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Objective: To determine the response of dysplasia, car-
cinoma in situ (CIS), and T1 carcinoma of the oral cav-
ity and larynx to photodynamic therapy with porfimer
sodium.

Design: Prospective trial.

Setting: A National Cancer Institute—designated can-
cer institute.

Patients: Patients with primary or recurrent moderate
to severe oral or laryngeal dysplasia, CIS, or TINO car-
cinoma.

Intervention: Porfimer sodium, 2 mg/kg of body weight,
was injected intravenously 48 hours before treatment.
Light at 630 nm for photosensitizer activation was de-
livered from an argon laser or diode laser using lens or
cylindrical diffuser fibers. The light dose was 50 J/cm?
for dysplasia and CIS and 75 J/cm? for carcinoma.

Main Outcome Measures: Response was evaluated
at 1 week and at 1 month and then at 3-month intervals
thereafter. Response options were complete (CR), par-

tial (PR), and no (NR) response. Posttreatment biopsies
were performed in all patients with persistent and recur-
rent visible lesions.

Resuvlts: Thirty patients were enrolled, and 26 were evalu-
able. Mean follow-up was 15 months (range, 7-52
months). Twenty-four patients had a CR, 1 had a PR, and
1 had NR. Three patients with oral dysplasia with an ini-
tial CR experienced recurrence in the treatment field. All
the patients with NR, a PR, or recurrence after an initial
CR underwent salvage treatment. Temporary morbidi-
ties included edema, pain, hoarseness, and skin photo-
toxicity.

Conclusion: Photodynamic therapy with porfimer so-
dium is an effective treatment alternative, with no per-
manent sequelae, for oral and laryngeal dysplasia and early
carcinoma.

Trial Registration: clinicaltrials.gov Identifier:
NCT00530088
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1 SQUAMOUS CELL CARCI-

noma of the larynx and oral

cavity may be treated effec-

tively with single-modality

therapy. Because radio-
therapy and limited surgical resection yield
excellent tumor control, the choice of
therapy in early-stage laryngeal and oral can-
cers is often dictated by functional treat-
ment outcomes, such as voice quality and
swallowing function. The preferred treat-
ment modality is surgery for early-stage oral
cavity cancer' and radiotherapy for early la-
ryngeal cancer.? However, irradiation and
surgery may result in long-term morbid-
ity. The limitation of surgical resection in
the oral cavity and larynx is the necessity
to remove vital functional tissue, such as part
of the tongue in the oral cavity, which may
affect speech and swallowing. Radio-
therapy to the oral cavity often results in
long-term morbidities, such as xerosto-
mia, dysphagia, loss of dentition, and risk

of osteoradionecrosis.®> Endolaryngeal la-
ser surgery is also an effective treatment for
early-stage laryngeal cancers, but it re-
quires considerable expertise and technol-
ogy.* The reported long-term results of these
treatment modalities are variable.*” An op-
timal treatment for moderate to severe dys-
plasia and early carcinomas of the oral cav-
ity and larynx would be one that is safe,
effective, repeatable, minimally invasive, and
devoid of permanent sequelae. Photody-
namic therapy (PDT), a nonsurgical, mini-
mally invasive treatment that uses light of
a specific wavelength to activate a photo-
sensitizing agent in the tumor and its mi-
croenvironment, offers some of these ad-
vantages.

To date, PDT with porfimer sodium
(Photofrin; Axcan Pharma Inc, Birming-
ham, Alabama) has been approved by the
US Food and Drug Administration and
other health agencies to treat early- and
late-stage endobronchial tumors and su-
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perficial, minimally invasive esophageal adenocarcino-
mas and high-grade dysplasia associated with Barrett
esophagus.® In particular, the use of PDT for early car-
cinomas of the head and neck has been promising.®!* We
report on the use of PDT with porfimer sodium in the
treatment of laryngeal and oral cavity dysplasia and car-
cinoma in situ (CIS) and T1 squamous cell carcinoma.

B METHODS B

This is a nonrandomized prospective clinical trial to deter-
mine the response to and toxic effects of porfimer sodium PDT
in head and neck premalignant and malignant disease. This study
was conducted for 53 months (March 1, 2004, to July 31, 2008)
in patients attending the Head and Neck Service at Roswell Park
Cancer Institute, Buffalo, New York, whose institutional re-
view board approved all of the procedures; informed consent
was obtained from all of the patients.

The inclusion criteria for the trial were as follows: (1) pa-
tients with moderate to severe dysplasia or squamous CIS of
the oral cavity or larynx; (2) patients with stage I (T1NO) squa-
mous cell carcinoma of the oral cavity or larynx; (3) diagnosis
confirmed by biopsy; (4) previous therapy of any type; (5) male
or female patients must be at least 18 years old, and female pa-
tients must not be pregnant and must be practicing a medi-
cally acceptable form of birth control, be sterile, or be post-
menopausal; (6) patients must have an Eastern Cooperative
Oncology Group scale score of 0 to 2; (7) patients must sign
an informed consent form according to US Food and Drug Ad-
ministration guidelines acceptable to the Roswell Park Cancer
Institute institutional review board; and (8) patients must have
recurrent lesions and T1 lesions. Regarding T1 carcinomas, only
lesions less than 3 mm in depth were included based on pre-
treatment biopsy and clinical examination findings.

We established certain exclusion criteria. They were as fol-
lows: (1) patients with stage II or more advanced squamous
cell carcinoma; (2) patients with porphyria or hypersensitiv-
ity to porphyrin or porphyrinlike compounds; (3) a white blood
cell count less than 4000/uL or a platelet count less than
100 X 10%/uL; (4) patients with impaired hepatic function (total
serum bilirubin level >2.0 mg/dL [to convert to micromoles
per liter, multiply by 17.104]), minimally impaired renal func-
tion (serum creatinine level >2.0 mg/dL [to convert to micro-
moles per liter, multiply by 88.4]), or alkaline phosphatase (he-
patic) or aspartate aminotransferase levels greater than 3 times
the upper normal limits; and (5) patients undergoing concur-
rent chemotherapy or radiotherapy for whom it has been less
than 4 weeks since the last dose of chemotherapy or radio-
therapy.

Pretreatment patient evaluation included a history, gen-
eral and head and neck physical examinations, routine labo-
ratory evaluation, and tumor mapping with photographic docu-
mentation. Patients with laryngeal lesions underwent
videolaryngoscopy documentation. The PDT treatment con-
sisted of porfimer sodium, 2 mg/kg of body weight, injected
intravenously 48 hours before light activation. Patients with
laryngeal lesions underwent suspension microlaryngoscopy and
light activation of the tumor field in the operating room. Oral
lesions were treated in either the operating room or the clinic
according to the treating surgeon’s discretion. Most anterior oral
cavity lesions were treated in the clinic without any need for
topical or local anesthesia. Photosensitizer activation was
achieved using a light with a 630-nm wavelength derived from
an argon-pumped dye laser or a diode laser and delivered to
the involved site using lens or cylindrical diffuser fiberoptic fi-
bers. Light doses consisted of 50 J/cm? for dysplasia and CIS

Table 1. Demographic and Histopathologic Characteristics
by Site
Oral Cavity Larynx

Characteristic (n=20) (n=6)
Age, mean (range), y 61.2 (36-85) 65.1 (60-73)
Sex, M/F, No. 14/6 51
Lesions, No.

Dysplasias and CIS 9 3

T1 carcinoma 11 8
Recurrent disease (n=12/26) 11 1

Abbreviation: CIS, carcinoma in situ.

and 75 J/cm? for carcinoma. The mean (SE) surface area treated
was 7.03 (0.8) cm? (median, 6.61 cm?; range, 0.79-19.63 cm?).
Seven patients had more than 1 lesion treated per session. The
mean number of lesions per patient treated per session was 1.77
(median, 1.0; range, 1-3). The lesions were not stripped or bi-
opsied again before light therapy. No patient received a sec-
ond light treatment within 72 hours of the first. All the pa-
tients were prescribed oral corticosteroids, topical lidocaine
hydrochloride (Xylocaine) in oral cavity lesions, and oral nar-
cotics for pain control after completion of the light activation
treatment.

Disease response was evaluated by means of physical ex-
amination at 1 week and at 1 month and then at 3-month in-
tervals thereafter. Using the reports from esophageal and lung
PDT,"'* treatment response was recorded as a complete re-
sponse (CR), a partial response (PR), or no response (NR). A
PR was defined as a reduction by 50% or more in the maxi-
mum size of the initial lesion. No response was defined as a
response less than a PR. Progressive disease was defined as in-
creasing size of the treated lesion. The decision to perform a
posttreatment biopsy was made by the treating surgeon. Post-
treatment biopsies were performed in all patients with persis-
tent and recurrent visible lesions at least 3 months after PDT.
All of the patients were cautioned regarding phototoxicity and
were advised to avoid direct sunlight and to wear protective
clothing when outdoors for 6 to 8 weeks after injection of the
photosensitizer. At each follow-up visit, any adverse reac-
tions, including pain, edema, dysphagia, skin phototoxic re-
action, and other unexpected symptoms, were recorded.

B xesuits [

Thirty patients were enrolled in the study, and 26 were
evaluable at the time of this analysis. One patient with-
drew from the study and 3 patients were lost to follow-
up. The cohortincluded 19 men and 7 women. The demo-
graphic and histopathologic characteristics by site of the
lesions are listed in Table 1. Twelve patients (46%) had
either persistent or recurrent disease after previous sur-
gery or radiotherapy. The remaining 14 patients had pri-
mary disease. Five of 6 patients with dysplasia had pre-
vious surgical excision that failed. There were 2 patient
cohorts based on histopathologic features, one com-
posed of moderate to severe dysplasias and CIS and the
other exclusively of carcinomas. Both study groups in-
cluded lesions of the larynx and oral cavity. Mean fol-
low-up was 15 months (range, 7-52 months). The de-
tails of treatment response according to site and
histopathologic features of the lesion are given in Table 2.
Opverall, 24 patients had a CR, 1 had a PR, and 1 did not
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Table 2. Response to PDT by Lesion Distribution and Site

Lesion and Response Oral Cavity (n=20) Larynx (n=6)

Dysplasias, No.

CR 92 &

PR 0 0

NR 0 0
T1 carcinoma, No.

CR 100 2

PR 1 0

NR 0 1

Abbreviations: CR, complete response; NR, no response; PDT,
photodynamic therapy; PR, partial response.

aThree patients had recurrence after a CR.

bOne patient developed a second primary cancer after a CR.

Table 3. Distribution of Morbidity by Site
Oral Cavity Larynx

Morbidity (n=20) (n=6)
Pain, No.

Mild 15 1

Moderate 2 1

Severe 0 0
Edema, No.

Mild 14 0

Moderate 1 0

Severe 2 0
Phototoxicity, No.

Mild 7 3

Moderate 3 1

Severe 1 0
Itching, No. 2 0
Weight loss, No. 1 0
Transient hoarseness, No.2 NA 6

Abbreviation: NA, not applicable.

aThe hoarseness in laryngeal patients was transient. On follow-up, all the
patients had significant improvement in voice quality compared with the
pretreatment status.

respond to therapy. Three patients with oral dysplasia
had recurrence in the treatment field within 90 days of
achieving an initial CR. The patient with a primary T1
laryngeal cancer with NR to PDT also did not respond
to radiotherapy and required total laryngectomy. After
PDT, 1 patient developed a second (metachronous) in-
vasive primary cancer outside the treatment field.
There was no difference in response rates between pri-
mary and recurrent disease at both treatment sites. Pa-
tients with NR, a PR, or recurrence after a CR were treated
with surgery, laser excision, or radiotherapy according
to the type of lesion, resulting in 100% salvage.
Morbidity data are summarized in Table 3. Tran-
sient local edema, pain, and phototoxic reaction were ex-
pected PDT sequelae (Figure 1). However, 2 patients
had severe edema of the floor of the mouth that re-
solved within 2 weeks. One patient had a severe photo-
toxic reaction of the hands due to noncompliance (not
wearing gloves while driving a long distance). All the pa-
tients who underwent laryngeal PDT experienced tran-
sient mild hoarseness. None of these patients experi-
enced dysphagia or odynophagia after treatment. In

Figure 1. One week after photodynamic therapy for recurrent squamous cell
carcinoma and osteoradionecrosis.

Figure 2. Six months after photodynamic therapy.

contrast, almost all of the patients with oral cavity PDT
had transient odynophagia and continued a full liquid
diet for approximately 7 to 10 days after treatment. No
patient in either cohort required airway intervention as
a result of treatment. All complications resolved with-
out any permanent sequelae (Figure 2).

B COMMENT By

This study was performed to acquire experience in the
use of PDT with porfimer sodium for the treatment of
dysplasia, CIS, and early carcinoma of the larynx and oral
cavity, an approach described as highly promising by
Biel.>!%12 The present prospective trial included 2 co-
horts, the first consisting of moderate to severe dyspla-
sias and CIS and the second of T1 carcinomas. Both co-
horts included patients with oral and laryngeal primary
and recurrent disease.

Current accepted treatments for dysplasia and stage |
laryngeal carcinoma include endolaryngeal laser or cold
instrument excision, open partial laryngectomy, and ra-
diotherapy.*” To our knowledge, no prospective ran-
domized trials compare the outcomes of these treat-
ment modalities. A retrospective review by Mendenhall
et al'® concluded that local control, laryngeal preserva-
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tion, and survival rates in patients were similar after
transoral laser resection, open partial laryngectomy, and
radiotherapy for early-stage laryngeal cancer. In a re-
cent meta-analysis on the management of laryngeal dys-
plasias, Sadri et al'” reported a superior local control rate
with radiotherapy compared with other standard meth-
ods of dysplasia management. Generally, voice quality
depends on the extent of surgical laryngeal resection. Re-
sults for patients undergoing laser resection for limited
glottic lesions have been comparable with those of pa-
tients receiving radiotherapy, whereas open partial lar-
yngectomy consistently yielded poorer voice quality.'® Ra-
diotherapy has the advantage of preserving the anatomical
integrity of the larynx, resulting in relatively good voice
quality. However, there are constraints in repeating ra-
diotherapy in the event of a recurrence or a second pri-
mary tumor. Peeters et al'® reported on health status and
voice quality outcomes after treatment for T1a glottic car-
cinoma with either endoscopic laser surgery or radio-
therapy. Fifty-eight percent of patients who underwent
radiotherapy and 40% of patients who had endoscopic
excision had abnormal Voice Handicap Index scores.'®

Photodynamic therapy has been used in head and neck
cancer with either porfimer sodium or certain other pho-
tosensitizers with favorable outcomes.”'*'*?? Biel'* pub-
lished the results of the largest cohort treated with por-
fimer sodium PDT. Of 115 patients with Tland T2 laryngeal
cancers, there was a CR in 105 (91.3%) after a single treat-
ment. Although post-PDT voice quality was evaluated sub-
jectively in Biel’s laryngeal cancer cohort, it was reported
to be excellent in most patients.'* Porfimer sodium PDT
has also been used successfully to treat oral cavity carci-
noma. The most robust series' reports on 113 patients with
early carcinomas (Tis, T1, and T2) of the oral cavity and
48 patients with superficial T2 and T3 carcinomas of the
oral cavity. The maximum depth of these tumors was clini-
cally less than 1 cm. With mean follow-up of 90 months,
106 of 113 patients (93.8%) with Tis, T1, and T2 carcino-
mas remained free of disease. Forty-three of 48 patients
(89.6%) with superficial T2 and T3 oral carcinomas re-
mained free of disease after a single PDT treatment, with
follow-up ranging from 6 to 28 months. Two patients had
recurrence at the margins of the treatment field and un-
derwent salvage with laser excision.'

In this study, 6 patients had laryngeal pathologic ab-
normalities. All 3 laryngeal dysplasias exhibited a sus-
tained CR. Two of 3 T1 laryngeal carcinomas had a CR.
One patient with NR had a primary glottic cancer that
progressed locally during radiotherapy and that was sal-
vaged by means of total laryngectomy. This limited num-
ber of laryngeal patients does not allow for significant
comparison with studies that contain more patients. How-
ever, the CR exhibited by all 3 patients with dysplasia is
encouraging. No airway was compromised by the use of
PDT, and all of the patients subjectively reported voice
quality improvement compared with their pretreatment
status.

The main advantage of PDT for dysplasia and early
carcinoma of the larynx is the ability to preserve normal
endolaryngeal tissue while effectively treating the le-
sion. This results in preservation of laryngeal function
and voice quality.” Furthermore, PDT may be per-

formed in an outpatient setting using a single noninva-
sive light activation treatment, requiring a short dura-
tion of therapy. For selected recurrent carcinomas of the
larynx that have failed conventional radiotherapy, PDT
allows for voice preservation and may eliminate the need
for salvage surgery. Importantly, PDT can be repeated
without the additional permanent functional laryngeal
impairment that can occur with repeated conventional
laser surgery or cordectomy. Finally, PDT for dysplasia
and CIS and primary T1 laryngeal carcinomas reserves
radiotherapy for the treatment of recurrences and sec-
ond head and neck primary cancers that may occur in
this high-risk patient population.”

Dysplasias of the oral cavity are usually multicentric,
and field cancerization has a role in the pathogenesis of
this disease entity. Disease management remains con-
troversial, polarized between active surgical excision to
try to prevent malignant change and more conservative
medical or observational techniques.® Thomson and Wy-
lie” described the effectiveness of laser surgery in the man-
agement of these lesions. Early squamous cell carci-
noma of the oral cavity can be treated by means of surgical
or laser excision with good local control rates.! Treat-
ment disadvantages include limitations of speech and
swallowing function depending on the extent of tissue
resection. Radiotherapy in the form of external beam
therapy or brachytherapy is also a current treatment op-
tion. External beam radiotherapy causes long-term prob-
lems, such as xerostomia, dental decay, dysphagia, and,
occasionally, osteoradionecrosis. Although radio-
therapy cure rates for early-stage disease in the oral cav-
ity are excellent, the long-term sequelae have a substan-
tially negative influence on quality of life.’

The present study is the first, to our knowledge, to in-
clude the PDT treatment of oral cavity dysplasias. In these
patients, we observed 3 recurrences in the treatment field
early after an initial clinical CR. This result is counterin-
tuitive given the limited tissue depth of these lesions, and
it merits further study. Possible causes of these recur-
rences include poor photosensitizer uptake by dysplastic
tissues and mechanical blockage or reflectance of light de-
livery by the hyperkeratosis overlying the lesion.

In the present study, 10 of 11 oral cavity primary and
recurrent carcinomas maintained a CR, and 1 had a PR.
Notably, this series included recurrent lesions. Six of 9
oral cancers and 6 of 11 oral dysplasias and CIS were pre-
viously treated. These recurrent lesions had been treated
multiple times with surgery and radiotherapy. In fact, all
patients with radiotherapy failure and osteoradionecro-
sis in the treatment field exhibited a CR with PDT. Stan-
dard therapy for recurrent oral cancer in this patient popu-
lation would have included extensive ablative surgery.

Overall, PDT has several advantages over traditional head
and neck cancer treatments, such as surgical resection and
radiotherapy. Patients have fewer, if any, long-term ad-
verse effects, such as impaired swallowing and speech. Treat-
ment with PDT is noninvasive, can be provided in an out-
patient setting, and, with appropriate shielding of normal
tissues, can be precisely targeted. Limited light penetra-
tion protects tissue immediately below and adjacent to tu-
mors from phototoxic effects. Also, PDT spares the tissue
architecture, providing a matrix for regeneration of nor-
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mal tissue by leaving subepithelial collagen and elastin in-
tact, and spares noncellular supporting elements.*** A fur-
ther important positive aspect of PDT is that it can be
repeated. This attribute is significant because patients with
head and neck cancer have an increased lifelong rate of de-
velopment of second primary cancers in the upper aero-
digestive tract. The reported annual rate of second pri-
mary cancers varies between 3% and 10%.% Use of PDT
does not preclude other treatment modalities, such as ra-
diotherapy, surgery, and chemotherapy, whether they are
administered before, combined with, or given after PDT.
Also note that primary and recurrent disease in the larynx
and oral cavity resulted in similar and favorable response
rates in these small patient cohorts.

The major general adverse effect of porfimer sodium
PDT is prolonged photosensitivity, which makes strict
avoidance of direct sunlight imperative. Incidences of mild
to moderate skin phototoxic reactions in this study were
frequent despite intensive patient education, with 1 se-
vere phototoxic reaction due to noncompliance. An-
other PDT sequela was moderate to severe pain if the treat-
ment field was in the oral cavity. Transient hoarseness
was experienced by all patients who received laryngeal
PDT. However, there were no long-term complications,
such as xerostomia, chronic dental decay, dysphagia, and
worsening of preexisting osteoradionecrosis. Voice qual-
ity improved in all patients with laryngeal lesions com-
pared with their pretreatment status.

In conclusion, PDT with porfimer sodium is an effec-
tive alternative to the conventional modalities of treat-
ment in dysplasias, CIS, and early carcinomas of the lar-
ynx and the oral cavity. Oral cavity dysplasias seemed
to respond less well than did T1 carcinomas. Morbidity
included transient treatment field edema, pain, and hoarse-
ness. Phototoxic reactions were problematic in noncom-
pliant patients.
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