered the
‘gold standard’ response. However, if the diagnosis is
delayed, a surgical procedure can cause morbidity and
mortality."? Over the past few years, various invasive
endoscopic treatment options have emerged. It has
recently been reported that the temporary placement
of a covered self-expandable metallic stent is an effec-
tive treatment for sealing a benign esophageal rupture
and perforation.*? However, stent-related complica-
tions, such as stent migration and tissue ingrowth
or overgrowth, have been reported.*>*® Reactive
benign tissue ingrowth or overgrowth can cause stric-
ture, especially when stents remain in place for long
periods.*#1® Endoscopic stent removal in cases of
severe stent embedding may cause esophageal perfo-
ration,*”!! and the embedded stent must be removed
by force after it is cut into pieces during a surgical
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PhD, Department of Gastroenterology and Hepatology,
Kyoto University Graduate School of Medicine, 54
Shogoin-kawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan.
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intervention. Incomplete stent removal can lead to
further esophageal stricture. We report a patient with
severe esophageal stricture induced by residual stent
fragments after surgical stent removal, and its multi-
modal endoscopic treatment.

CASE REPORT

A 56-year-old man suffered spontaneous rupture of
his esophagus. We placed a covered self-expandable
metallic stent over the fistula just above the esophago-
gastric junction. After this treatment, the patient’s
condition improved dramatically. We attempted to
remove the stent endoscopically 3 months after its
placement, but it was too firmly fixed to the esoph-
ageal wall to allow it to be extracted through the
patient’s mouth (Fig. 1). The stent was removed sur-
gically, piece by piece, via the gastric wall after it had
been cut into pieces with scissors, but some stent
fragments remained in the esophagus (Fig. 2). Our
colleagues have reported the clinical course of the
acute stages of this case.'? During 7 years of observa-
tion since the laparotomy, the patient showed worsen-
ing dysphagia because granulation tissue developed
around the residual stent fragments (Fig.3). The
protruding granulation tissue was removed using a

112 © 2013 Wiley Periodicals, Tnc. and the International Society for Diseases of the Esophagus
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Fig. 1 The stent was firmly fixed to the esophageal wall because
of tissue ingrowth.

snare (step 1), but the patient’s symptoms remained
unchanged. One and a half years later after step 1, an
exposed stent fragment was trimmed using argon
plasma coagulation (APC) (Figs 4,5; step 2). The
power setting was 30-40 W, and the argon gas flow
was set at a rate of 1.0-1.2 L/min using an argon
plasma electrosurgical generator (VIO 300D/APC2,
Erbe, Tiibingen, Germany). Three days later after step
2, several stent fragments were removed with grasping
forceps via the patient’s mouth after balloon dilata-
tion of the esophagus (Fig. 6; step 3). After almost all
the stent fragments had been removed, 5 months later
after step 3, the residual granulation tissue formed
‘bridges’ across the esophageal lnmen (Fig. 7), which
were severed with a diathermic knife and a snare,
producing a satisfactory luminal diameter of the

Fig. 3 Step 1: Esophageal lumen was occupied by protruding
granulation tissue around the residual stent fragments. Large
polypoid lesion was removed using a snare,

esophagus (Fig. 8; step 4). The patient is currently
asymptomatic 3 years later after step 4 without further
treatment.

DISCUSSION

The rate of successful clinical sealing after temporary
endoscopic stent placement for a benign esophageal
rupture and perforation has been reported to be
about 80%, with low morbidity and mortality.>® The
major reported complications of endoscopic stent
placement are stent migration and tissue ingrowth or
overgrowth.*>81%13 Fibrosis and the proliferation of
granulation tissue around the stent result from the

Fig. 2 Some stent fragments remained in the esophageal wall
after removing the stent surgically, piece by piece via the gastric
wall.

Fig. 4 Stent fragment exposed to the esophageal lumen after
the removal of the protruding granulation tissue. We tried to
trim the stent fragment with argon plasma coagulation (inset).
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Fig. 5 Step 2: Part of a stent fragment exposed to the
esophageal lumen could be trimmed with argon plasma
coagulation (one and a half years later after step 1).

foreign body reaction to the stent,” and tissue
ingrowth or overgrowth may occur in 5-8% of
patients.*? The stent can become firmly embedded in
the esophageal wall, especially with long-term place-
ment, and its removal may entail complications such
as bleeding, tearing off the mucosa, and perfora-
tion.*>!"1% In some of these patients, subsequent sur-
gical intervention may be required to forcibly remove
the embedded stent in a piecemeal fashion. However,
it is sometimes difficult to ensure that all the frag-
ments of the stent are removed completely.>*'>1* As a
result, secondary severe stricture caused by residual
stent fragments can develop in the long term.

Over the past few years, three different type of a
stent such as a partially (PSEMS) and a fully covered

Fig. 6 Step 3: Some stent fragments were removed with
grasping forceps after balloon dilatation of the esophagus
(3 days later after step 2).

Fig.7 Residual granulation tissue forming several ‘bridges’
across the esophageal lumen.

self-expandable metallic stent (FSEMS), and a self-
expandable plastic stent (SEPS) has been able to
be selected for a benign esophageal rupture and per-
foration. van Boeckel ef al. have reported that stent
migration occurred most frequently with FSEMS
followed by SEPS and PSEMS, while tissue ingrowth
or overgrowth was only seen with PSEMS.° However,
the same group reported in their review that stent
migration occurred more often with FSEMS and
SEPS, whereas there was no significant difference in
tissue ingrowth or overgrowth between them.® More-
over, like our case, Jaganmohan and Raju reported
their cases in which even FSEMS can be complicated
by tissue ingrowth.”” Even though tissue ingrowth
or overgrowth tends to be higher with PSEMS

Fig. 8 Step 4: Granulation ‘bridges’ were severed with a
diathermic knife and a snare, producing a satisfactory luminal
diameter of the esophagus (5 months later after step 3).
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compared with the other two, such complication may
occur regardless of the stent type. As efficacy between
them was not found to be significantly different, stent
choice should depend on the expected risks of com-
plications with a particular stent type.®®

In our patient, step-by-step multimodal endoscopic
treatment made it possible to remove the stent frag-
ments through the paticnt’s mouth and to relieve the
stricture without surgical reintervention. Recently,
the use of APC to trim a metallic stent in the biliary
tract, duodenum, colon, or rectum to relieve an
obstruction has been reported.'*® However, few
reports are available about the use of APC to trim a
metallic stent in the esophagus.'™'7 We have demon-
strated for the first time that residual fragments after
the surgical removal of an esophageal metallic stent
can be trimmed safely using APC. The endoscopic
removal of the stent, including its fragmentation with
APC, is minimally invasive and should be attempted
before surgical intervention.

However, it is most important to ensure early
stent removal because tissue ingrowth or over-
growth is related to the duration of stenting in the
esophagus.’>! van Heel ef al. reported that the stent
had been in place significantly longer in patients
who underwent a complicated stent removal than
in those with an uncomplicated primary stent
removal.’® Moreover, it has recently been recom-
mended to remove embedded metallic stent that
FSEMS of the same diameter should be placed
inside embedded stent.®*' This stent-in-stent tech-
nique causes necrosis of the hyperplastic tissue
ingrowth or overgrowth. Hirdes et al. reported that
both these stents could be removed uneventfully
after a period of 10-14 days."”

In conclusion, thanks to the technological advances
and in the hands of skillful endoscopists, endoscopic
removal of esophageal stents can avoid surgery.
However, we emphasize that temporary stents used
for benign disease should be removed before tissue
ingrowth or overgrowth can develop (within 6-8
weeks of placement) regardless of the stent type.”"
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