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Photodynamic Therapy for Esophageal Cancer
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Photodynamic therapy, a curative local treatment for esophageal squamous cell carcinoma, involves a photosensitizing drug
(photosensitizer) with affinity for tumors and a photodynamic reaction triggered by laser light. Previously, photodynamic therapy
was used to treat superficial esophageal squamous cell carcinoma judged to be difficult to undergo endoscopic resection. Recently,
photodynamic therapy has mainly been performed for local failure after chemoradiotherapy. Although surgery is the most promising
treatment for local failure after chemoradiotherapy, its morbidity and mortality rates are high. Endoscopic resection is feasible for
local failure after chemoradiotherapy but requires advanced skills, and its indication is limited to within the submucosal layer by
depth. Photodynamic therapy is less invasive than surgery and has a wider indication than endoscopic resection. Porfimer sodium
(a first-generation photosensitizer) causes a high frequency of side effects related to photosensitivity and requires the long-term
sun-shade period. Talaporfin (a second-generation photosensitizer) requires a much shorter sun-shade period than porfimer
sodium. Photodynamic therapy will profoundly change treatment strategies for local failure after chemoradiotherapy. Clin Endosc
2021;54:494-498
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INTRODUCTION

Esophageal cancer is the eighth most common cancer and
the sixth highest cause of cancer-related death worldwide." It
consists of two main histological subtypes: esophageal squa-
mous cell carcinoma (ESCC) and esophageal adenocarcino-
ma. ESCC is the predominant histological type worldwide,
accounting for >90% of cases in Asia, including Japan, Korea,
and China.” Its treatment includes endoscopic resection (ER),
surgery, chemotherapy, radiation therapy (RT), or combina-
tions of these therapies. Photodynamic therapy (PDT) is a
promising treatment for ESCC; however, despite this fact, it is
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not widely used worldwide. Here, we review the efficacy and
recent advances of PDT for the treatment of ESCC.

HOW PDT WORKS

PDT is a local treatment involving a photosensitizing drug
(photosensitizer) with an affinity for tumors and a photody-
namic reaction triggered by laser light. Injected photosensitiz-
ers are selectively incorporated into tumor tissues. Irradiating
the tumor with laser light leads to the chemical excitation of its
molecules, and the excitation energy generates reactive oxygen
species, especially singlet oxygen radicals, which cause cell
death by necrosis or apoptosis.” In addition, endothelial cells
involved in tumor neovascularization are damaged, resulting
in microembolization." For esophageal cancer, PDT is per-
formed endoscopically.

HISTORY OF PDT

In 1978, Dougherty et al.” reported the efficacy of PDT for
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skin cancer, and several clinical studies have since been per-
formed. In Japan, PDT using porfimer sodium and excimer
dye laser (P-PDT) was approved by the Ministry of Health and
Welfare for early-stage lung, esophageal, gastric, and cervical
cancers in 1994 and was adopted as a treatment covered by the
medical insurance in 1996. In ESCC, PDT was reported to be
a potentially curative and tolerable salvage treatment for local
failure after chemoradiotherapy (CRT).®

Subsequently, a second-generation PDT using talaporfin so-
dium and a semiconductor laser (T-PDT) was developed and
adopted as a treatment covered by the medical insurance for
early-stage lung cancer in 2003.” A multicenter phase II study
of ESCC demonstrated the high response rate and safety of
T-PDT for the local failure after CRT or RT*

TRANSITION OF THE ROLE OF PDT FOR
SUPERFICIAL ESCC

In 1994, P-PDT, which showed a favorable complete re-
sponse rate for superficial ESCC in a domestic clinical trial,’
was approved as a curative treatment in Japan. The indication
criteria of P-PDT for superficial ESCC are as follows: (1) within
2x2 cm in size, (2) smaller than half the circumference of the
lumen, (3) mucosal or submucosal cancer, or (4) difficult to
resect endoscopically. Two previous clinical studies reported
the effectiveness of P-PDT for patients with superficial ESCC.
Nakamura et al."” reported that P-PDT achieved complete
remission of 15 esophageal neoplastic lesions in seven pa-
tients. Lesions were relatively small (ranging from 5 to 30 mm
in diameter). Histopathologically, among 15 lesions, 9 were
squamous cell carcinomas and 6 were squamous dysplastic
lesions. During follow-up (range, 4-51 months), no thera-
py-related complications and no recurrence of the initial lesion
occurred in any patient. Tanaka et al."" performed a long-term
follow-up study and revealed that P-PDT was a potentially
curative treatment for large superficial ESCCs that were too
large to be resected endoscopically. In the study, 31 patients
(82%) had mucosal cancer, 7 (18%) had submucosal cancer,
and 33 (87%) achieved complete remission. During a median
follow-up period of 64 months (range, 7-125 months), the
overall 5-year survival rate was 76% with no major complica-
tions or treatment-related mortality. In the era when ER was
less widespread than it is today, P-PDT was often selected for
superficial ESCC that are judged difficult for ER (e.g., bleeding
tendency, fibrosis related to ER or RT).

However, with the increased use of ER, PDT for superficial
ESCC has gradually declined. Recently, effective treatment
options for superficial ESCC including endoscopic mucosal

resection'”"” and endoscopic submucosal dissection (ESD)"
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have been developed and are now widely performed. ESD
provides a high en bloc resection rate and accurate patholog-
ical diagnosis with lower recurrence rates.” Lesions with an
extensive circumference might develop esophageal stenosis af-
ter ESD and therefore are indicated for surgery or CRT. How-
ever, indications for ESD have been extended with the recent
development of treatments for stenosis, including endoscopic
balloon dilatation and local injection or oral administration of
steroids.” Based on these findings, ESD is considered for the
treatment of patients with superficial esophageal neoplasia.
Esophageal ESD was adopted as a treatment covered by the
medical insurance in Japan in 2008 and is performed in gen-
eral hospitals and advanced facilities. This use has led to the
reduced role of PDT for superficial ESCC in Japan.

PDT FOR LOCAL FAILURE AFTER CRT

Local failure after CRT is a critical problem during the treat-
ment for ESCC. CRT is a curative option for patients with un-
suitable or refusal for surgery. Although CRT has a high com-
plete response rate (87.5% for stage I, 62.2% for stage II/IIT),"*
it also has a high locoregional failure rate (50%-55%)."*
Surgery is available as a salvage treatment for local recurrence
after CRT. Although surgery can provide long-term survival,
serious complications frequently occur, and the mortality rate
is high (15%).”" Accordingly, in the era when surgery was the
only salvage therapy for local failure after CRT, the manage-
ment of recurrent lesions was difficult and the development
of curative and safe salvage treatment options was expected.
Thus, PDT has once again attracted our attention.

If recurrence after CRT is discovered at an early stage (TINO
or T2NO), then long-term survival could be expected with a
salvage treatment.” In addition, regional nodal failure within
the field of elective lymph node irradiation was not common
in patients achieving a complete response after CRT.” Based
on these studies, PDT as salvage therapy after CRT was rea-
sonably considered as a important for local control at the pri-
mary site. A phase II clinical trial of salvage P-PDT after CRT
demonstrated a favorable complete response rate (59.5%) and
overall survival rate at 3 years (38%).° PDT is less invasive than
surgery and is recognized as a curative and tolerable salvage
treatment for patients with local failure after CRT without any
metastasis. After the accumulation of cases in clinical practice,
short- and long-term outcomes of P-PDT for patients with
1% In their
study, the complete response rate of salvage P-PDT was 58.4%
(66/113), and approximately half of the cases (53.0%: 35/66
cases) maintained their complete response status (median

local failure after CRT were reported by Hatogai et a

follow-up time, 5.0 years). The progression-free survival and
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overall survival rates 5-year after the salvage PDT were 22.1%
and 35.9% after the median follow-up period of 61 months
(range, 9-116 months). T1/2 before CRT, N0 before CRT, and
the period between CRT and PDT (>6 months) were associ-
ated with a better overall survival.

In recent years, ER has been used for local recurrence after
CRT;” however, it requires advanced skills and its indication is
limited to within the submucosal layer by depth. PDT is indi-
cated for lesions that invade the shallow muscle layer by depth
or lesions where performing ER is technically difficult because
of severe fibrosis associated with radiation.

SECOND-GENERATION PDT USING
TALAPORFIN SODIUM AND A
SEMICONDUCTOR LASER

Despite the effectiveness and minimal invasiveness of
P-PDT, porfimer sodium causes a high frequency (20.3%)
of side effects related to photosensitivity (erythema, blisters,
pigmentation) and requires long-term sun-shade period (4-6
weeks).”* However, talaporfin, a second-generation photosen-
sitizer, requires a shorter sun-shade period than porfimer. The

plasma half-life of talaporfin is 134 hr, which is shorter than
that of porfimer sodium (250 hr),” and in a clinical trial for
early lung cancer photosensitivity had disappeared in 28 of 33
patients (84.8%) 2 weeks after the talaporfin administration.”
In a multicenter phase II study of T-PDT for ESCC, T-PDT
had a good complete response rate (88.5%) without skin pho-
totoxicity.” T-PDT was approved as a salvage treatment for
patients with local failure after CRT without any metastasis
in Japan. We report a case of local failure after CRT, for which
T-PDT was remarkably effective and achieved complete
response despite of esophageal stricture after the treatment
(Fig. 1).

ADVERSE EVENTS AND INDICATION
CRITERIA OF PDT FOR PATIENTS WITH
LOCAL FAILURE AFTER CRT

Major adverse events related to PDT include esophageal
stenosis, esophageal fistula including esophago-aortic fistula,
and skin phototoxicity. In a clinical trial of P-PDT, 8 patients
(32%) developed photosensitivity, 6 (24%) developed esoph-
ageal stenosis requiring balloon dilatation, and 4% (1/25)

Fig. 1. A case of local failure after chemoradiotherapy (CRT) effectively treated with photodynamic therapy (PDT). (A) A local failure lesion after CRT limited to
within T2. (B) PDT was performed. (C) Esophageal stricture occurred 3 months after PDT. (D) The stricture was treated with endoscopic balloon dilation. (E) A scar 18
months after PDT without evidence of recurrence.
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Table 1. Advantages and Disadvantages of Photodynamic Therapy for Esophageal Cancer

Advantages of PDT

Disadvantages of PDT

PDT vs. Surgery
after treatment

Less invasiveness and better QOL and ADL  Less local curability

No indication for cancer invading into the outer muscular layer or deeper

Impossibility to control metastases
Photosensitivity and sun-shade after PDT

PDT vs. ER

submucosa or inner muscular layer

Curability for cancer invading into the deep  No indication for cancer in >3 or >1/2 cm circumferential spread

No specimen for histology

Photosensitivity and sun-shade after PDT

ADL, activity of daily living; ER, endoscopic resection; PDT, photodynamic therapy; QOL, quality of life.

of treatment-related deaths were related to esophago-aortic
fistula. Regarding T-PDT, lessons learned from the clinical
trial of P-PDT led to stricter indications and fewer adverse
events. Esophageal stenosis was observed in 2 (7.7%) patients
only. No cases of photosensitivity, esophageal fistula, or treat-
ment-related death occurred.® Minamide et al.” retrospective-
ly compared T-PDT and P-PDT groups, consisting of 44 and
77 patients, respectively. Although significant differences were
observed in the patient background, adverse events including
skin phototoxicity, esophageal stricture, and esophageal fistula
were all less frequent in the T-PDT group than those in the
P-PDT group.

In Japan, following the T-PDT study, indications of PDT for
local failure after CRT or RT are as follows: (1) lesions limited
to within the shallow muscularis propria, (2) salvage ER not
indicated due to incurability, (3) no invasion to the cervical
esophagus, (4) longitudinal lesion length of 3 cm or shorter,
and (5) circumference half or less of that of the lumen.’ PDT is
not recommended for lesions that potentially involve the aorta
before CRT to prevent esophago-aortic fistula. Lesions of the
cervical esophagus are also not candidates for PDT because
the scope cannot be manipulated stably.

PDT FOR ESCC IN THE FUTURE

After the approval of talaporfin, the complexity of periop-
erative management and the adverse event rate of PDT de-
creased. Recently, T-PDT has gradually been recognized as
a salvage option after CRT. Among laser treatments using
endoscopes, PDT selectively kills tumor tissues instead of
burning the surrounding normal tissues, and therefore, it can
be a safe treatment if performed properly. Although the long-
term outcome of T-PDT, a relatively new treatment, remains
unclear and more clinical studies are needed, it is curative and
has advantages, i.e., minimal invasiveness.

Surgery was regarded as the most promising treatment for
local failure after CRT. However, considering its association
with high morbidity and mortality rates together with recent
favorable reports of PDT, treatment strategies for local failure
after CRT require profound changes.

CONCLUSIONS

PDT for esophageal cancer is tolerable and effective espe-
cially for local failure after CRT. Its advantages and disadvan-
tages are summarized (Table 1). It is also less invasive than
surgery and has a wider indication than ER. Therefore, it is
expected to be widely used in the future.
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