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Table 7  Three-year outcomes after PCI and CABG in patients with heart failure

Number of patients (event/total)

Comparison of PCI vs CABG

PCI (n=812) CABG (n=421) Hazard ratio 95%C1 p
Death 172 21% 71 17% 1.68 110 2.56 0.02
Death, stroke, or Ml 219 27% 91 22% 1.82 1.25 2,66 <0.01
Cardiac death 110 14% 42 10% 2.06 1.20 3.54 0.01
Arrhythmia death 28 3% 2 0% 9.57 1.92 47.72 0.01
Readmission for heart failure 176 22% 53 13% 1.67 1.07 2.59 0.02
Stroke 53 7% 24 6% 1.67 0.80 3.50 0.17
Myocardial infarction 32 4% 12 3% 448 1.37 14.69 0.01
Any revascularization 152 19% 16 4% 5.47 2.87 1043 <0.01
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Abstract

Background: To date, no therapeutic option has been established for sudden deafness refractory to systemic
corticosteroids. This study aimed to examine the efficacy and safety of topical insulin-like growth factor-1 (IGF-1)
therapy in comparison to intratympanic corticosteroid therapy.

Methods: We randomly assigned patients with sudden deafness refractory to systemic corticosteroids to receive
either gelatin hydrogels impregnated with IGF-1 in the middle ear (62 patients) or four intratympanic injections with
dexamethasone (Dex; 58 patients). The primary outcome was the proportion of patients showing hearing improvement
(10 decibels or greater in pure-tone average hearing thresholds) 8 weeks after treatment. The secondary outcomes
included the change in pure-tone average hearing thresholds over time and the incidence of adverse events.

Results: In the IGF-1 group, 66.7% (95% confidence interval [Cl], 52.9-78.6%) of the patients showed hearing
improvement compared to 53.6% (95% Cl, 39.7-67.0%) of the patients in the Dex group (P=0.109). The difference in
changes in pure-tone average hearing thresholds over time between the two treatments was statistically significant
(P=0.003). No serious adverse events were observed in either treatment group. Tympanic membrane perforation did
not persist in any patient in the IGF-1 group, but did persist in 15.5% (95% Cl, 7.3-274%) of the patients in the Dex
group (P=0.001).

Conclusions: The positive effect of topical IGF-1 application on hearing levels and its favorable safety profile suggest
utility for topical IGF-1 therapy in patients with sudden deafness.
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Background

Sudden sensorineural hearing loss (SSHL), an unexplained
unilateral hearing loss with an onset of less than 72 h, is a
common disease with acute onset hearing impairment.
The incidence of SSHL is reportedly 5 to 20 patients per
100,000 persons per year [1]. Approximately 35,000 pa-
tients with SSHL consult a doctor each year in Japan [2].
The standard treatment for SSHL is systemic corticoster-
oid treatment [3,4]. Hearing improvement after systemic
corticosteroids occurs in 50% of the patients, but approxi-
mately 20% of the patients show no response [5]. Further,
systemic corticosteroid treatment often causes adverse
events [6] that can occasionally be life-threatening [7]. As
an alternative for systemic corticosteroids, intratympanic
corticosteroid treatment by direct injection into the mid-
dle ear has recently gained wide popularity because of the
low risk for systemic adverse events and because of the
potential delivery of high concentrations of a corticoster-
oid into the inner ear [8]. Intratympanic corticosteroid
therapy is commonly used for the treatment of SSHL, after
the failure of systemic corticosteroid treatment [9-15].
However, the supporting evidence for its use is weak be-
cause of the limitation in the study design and power [16].

A major difficulty in treating sensorineural hearing
loss is the poor regeneration capacity of the mammalian
cochlea. Therefore, protecting the cochlea from irrevers-
ible degeneration is a practical strategy. Several growth
factors have been investigated for their protective effects
on the sensory hair cells of the cochlea [17,18]. The focus
of this study was on insulin-like growth factor-1 (IGF-1),
which has been used for the treatment of insulin-resistant
diabetes and dwarfism. IGF-1 also plays crucial roles in
both the development and maintenance of the cochlea
[19,20]. We used a gelatin hydrogel, which enables the
sustained release of proteins or peptides, for the delivery
of IGF-1 into the cochlear fluid [21]. We previously per-
formed a successful series of animal experiments using
this method [21,22]. A prospective, single-armed clinical
trial in patients with SSHL refractory to systemic cortico-
steroids was then performed, the results of which indi-
cated the safety and efficacy of topical IGF-1 therapy in
comparison to the historical control of hyperbaric oxygen
therapy [23].

The goal of the current study was to investigate the ef-
ficacy and safety of topical IGF-1 therapy as a novel
therapeutic option for SSHL. We conducted a multicen-
ter, randomized clinical trial to compare topical IGF-1
therapy and intratympanic corticosteroid therapy for
treating SSHL refractory to systemic corticosteroids.

Methods

Study design and patients

This was a multicenter, randomized, open, parallel-group
trial. The study was conducted from November 2010
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through October 2013 at 9 tertiary referral hospitals in
Japan. The trial followed the guiding principles of the
Declaration of Helsinki. The study protocol, manual of
procedures, and informed consent form were approved by
the institutional review boards of all participating sites
(Ethical Committee of the Graduate School of Medicine,
Kyoto University [C470], Ethical Committee of the Gradu-
ate School of Medicine, Hirosaki University [2011-145],
Ethical Committee of University of Tsukuba Hospital
[H23-13], Ethical Committee of Toranomon Hospital
[2011-4-15], Ethical Committee of Shinshu University
Hospital [1705], Ethical Committee of Nagoya City Uni-
versity Hospital [45-11-0005], Ethical Committee of Kobe
City Medical Center General Hospital [1], Ethical Com-
mittee of Ehime University Hospital {1105003], and Eth-
ical Committee of the Graduate School of Medicine,
Kyushu University [23011]). All patients provided written
informed consent. Eligible participants were all adults,
20 years or older, who had SSHL defined as a unilateral
sensorineural hearing loss of at least 30 decibels (dB)
sound pressure level (SPL) over at least three test frequen-
cies that developed within 3 days. They also met the fol-
lowing eligibility criteria: they had been diagnosed as
having SSHL within 25 days of onset; they presented with
an abnormality in the distortion product of otoacoustic
emissions; and they showed less than 30 dB hearing im-
provement in the mean hearing level, based on pure-tone
audiometry (PTA) at five tested frequencies (0.25 kHz,
0.5 kHz, 1.0 kHz, 2.0 kHz, and 4.0 kHz) after more than
7 days of systemic corticosteroid treatment. Similar to our
previous trial [23], we excluded patients with active
chronic otitis media, acute otitis media, otitis media with
effusion or dysfunction of the auditory tube, malignant tu-
mors, and systemic diseases. All patients underwent im-
aging examinations to rule out retrocochlear pathology.

Randomization and masking

Patients were randomly assigned (1:1) to receive either
topical IGF-1 therapy or intratympanic dexamethasone
(Dex) therapy. Randomization was performed centrally
with stratification by the study sites and the mean hear-
ing thresholds, based on the PTA at the five frequencies
tested at registration (lower than 90 dB SPL vs. 90 dB
SPL or higher). The randomization sequence was gener-
ated by a third-party contract clinical research organiza-
tion (independent from the trial investigators). Local
investigators used a web-based system during enrolment,
which then automatically assigned patients to either treat-
ment group. Besides central randomization, no further
masking was used in this open-label study.

Procedures
The treatment was performed within 7 days of enrolment
and systemic corticosteroid treatment was completed by
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the time of enrolment. Gelatin hydrogels were produced
from porcine skin gelatin (Nitta Gelatin Inc,, Osaka,
Japan), based on a previously described method [23,24].
Mecasermin (Somazon [10 mg for injection]; Astellas
Pharma, Inc., Tokyo, Japan), a recombinant human IGF-1,
was dissolved in physiological saline at a final concentra-
tion of 10 mg/mL. Sixty minutes before application, a
30 pL sample of mecasermin solution was mixed with
3 mg of gelatin hydrogel. After tympanostomy under local
anesthesia with 1% lidocaine, the hydrogel (which con-
tained 300 pg of mecasermin) was placed in the round
window niche of the middle ear; a single application was
used. The control group received four 0.5 mL doses con-
taining 3.8 mg/mL dexamethasone sodium phosphate
(Orgadrone injection [1.9 mg]; MSD, Inc, Tokyo, Japan)
that was injected into the middle ear through the tym-
panic membrane. In the literature [9-15], a variety of regi-
mens for intratympanic injections of corticosteroids have
been used. Considering practical use in common clinical
settings, we chose four doses. Injections were performed
over 4 consecutive days in principle. Within at least 7 days,
four injections were administered. Patients were placed in
the supine position with the affected ear slightly raised
and remained in this position for 30 min after the injec-
tion. For 16 weeks after treatment, the patients were ex-
amined at the outpatient clinics of the participating sites.
The PTA was measured on the day of enrolment, and then
at 1, 2, 4, 8, 12, and 16 weeks after treatment. During the
observation period, which totaled 16 weeks, all adverse
events were recorded.

Outcomes

The primary outcome measure was the proportion of
patients showing hearing improvement of 10 dB or
greater in the mean hearing level. Hearing improvement
was based on PTA at five tested frequencies and was de-
fined as better than slight recovery, based on the criteria
for hearing improvement determined by the Sudden
Deafness Research Committee of the Japanese Ministry
of Health, Labor and Welfare in 1984 (Table 1) at

Table 1 Criteria for hearing improvement determined by

Sudden Deafness Research Committee of the Japanese

Ministry of Health, Labour and Welfare in 1984

Complete recovery Recovery of a hearing level within 20 decibels (dB)
at all five frequencies tested (0.25, 05, 1.0, 2.0 and

4.0 kHz) or recovery to the same level as the
opposite side in pure-tone auditometry

Marked recovery 30 dB and over recovery in the mean hearing level

at the five frequencies tested

Recovery of better than 10 dB and less than 30 dB
in the mean hearing level at the five frequencies
tested

Slight recovery

No response Less recovery than 10 dB in the mean hearing level

at the five frequencies tested
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8 weeks after treatment. Briefly, the complete recovery
includes patients showing recovery of a hearing level
within 20 dB SPL or to the similar level to the opposite
side, the marked recovery is more than 30 dB recovery,
and the no recovery is less recovery than 10 dB. Second-
ary outcome measures included the change in the pure-
tone average hearing thresholds over time (i.e., from the
first audiogram to the 16-week follow-up audiogram),
the proportion of patients showing hearing improvement
at 12 and 16 weeks after treatment, and the incidence of
adverse events during the observation period. In
addition to checking vital signs in the physical examin-
ation at each visit, laboratory studies were performed at
registration, and then at 1 week, 8 weeks, and 16 weeks
after treatment.

Statistical analysis

The null hypothesis was that the effect of topical IGF-1
treatment on the proportion of patients showing hearing
improvement would not be superior to intratympanic in-
jection of Dex. The sample size was determined based
on our previous findings and on published papers. In
our previous clinical trial of topical IGF-1 therapy, no
patient that had been enrolled later than 26 days after
sudden hearing loss recovered their hearing [23]. The
proportion of patients with hearing improvement after
topical IGF-1 treatment was 62.5% (10 of 16 patients) at
12 weeks and 68.8% (11 of 16 patients) at 24 weeks,
using the eligibility criteria of patients with SSHL within
25 days after onset of sudden hearing loss. Based on
these findings, we hypothesized that the expected pro-
portion of patients showing hearing improvement with
topical IGF-1 therapy would be 65%. To determine the
expected proportion of patients showing hearing im-
provement for intratympanic Dex therapy, we referred
to the information in several publications [9-15] that
were available in October 2010 and used the following
criteria: i) the sample size had more than 10 participants
and ii) intratympanic Dex therapy was a salvage treat-
ment (Table 2). In these previous reports, the mean pro-
portion of patients showing hearing improvement was
39% (range, 21-58%). Therefore, the proportion of pa-
tients who would show hearing improvement with intra-
tympanic Dex therapy was expected to be approximately
40%. The sample size was based on the continuity-
adjusted arcsine test with a one-sided significance level
of 0.05 and a power of 0.80. The required sample size
was 120 participants, assuming that 5% of the patients
would be excluded from the analysis.

All statistical analyses were performed on an intention-
to-treat basis. The safety analyses were conducted on all
patients who underwent randomization and received at
least one dose of the study drugs. Efficacy was analyzed in
all patients except those who had been excluded from the
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Table 2 Previous studies of intratympanic dexamethasone therapy as a salvage treatment

No. of patients

PTA recovery

Dexamethasone concentration

Doses

Proportion of recovery (%)

Ho et al. [9] 15 28 dB 4 mg/mL 3 doses, once a week  53%

Choung et al. [10] 34 9dB 5 mg/mL 4 doses, twice a week  39%

Roebuck et al. [11] 31 12 dB 24 mg/mlL Single 29%

Haynes et al. [12] 40 5dB 24 mg/mL Single 27.5%

Plontke et al. [13] 11 14 dB 4 mg/mL Pump for 14 days 45%

Kakehata et al. [14] 24 17 dB 4 mg/ml. 15 doses 58%

Lee et al. [15] 34 NA 4 mg/mL 6 doses for 14 days 21%

Mean (95% Cl) 27 (21-33) 39% (30%-48%)

PTA, Pure-tone audiometry; NA, Not available; Cl, Confidential interval.

safety analyses due to eligibility violations. The differences
between treatments in the proportion of patients showing
hearing improvement at 8, 12, and 16 weeks after treat-
ment were evaluated with Fisher’s exact test at a one-sided
significance of 0.05. The difference between treatments in
changes in pure-tone average hearing thresholds over time
was investigated with repeated measures linear mixed
model containing terms for treatment, time, and treatment-
by-time interaction with an unstructured covariance struc-
ture [25]. The effect of treatment-by-treatment interaction
was analyzed with the t-test at a one-sided significance of
0.05. The differences between treatments in the incidence
of adverse events and in the baseline characteristics were
analyzed with either Fisher’s exact test or the t-test at a
two-sided significance of 0.05. Statistical analyses were
performed by using SAS version 9.3 software (SAS Insti-
tute, Inc., Cary, NC, USA).

Results

Study overview

Patients from nine participating sites were enrolled be-
tween March 2011 and October 2013. The recruitment

and enrollment period was originally planned to close in
February 2013, but it was extended to meet the recruit-
ment targets. There were 120 patients who consented to
participate (Figure 1). All patients were randomized to
either the IGF-1 group or the Dex group; 118 patients
were included in the safety analysis (60 IGF-1, 58 Dex)
because 2 patients from the IGF-1 group withdrew con-
sent. Of the 118 patients who were included, 4 patients
completed the treatments, but missed the 8-week
follow-up (2 IGF-1, 2 Dex) and 1 patient was excluded
owing to examiner error (1 IGF-1).

Baseline characteristics were comparable between the
two treatment groups (Table 3). Between the IGF-1 and
Dex groups, no significant baseline differences in demo-
graphics, physical characteristics, ear examination, or
PTA thresholds were found except the proportion of pa-
tients presenting with aural fullness (Table 3). The mean
age of all participants was 49.3 years, and 45.8% of the
participants were male. The mean PTA thresholds in the
affected and unaffected ears were 85.2 dB SPL (95% con-
fidence interval [CI], 81.3—89.1) and 18.1 dB SPL (95%
CI, 14.9-21.3), respectively. The mean number of days

62 Randomized to topical IGF-1
60 Received topical IGF-1 as randomized
2 Withdrew consent

T

|
|
i
|
|

\

59 Completed intervention
1 Excluded owing to examiner error

¢
57 Included in primary outcome analysis
2 Missed 8-w follow-up

Figure 1 Study overview.

120 Randomized

=

~—
58 Randomized to intratympanic Dex
58 Received intratympanic Dex as randomized

58 Completed intervention

56 Included in primary outcome analysis
2 Missed 8-w follow-up
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Table 3 Baseline characteristics of patients

Characteristics Intratympanic Dex (n = 58) Topical IGF-1 (n = 60) P value
Age-yr, mean = SD 50.1%£13.0 486 +14.0 0.557
Male sex-no. (%) 26 (44.8) 28 (46.7) 0.855
No. of days for study entry from onset, mean (95% Cl) 16.3 (15.1-17.5) 15.8 (14.6-17.0) 0.574
Hearing improvement by pre-treatment-no. (%)

>10 dB, <30 dB 13 (224) 17 (283) 0.528
<10dB 45 (77.6) 43 (71.7)

Hearing-dB pure-tone average, mean (95% Cl)

Affected ear 84.8 (79.1-90.4) 85.6 (80.0-91.2) 0.835
Unaffected ear 158 (124-19.2) 204 (15.0-25.7) 0.160
Other symptoms-no. (%)

Dizziness/Vertigo 23 (39.7) 31(51.7) 0.202
Tinnitus 49 (84.5) 51 (85) >0.999
Aural fullness 44 (75.9) 32 (53.3) 0.013*

An asterisk indicates statistical significance with Fisher’s exact test. Dex: dexamethasone.

from symptom onset to study entry was 16.0 days (95%
CI, 15.2-16.9). At enrolment, dizziness or vertigo was
present in 45.8% of the patients, tinnitus was present in
84.8% of the patients, and aural fullness was present
64.4% of the patients.

Primary outcome

The primary outcome was the proportion of patients
showing hearing improvement (10 dB or greater in pure-
tone average hearing thresholds) at 8 weeks after treat-
ment. In the Dex group, 53.6% (95% CI, 39.7-67.0%) of
patients showed hearing improvement at 8 weeks after
treatment, whereas in the IGF-1 group, 66.7% (95% CI,
52.9-78.6%) of patients showed hearing improvement
(Table 4). The null hypothesis for the primary outcome
was not rejected (P=0.109). However, a trend was ob-
served in the higher proportion of patients in the IGF-1
group showing complete or marked recovery (30 dB or
greater in pure-tone average hearing thresholds) over that
in the Dex group (Table 2).

Secondary outcomes

The changes in the pure-tone average hearing thresholds
occurring over time in both treatments are shown in
Figure 2. The difference in the changes in the pure-tone
average hearing thresholds over time between the treat-
ments was statistically significant with repeated measures
linear mixed model containing terms for treatment, time,
and treatment-by-time interaction with an unstructured
covariance structure (the effect for the interaction term
[standard error]: —-0.28 [0.10], P=0.003). This demon-
strated that pure-tone average hearing thresholds of the
IGF-1 group significantly reduced over time, if changes in
pure-tone average hearing thresholds over time in the Dex
group were set to zero.

85

The proportions of patients showing hearing improve-
ment (ie, 10 dB or greater) at 12 weeks and 16 weeks
after treatment were estimated as the secondary out-
comes (Table 4). The null hypothesis for the proportions
of patients showing hearing improvement at 12 weeks or
16 weeks after treatment was not rejected (P =0.066 for
12 weeks; P=0.116 for 16 weeks). At 12 and 16 weeks
after treatment, there was a trend in the IGF-1 group
showing a larger number of patients with complete and
marked recovery when compared to the Dex group
(Table 4).

Adverse events

No serious adverse events were observed in either treat-
ment group. During the observation period, moderate
adverse events occurred in 43.1% (95% CI, 30.2~56.8) of
the patients in the Dex group and in 35.0% (95% CI,
23.1-48.4) of the patients in the IGF-1 group (Table 4).
No significant difference in the incidence of adverse
events was found between treatments (P = 0.452). Most
adverse events, such as otitis media, oftitis externa, tin-
nitus, and nausea or vomiting disappeared during the
observation period. However, tympanic membrane per-
foration persisted in 15.5% (95% CI, 7.3-27.4%) of the
patients in the Dex group at the end of the observation
period. On the other hand, no patient in the IGF-1
group showed residual perforation in the tympanic mem-
brane. The difference in the incidence of tympanic mem-
brane perforation was statistically significant (P = 0.001).

Discussion

This is the first randomized controlled clinical trial to
test the efficacy of a growth factor for the treatment of
sensorineural hearing loss. In the current study, we lo-
cally applied IGF-1 to patients with SSHL refractory to
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Table 4 Primary and secondary outcomes
Intratympanic Déﬁé Topical IGF-1 P value
brimary outcome i
Proportion of patients showing hearing recovery at 8 weeks 53.6% (30/56) 66.7% (38/57) 0.109
[95% Cl: 39.7-67.0] [95% Cl: 52.9-8.6]
Complete recovery 0.0% (0/56) 3.5% (2/57)
Marked recovery 16.1% (9/56) 24.6% (14/57)
Slight recovery 37.5% (21/56) 38.6% (22/57)
No recovery 46.4% (26/56) 33.3% (19/57)
Secondary outcomes
Proportion of patients showing hearing recovery at 12 weeks 55.4% (31/56) 70.7% (41/58) 0.066
[95% Cl: 41.5-68.7] [95% Cl: 57.3-81.9]
Complete recovery 0.0% (0/56) 5.2% (3/58)
Marked recovery 21.4% (12/56) 31.0% (18/58)
Slight recovery 33.9% (19/56) 34.5% (20/58)
No recovery 44.6% (25/56) 29.3% (17/58)
Proportion of patients showing hearing recovery at 16 weeks 54.7% (29/53) 67.9% (36/53) 0.116
[95% CI: 40.4-68.4] [95% Ct: 53.7-80.1]
Complete recovery 0.0% (0/53) 5.7% (3/53)
Marked recovery 22.6% (12/53) 24.5% (13/53)
Slight recovery 32.1% (17/53) 37.7% (20/53)
No recovery 45.3% (24/53) 32.1% (17/53)
Adverse events
Serious 0.0% (0/58) 0.0% (0/59) >0.999
Non-serious 43.1% (25/58) 35.0% (21/59) 0452
Tympanic membrane perforation 15.5% (9/58) 0.0% (0/59) 0.001*
Otitis media 1.7% (1/58) 6.8% (4/59) 0.364
Otitis externa 0.0% (0/58) 1.7% (1/59) >0.999
Tinnitus 8.6% (5/58) 0.0% (0/59) 0.027*
Nausea/Vomit 3.4% (2/58) 34% (2/59) >0.999
Others 24.1% (14/58) 30.5% (18/59) 0.535

Asterisks indicate statistical significance with Fisher's exact test.

systemic steroids. The null hypothesis of the primary
outcome was that the proportion of patients showing
hearing improvement after topical IGF-1 therapy would
not be better than that after intratympanic Dex therapy.
The null hypothesis was not rejected in the present
study. The major reason for this is an unexpectedly high
proportion of patients showing hearing improvement
after intratympanic Dex therapy. The proportion of pa-
tients showing hearing improvement after topical IGF-1
therapy was 66.7 to 70.7%, which was nearly identical to
our hypothesized value of 65%, whereas the proportion
of patients showing hearing improvement after intratym-
panic Dex therapy (range, 53.6— 55.4%) was higher than
our hypothesized value of 40%.

Although the null hypothesis for the primary outcome
was not rejected, this randomized controlled trial showed

significantly better recovery of pure-tone average thresh-
olds over time in the IGF-1 group, compared to the Dex
group. In addition, a trend that the proportion of patients
in the IGF-1 group who showed complete or marked re-
covery was higher than that in the Dex group was ob-
served at 8, 12, or 16 weeks after treatment. Complete
recovery of hearing was observed only in the IGF-1 group.
These findings strongly suggest the superior efficacy of
topical IGF-1 therapy over intratympanic Dex therapy.

In the current study, we used intratympanic cortico-
steroid therapy as a control treatment because it has
widely been accepted as a salvage treatment for SSHL
refractory to systemic corticosteroids [9-15]. The current
randomized study also provided evidence for the safety
and efficacy of intratympanic Dex therapy for SSHL re-
fractory to systemic corticosteroids. Similar to the results

86



Nakagawa et al. BMC Medicine 2014, 12:219
http://www.biomedcentral.com/1741-7015/12/219

o 90

! 84.8

2 !\g «s=|GF-1-8-Dex

2 |

é 80 L\

£

jo)]

£

e

=

(0]

()]

o

[

>

< 60

@

o

]

1

a

50 : : s : y
0 1 2 4 8 12 16
Follow-up (week)

Figure 2 Changes in pure-tone average hearing thresholds over
time. The difference between IGF-1 and dexamethasone (Dex)
treatments in changes in pure-tone average hearing thresholds over
time was statistically significant. Captions in the graph show mean
values. Bars represent 95% confidence intervals.

of previous studies [9-15], no serious adverse events oc-
curred in the Dex patient group. However, tympanic
membrane perforation persisted in 15.5% of these pa-
tients, while tympanic membrane perforation was absent
in the IGF-1 patient group. The incidence of tympanic
membrane perforation in the Dex group in the present
study was higher than the 3.9% incidence in a previous
randomized trial of intratympanic corticosteroid therapy
as the initial treatment [8]. This may be because of a dif-
ference in either the application regimen or the influ-
ence of the preceding systemic corticosteroid treatment.
It is important to note that intratympanic injection of
corticosteroids causes tympanic membrane perforation
in a certain proportion of treated patients, while both
our previous [23] and present results demonstrated no
occurrence of residual perforation in tympanic mem-
branes of patients treated with topical IGF-1 therapy.
This indicated the superior safety of topical IGF-1 ther-
apy over intratympanic Dex therapy. On the other hand,
the high incidence of tympanic membrane perforation in
the Dex group might affect hearing recovery outcomes
in the Dex group.

The present findings indicate the efficacy and safety of
topical IGF-1 therapy for SSHL. However, topical IGF-1
therapy requires surgical procedures and causes uncom-
fortable symptoms associated with the local application.
In addition, spontaneous recovery of hearing occurs in
30 to 60% of patients with SSHL [5,26-28]. Therefore,
with the need for balancing the harmful side effects and
the benefits, SSHL patients showing insufficient hearing
improvement after the administration of oral corticoste-
roids or after strict observation for 7 days may be good
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candidates for topical IGF-1 therapy. On the other hand,
IGF-1 is a promoter of cell proliferation in some cellular
contents. Therefore, a long-term follow-up of patients
may be required. Of note, in our previous clinical trial,
we locally applied IGF-1 in the middle ear of 25 patients
with refractory SSHL [23]; in the 5-year follow-up, no
tumor formation was identified in those patients.

Conclusions

We performed a randomized, controlled clinical trial of
topical IGF-1 therapy in patients with SSHL refractory
to systemic corticosteroids and compared this treatment
to intratympanic corticosteroid therapy. Present results
suggest the possibility that IGF-1 is superior to intratym-
panic Dex therapy, but the current study design failed to
confirm this possibility. The positive effect of topical
IGF-1 application on hearing levels and its favorable
safety profile suggest utility for topical IGF-1 therapy as
a salvage treatment for SSHL.
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Abstract

Photodynamic therapy (PDT) kills cancer cells via a photochemical reaction mediated by an oncotropic photosensitizer.
Herein, we performed an experimental preclinical study to validate the anti-tumour effect of talaporfin sodium-mediated
PDT (t-PDT) for esophageal squamous cell carcinoma (ESCC) cells. We used human ESCC cells derived from various
differentiation grades or resistant to 5-fluorouracil (5-FU). The cytotoxic effect of t-PDT was determined by evaluating cell
viability, apoptosis and generation of reactive oxygen species (ROS) and DNA double-strand breaks. Furthermore, the anti-
tumour effect of t-PDT was: assessed using an: anchorage-independent cell-growth assay and xenograft transplantation
models. t-PDT induced potent cytotoxicity in- ESCC cells independent of their differentiation grade or 5-FU resistance.
Moreover, t-PDT induced robust apoptosis, as indicated by cell shrinkage, perinuclear vacuolization, nuclear fragmentation
and induction of annexin V-positive cells. This apoptotic response was accompanied by concurrent activation of ROS, and
induction of DNA double-strand breakage. Importantly, t-PDT suppressed efficiently anchorage-independent cell growth as
well as ESCC-xenografted tumor formation. In aggregate, t-PDT showed anti-tumor potential for ESCC cells with various
histological grades or chemoresistance, providing a novel translational rationale of t-PDT for the treatment of ESCC.
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Introduction definitive chemoradiotherapy [13]. However, PDT with the first-
generation photosensitizer including porfimer sodium has some
major problems, such as a high risk of skin phototoxicity and a
need for a large and expensive excimer dye laser system [13].
Recently, a new photosensitizer, talaporfin sodium, and a diode
laser system have been developed as a second-generation PDT to
circumvent the above-mentioned problems [14]. Talaporfin

Photodynamic therapy (PDT) is a light-based oncological
mtervention that uses a tumor-specific photosensitizer and laser
irradiation [1]. Briefly, the administration of a tumor-targeting
photosensitizing agent followed by irradiation with a specific
wavelength generates reactive oxygen species (ROS) that cause

DNA .dz.tmagef resulting in a selective anti-tumor effect [2]. The sodium features rapid clearance from the skin. In addition, the
first clinical trial of PDT was reported by Dougherty et al [3], the absorption wavelength of talaporfin sodium (664 nm) is longer

US Food and Drug Administration approved it as the first drug~ o that of porfimer sodium (640 nm) [14]. Therefore, theoret-
device combination [4]. Thereafter, PDT has been used in the

treatment of a wide range of cancers, including breast [3], skin [5],
lung [6], head and neck [7,8] and gastric [9] cancer.

Regarding esophageal diseases, the efficiency of PDT using
some photosensitizers such as a mTHPC (metatetrahydroxyphe-
nylchlorin) or a porfimer sodium has been demonstrated in the
treatment of superficial esophageal cancer [10,11] or the
prevention of the development of adenocarcinoma from high-
grade dysplasia in Barrett’s esophagus [12]. In addition, we
reported that PDT with porfimer sodium is quite useful as a

ically, it is expected to have a low rate of phototoxicity and to be
effective on deep tissue layers. Indeed, talaporfin-mediated PDT
(t-PDT) exhibited lower skin phototoxicity in a clinical trial for
early lung cancer [15]. Furthermore, the diode laser systems are
much more convenient devices in terms of size and cost of
equipment compared with the excimer dye laser systems.

Thus, t-PDT with a diode laser may function as an ideal
combination among the PDT drugs and devices that are available
for the treatment of ESCC. However, an experimental preclinical
. " - study remains to be performed to validate the efficacy of t-PDT for
salvage treatment for ESCC patients with local failure after ESCC. Here, we determined the cytotoxic effects of +-PDT in
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Figure 1. The fluorescence intensity of talaporfin sodium in cultured ESCC cells. The fluorescence intensity of talaporfin sodium in cultured
ESCC cells (10000 cells) incubated with the indicated concentrations of talaporfin sodium for 24 h was measured by flow cytometry. As shown,
talaporfin sodium was almost equally incorporated to the various ESCC cells in vitro.

doi:10.1371/journal.pone.0103126.g001

culture and xenograft transplantation models using ESCC cells
representing various differentiation grades and resistance to 5-
fluorouracil (5-FU), which is a key chemotherapeutic drug for
ESCC [16]. Moreover, we explored the mechanisms underlying
the anti-tumor effect of t+-PDT.

Materials and Methods

Cell lines and cell culture

The human ESCC cell lines TE-5 (derived from poorly
differentiated ESCC), TE-8 (derived from moderately differenti-
ated ESCC), TE-10 (derived from highly differentiated ESCC) and
TE-11 (derived from moderately differentiated ESCC) were
obtained from the Riken BioResource Center (Ibaragi, Japan)
[17}. TE-5R and TE-11R cells, which are derived from TE-5 and
TE-11 cells, respectively, are 5-FU-resistant ESCC cells that were
established originally by us via exposure of parental cells to
gradually increasing concentrations of 5-FU. TE-5R and TE-11R
cells were 15.6-fold or 7.9-fold resistant to 5-FU compared with
parental cells, respectively (manuscript in preparation). Of note,
TE-11R cells are highly transformed cells with advanced
anchorage-independent cell-growth activities, as well as tumori-
genicity. Accordingly, we used mainly TE-11R cells to verify the
cytotoxic or anti-tumor effect of t-PDT. All ESCC cells were
cultured in RPMI1640 medium (Life Technologies Corp., Grand
Island, NY, USA), supplemented with 10% fetal bovine serum
(FBS) (Life Technologies Corp.), 100 pg/mL streptomycin and
100 U/mL penicillin (Life Technologies Corp.).

Photosensitizer and laser light delivery system

Talaporfin sodium was obtained from Meiji Seika Pharma Co.,
Ltd (Tokyo, Japan) [18]. The laser we used in this study was a
diode laser system wusing a semiconductor laser irradiator
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(Panasonic Healthcare Co., Ltd., Yokochama, Japan) [18]. The
details of the settings in the laser system as well as the optimal
doses of talaporfin sodium and laser irradiation #n vitro and in vivo
were referred to the previously reports [18,19].

Measurement of fluorescence intensity in ESCC cells

treated with talaporfin sodium

To show the uptake of talaporfin sodium in cultured ESCC
cells, we measured the fluorescence intensity of talaporfin sodium.
Cells were treated with the indicated concentrations of talaporfin
sodium for 24 h. Cells were washed twice with phosphate-buffered
saline (PBS), immersed in 2% FBS/PBS without talaporfin
sodium, and then they were followed by the measurement of the
mean fluorescence intensity per 10000 cells by flow cytometer (BD
LSRFortessa Flow Cytometer; BD Biosciences, San Jose, CA,
USA), which excites at 640 nm with emissions in the range of
670%=14 nm.

Talaporfin-mediated PDT in vitro

ESCC cells were placed into 96-well plates at a concentration of
1x10* cells per well, and incubated with talaporfin sodium (0-
100 pg/mL) for 24 h, Cells were washed twice with PBS,
immersed in fresh medium without talaporfin sodium, and then
they were subjected to laser irradiation (wavelength, 664 nm; laser
power, 15 mW/cm?; total amount of irradiation, 10 J/cm?) [18].
Phase-contrast images were acquired using a Nikon Eclipse TE300
microscope (Nikon Instruments Inc., Tokyo, Japan). Cell viability
at 48 h after t-PDT was assessed using the Cell Proliferation
Reagent WST1 assay (Roche Applied Science, Penzberg,
Germany). :
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Figure 2. Cytotoxic effect of t-PDT on ESCC cells. Cell viability at 48 h after t-PDT was assessed using the WST-1 assay. t-PDT induced a
talaporfin sodium dose-dependent cell death in ESCC cells (white square in the figures) regardless of differentiation grade or 5-FU resistance. (A) TE-5
(derived from poorly differentiated ESCC), (B) TE-8 (derived from moderately differentiated ESCC), (C) TE-10 (derived from highly differentiated ESCC),
(D) TE-11 (derived from moderately differentiated ESCC), (E) TE-5R (5-FU-resistant cells derived from parental TE-5 cells) and (F) TE-11R (5-FU-resistant
cells derived from TE-11 cells). A viability of 100% was defined as the amount of absorption at 450 nm found in untreated (non-irradiated and
absence of treatment with talaporfin sodium) cells. Each point represents the mean = S.D. from experiments conducted at least in triplicate. *P<<0.01

vs untreated (non-irradiated and absence of treatment with talaporfin sodium) cells (n=3).

doi:10.1371/journal.pone.0103126.g002

Annexin V/Propidium iodide double-staining flow
cytometry

The FITC Annexin V  Apoptosis Detection Kit 1 (BD
Biosciences) was used to assess cell apoptosis induced by t+-PDT.
Cells (TE-11R) were harvested at 4 h after treatment with
talaporfin sodium with or without subsequent irradiation, and
were stained with annexin V=-FITC and propidium iodide (PI).
These cells were analysed with flow cytometer (BD FACSCanto 11
Flow Cytometer; BD Biosciences). Unstained cells were used as
negative controls. Data collected were analysed using the BD
FACSDiva software (BD Biosciences). Cells were discriminated
into four groups: viable cells (annexin V—/PI-), necrotic dead cells
(annexin V—/PI+), early apoptotic cells (annexin V+/PI-) and late
apoptotic cells (annexin V+/PI+) [20].

Measurement of intracellular ROS levels

The generation of intraccllular ROS during t-PDT  was
measured using an OxiSclect Intracellular ROS assay kit (Cell
Biolabs, Inc., San Diego, CA, USA), which uses the oxidation-
sensitive fluorescent probe 2',7'-dichlorodihydrofluorescein diac-
ctate (DCIFH-DA). This assay was performed by adding DCFH-
DA to TE-11R cells 4 h after t-PDT and quantifying intracellular
ROS levels by detecting oxidized fluorescent 2',7’-dichlorodihy-
drofluorescein (DCF) using a fluorometric plate reader (ARVO
X5; PerkinElmer, Waltham, MA, USA) at 480/530 nm.

DNA double-strand breakage assay
Phosphorylation of the histone H2A variant (y-H2AX) is a
marker of DNA double-strand breaks, which is the gravest form of
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Figure 3. Induction of apoptosis in TE-11R cells treated with ¢-PDT. (A) TE-11R cells were pretreated with talaporfin sodium (30 pg/mL) for
24 h, and then irradiated (10 J/cm?). Phase-contrast images were taken at 2 or 4 h after t-PDT. The images of untreated cells are also shown. Arrows
indicate perinuclear vacuolization and cell shrinkage suggesting apoptosis. Scale bar, 100 um. (B) Flow cytometric analysis of apoptosis in TE-11R cells
treated with or without talaporfin sodium (30 pg/mL) for 24 h with or without subsequent laser irradiation (10 J/cm?). Cells were stained with FITC-
labelled annexin V and propidium iodide (Pl) 4 h after irradiation. A representative experiment out of three is shown.
doi:10.1371/journal.pone.0103126.g003
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Figure 4. Generation of ROS in TE-11R cells treated with t-PDT. (A) TE-11R cells were treated with the indicated concentrations of talaporfin
sodium for 24 h and received irradiation subsequently. Intracellular ROS levels at 4 h after irradiation treatment were determined by DCF assay. The
intraceliular ROS level was significantly increased by t-PDT in a talaporfin sodium dose-dependent manner. * P<<0.01 vs untreated (non-irradiated and

absence of treatment with talaporfin sodium) cells (n=3).
doi:10.1371/journal.pone.0103126.9004

DNA damage [21]. We investigated the DNA double-strand
breaks induced during t-PDT using the OxiSelect DNA Double-
Strand Break Staining Kit (Cell Biolabs, Inc.). Cells (TE-11R) were
treated with the indicated talaporfin sodium with or without
subsequent irradiation, and were stained with an anti-phospho-
histone antibody 24 h after treatment. DNA double-strand breaks
labeled with FITC-conjugated secondary antibody were assessed
using a fluorescence microscope (BZ-9000 BIOREVO, Keyence
Corp., Osaka, Japan).

Soft agar colony-formation assays

The inhibitory effect of anchorage-independent cell growth
after +PDT was examined by soft agar colony-formation assays.
Briefly, 2.5x10% cells of TE-11R cells were suspended in 0.67%
agarose containing media with or without talaporfin sodium
(30 pg/mL), and overlaid on top of 1% agarose containing the
medium per well. Subsequently, the gel was laser irradiated 24 h
after the gel formation, and cells were grown for 2 weeks. Colonies
were stained with 0.02% Giemsa Stain Solution (Muto Pure
Chemicals Co., Ltd., Tokyo, Japan), and the number and the size
of colonies per high-power field were measured using a Nikon
Eclipse TE300 microscope.

Xenograft transplantation and t-PDT in vivo

All experiments conformed to the relevant regulatory standards
and were approved by the Institutional Animal Care and Use
Committee of the Bozo Research Center (Approval number:
APS13003, APS13006) (Tokyo, Japan). Mice were bred and
housed in a temperature- and light-controlled facility with
unlimited access to food and water. Xenograft transplantation
using ESCC cells was performed as described previously [22].
Briefly, 10x10% TE-11R cells were suspended in 50% matrigel
(BD Biosciences), followed by their subcutaneous implantation into
the dorsal skin of NOD/SCID male mice (7 weeks of age; CLEA
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Japan, Inc., Tokyo, Japan). Xenografted tumors were used for t-
PDT when they had reached a tumor volume of about 50—
150 mm® at 35 days after the injection. Tumors were free of
evident necrosis at the time of treatment. The optimal doses of
talaporfin sodium and laser irradiation were as reported previously
[19]. In brief, the indicated concentration of talaporfin sodium (0—
10 mg/kg) was administered intravenously via the tail vein of
NOD/SCID mice, and tumors were irradiated using a semicon-
ductor laser irradiator at a light dose of 100J/cm?® and a
wavelength of 664 nm 2 h after the injection of talaporfin sodium.
The tumor volume was monitored for 21 days. Mice were
painlessly sacrificed under the appropriate anesthesia with carbon
dioxide inhalation and the cervical dislocation.

Histological analyses and immunostainings

The tumors were resected, fixed with 4% buffered paratormal-
dehyde solution, embedded in paraffin, and sectioned into 4-pm
thickness. For the histological evaluation, the sections were stained
with hematoxylin and eosin (H&E). For the immunohistochem-
istry, the sections were immunostained as previously described
[23]. In brief, the sections were incubated with the primary
antibody, a mouse monoclonal antibody Ki67 antigen (NCL-
Ki67-MM]1, Novocastra Laboratories, UK), at 4°C overnight,
after which the secondary antibodies were added. Negative
controls were prepared with isotype IgG.

Statistical analyses

Statistical analyses were performed using the SPSS statistics
software (version 17; SPSS Inc., Chicago, IL, USA). Data from
triplicate experiments are presented as the mean * standard
deviation (S.D.) and were analysed by a 2-tailed paired ¢-test. Two-
way repeated-measures ANOVA with a post-hoc Bonferroni
correction was used for multiple comparisons with a control group.
P<0.05 was considered statistically significant.
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Figure 5. Formation of DNA double-strand breaks in TE-11R cells treated with t-PDT. TE-11R cells were treated with the indicated
concentrations of talaporfin sodium for 24 h with or without subsequent laser irradiation (10 J/cm?). (A) The expression of y-H2AX was evaluated by
fluorescence microscopy at 24 h after the irradiation. Under the non-irradiated conditions, y-H2AX expression was not observed (upper panels),
whereas a talaporfin sodium dose-dependent phosphorylation of y-H2AX was found in the irradiated groups (lower panels). A representative
experiment out of three is shown. Scale bar, 50 um. (B) Phase contrast image was shown at 24 h after the irradiation. Scale bar, 50 pm.
doi:10.1371/journal.pone.0103126.g005

Results affect the incorporation of talaporfin sodium (Fig.1, Data S1 in File
S1).
Measurement of talaporfin sodium in cultured ESCC cells
Uptake of talaporfin sodium by cultured ESCC cells was Cytotoxic effect of t-PDT in ESCC cells
determined by the fluorescence intensity of talaporfin sodium. As To determine the cytotoxic effect of t-PDT in ESCC cells, we

shown in Fig. 1, talaporfin sodium was incorporated in ESCC cells examined cell viability using 2 WST-1 assay 48 h after +PDT. As
in a dose-dependent manner (Data S1 in File S1). Cell type did not
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Figure 6. Inhibition of anchorage-independent cell growth due to t-PDT. Soft-agar colony-formation assays demonstrated the activity of
anchorage-independent cell growth in TE-11R cells. The histograms show the average number (A) or size (B) of colonies per high-power field. Assays
were performed in triplicate. t-PDT blocked colony formation completely, although talaporfin sodium alone or irradiation alone had no effect. *P<
0.01 vs untreated (non-irradiated and absence of treatment with talaporfin sodium) cells (n=3).

doi:10.1371/journal.pone.0103126.9g006

shown in Fig. 2, neither talaporfin sodium alone nor diode laser
alone exhibited cytotoxicity in ESCC cells; however, the
combination of talaporfin sodium with subsequent laser irradiation
induced an apparent dose-dependent cytotoxicity. Moreover,
those cytotoxic effects were almost equally observed in ESCC
cells independent of the grade of differentiation (Fig. 2 A-D) and
5-FU sensitivity (Fig. 2E and F) (Data S2 in File S1).

Induction of apoptosis by t-PDT in TE-11R cells

We assessed the morphological changes over time in ESCC cells
treated with t-PDT. Fig. 3A shows the phase-contrast images of TE-
11R cells treated with t-PDT, which demonstrates that perinuclear
vacuolization and cell shrinkage were robustly induced within 2 h of
laser irradiation. Moreover, nuclear fragmentation and disruption
of the cell membrane were observed 4 h after treatment. Thus,
drastic morphological changes that were indicative of apoptosis
were observed. Moreover, the number of annexin V-positive cells
was increased 4 h after t-PDT, whereas treatment with talaporfin
alone or irradiation alone had no effect (Fig. 3B, Data S3 in File S1).

Increased levels of intracellular ROS and induction of
DNA double-strand breakage by t-PDT

Next, we examined whether ESCC cells treated with t+-PDT
show increased levels of intracellular ROS or DNA damage. As
shown in Fig. 4, a DCF assay revealed that intracellular ROS
levels were significantly elevated by t-PDT in a talaporfin sodium
dose-dependent manner. Furthermore, talaporfin sodium induced
a dose-dependent phosphorylation of y-H2AX in TE-11R cells
treated with t-PDT, indicating that t-PDT induced DNA double-
strand breaks, which is the most serious type of DNA damage

(Fig. 5).

t-PDT blocked anchorage-independent cell growth of
TE11R cells

We tested whether t-PDT affects the anchorage-independent
cell growth of ESCC cells. Consistent with the data showing the
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cytotoxic effect of t-PDT (Fig. 1), neither talaporfin sodium alone
nor diode laser alone influenced colony formation; however, t-
PDT completely blocked colony formation (Fig. 6).

t-PDT suppressed the ESCC-xenografted tumors

Lastly, we examined the anti-tumor effect of t-PDT in ESCC-
xenografted tumors in NOD/SCID mice. t-PDT successfully
suppressed tumor growth in vivo in a talaporfin sodium dose-
dependent manner (Fig. 7A, Data S4 in File S1). There was no
significant change in body weight between the groups. Damage to
normal skin was not observed in any of the mice. Significant tumor
regrowth was not evident over the 3 weeks that followed t-PDT at
the dosage of 10 mg/kg of talaporfin sodium. Histopathological
and immunohistochemical examination revealed that the tumors
irradiated after the administration of talaporfin sodium were
subjected to the potent tissue injury, which was accompanied with
completely abolished Ki67 staining (Fig. 7B).

Discussion

In this study, we demonstrated that t-PDT induced potent
cytotoxicity in ESCC cells independent of their differentiation
grade or 5-FU sensitivity. Apoptotic cells were induced within 4 h
after t-PDT and were accompanied by increased levels of
intracellular ROS and DNA double-strand breaks. Moreover, t-
PDT suppressed anchorage-independent cell growth in ESCC
cells in vitro, and, most importantly, showed a potent anti-tumor
effect in ESCC cells i vivo.

ESCGs are heterogeneous tumors with highly differentiated
cell nests known as central keratinization (i.e., keratin pearl)
and/or poorly differentiated cell nests [22]. Histological grade
regarding ESCC differentiation is associated with functional
malignant potentials, such as invasion and metastasis
[24,25],_ENREF_28 and with poor prognosis [24]. In this
study, t-PDT yielded potent cytotoxicity in ESCC cells derived
from both highly differentiated and poorly differentiated
histological grade. Moreover, it exhibited a valid cytotoxic
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effect in 5-FU-resistant ESCC cells, among which TE-11R cells of t-PDT in ESCGC cells can be expected, regardless of
showed an undifferentiated and proliferative phenotype as well histological grade or the presence or absence of resistance to
as resistance to 5-FU (unpublished data). Thus, a cytotoxic effect 5-FU.
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The anti-tumor effect of t-PDT has been reported as being
mediated by multiple cell death pathways, such as apoptosis or
necrosis, depending on the treatment intensity and/or tumor
properties [26]. In this study, apoptotic morphological changes
were found within 4 h after t-PDT. Annexin V-positive cells were
consistently induced by t-PDT. However, Pl-positive cells
indicating necrosis were also detected in our experiment; thus,
both apoptotic and necrotic pathways appear to be involved in the
cytotoxicity observed in ESCC cells. Although the specific effectors
that discriminate these various cell death pathways were not
identified in this study, we presented clear evidence of the potent
cytotoxicity and anti-tumor effect of t-PDT in ESCC cells based
on i vitro and in vivo studies, respectively.

We demonstrated that t-PDT induced an increase of intracel-
lular ROS levels, as well as DNA double-strand breaks in ESCC
cells. Our data are consistent with previous reports that PDT-
induced cytotoxicities are mediated by the generation of ROS
[27]_ENREF_33 or DNA double-strand breaks [28]. Thus, the
induction of those factors is suggested to be related to the
promotion of cell death, which leads to the active tumoricidal
response of t-PDT in ESCC cells.

Anchorage-independent cell growth or tumor formation in
xenograft transplantation is the hall-mark of transformed cells,
which is the most well-established in vitro or in vivo assay to detect
the malignant transformation of the cells [29-31]. In the present
study, we demonstrated that t-PDT efficiently inhibited anchor-
age-independent cell growth, as well as tumorigenicity in ESCC
cells. These results suggest that t-PDT successfully eliminates
transformed cells with highly malignant potentials.

Taken together, our results demonstrate that t-PDT had a direct
anti-tumor effect in ESCC cells. Although previous studies have
revealed the inhibitory effects of some ROS inhibitors [32] or
caspase-specific inhibitors [33] on the action of t-PDT, the anti-
tumor effects of t-PDT cannot be explained only by a direct
cytotoxic action through ROS generation or apoptosis, because
secondary vascular effects through endothelial damage are also
closely associated with the anti-tumor mechanisms of -PDT in
vivo [26,34]. Those indirect anti-tumor effects of t-PDT in ESCC
cells warrant elucidation in further studies.
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In conclusion, we demonstrated the promising effect of t-PDT
in ESCC via experimental preclinical studies. We are currently
evaluating the clinical efficacy of t-PDT as a salvage treatment for
patients with local failure after definitive chemoradiotherapy. We
expect that t-PDT will be a useful therapy to improve the
prognosis of patients with localized ESCC in the future.

Supporting Information

File S1 Supporting data. Data S1, The fluorescence
intensity of talaporfin sodium in cultured ESCC cells. (A)
TE-5, (B) TE-8, (C) TE-10, (D) TE-11, (E) TE-5R, (F) TE-11R,
Comp-APC-A: Compensated-Allophycocyanin (APC)-Area. Data
$2, Cytotoxic effect of t-PDT on ESCC cells. The number of
viable cells after t+-PDT was expressed as a percentage of
unirradiated control cells. (A) TE-5, (B) TE-8, (C) TE-10, (D)
TE-11, (E) TE-5R, (F) TE-11R. Data 83, Flow cytometric
analysis with Annexin V/Propidium iodide double-
staining. Annexin V and Propidium iodide (PI) is detected by
FITC and phycoerythrin (PE), respectively. Data $4, Xenograft
tumor size. Each table represents the tumor volume (upper
table) and the response rate (lower table).

(XLSX)
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