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CTCAE by each primary physician. Before starting the
second cycle of chemotherapy, patients were required to
have grade <2 hematologic toxicity. When patients did
not recover within a 2-week delay or had grade 4 nonhe-
matologic toxicity in the first cycle, the chemotherapy was
discontinued, and surgical resection was considered.

Dose modifications in the second cycle were based
on treatment-related adverse events recorded in the first
cycle. In the ACF regimen, the doses of cisplatin and dox-
orubicin were reduced by 20% for grade 4 neutropenia
that lasted >5 days, febrile neutropenia grade >3, and
thrombocytopenia grade >3. In the DCF regimen, the
doses of cisplatin and docetaxel were reduced by 20% for
the same hematogenic toxicity. The dose of cisplatin was
reduced by 20% in the second cycle in both regimens after
a rise in serum creatinine level above 1.5 mg/dL during
the first cycle. The dose of 5-fluorouracil was reduced by
20% for grade >3 diarrhea and mucositis. After complet-
ing 2 cycles of neoadjuvant chemotherapy, all patients
were restaged by endoscopy and computed tomography
to evaluate the clinical response to chemotherapy 2 weeks
after the completion of chemotherapy. Clinical responses
were categorized according to criteria based on the World
Health Organization response criteria for measurable dis-
ease and the Japanese Society for Esophageal Diseases.'”

Study Protocol

The study protocol is summarized in Figure 1A. Patients
who were assigned to the ghrelin group received ghrelin
treatment at a dose of 3 pg/kg body weight diluted in 50
mL saline given over 30 minutes twice daily (before break-
fast and before dinner) for 7 consecutive days (days 1-7),
as in our previous studies.' ! Synthetic ghrelin was pre-
pared and supplied as described previously.'®'" Patients
in the placebo group received a corresponding placebo
(pure saline) infusion in the same fashion. All participants
received the same protocol of intravenous infusion in
both groups, ie, 3000 mL/day from days 1 to 3 and 2000
mL/day from days 4 to 7 of chemotherapy, including 43 g
glucose, 35 millequivalents (mEq) sodium, 20 mEq po-
tassium, 35 mEq chloride, and 20 mEq lactate in 1000
mlL.

Endpoints

The primary endpoint of this study was alteration in oral
calorie intake from day 1 to day 7 of chemotherapy.
Patients in this study were served standard meals and were
allowed to receive extra food if desired. All dietary intake
calories were calculated by a national registered dietitian
at Osaka University Hospital by measuring the weight of
each dish diet before and after every meal.'®'" The sec-
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ondary endpoints included changes in appetite, adverse
events, QoL, body weight, nutritional status, hormonal
assays, and blood tests. Appetite profiles were measured
using a 100-mm visual analog scale (VAS), with the ques-
tions “How hungry are you?” and “How full do you
feel?,” which were anchored with “0 notat all” and “100-
extremely.” Patients were instructed to rate themselves by
selecting the scale before each meal that was most appro-
priate to their feeling at that time. The mean VAS score
was calculated each day. Questionnaires included the Eu-
ropean Organization for Research and Treatment of Can-
cer core QoL questionnaire (QLQ-C30) before and after
chemotherapy (day 8).%° The QLQ-C30 contains 5 func-
tional scales (physical, role, cognitive, emotional, and
social), 3 symptrom scales (fatigue, pain, and nausea/vom-
iting), a global health/QoL scale, and 6 single items (dysp-
nea, insomnia, appetite loss, constipation, diarrhea, and
financial difficulties). All scale scores and single items
scores range from 0 to 100. A high score for a functional
scale represents a higher (“better”) level of functioning,
whereas a high score for a symptom scale or item repre-
sents a higher (“worse”) level of symptoms.

Blood samples were collected before breakfast after
an overnight fast before chemotherapy and on Days 3 and
8 of chemotherapy. The samples were transferred imme-
diately into chilled tubes containing disodium ethylenedi-
amine tetra-acetic acid and aprotinin, centrifuged at 4°C,
separated for serum sampling, and stored at —50°C. The
plasma samples were mixed with a 10% volume of 1 M
hydrochloric acid before storing at —50°C. Plasma acyl-
ghrelin and desacyl-ghrelin concentrations were measured
with a sandwich-type enzyme immunoassay kit according
to the protocol supplied by the manufacturer (Mitsubishi
Kagaku Iatron, Inc., Tokyo, ]apan).21 Total plasma ghre-
lin concentration was calculated as acyl-ghrelin plus
desacyl-ghrelin concentration. Serum GH, insulin, and
leptin concentrations were measured using a GH “Daii-
chi” kit (TFB, Inc., Tokyo, Japan), a chemiluminescent
enzyme immunoassay (Fujirebio, Inc., Tokyo, Japan),
and a human leptin radioimmunoassay (RIA) kit (Linco
Research Inc., St. Chatles, Mo), respectively. Serum insu-
lin-like growth factor-1 (IGF-1) levels were measured by
RIA (SRL Company Ltd., Tokyo, Japan).

Statistical Analysis

Continuous variables are expressed as the mean = stand-
ard deviation unless stated otherwise. Statistical differen-
ces between groups were calculated by using the Student
¢ test, the Fisher exact test, the Mann-Whitney test, or the
chi-square test, as appropriate. Comparisons of the time
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Figure 1. (A) This is a flow diagram of process through the trial. (B) The study protocol is illustrated. IVD indicates intravenous
drip; FAP, combined 5-fluorouracil, doxorubicin (Adriamycin), and cisplatin; DCF, combined docetaxel, cisplatin, and 5-fluororua-
cil; VAS; visual analog scale; EORTC QLQ C-30, European Organization for Research and Treatment of Cancer Core-30 Quality-

of-Life Questionnaire; QOL, quality of life.

course of food intake calories and appetite score were
tested by using a 2-way repeated-measures analysis of var-
iance (ANOVA). Statistical significance was set at P <
.05. All calculations were performed using the JMP (ver-
sion 9.0) software program (SAS Institute Inc, Cary,
NC).

RESULTS

Patient Characteristics
In total, 42 enrolled patients were randomized into either
the ghrelin group (21 patients) or the placebo group (21
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patients). One patient (4.8%) in the ghrelin group who
developed excessive diaphoresis during ghrelin infusion,
equivalent to grade 2 according to CTCAE, and another
patient (4.8%) in the placebo group who was unable to
monitor the self-questionnaire because of general fatigue
were excluded from the analysis (Fig. 1B). Table 1 lists the
demographic and clinical characteristics of all patients.
There were no significant differences in the background
characteristics, including age, sex, body mass index, local-
ization of cancer, clinical cancer staging, or chemotherapy
regimen.
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Table 1. Patient Characteristics

No. of Patients

Parameter Ghrelin Placebo P
Group Group
No. of patients 20 20
Age: Mean+SD, y 65.84+5.2 61.8:£10.9 14
Sex .28
Men 19 17
Women 1 3
BMI: Mean+SD, kg/m? 21.64.3 21.042.7 44
Tumor localization .27
Upper thoracic 4 1
Middle thoracic 9
Lower thoracic 7 10
Clinical UICC TNM stage
Tumor classification .45
T 0 0
T2 6 4
T3 8 12
T4 6
Lymph node status .51
NO
N1 12 14
Metastasis classification 43
MO 17 15
M1 3 5
Disease stage .38
1 0 0
[ e 7
m 8 8
v 3 5
Chemotherapy regimen 74
ACF 13 12
DCF 7 8

Abbreviations: ACF: doxorubicin, cisplatin, and 5-fluorouracil; BMI, body
mass index; DCF: docetaxel, cisplatin and 5-fluorouracil; SD, standard
deviation; UICC, International Union Against Cancer.

Effect of Ghrelin on Dietary Intake and Appetite
Scoring

The mean dietary intake gradually decreased after cispla-
tin administration to reach the lowest level on days 5
through 7. After completing chemotherapy, it took
another 4 to 7 days for oral intake to recover and to allow
hospital discharge. Although patients in the ghrelin and
placebo groups reflected this trend, the decline in dietary
intake with chemotherapy was significantly less in the
ghrelin group compared with the placebo group (18.1
keal/kg/day vs 12.7 kcal/kg/day overall), especially at day
1 (26.7 keal/kg/day vs 23.1 kcal/kg/day) compared with
day 7 (15.0 kcal/kg/day vs 8.5 kcal/kg/day) (Fig. 2A). In
other words, the improved oral food intake because of
ghrelin administration was more significant in the later
phase of chemotherapy (repeated-measures ANOVA:
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ghrelin group vs placebo group, P = .0027). Changes in
the VAS score reflected the changes in dietary intake
between the 2 groups with a significant difference among
them (repeated-measures ANOVA: ghrelin group vs pla-
cebo group, P < .0001, Fig. 2B). Notably, the appetite
scores recovered more quickly after day 4 of chemother-
apy in the ghrelin group than in the placebo group.

Effect of Ghrelin on Nutritional and
Hormone Status

Table 2 details the blood test results before and after
chemotherapy (day 8) in the ghrelin and placebo groups.
There were no significant differences in nutritional pa-
rameters before chemotherapy, including hemoglobin, al-
bumin, lymphocyte numbers, cholinesterase, total
cholesterol, and the rapid turnover proteins (RTP) (preal-
bumin, retinol-binding protein, and transferrin). In the
placebo group, significant declines after chemotherapy
were observed for hemoglobin, prealbumin, and transfer-
rin, but not for the other nutritional parameters tested.
This RTP finding is consistent with ghrelin preventing
nutritional deterioration because of chemotherapy com-
pared with the placebo group (prealbumin: 26.4 + 4.6
mg/dL vs 21.7 = 2.8 mg/dL [P = .042]; transferrin: 205
£ 18 mg/dL vs 162 + 32 mg/dL [P = .037]).

With respect to ghrelin and associated hormones,
plasma total ghrelin levels (acyl-ghrelin plus desacyl-ghre-
lin) significantly decreased after chemotherapy, account-
ing for 61% of the baseline values (before chemotherapy)
in the placebo group. GH, a target hormone for ghrelin,
and IGF-1, a mediator of GH, consistently tended to
decrease after chemotherapy. However, despite the poor
dietary intake during chemotherapy, leptin tended to
decrease rather than increase after chemotherapy. There
were no significant differences in plasma ghrelin levels
between the groups before and after chemotherapy
because of its rapid turnover. Likewise, the levels of GH,
IGF-1, insulin, and leptin did not differ between the ghre-
lin and placebo groups.

Adverse Events

Table 3 lists the hematologic and nonhematologic adverse
events during the first cycle of chemotherapy. Diaphoresis
is a known physiologic effect of ghrelin. One patient with
grade 2 diaphoresis was excluded, whereas another with
grade 1 diaphoresis completed the study protocol and was
included in the analysis. Anorexia and nausea are the most
common toxicities reported with cisplatin-based chemo-
therapy. In our study, grade >3 symptoms were noted in
55% (anorexia) and 60% (nausea) of patients in the pla-
cebo group. Ghrelin administration significantly reduced
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Figure 2. (A) Serial changes in dietary calorie intake are illustrated before and during chemotherapy in the ghrelin group (solid
squares) and the placebo group (solid circles). (B) The visual analog scale score for appetite was similar in the 2 groups before
chemotherapy. Data shown are means =+ standard deviations. ANOVA indicate analysis of variance.

these adverse effects to 15% and 20%, respectively (ano-
rexia: ghrelin group vs placebo group, P = .016; nausea:
ghrelin group vs placebo group, P = .012). Other adverse
effects, including myelosuppression, renal toxicity, and
stomatitis, did not differ significantly between the 2
groups.

Treatment Outcome

Dose modifications were necessary in the second cycle of
chemotherapy for 6 patients (30%) in the ghrelin group
and for 10 patients (50%) in the placebo group according
to the criteria for dose modifications. Thus, patients in
the ghrelin group displayed less toxicity from chemother-
apy than those in the placebo group during the second
cycle, although the difference did not reach statistical sig-
nificance (P = .17). Ghrelin administration tended to
reduce the length of hospital stay in the ghrelin group
compared with the placebo group (18.4 days vs 23.5 days;
P = .12). The objective tumor response rate after the sec-
ond cycle of chemotherapy was not different between the
2 groups: In the ghrelin group, 13 patients achieved a par-
tial response, 6 patients had no change, and 1 patient had
progressive disease (PD); whereas, in the placebo group,
13 patients had a partial response, 4 patients had no
change, and 3 patients had progressive disease. After 2
cycles of chemotherapy, 16 patients in the ghrelin group
and 15 patients in the placebo group underwent curative
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resection. There were no significant differences in major
surgical complications between the 2 groups.

Quality-of-Life Evaluation

Patients in the ghrelin group reported significantly better
overall global health status scores after chemotherapy than
patients in the placebo group (52 & 18 vs 26 £ 13, respec-
tively; P < .0001), although there were no significant dif-
ferences in the functional scale parameters. With respect
to the symptom scale scores and items, patients in the
ghrelin group scored better after chemotherapy than
patients in the placebo group on nausea/vomiting (ghrelin
group vs placebo group: 16 & 14 vs 36 & 29; P < .0001)
and appetite loss (26 + 14 vs 54 + 22; P < .0001).
Although the differences were not statistically significant,
patients in the ghrelin group scored better after chemo-
therapy than patients in the placebo group on fatigue (P
= .082). There were no significant differences in other
symptom scales or items (Table 4).

DISCUSSION

In this prospective, randomized trial, we demonstrated
that the administration of synthetic ghrelin during cispla-
tin-based neoadjuvant chemotherapy successfully in-
creased food intake and appetite and decreased the
adverse effects of chemotherapy. To our knowledge, this
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Table 2. Results of Laboratory Tests, Nutritional Status, and
Hormone Assays

Mean=SD
Value
Variable® Ghrelin  Placebo P
Group Group
Hemoglobin, g/dL
Before 11,2408 115413 .35
After 10.4+40.7 1024117 .41
Albumin, g/dL
Before 3.6::0.3 3.4:+0.4 .78
After 3.240.5 3.3+0.6 87

Lymphocytes, /uL

Before 1590350 1620400 .56
After 1450::320 15404350 .58
Cholinesterase, IU/L
Before 225465 212448 .21
After 205445 1904:38 25
Total cholesterol, mg/dL
Before 138445 148142 .46
After 144+42 142448 .36
Rapid turnover protein
Prealbumin, mg/dL
Before 24.6+6.6 26.245.8 .65
After 26.4:+:4.6 21.7+2.8% .042
Retinol binding protein, mg/dL
Before 3.5+0.8 3.84£0.6 31
After 3.84+0.8 3.6::0.9 .37
Transferrin, mg/dL
Before 21038 235423 45
After 20518 1624327 .037
Hormones
Total ghrelin, fmol/mL
Before 144465 1354:58 34
After 944482 824322 42
Growth hormone, ng/mL
Before 1.8+1.5 1.7+0.8 .81
After 1.5:+0.9 1.4+0.8 .26
Insulin-like growth factor-1, ng/mL
Before 144452 162445 .58
After 134447 141442 47
Insulin, plU/mL
Before 6.4+3.2 8.2+41 54
After 5.3+2.4 6.3+3.8 A2
Leptin, ng/mL
Before 3.2+1.8 2.941.7 76
After 2.1+04 2.5+0.5 .32

Abbreviations: SD, standard deviation.
2P <.05 for before versus after.’Before indicates before chemotherapy; Af-
ter: after chemotherapy (day 8).

is the first report on the usefulness of ghrelin administra-
tion during cisplatin-based chemotherapy in humans.

It has been reported that acute gastrointestinal disor-
ders caused by cisplatin involve 5-HT secretion from the
enterochromaffin cells in association with 5-HT3 recep-
tors.>* Therefore, the administration of a 5-HT3 receptor
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Table 3. Adverse Events Encountered During Chemotherapy

No. of Events

Adverse Ghrelin Placebo P
Events® Group Group
Neutropenia 49
Grade 0 4 4
Grade 1-2 9 6
Grade 3-4 7 10
Lymphopenia 75
Grade 0 12 11
Grade 1-2 8 9
Grade 3-4 0 0
Anemia .75
Grade 0 14 13
Grade 1-2 5 6
Grade 3-4 1 1
Thrombocytopenia .59
Grade 0 16 17
Grade 1-2 2
Grade 3-4 2 ¢]
Renal toxicity 91
Grade 0 13 13
Grade 1-2 7 6
Grade 3-4 0 1
Diaphoresis .32
Grade 0 19 20
Grade 1-2 1 0
Grade 3-4 0 0
Anorexia .016
Grade 0 4 2
Grade 1-2 13
Grade 3-4 3 11
Nausea .012
Grade 0 3 1
Grade 1-2 13 7
Grade 3-4 4 12
Vomiting .35
Grade 0
Grade 1-2 12 10
Grade 3-4 3
Diarrhea 77
Grade 0 9 10
Grade 1-2 10 9
Grade 3-4 1 1
Stomatitis 77
Grade 0
Grade 1-2 15 14
Grade 3-4 2

2 Adverse events were evaluated according to toxicity grading criteria from
version 4.0 of the Common Terminology Criteria for Adverse Events.

antagonist is effective in the suppression of cisplatin-
induced nausea and vomiting that occur within 24 hours
after administration.® However, late-phase chemother-
apy-induced anorexia, nausea, and vomiting still are diffi-
cult to adequately control. In the current study, the mean
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Table 4. Quality-of-Life Scores

Mean=SD Score

QLQ-C30? Ghrelin Placebo P
Group Group
Global health status score
Before 78430 74422 .51
After 52+18 26+13 < .0001
Functional scales
Physical functioning
Before 86+8 92+10 .62
After 78420 72+18 42
Role functioning
Before 80+12 88+8 43
After 68+16 70+15 .29
Emotional functioning
Before 78+14 82+12 .26
After 70+18 68+14 44
Cognitive functioning
Before 88+11 90+10 72
After 86+14 88+18 .67
Social functioning
Before 84420 82422 54
After 82416 78+14 52
Symptom scales/items
Fatigue
Before 1246 1448 .37
After 22411 34+16 .082
Nausea/vomiting
Before 546 4+7 .62
After 16+14 36129 < .0001
Pain
Before 816 7+9 A7
After 10+11 12+14 .59
Dyspnea
Before 8+14 7+13 .68
After 8+12 7+14 .66
Insomnia
Before 1248 14+£12 .75
After 20+12 19414 37
Loss of appetite
Before 8+14 7+13 43
After 26+14 541422 < .0001
Constipation
Before 7+13 8+12 .29
After 12418 14420 .21
Diarrhea
Before 12+14 12418 .69
After 22+18 26+22 .32
Financial difficulties
Before 16122 18+17 .58
After 18+24 16+£21 72

Abbreviations: SD, standard deviation.
2Before indicates before chemotherapy; After: after chemotherapy (day 8).

oral intake of calories decreased significantly to about
25% of the baseline level at day 8 after chemotherapy de-
spite the use of a 5-HT3 antagonist.

Several observations suggest that ghrelin may play
an important role in the delayed cisplatin-induced gastro-
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intestinal effects. In rodents, a single cisplatin administra-
tion caused a transient decrease in plasma ghrelin
concentration and prolonged suppression of both food
intake and body weight loss.*> Cotreatment with a 5-
HT3 antagonist did not result in the recovery of ghrelin
levels or dietary activity in that experiment. In our clinical
study, we observed that chemotherapy that included cis-
platin reduced plasma ghrelin levels to 67% and 57% of
the baseline levels on days 3 and 8, respectively. In addi-
tion, there was a close relation between the extent of
decline in plasma ghrelin, nutritional status, and adverse
events of chemotherapy.®® In the current trial, we demon-
strated that the administration of synthetic ghrelin during
chemotherapy successfully increased food intake and
appetite. This effect may be explained by the effect on the
GH/IGEF-1 axis. The growth-promoting effect of GH is
mediated, at least in part, by IGF-1.** However, serum
GH and IGF-1 levels were stable in both groups, probably
because of the rapid turnover of GH. Although this phe-
nomenon was reported previous in earlier studies,"*** we
should have measured GH and IGF-1 in a brief period.

5-HT?3 antagonist also was administered in the cur-
rent clinical study. Taken together, the acute and delayed
effects of cisplatin on gastrointestinal functions may
involve different mechanisms, and the delayed effects,
which seemingly are not mediated through the 5-HT3 re-
ceptor, affect nutrition status in cancer patients more
strongly than the acute effects.

Conversely, recent reports indicate that both the 5-
HT?2C receptor and the 5-HT2B receptor, but not the 5-
HT3 receptor, mediate cisplatin-induced ghrelin suppres-
sion in rodents.'>?* The 5-HT2B receptor is distributed
mainly in gastrointestinal smooth muscle,”” and the 5-
HT2C receptor is localized in the central nerve system.>®
Vagal nerve function may regulate afferent and efferent
signaling, which controls ghrelin secretion through these
5-HT2B and 5-HT2C receptors. However, in our previ-
ous study, ghrelin was administered to patients who had
undergone gastrectomy and esophagectomy, which also
included truncal vagotomy, and we observed significant
effects on appetite and body weight increase.®'! There-
fore, the association between ghrelin signaling and the
vagal nerve remains unresolved.”” In the literature, uri-
nary 5-hydroxyindole acetic acid (5-HIAA), the major
metabolite of 5-HT, increased rapidly and subsequently
returned to baseline within the first 24 hours after cispla-
tin administration, and it was associated strongly with
chemotherapy-induced emesis.>*'**® In the current
study, serum 5-HT and 5-HIAA levels on days 3 and 8 of
chemotherapy did not increase significantly compared
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with baseline values (data not shown). Thus, because
plasma ghrelin undergoes rapid turnover, our observation
regarding 5-HIAA suggests that 5-HT does not directly
control ghrelin secretion.

In other studies, substance P and neurokinin-1
(NK-1) receptor contributed to the delayed emetic symp-
toms associated with chemotherapy.” Accordingly, an
NK-1 receptor antagonist could inhibit the binding of
substance P to the NK1 receptor in the vomiting center.”
Several studies have established that administration of
such antagonists, such as aprepitant, together with the 5-
HT3 receptor antagonist, lessens chemotherapy-induced
nausea and vomiting in patients who are receiving emeto-
genic chemotherapy during the first 120 hours after initia-
tion of chemotherapy.”® Although aprepitant was not
used commonly during the study period in our country, it
is now used widely in clinical practice. Although the exact
functional association between ghrelin and NK-1 receptor
still is under investigation, their synergistic effect would
be novel, and it would be interesting to resolve this issue
in a clinical setting in the near future.

Exogenous expected,
increased oral intake and nutritional status and also main-
tained QoL during chemotherapy. However, our ultimate
objective is to ease the completion of chemotherapy and
to enhance the overall antitumor effect. In this study, the
required dose modifications in the second cycle of chemo-
therapy tended to be fewer in the ghrelin group (6
patients; 30%) than in the placebo group (10 patients;
50%). Specifically, modifications in the ghrelin group
were because of 3 episodes of neutropenia, 2 episodes of
thrombocytopenia, and 1 episode of nephrotoxicity;
whereas the reasons for modifications in the placebo
group included 6 episodes of neutropenia, 3 episodes of
nephrotoxicity, and 1 episode of diarrhea. This suggests
that ghrelin can prevent some adverse events directly in

ghrelin, as successfully

addition to its indirect effects through improvement of
nutritional status. A larger cohort study is needed to verify
this aspect of ghrelin administration.

Another clinical question to be answered is whether
nutritional support during chemotherapy should be pro-
vided orally or intravenously.?® Recently, we conducted a
randomized trial to address this issue in patients with
esophageal cancer who were receiving cisplatin-based
chemotherapy. Various adverse effects of the chemother-
apy, including hematologic toxicity, were observed less
frequently in patients who received forced enteral nutri-
tion than in those who received parenteral nutrition,
although their total calorie intake was identical (unpub-
lished data). This observation encourages the clinical
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application of ghrelin administration, which can physio-
logically increase oral food intake.

In terms of chemotherapy regimens, for this study,
both the ACF regimen and the DCF regimen were used.
Recently, intensive chemotherapy protocols involving
multiple drugs are in fashion; however, to use such regi-
mens, the adverse effects of the regimen components must
be adequately managed. An appropriate nutrition supple-
ment through oral food intake will be more important in
the future.

In conclusion, the current study demonstrated that
short-term administration of exogenous ghrelin at the
start of cisplatin-based chemotherapy stimulated food
intake and minimized adverse events. We believe that
ghrelin administration could increase the efficiency of
chemotherapy, and we recommend the use of ghrelin in
clinical practice.
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Ten cases of gastro-tracheobronchial fistula: a serious complication after
esophagectomy and reconstruction using posterior mediastinal gastric tube
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SUMMARY. Gastro-tracheobronchial fistula (GTF) is a rare but life-threatening complication specifically
observed after esophagectomy and reconstruction using posterior mediastinal gastric tube. Ten cases of GTF were
encountered in three hospitals in 2000-2009. Their clinicopathological, surgical, and postoperative care are
summarized, together with a review of previously reported cases. GTF was classified as anastomotic leakage (n =
5), gastric necrosis (n = 4), and gastric ulcer type (n = 1). The anastomotic leakage type appeared about 2 weeks
(postoperative day [POD]: 8-35) after esophagectomy, was located in the cervical or higher thoracic trachea.
Breathing and pneumonia were controlled by tracheal tube placed in the distal of fistula. The gastric necrosis type
was noted in patients who developed necrosis of the upper part of the gastric tube and abscess formation behind the
tracheal wall, at POD 20-36 around the carina, the site of pronounced ischemia. Due to the large fistula around
the carina, emergency surgery with muscle patch repair was frequently required for the control of aspiration
pneumonia. Patients of the gastric ulcer type had peptic ulcer in the lesser curvature of the gastric tube, which
perforated into the right bronchus long after surgery (POD 630). With respect to tracheobronchial factors,
preoperative chemoradiation (three cases) and pre-tracheal node dissection (three cases) tended to increase the risk
of GTF. Closure of GTF by surgery (muscle patch repair) was successful in four cases and by nonsurgical treatment
in three cases. In one case, stable oral intake was achieved by bypass operation without closure of GTF. Hospital
death occurred in three cases. Understanding the pathogenesis and treatment options of GTF is important for
surgeons who deal with esophageal cancer.

KEY WORDS: esophageal cancer, esophagectomy, gastro-tracheobronchial fistula, reconstruction.

INTRODUCTION pneumonia leading in some cases to respiratory dis-
tress. Systemic condition is often critical since GTF

Surgery is the most reliable curative treatment for  sometimes occurs after other postoperative compli-

esophageal cancer. However, subtotal esophagectomy
with gastric tube reconstruction is extremely inva-
sive surgery, and is associated with high morbidity
and mortality rates. Gastro-tracheobronchial fistula
(GTF) is a rare but serious complication after subto-
tal esophagectomy with gastric tube reconstruction.!
Patients with GTF often develop severe aspiration
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cations such as anastomotic leakage, mediastinal
abscess, and tracheal ischemia. GTF is specifically
observed in patients with posterior mediastinal recon-
struction but not in retrosternal or subcutaneous
reconstruction. Retrosternal reconstruction is the
most commonly employed, while the use of posterior
mediastinal route with cervical or high thoracic anas-
tomosis has increased and become more popular,
probably because of the favorable swallowing func-
tion and low risk of anastomotic leakage.?> The inci-
dence of GTF is likely to increase in the future with the
increased selection of posterior mediastinal route
reconstruction.
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The pathogenesis and treatment of GTF varies
from one case to another and are often difficult to
generalize. The pathogenesis of GTF should be based
on the problem of gastric tube and/or tracheobron-
chial tree. For example, anastomotic leakage, gastric
tube necrosis, and peptic ulcer are complications
related to the gastric tube, while ischemia, surgical
injury, and irradiation relate to the tracheobronchial
tree. Treatment of GTF is difficult, since repair of
both the airway and digestive tract is required. Sur-
gical treatment for GTF is highly invasive but is
sometimes successful. On the other hand, conserva-
tive treatment results in the amelioration of GTF in
other patients.® However, a subgroup of patients is
often refractory to both surgical and conservative
treatment. To understand the complication of GTF,
we need to investigate more cases and analyze the
data systematically.

We experienced 10 cases of GTF during this
decade; some were successfully treated, and some were
not. We describe here their clinical features in detail,
and summarize their clinical course. To compare our
results with those of other investigators, we collected
and analyzed GTF cases reported in the literature.
Backed by the results of our study and those of
others, we constructed a strategy for the management
of GTF.

PATIENTS AND METHODS

We reviewed the records of patients with esophageal
cancer who were admitted to three high-volume insti-
tutes (Osaka University, Osaka Medical Center for
Cancer and Cardiovascular Diseases, and Kinki Uni-
versity) between 2000 and 2009 and found 10 patients
who developed GTF postoperatively. In all patients,
the diagnosis of GTF was made by an esophagogastric
and/or tracheobronchial fiberscope.

We also searched the 2000-2010 PubMed database
and found 31 papers published in peer-reviewed
journals that described ‘esophagobronchial fistula,’
‘tracheogastric tube fistula,” ‘gastrobronchial fistula,’
‘gastric tube-to-tracheal fistula,” ‘broncho-gastric
fistula,” and ‘gastrotracheal fistula’ in patients who
developed GTF following esophagectomy.

RESULTS
Patient background

This retrospective study covered 603 patients who
underwent subtotal esophagectomy with gastric tube
reconstruction through posterior mediastinal route
during 2000-2009. Nine patients developed GTF
postoperatively, thus the incidence of GTF is 1.5% in
three institutions. Another patient in another hospi-
tal underwent esophagectomy, developed GTF post-

operatively, and underwent surgical repair of GTF
but was unsuccessful, then was transferred to Osaka
University for further management of GTF. Thus,
the study included 10 patients. Table | summarizes
the clinical/surgical data of the 10 patients. Surgery
for esophageal cancer was basically identical in all
three participating institutions, and included subtotal
esophagectomy with two or three field lymph node
dissection via right thoracotomy, and reconstruc-
tion using gastric tube pull-up through the posterior
mediastinal route.”®

The age (mean, 62.6 years) and gender M : F9: 1)
of the subjects were not different from the esophageal
cancer patients registered in the nationwide registry.’
Patients with upper thoracic tumor (z = 3) commonly
underwent pre-tracheal lymph node dissection.
Advanced disease was common in the cohort, based
on the TNM classification (6th version).!® Three
patients underwent preoperative chemoradiotherapy,
while three others received chemotherapy preopera-
tively. None of the patients received postoperative
chemo or radiotherapy.

Classification of GTF

The most significant and consistent finding in GTF
patients was problems related to the gastric tube,
which were classified as anastomotic leakage (n = 6),
gastric tube necrosis (z = 3), and peptic ulcer of the
stomach (n = 1). These problems were diagnosed by
esophagogastric fiberscopy performed after GTF for-
mation. Gastric tube necrosis was caused by insuf-
ficient blood supply localized to the tip and lesser
curvature of the gastric tube.

The date of GTF formation was clinically evident
since severe cough and pneumonia-related symptoms
appeared suddenly. The interval between esophagec-
tomy and the development of GTF ranged from 8 to
47 days (mean, 27 days) in patients with anastomotic
leakage or gastric tube necrosis, while that in patients
with peptic ulcer-related GTF was longer (630 days).
On the other hand, the date of occurrence of anasto-
motic leakage and/or gastric necrosis could not be
identified in some cases. In other patients (1, 2, 3, 4, 8,
and 9), the date of anastomotic leakage was clinically
apparent (day 7 to 11, average day 9). The latency
between anastomotic leakage and GTF formation
was approximately 2 weeks. This finding suggests
that the tracheobronchial wall was damaged second-
arily by the effect of the anastomotic leakage (R1-
Q). Figure 1 shows schematically the location of
each GTF in the airway. In all cases, the fistula was
located in the posterior, i.e. membranous, wall of the
tracheobronchial tree. The location of GTF in the
tracheobronchial tree correlated with the type of
gastric abnormality; five out of six patients with anas-
tomotic leakage type developed GTF in the cervical
or the thoracocervical junction part of the trachea.

© 2012 Copyright the Authors
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Fig. 2 CT scan features of GTF. The presence of GTF was
confirmed by fiberscopy, while the location was well recognized
on the CT scan. (a) TGF in the trachea near the carina in
Patient 8. (b) A huge TGF in the right bronchus that had been
treated surgically in another hospital, but the treatment was
unsuccessful (Patient 10).

7 mm in diameter). Therefore, surgical repair was
performed after improvement of pneumonia. In
Patient 6, the location of the GTF was close to the
carina, and prevention of aspiration was not possible
by using the tracheal tube. Accordingly, this patient
underwent emergency operation to close the GTF. In
the gastric necrosis type of GTF, the fistula was larger
(>1 cm), the general condition was poorer, and aspi-
ration pneumonia was more severe and critical than
the other types. In addition, the huge fistula located

near the carina could not be blocked by the tracheal
tube. All three patients with the gastric necrosis type
of GTF underwent emergency operation on the day
of diagnosis. Two of them (Patients 7 and 8) under-
went surgical repair of GTF, while the other under-
went palliative surgery to reduce gastric content
aspiration. In the gastric ulcer type (Patient 10), sur-
gical closure using intercostal muscle had been tried
in another hospital; however, this treatment was not
successful, resulting in increase in the size of the GTF.
This patient suffered from persistent aspiration pneu-
monia due to the huge GTF when admitted to our
hospital. Palliative surgical treatment for GTF was
attempted for this patient.

Taken together, four patients (Patients 1, 6, 7, and
8) underwent surgical repair of GTF, consisting of
removal of the gastric tube and insertion of a muscle
patch to the fistula using a pedicle of the pectoralis
major muscle in one patient and latissimus dorsi
muscle in three patients (Fig. 3). The latter operative
technique, which could be the most promising though
highly invasive, requires re-thoracotomy and syn-
echiotomy of the thoracic cavity. Surgical repair of
the GTF was abandoned in two patients (Patient 9
and 10) who received palliative surgical treatment to
improve the aspiration pneumonia. This consisted of
esophagostomy and transection of the gastric tube at
the pyloric portion. Aspiration of saliva was pre-
vented by the former, and the reflux of bile and pan-
creatic fluid was prevented by the latter. Gastric fluid
hypersecretion was minimized by proton pump
inhibitor, and a drainage tube was placed in the
remnant gastric tube.

Six patients underwent re-reconstruction of the
esophagus using jejunal pedicle in two patients and
right-side pedicle of the colon in four patients. Patient
10 underwent reconstruction using a jejunal pedicle
despite the persistent GTF and intrathoracic gastric
tube. Among the 10 patients, one died because of
pneumonia at 64 days after surgery, and two others
died at 274 and 1,074 days after surgery because of
cancer recurrence.

Fig. 3 Surgical treatment of GTF. Patient 8 underwent emergency operation including removal of the gastric tube and closure of GTF
by muscle patch. (a) Removed stomach showed necrosis of the upper and lesser curvature parts of the tube (arrows). (b) Postoperative
fiberscopy showed a large defect in the posterior tracheal wall. This was covered with muscle patch using latissimus dorsi muscle.

© 2012 Copyright the Authors
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Literature review of patients with GTF

Among the 38 cases of GTF reported in the literature,
15 patients had no problems with the gastric tube.
Instead, the pathology of GTF included injury by the
tracheal tube and balloon dilatation for anastomotic
stricture. In 12 cases, leakage from the upper part of
the gastric tube was apparent on the esophagogram;
however, we could not determine whether it was
anastomotic leakage or gastric tube necrosis, since no
fiberscopy was performed. In 11 patients, peptic ulcer
in the gastric tube was confirmed by fiberscopy or
gastrography. For this reason, the GTF was classified
into three types: gastric leakage, peptic ulcer, and
others (Table 2).

The interval from esophagectomy and develop-
ment of GTF was different among the reported cases
and the three groups. Consistent with our cohort,
GTF occurred at a mean of 20.4 days after surgery in
the gastric leakage group and 1,573 days after surgery
in the peptic ulcer group. The distribution pattern
of the GTF in the airway was also similar to that of
the cohort; GTF associated with peptic ulcer was
observed mostly in the right bronchus, while that in
the gastric leakage group was located at a higher
position of the trachea.

The treatment and outcome of GTF were not
always identical to those of the cohort. In 12 patients
with the gastric leakage type, curative treatment with
muscle flap was performed in eight patients, and only
one patient died of GTF. In the 11 patients with peptic
ulcer type, muscle flap was less frequently performed

Table 2 Summary of 38 cases of gastro-tracheobronchial fistula
(GTF) reported in the literature

Gastric Other/
leakage  Peptic ulcer unknown
n=12) (®m=11 (n=15)

Days to GTF median 14 (8-60) 1,460 (60-4015) 42 (10-2190)
(range)

Perioperative
radiation
Performed 3 7 4
Not performed 6 4 8
Unknown 3 0 3
Site of fistula in the
airway
High trachea 2 0 5
Low trachea 4 2 1
Right bronchus 4 8 6
Left bronchus 1 1 2
Unknown 1 0 1
Treatment
Surgical treatment 11 8 10
(Muscle patch) ®) ) 3)
Endoscopic 1 0 2
treatment
Conservative 0 3 3
Prognosis
Recovery 10 7 14
Death 1 4 0
Unknown 1 0 1

© 2012 Copyright the Authors

(four patients only), while conservative treatment was
successful in three patients.

DISCUSSION

There is general agreement that GTF is one of the
most difficult complications after esophagectomy and
reconstruction with posterior mediastinal gastric
tube. Development of GTF compromises the integ-
rity of the airway and digestive tract, resulting in
severe aspiration pneumonia. This study is the largest
study of GTF, including 10 managed at our hospitals
and review of 34 reported cases, which comprehen-
sively analyzed the pathogenesis and discussed the
treatment of GTF.

Although both gastric and tracheobronchial
factors are involved in the pathogenesis of GTF,
gastric factors seem to be more important than tra-
cheobronchial factors based on the analysis of our
patients. For this reason, we focused on the gastric
factors and classified GTF as anastomotic leakage,
gastric necrosis, and gastric ulcer types. The majority
of the gastric necrosis type showed that necrosis was
limited to the tip or lesser curvature of the stomach.
Such partial necrosis was difficult to identify on the
esophagogram, though this was possible by fiber-
scopy. In our patients, fiberscopy was conducted
routinely when anastomotic leakage was suspected,
while it was seldom performed in the reported cases.
Therefore, we combined the anastomotic leakage and
necrosis types into the gastric leakage type in the
analysis of the previously reported GTF (R1-Q2).
The blood supply to the gastric tube is a major risk
factor for anastomotic leakage and/or gastric tube
necrosis. Previous studies reported that subtotal
gastric tube displayed better blood supply and less
anastomotic leakage than narrow gastric tube."' It is
also reported that the presence of vessel anastomosis
between the right and left gastroepiploic arteries
showed better blood flow at the tip of the gastric tube
than without such anastomosis.?

The location of GTF in the tracheobronchial tree
tended to be determined by the type of gastric disor-
der. That is, the anastomotic leakage type was fre-
quently associated with a high tracheal lesion, while
the gastric necrosis was associated with a low tracheal
lesion and gastric ulcers in the right bronchus.
Another characteristic was a huge difference in the
latency to GTF formation after esophagectomy. Both
the anastomotic leakage and gastric necrosis types
occurred within 1 month after surgery, while the
gastric ulcer type occurred more than 1 year after
surgery. In the cases reported in the literature, one
third of GTF could not be categorized into any of the
classifications used in our study, and the pathology
insults included balloon dilation for anastomotic
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stricture,*!® leakage of tracheotoma,'* and compres-
sion necrosis by tracheal tube cuff."

The tracheobronchial factors also played an
important role in the development of GTF. In
general, damage of the tracheobronchial tree, also
known as tracheobronchial lesion (TBL),'*" is a criti-
cal postoperative complication of esophagectomy,
and several studies investigated the clinical profile of
TBL. These reports identified several risk factors of
TBL, including perioperative irradiation, peritra-
cheal lymph node dissection, and ischemia associated
with resection of bronchial and inferior thyroid arter-
ies. In addition, Bartels er al. reported that TBL
caused by ischemia was frequent around the carina,
while TBL caused by other reasons, for example,
injury by the tracheal tube or surgical manipulation,
was frequent in higher tracheal lesion.! They also
reported that the incidence of TBL was 3.9% (31/785)
while that of GTF was 0.8%, i.e. four among 501
cases of posterior mediastinal reconstruction. The
incidence in our patients was 1.5% (9/603). This value
was slightly higher than their series, probably because
our cases included more of mediastinal lymph node
dissection via right thoracotomy and salvage surgery.
Salvage surgery after definitive chemoradiotherapy 1s
novel issue for esophageal surgeons to conquer the
associated high morbidity and mortality. In this
regard, Tachimori et al. reported that the incidence of
both trachea and gastric tube necrosis is 3% after
salvage surgery.'s

Once GTF is diagnosed, control of aspiration
pneumonia is the most important issue. In the anas-
tomotic leakage type, since GTF was frequently
located in the cervical or higher thoracic trachea,
aspiration of gastric content could be blocked by the
cuff of tracheal tube. Such cases required elective
surgery. In the gastric ulcer type, GTF occurred long
after surgery when systemic condition was much
better than the postoperative period. In addition,
aspiration pneumonia was localized since GTF was
often located in the distal end of the tracheobronchial
tree, especially in the right bronchus. Thus, in the
majority of cases, elective treatment was possible
simply by suspending oral intake. The most critical
aspiration pneumonia was observed in the gastric
necrosis type for the following reasons. GTF fre-
quently developed around the carina where blockade
of aspiration was not possible by the cuff of the tra-
cheal tube. GTF in this lesion was often large in size
and caused by local ischemia as described above.
GTF was frequently preceded by septic state due to
gastric necrosis and subsequent mediastinal or tho-
racic abscess. Thus, emergency operation is basically
indicated for the gastric necrosis type of GTF.

GTF requires surgical repair of both the airway
and digestive tract. However, in many cases, simulta-
neous repair was not possible because of excess sur-
gical stress, and closure of the defect of the airway has

more priority than that of the digestive tract. Pedicled
muscle patch, using latissimus dorsi muscle,'®!**!
pectoralis major muscle,'>*? and intercostal muscle,
along with removal of gastric tube, seems to be the
most reliable procedure for recovering the airway
integrity. Digestive tract repair was secondary and
electively performed using organs other than the
stomach including pedicled jejunum and right side
colon. (R1-Q5) When the oral remnant esophagus is
short, the right side colon would be preferable. On the
other hand, although surgery is primarily indicated
for the repair of GTF, successful conservative treat-
ments have been conducted and reported for the
anastomotic and gastric ulcer type GTF. We experi-
enced spontaneous closure and, repair of GTF using
covering stent or fibrin glue has been reported in the
literature.!%?22425 (R1-Q3Q4) If the GTF is small (e.g.
pin hole) and gastric wall is not necrotic or ischemic,
spontaneous closure of GTF might be expected.
However, when the GTF is relatively large, it is fre-
quently accompanied with gastric necrosis or abscess
behind the tracheal wall and thus spontaneous
closure of GTF should not be expected. In two of our
patients, surgical closure of GTF was not indicated
because of poor systemic condition (Patient 9) and
surgical problem, i.e. failure of the first surgical repair
(Patient 10). In these two patients, we were able to
control aspiration pneumonia by palliative treatment
including esophagotomy, gastric tube transaction,
and proton pump inhibitors as described above.

In general, the prognosis of GTF was poor, with
3/10 (30%) mortality rate in our patients and 5/38 in
the reported cases. The most common causes of
death are prolonged pneumonia and respiratory
failure.

In conclusion, management of GTF including
surgical repair requires the highest knowledge and
skill. Our experience and the review of reported cases
here should help understand this rare but often lethal
postoperative complication.
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The NY-ESO-1 antigen was originally identified in esophageal
cancer by serological expression cloning (SEREX) using auto-
logous patient serum."? NY-ESO-1 expression is observed in a
wide range of human malignancies,™ but the expression is
restricted to germ cells in the testes in normal adult tissues.'?
Therefore, NY-ESO-1 has emerged as a prototype of a class of
cancer/testis (CT) antigens.”

More than 100 patients with NY-ESO-1-expressing
tumors have received the NY-ESO-1 vaccine either as full-
length recombinant protein given as protein alone, with
ISCOMATRIX® or cholesterol-bearing hydrophobized pullu-
lan (CHP), delivered in a recombinant vaccinia or fowlpox
vector, or as the NY-ESO-1b peptide given with various adju-
vants.®'! These studies established safety with various prepa-
rations of the NY-ESO-1 vaccine, showing toxicity to be
limited to Grade 1 or 2 injection-site reactions or flu-like
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symptoms, e.g., fever and malaise. Vaccination with these
preparations has been shown to enhance or generate NY-
ESO-1 immune responses in the majority of patients by
immune monitoring using sera and peripheral blood
lymphocytes.

CHP is a newly developed antigen delivery vehicle that
can be used to formulate nanoparticles, including protein
antigens.'™"> Both CD4 and CD8 T cells are efficiently acti-
vated by DCs pulsed with a complex of CHP and NY-ESO-1
protein (CHP-NY-ESO-1) in vitro. In a phase 1 clinical
trial, we immunized nine cancer patients with CHP-NY-
ESO-1 and showed that the vaccine had potent capacity to
induce the NY-ESO-1 antibody in all of nine vaccinated
patients.'® The regions in the NY-ESO-1 molecule recognized
by antibodies from vaccinated patients were similar to those
recognized by antibodies in nonvaccinated cancer patients
with spontaneous immunity. Especially, we showed that NY-
ESO-1 91-108 was recognized in six of nine vaccinated
patients and in eight of nine nonvaccinated, seropositive
patients."® This region was defined as the most dominant
serological antigenic epitope. A CHP-NY-ESO-1 vaccine also
elicited CD4 and CD8 T cell responses in immunized
patients.”® An increase in the CD4 and CD8 T cell responses
was observed in all of two initially seropositive and five of
seven initially seronegative patients after vaccination. Analysis
of T cell responses against overlapping peptides spanning the
NY-ESO-1 molecule revealed that two dominant NY-ESO-1
regions, regions II (73-114) and III (121-144), were recog-
nized by CD4 and CD8 T cells in most patients irrespective
of their HLA type. Importantly, the most dominant peptide
region (91-108) eliciting an antibody response was also
included in region II. Essentially similar findings were
obtained by studies using other preparations of NY-ESO-1
protein vaccine. >

Protein vaccines containing multiple epitopes appear to be
promising in eliciting strong immune responses, but there
are several constraints against their general use. To produce
sufficient amounts of recombinant protein for a vaccine, a
huge fermentation facility is necessary. Operating such facili-
ties at GMP grade is extremely costly. Furthermore, there are
several technical difficulties to be overcome to obtain highly
purified protein at a sufficient yield such as removing bacte-
rial or other contaminants from the preparation.

CD8 and CD4 T cells induced by immunization with NY-
ESO-1 class I and II short epitope peptides, respectively, have
been shown to be of low affinity and do not recognize naturally
processed NY-ESO-1."7 However, it has recently been shown
that a long peptide is capable of inducing antibody, CD4 and
CD8 T cell responses in vivo as the protein antigen.'>*

On the basis of these findings, in our study, we investi-
gated the immunogenicity of a long peptide spanning a
peptide region NY-ESO-1 91-110 for use as a vaccine. We
examined the safety of repeated vaccinations with NY-ESO-1f
peptide at a dose of 600 ug mixed with immune adjuvants
Picibanil® OK-432 and Montanide® ISA-51. Furthermore, we
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monitored the humoral, CD4 and CD8 T cell responses in
patients receiving NY-ESO-1f peptide vaccine and recorded
tumor responses.

Material and Methods

NY-ESO-1f peptide vaccine

NY-ESO-1f peptide (NY-ESO-1 91-110: YLAMPEATP-
MEAELARRSLA) was manufactured by CLINALFA, Merck
Biosciences (Liufelfingen, Switzerland) and provided by the
Ludwig Institute for Cancer Research, New York. The
vaccine, consisting of 600 pg of NY-ESO-1f peptide, 0.2KE
OK-432 (Picibanil™; Chugai Pharmaceutical, Tokyo, Japan)
and 1.25 ml ISA-51(Montanide™; Seppic, Paris, France), was
emulsified under sterile conditions. All synthesis, production,
formulation and packaging of the investigational agent were
in accordance with applicable current Good Manufacturing
Practices and met the applicable criteria for use in humans.

Study design

A phase I clinical trial of the NY-ESO-1f peptide vaccine was
designed to evaluate the safety, immune response and tumor
response. Patients with advanced cancers that were refractory
to standard therapy and expressed NY-ESO-1 as assessed by
immunohistochemistry (IHC) were eligible. Cancer patients
including six patients with esophageal cancer, three patients
with non-small-cell lung cancer and one patient with gastric
cancer were enrolled in a washout period of at least 4 weeks
after surgery, chemotherapy or radiation therapy. The vac-
cines were administered subcutaneously once every 3 weeks
in six doses. Four weeks after the last administration, the
safety, immune response and tumor response were evaluated.
Thereafter, the vaccine was administered additionally. The
ten patients received 5-21 immunizations.

The protocol was approved by the Ethics Committee of
Osaka, Tokyo and Okayama Universities in light of the Dec-
laration of Helsinki. Written informed consent was obtained
from each patient before enrolling in the study. The study
was conducted in compliance with Good Clinical Practice.
The study was registered in the University hospital Medical
Information Network Clinical Trials Registry (UMIN-CTR)
Clinical Trial (Unique trial number: UMIN000001260) on
July 24, 2008 (UMIN-CTRURL: http://www.umin.ac.jp/ctr/
index.htm).

Blood samples

Peripheral blood was drawn from the patients before vaccina-
tion, at each time point of immunization and 4 weeks after
the last immunization. Peripheral blood mononuclear cells
(PBMCs) and plasma were isolated by density gradient
centrifugation using lymphoprep (Axis Shield PoC AS, Oslo,
Norway). A CD8 T cell-enriched population was obtained from
PBMCs using CD8 microbeads with a large-scale column and a
magnetic device (Miltenyi Biotec, Auburn, CA). A CD4 T cell-
enriched population was then obtained from the residual cells
using CD4 microbeads. The final residual cells were used as a

— 472 —

=
=
| =
E
=
G
=




cf
=
=
2
g
=

2838

CD4- and CD8-depleted population. These populations were
stored in liquid N, until use. HLA typing of PBMCs was done
by sequence-specific oligonucleotide probing and sequence-
specific priming of genomic DNA using standard procedures.

Overlapping peptides

The following series of 28 overlapping NY-ESO-1 18-mer
peptides spanning the protein were used: 1-18, 7-24, 13-30,
19-36, 25-42, 31-48, 37-54, 43-60, 49-66, 55-72, 61-78,
67-84, 73-90, 79-96, 85-102, 91-108, 97-114, 103-120, 109-
126, 115-132, 121-138, 127-144, 133~150, 139-156, 145-162,
149-166, 153-170 and 156-173. A 30-mer peptide, 151-180,
was also used. These peptides were synthesized using standard
solid-phase methods based on N-(9-fluorenyl)-methoxycar-
bonyl chemistry on a Multiple Peptide Synthesizer (AMS422;
ABIMED, Langenfeld, Germany) at Okayama University.

ELISA

Recombinant NY-ESO-1 protein was prepared as described
previously.! Recombinant NY-ESO-1 protein (1 pg/ml) or
NY-ESO-1f peptide (10 pg/ml) in a coating buffer (15 mM
Na,CO;, 30 mM NaHCOs;, pH 9.6) was adsorbed onto 96-
well PolySorp immunoplates (Nunc, Roskilde, Denmark) and
incubated overnight at 4°C. Plates were washed with PBS
and blocked with 200 microliters per well of 5% FCS/PBS for
1 hr at room temperature. Then, 100 pl of serially diluted se-
rum was added to each well, and it was incubated for 2 hr at
room temperature. After extensive washing, horseradish per-
oxidase-conjugated goat anti-human IgG (Medical & Biologi-
cal Laboratories, Nagoya, Japan) was added to the wells, and
the plates were incubated for 1 hr at room temperature. After
washing and development, absorbance at 490 nm was read.
Recombinant murine Akt protein®® and ovalbumin (OVA,
albumin from chicken egg white; Sigma, St. Louis, MO) were
used as control proteins.

In vitro stimulation of CD4 and CD8 T cells

Frozen cells were thawed and resuspended in AIM-V (Invi-
trogen, Carlsbad, CA) medium supplemented with 5% heat-
inactivated pooled human serum (CM) and kept at room
temperature for 2 hr. CD4- and CD8-enriched populations
(2 x 10°) were cultured with irradiated (30 Gy), autologous
CD4- and CD8-depleted PBMCs (2 x 10°) in the presence of
the 28 18-mer overlapping peptides and a 30-mer C-terminal
peptide spanning the entire NY-ESO-1 protein (1 pg/ml for
each peptide) in 2 ml of CM supplemented with 10 U/ml rIL-
2 (Takeda Chemical Industries, Osaka, Japan) and 10 ng/ml
rIL-7 (Peprotech, London, UK) in a 24-well culture plate at
37°C in a 5% CO, atmosphere for 12 days. For the second
stimulation, 1 x 10° instead of 2 x 10° responder cells were
used in the culture described above.

IFNy capture assay
The IFNy capture assay*"** was carried out according to the
manufacturer’s protocol (Miltenyi Biotec). Briefly, 2 x 10°

Safety and immunogenicity of an NY-ESO-1f peptide vaccine

responder CD4 and CD8 T cells were stimulated for 4 hr at
37°C in a 5% CO, atmosphere with paraformaldehyde (PFA,
0.2%)-treated autologous CD4- and CD8-depleted PBMCs
(2 x 10°) prepulsed with the peptides. The cells were then
washed and suspended in 100 pl of cold RPMI medium and
treated with bispecific CD45 and IFNy mouse antibodies
(IENY catch reagent) (2 pl) for 5 min on ice. The cells were
then diluted in AIM-V medium (1 ml) and placed on a slow
rotating device (Miltenyi Biotec) to allow IFNYy secretion at
37°C in a 5% CO, atmosphere. After incubation for 45 min,
the cells were washed with cold buffer and treated with
7AAD (7-amino-actinomycin D, Becton Dickinson, Moun-
tain View, CA), PE-conjugated anti-IFNy (detection reagent)
and FITC-conjugated anti-CD4 or CD8 mAbs for staining.
After incubation for 10 min at 4°C, the cells were washed
and analyzed with a FACS Calibur (Becton Dickinson). Dead
cells were sorted by 7AAD staining. The data were analyzed
with FlowJo software (Tree Star, Ashland, OR). A net popu-
lation of IFNy-captured CD4 and CD8 T cells of more than
0.1% was considered significant.

Immunohistochemistry

THC was performed as described previousty.’ E978% and
EMRS-5 (Funakoshi, Tokyo, Japan)** mAbs were used to
analyze NY-ESO-1 and HLA class I expression, respectively.
The reaction was evaluated as +++ (>50% stained cells),
++ (25-50% stained cells), + (5-25% stained cells) and —
(<5% stained cells).

Results

Patient characteristics

Table 1 shows a list of the ten patients enrolled in the study.
They included six patients with esophageal cancer, three with
non-small-cell lung cancer and one with gastric cancer who
were refractory to the standard therapy. Expression of
NY-ESO-1 and MHC class I in the tumor was confirmed in
biopsy or surgical specimens by IHC in all patients upon
entry into the study. Nine patients completed the study with
six injections of the NY-ESO-1f peptide with Picibanil and
Montanide, but patient OS-f01 was withdrawn from the
study after five doses of the vaccine because of disease pro-
gression. All patients were considered evaluable for toxicity,
immunological and clinical responses. Six patients with a
prolonged disease course were allowed to continue vaccina-
tion after a cycle of six doses of the vaccine.

Toxicity

Toxicity was graded according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events
v.3.0.2° As shown in Table 1, six patients showed Grade 1
fever (38-39°C) that subsided within a few days without any
medication. All patients except OY-f04 developed an injec-
tion-site reaction (Grade 1 or 2). TK-f01, TK-f04 and TK-f05
developed a Grade 2 injection-site reaction early after the
first vaccination. The reaction appeared 48-72 hr after
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Table 1. Patient characteristics
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Esophageal cancer 5

Fever (Grade 1), injection-site reaction (Grade 1)

Gastric cancer 26

Esophageal cancer

Fever (Grade 1), injection-site reaction (Grade 1), induration (Grade 1)

Injection-site reaction (Grade 1), induration (Grade 1)

Lung cancer 12

Fever (Grade 1), injection-site reaction (Grade 2), induration (Grade 2)

Lung cancer 12

Fever (Grade 1), injection-site reaction (Grade 2), induration (Grade 2)

Esophageal cancer 7

Injection-site reaction (Grade 1)

Lung cancer 6

Fever (Grade 1), injection-site reaction (Grade 2), induration (Grade 2)

Esophageal cancer 11

Injection-site reaction (Grade 2), induration (Grade 2)

injection, and erythema was accompanied by swelling. Grade
2 induration occurred thereafter without retraction. In patient
TK-f02, erythema was first observed after the third injection
and accompanied induration after the fifth injection (Sup-
porting Information Fig. 1). The induration gradually
subsided during the course of the treatment. No augmentation
of the reaction intensity was observed at previous injection
sites. No severe adverse events related to the drug were
observed.

Antibody response to the NY-ESO-1 whole
protein and NY-ESO-1f peptide
The NY-ESO-1 antibody response in the patients vaccinated
with NY-ESO-1f peptide with Picibanil and Montanide was
evaluated by ELISA ‘using recombinant NY-ESO-1 protein
and the NY-ESO-1f peptide. Figure 1 shows the results of
ELISA with sera from each patient obtained at the baseline
and after each vaccination. The patients include two baseline
seropositive patients (OS-f03 and TK-f03) and eight baseline
seronegative patients. The sera from two seropositive patients
also reacted to the NY-ESO-If peptide, consistent with our
previous observation that the NY-ESO-1f peptide represents
an immunodominant B cell epitope."®

In the seropositive patients, an increase in the NY-ESO-1
antibody response was observed after vaccination. In seven of
eight baseline seronegative patients, the NY-ESO-1 antibody
response was induced after three to six vaccinations and

Int. J. Cancer: 129, 2836-2846 (2011) © 2011 UICC

increased gradually thereafter. The response against NY-ESO-
1 protein could be detected in higher dilutions of sera than
that against the NY-ESO-1f peptide. The kinetics of the
responses against NY-ESO-1 protein and NY-ESO-1f peptide
were basically the same.

CD4 and CD8 T cell responses in patients

after NY-ESO-1f peptide vaccination

CD4 and CD8 T cell responses were evaluated in the ten
patients by the IFENy capture assay. Patient HLA genotypes
are listed in Table 2. CD4 and CD8 T cell-enriched popula-
tions were cultured for 12 days with irradiated autologous
CD4- and CD8-depleted PBMC in the presence of a mixture
of 28 overlapping 18-mer peptides and a 30-mer C-terminal
peptide spanning the entire NY-ESO-1 protein (1°IVS). The
cells from the stimulation culture were then assayed for IFNy
secretion by stimulating them for 4 hr with PFA-treated
CD4- and CD8-depleted PBMC prepulsed with the peptide.
To confirm the response, the cells were also analyzed after
secondary in vitro stimulation (2°IVS). Figure 2 shows the
representative FACS plot results from the two patients for
three different time points before and after vaccination in 1°
and 2°IVS. The net percentage of IFNy-secreting cells of the
total number of CD4 and CD8 T cells in cultures was deter-
mined. Values >0.1% were considered significant. As shown
in Figure 3 and Table 3, a CD4 T cell response was detected
in nine of ten patients in 1°IVS. In seropositive patient
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Figure 1. Antibody response to the NY-ESO-1 protein or NY-ESO-1f peptide. Sera obtained at the baseline and after each vaccination were

used for ELISA. The 0.D. values (490 nm) for the NY-ESO-1f peptide at a serum dilution of 1:25 (closed) and for NY-ESO-1 protein at a
serum dilution of 1:100 (open) for seronegative patients or 1:1,600 (gray) for seropositive patients are shown. The 0.D. values of the
control protein (Akt) were less than 0.05. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

TK-03, a strong CD4 T cell response was observed before
vaccination and increased after vaccination. In another sero-
positive patient, OS-f03, and a seronegative patient, OS-f01, a
strong CD4 T cell response was observed after vaccination.
In the remaining six seronegative patients, a moderate CD4
T cell response was induced after vaccination. The frequency
of IFNy-producing CD4 T cells increased and reached a pla-
teau after repeated vaccinations in all patients except OS-f01
and OS-f08. In OS-f01, the response could be examined only
with the cells taken after the first and third vaccinations. In
0S-108, the response was transient. In patient OS-f06, the
CD4 T cell response was barely detectable.

As shown in Figure 3 and Table 3, a CD8 T cell response
was also detected in nine of ten patients in 1°IVS. In seroposi-
tive patient TK-f03, IFNy-producing CD8 T cells were

detected before vaccination and their frequency increased after
vaccination. In another seropositive patient, OS-f03, and sero-
negative patients TK-f01, TK-f02 and TK-f04, a robust and
sustained CD8 T cell response was induced after vaccination.
Even a single vaccination elicited a response in these patients.
In patient OS-f08, an increase in CD8 T cell response was
observed after the seventh vaccination. In patients OY-f04 and
TK-f05, the CD8 T cell response was transient. No CD8 T
cell response was detected in patient OS-f01.

Determination of NY-ESO-1 peptides recognized by CD4

and CD8 T cells in patients vaccinated with NY-ESO-1f
peptide with Picibanil and Montanide

CD4 and CD8 T cell responses for individual overlapping
peptides were analyzed by an IFNy capture assay. As shown
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