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OMék 1

Current Research activities in the National Medical Laser Centre (NMLC)

The main research interest is photodynamic therapy (PDT, a technique for
producing localised necrosis with light after prior administration of a photosensitising
drug), in which the NMLC has an outstanding international reputation. The main
attractions of PDT are: the effect is limited to tissues receiving an appropriate light
dose (even after systemic administration of the photosensitising drug); connective
tissues like collagen are largely unaffected (because there is no change in tissue
temperature) so the mechanical integrity of hollow organs is preserved; there is no
cumulative toxicity (so treatment can be applied more than once, even in tissues
previously treated with radiotherapy); and there is excellent healing. An increasing
number of pharmaceutical companies making photosensitiser drugs are negotiating
research contracts with the NMLC. Research projects range from basic laboratory

studies to phase I, Il and III clinical trials.
Main cancer related PDT activities:
Hollow organs (direct or endoscopic light delivery)

Dysplasia, early and advanced cancer of the mouth (Mr Hopper). Over 250 patients

treated, approaching a routine procedure.

Dysplasia and early cancer in Barrett’s oesophagus (Dr Lovat). A programme in
collaboration with the MRC in Cambridge (Dr Fitzgerald) to understand the biology
of malignant change in Barrett’s oesophagus and its response to PDT.

Dysplasia and early cancer in major airways (Dr George). A programme in
collaboration with the MRC in Cambridge (Dr Rabbitts) to understand the molecular

genetics of invasive change in severe dysplasia and to treat with PDT.

Localised cholangiocarcinoma (Dr Pereira). A few cases treated aﬁacdotally, but

national, multicentre trials currently being planned.

Solid organs (interstitial light delivery using fibres inserted through needles
positioned percutaneously under image guidance with US, CT or MRI).



Cancer of the pancreas (localised but inoperable) (Dr Pereira, Prof Lees). Recent
publication of first clinical report after several years of experimental work. Further
clinical studies now being planned.

Cancer of the prostate recurring after radiotherapy (Mr Emberton, Dr Payne). Recent
publication of the first clinical report after several years of experimental work.

Further clinical studies now being planned.

Head & Neck cancer that has spread deep in the neck and under the skull base (Mr
Hopper, Dr Jaeger). About 40 cases treated with good palliative effect.

Small, inoperable, peripheral lung cancers (inaccessible bronchoscopically) (Dr
George). Shown to be safe in animal studies with clinical programme being planned.

A few cases of small, primary bone cancers have been treated after experiments
showed that normal bone is remarkably resistant to PDT (Mr. Witt).

Main cancer related programmes using thermal lasers without photosensitising

drugs

Interstitial Laser Photocoagulation (ILP). As for interstitial PDT, ILP involves
light delivery using fibres inserted through needles positioned percutaneously under
image guidance with US, CT or MRI.  ILP destroys tissue by heat, so unlike PDT,
collagen is damaged and the mechanical integrity of hollow organs is at risk.

However, it is appropriate for ablating lesions in the centre of solid organs.

ILP for isolated hepatic metastases (Prof Lees). This was the first clinical
application of ILP, although most treatments now use percutaneous, interstitial

radiofrequency heating.

ILP for small breast cancers (Mr M. Keshtgar, Dr M. Hall-Craggs). This is a
research programme treating small cancers with ILP and assessing the results with
contrast enhanced MRI prior to conventional surgery to see if incomf)letely treated
areas can be detected by the MRI. The ultimate aim is to use TLP as an alternative to

lumpectomy.



We have also shown ILP to be an effective treatment for some benign lesions and are
now using it for fibroadenomas of the breast (Mr M. Keshtgar), osteoid osteomas of
bone (Mr J. Witt) and uterine fibroids (Mr A. Cutner).

Endoscopic applications of high power thermal lasers.

Endoscopic palliation of advanced, inoperable cancers of the oesophagus and rectum
(Prof Bown, Dr Lovat). This is a well established service, but ongoing programmes
are looking at combinations of laser therapy followed by palliative or radical
radiotherapy and/or chemotherapy (Dr Tobias, Dr Blackman).

Endoscopic palliation of advanced bronchial cancers (Dr J.George, established

service).

Optical diagnosis of dysplasia and cancer.

Elastic Scattering Spectroscopy (ESS) interrogates tissue with a short pulse of white
light and then undertakes a spectral analysis of the light scattered back. It has the
potential for immediate detection of cancer and dysplasia in a wide range of organs
without the need to remove any tissue from the patient and without the need of a
pathologist to interpret the result. Algorithms are being developed for automatic
analysis of the optical spectra. It also has the potential to be developed for the
instantaneous measurement of the concentration of drugs in living tissue. The NMLC
has pioneered study of this technique (funded by the US Army) and has shown 89%
sensitivity and 83% specificity for detecting dysplasia in Barrett’s oesophagus as well
as 84% sensitivity and 87% specificity for detecting metastatic cancer in excised
axillary lymph nodes. With more data and refinements of the spectral analysis, these
figures should improve further. Our further preliminary studies show promise for
distinguishing malignant melanomas from benign pigmented skin lesions and for

detecting dysplasia in the mouth and major airways.
Current experimental programmes related to cancer therapy
Development of techniques for monitoring PDT in real time (no macroscopic changes

are visible until 1-2 days after PDT). Most work is focusing on measuring tissue

oxygen levels by visible and infra-red spectroscopy using fibre optic probes that can



be applied to a tissue surface or interstitially. This is a major programme involving

technical developments as well as in vivo studies.

PDT on normai rat gastrointestinal tract to find the best photosensitiser and treatment
conditions for achieving mucosal necrosis without underlying muscle damage, as
required for treating extended areas of abnormal mucosa (eg Barrett’s oesophagus).

PDT on normal rat liver and colon to establish the relative importance of
microvascular  shutdown and cellular necrosis/apoptosis with  different

photosensitisers.

Studies on singlet oxygen (thought to be the cytotoxic intermediary in PDT).

In vitro studies on photochemical internalisation (PCI, see below).

Development of chemiluminescence as the light source for PDT

Development of light delivery devices for intraluminal and interstitial PDT.
Fundamentally new cancer research areas that could be developed in the NMLC:

Photochemical internalisation (PCI). The idea is to use PDT as a way of releasing
other biologically active substances inside living cells. This could be used for anti
cancer drugs or even as a way of introducing new genes into particular organs in the
body. In vitro studies already suggest that this technique may be a way of killing

chemotherapy resistant cells.

Interaction of PDT with angiogenesis. One of the mechanisms of PDT is to shut
down small blood vessels (although larger vessels with adequate connective tissue in
their walls maintain their mechanical integrity) and it is possible that PDT might be
complementary to anti-angiogenesis drugs currently being developed and assessed.

The immunological effect of PDT. There is anecdotal evidence that PDT may give
rise to a systemic immunological response, perhaps by the initial effect releasing
previously hidden antigens. If this could be understood and exploited, it might have

arole in treating micrometastatic disease.

PDT Research projects in the NMLC not related to cancer



Prevention of restenosis after balloon angioplasty (Dr J. McEwan, Mr C.Bishop).
Publication of the first clinical report using adjuvant PDT to prevent restenosis after
repeat angioplasty for recurrent femoral artery disease, after several years of
experimental studies. A large, randomised clinical study is currently under way

together with experimental work looking at combining PDT with arterial stents.

Treatment of menorrhagia by trans-cervical installation of photosensitiser and
subsequent light delivery (Mr A Cutner). Experimental work is underway in rabbits,
together with studies on light delivery devices using human hysterectomy specimens.
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Abstract

Head-and-neck cancers not only carry poor prognoses, but also reduced quality of life for the
patients. Disease control is often achieved at the expense of substantial functional loss and
disfigurement. Photodynamic therapy (PDT) is particularly well suited to the treatment of
head-and-neck-tumours because it has little effect on underlying functional structures and has an
excellent cosmetic outcome. Studies in the past decades have shown that PDT is of similar efficacy as
traditional measures in the treatment of early-stage head-and-neck cancers with an overall response rate
of 85%-100% with up to 75% of the complete responses sustained at 2 years after PDT. For advanced
head-and-neck cancers, studies were also conducted to evaluate the palliative effects of PDT. Overall,
58%-70% palliative benefit can be observed in these patients. Using interstitial PDT, median survival
of the patients with recurrent unresectable head-and-neck cancers can be improved to 14 months (cf.
226 days by using surface illumination PDT). PDT is thus a therapeutic option that may prove a useful
addition to the armamentarium of the integrated head and neck oncology team.
Head-and-Neck Cancers- A Continuous Challenge to the Oncologists

Because of the complex regional anatomy, head-and-neck cancers constitute a unique category of
human malignancy. Every year there are about 363.100 new cases of head-and-neck cancers over the
world (81.600 cases in Europe)(1;2). The incidence varies considerably with different countries. For
example, nasopharyngeal carcinoma (NPC) is common in Southeast China, Hong Kong, Singapore and
Taiwan but is rare in the Western countries. Globally, the incidence of oral cavity cancer is highest in
India and Southeast Asia whilst Western Europe has the highest incidence of oral cavity cancer in the
Western countries(3;4). The mortality rate varies, on the other hand, with the site and stage of the
primary tumours. Overall, thyroid cancers carry the best prognosis whilst oral cavity cancers have the
worst prognosis(5;6). For oral cavity cancers, the probability of maintaining local control at two years
for patients with T, or T, squamous cell carcinoma (SCC) is 75 — 85%(7). Although some early
head-and-neck cancers are cured effectively, the overall outcome remains unsatisfactory. The overall
survival rates have remained unchanged since 1974 at around 55% for white people and have declined
slightly for blacks (down from 36% to 33%)(8-11).

Although chemotherapy plays an important role in the treatment of some head-and-neck cancers

such as NPC(12;13), the mainstay of treatments for most of the head-and-neck cancers are surgery and



radiotherapy, either alone or in combination. Surgery is an effective measure for early stage cancers.
However, because of the specialised function of the head-and-neck region, surgical resection, even of
small volume tumours, can cause functional and aesthetic impairment leading to withdrawal and social
isolation. For advanced tumours, major surgical ablation plus locai or free-flap reconstruction leads to
significant aesthetic and functional morbidity. Radiotherapy, although with less impact on the structural
integrity, carries acute toxicities and long-term complications to the patients. Xerostomia, speech
disorder, dysphagia, pain, osteoradionecrosis or depression develop long after completion of treatment,
and greatly reduce the patients’ quality of life(14-16). It might be possible to justify the sacrifice of life
quality for patients if survival were improved. However, despite the advances in oncological disciplines
during the last decades, about half of the head-and-neck cancer patients still succumb to their disease.

The management of head-and-neck cancers is further complicated by the occurrence of multiple
primary malignancies. It is now accepted that the incidence of multiple primary SCC occurring in the
upper aero-digestive tract can be as high as 20-30%(17;18). The pathogenesis is not well understood,
but it is probably related to the effects of multiple carcinogens. Slaughter et al. had suggested the term
"field cancerisation" to describe the situation where the entire region of upper aero-digestive tract
mucosa is exposed to carcinogen, thereby increasing the risk of that tissue developing multiple
independent pre-malignant and malignant areas(19). It is now known that sequential impairment of
tumour suppressor genes and activation of oncogenes are also responsible for the pathogenesis of
multiple primary head-and-neck cancers(20). It is also known that in the younger population or in
patients with “condemned mucosa” the incidence of radiation-induced malignancies is greatly
increased(21). Management of a second primary cancer within the previously operated or irradiated
field is even more difficult. The difficulties associated with treating these tumours suggest a need for
alternative treatments that are less destructive, repeatable and compatible with previous and subsequent
radiotherapy and surgery.
Basic Mechanisms of Photodynamic Therapy

Photodynamic therapy (PDT) has been known for about a century but it wasn’t until the
mid-seventies that there was a real breakthrough. Dougherty and his colleagues reported a cure of 48%
of rats and mice with subcutaneously implanted tumours treated with haematoporphyrin derivative
(HpD) mediated PDT(22). Three years later, the same group published highly encouraging results of
the first clinical trial on 25 patients with various types of tumours, mainly metastatic, effectively
inactivated by PDT(23). PDT is a site-specific, non-thermal, minimally invasive procedure. It requires
a photoactive substance (photosensitiser) to absorb light (photon) of a specific wavelength matching
the absorption characteristics of the photosensitising agent. On illumination, the photosensitiser is
activated from a stable electronic ground state, to a short-lived, highly unstable excited state, then to a
metastable triplet state. The triplet state of the photosensitiser has a relative long lifetime and can
undergo either electron transfer to a nearby suitable molecule (e.g. membrane lipid) (type I reaction) or
energy transfer to the surrounding molecular oxygen (type Il reaction)(24). Hydrogen peroxide and

other superoxide radical anions are produced directly from the type I photodynamic reaction whilst the



non-radical, highly reactive singlet oxygen species are produced through the type II photodynamic
reaction. Both reactions may occur simultaneously and are responsible for the photoinactivation effects
of PDT. However, it is generally accepted that the type II photodynamic reaction is probably the main
mechanism of PDT-induced cell death. In addition to the 2 types of photodynamic reactions, vascular
shutdown to the tumour as well as PDT-induced immunological responses are also involved in the
tumouricidal effects of PDT(25).
Advantage of PDT over Conventional Measures for Head-and-Neck Cancers

Most of the photosensitisers are selectively retained by the cancer cells due to unknown
mechanisms. Accordingly, in clinical practice, the photosensitiser is administered first and then
illumination is carried out when a differential in photosensitiser concentration between the tumour
tissue and adjacent normal tissue has developed. This protocol encourages neoplastic tissue necroses
with some preservation of the normal tissue. Because PDT is a non-thermal reaction, the necrosis is
localised and healing takes place with little scarring, and good preservation of function(26;27). Surgery,
radiotherapy, or chemotherapy does not preclude the use of PDT nor will PDT compromise the
subsequent use of any other treatiment(28). Unlike ionising irradiation, PDT is repeatable without
cumulative tissue toxicity(29). Because of these characteristics, PDT is an ideal option in the treatment
of head-and-neck cancers.
Photosensitisers for Clinical Head-and-Neck Cancer Treatment

To verify the safety and efficacy of PDT in the treatment of head-and-neck cancers, many clinical
studies have been performed during the last 2 decades. Although new photosensitisers have been
synthesized, only a few of them have been used in clinical head-and-neck cancer patients. Table I
compares the three most commonly used sensitisers. Porfimer sodium (Photofrin) is one of the first
generation photosensitisers and belongs to the HpDs. It is probably the most extensively studied and
clinically used photosensitiser. It is also the first photosensitiser to receive regulatory approval. Over
4000 patients with various cancers have been treated with Photofrin to date(30). Photofrin absorbs light
maximally at about 400 nm, however, the absorption band that is used clinically in the red at about 630
nm is relatively weak. Therefore, the depth of effect for photofrin is limited to about 0.5 cm. Clinically,
the major drawback of photofrin is the prolonged skin photosensitivity, sometimes longer than 4-6
weeks after sensitisation(31). The second photosensitiser used in head-and-neck oncology is
S-aminolaevulinic acid (ALA). ALA is a naturally occurring photosensitising precursor which is
metabolised to a photoactive endogenous intermediate substance, protoporphyrin IX (PPIX), in the
mitochondria matrix(32). ALA can be given topically, orally or intravenously ard its active metabolite,
PPIX, can be activated by red, green, and even blue light. There are great variations in the amount of
PPIX accumulated following ALA administration in different organs and tissues. A notably higher level
of ALA induced PPIX was found in the epithelial lining tissues- urothelium, endometrium, and mucosa
of the hollow organs of the gastrointestinal tract(33-35) than in the underlying submucosa and muscle
layers. The specific distribution of ALA makes it a good candidate for the treatment of superficial,

mucosa lesions. But it is also because of this limited tissue penetration (< 0.2 cm) that makes ALA not



suitable for treating deep, bulky tumours. Meta tetrahydroxypheny! chlorin (nTHPC, temoporfin,
Foscan) is the third photosensitiser that is used in clinical head-and-neck cancer patients. Foscan has a
strong absorption peak in the red part of the spectrum at 652 nm, which gives better tissue penetration
than at the 630 nm required for photofrin(36). Reflecting to the depth of treatment,
Foscan-PDT-induced necrosis can reach to about 1 cm in depth. Foscan is also a much more effective
generator of singlet oxygen species than HpD. So the light doses used in Foscan-PDT are far less than
the first generation photosensitisers and the treatment time can be shortened to only a few minutes.
Another advantage of Foscan-PDT is skin photosensitivity to bright light lasts for only about 2-3 weeks,
up to a maximum of about a month.

The Evolution of Head-and-Neck Cancer PDT

The clinical reports of implementing PDT in the treatment of head-and-neck cancers can be
traced back to about 20 years ago and the whole span can be divided into halves. Before 1994, all the
studies were performed using the first generation photosensitisers, e.g. HpD or Photofrin. The studies
established that PDT could be an important adjuvant treatment modality for head-and-neck cancers. It
also laid the foundation of future development of clinical PDT. After 1994, PDT has got regulatory
approval and several second-generation photosensitisers have been developed and used in pre-clinical
and clinical trials. Unfortunately because of the financial problem and collapse of the manufacturer of
Foscan, the most potent photosensitiser for head-and-neck cancer treatment to date, the development of
head-and-neck PDT was slowed down. Recently, Foscan has been back to the market again and many
clinical trial results using Foscan-PDT to treat head-and-neck cancers will soon be published.

PDT with the First Generation Photosensitisers (Table I1I)

In 1985, Schuller et al. reported their results of HpD-PDT on 24 patients with recurrent or
metastatic head-and-neck cancers(37). All tumours responded to PDT albeit the durations were short.
Using Photofrin as a photosensitiser, Keller et al. treated 31 patients with PDT and reported all 3 early
stage oral cavity cancers in their series achieved complete responses (CR) whilst bulky tumours or neck
metastases responded poorly(38). Using the same photosensitiser, Grossweiner et al. treated 9 patients
with early recurrent oral cavity and pharynx cancers. Eight patients had CR whilst the remaining one
patient had partial response (PR)(39). Freche and DeCorbiere treated 32 patients with T1 glottic
carcinomas with HpD or Photofrin and achieved a 78% CR rate with 12- to 48-month follow-up(40).
Zhao et al. treated 50 patients with lip cancer using HpD-PDT and achieved a 100% cure rate(41).
They also treated 31 patients with various head-and-neck cancers with combined PDT and radiotherapy
and achieved a 100% CR rate. The authors thus suggested that PDT may enhance the effect of
radiotherapy(42). Feyh et al. treated 30 patients with T1 malignancies of the face and oropharynx.
Seven of the 8 oral cavity tumours in their series had CR(43). Wenig et al. reported on 26 treated
patients with early recurrent SCC. Histological CR was noted in 77% of their patients for periods up to
48 months(44). Gluckman reported his 5-year experience of Photofrin-PDT on 41 head-and-neck
cancer patients. Superficial early (T1 or T2) cancers of the oral cavity and oropharynx were the easiest

to treat. Eleven of 13 such tumours had CR. However, for tumours of other head-and-neck sub-sites



and advanced recurrent tumours, the results were disappointing(45). Grant et al. treated 11 patients
with “field cancerisation” and early oral cavity cancers with Photofrin-PDT. Ten of the 11 patients
showed a CR after 8 weeks and no patient had evidence of recurrent invasive carcinoma in the treated
area at the last follow-up(46). The largest series of HpD- and Photofrin-based PDT for head-and-neck
cancer treatment comes from the works of Biel. He reported treating 107 head-and-neck cancer patients,
including 33 laryngeal, 32 oral, nasal, or nasopharyngeal, 13 recurrent or primary T2 or T3, 12
recurrent but resectable, 4 recurrent unresectable tumours and some melanomas and sarcomas, in a
7-year span(47-51). Overall, more than 90% of the early-stage tumours had CR (mean follow-up 37-44
months). Biel also published the first report of using intra-operative PDT for recurrent but resectable
tumours(52). Salvage operation was performed first in those patients and PDT was then used to
eradicate the microscopic disease. Among the 12 patients he treated, 7 were disease-free for a mean
follow-up of 44 months. Four of the remaining 5 patients developed distant metastasis and the other
one had a real in-field local failure. Tong et al. treated 12 recurrent NPC patients with HpD-PDT(53).
All 12 recurrent tumours showed response to the treatment. Of the 8 patients treated with curative
intent, 3 remained disease-free at 9-12 months after a single treatment. In a recent paper, Schweitzer et
al. reported their long-term experience with Photofrin-PDT in the treatment of early-stage (Cis-T2) oral,
oropharyngeal and laryngeal cancers(54). Sixteen of the 20 patients had CR and the response sustained
for up to 9 years. Overall, Patients with early-stage cancers or early recurrences (Cis, T1 and early T2)
tend to have a very good response to HpD or Photofrin-PDT. About 85-100% of the tumours obtained a
complete clinical response after one PDT treatment. Phototoxicity is the most commonly noticed side
effect. However, results of treating bulky tumours and neck metastases were disappointing.

PDT with the Second Generation Photosensitisers (Table 111)

Grant et el. published the first report of using ALA-PDT in the treatment of oral cavity
cancers(55). Three of the four tumours showed marked necrosis after PDT treatment. Fan et al.
continued the study and implemented ALA-PDT to treat 18 patients with premalignant and malignant
lesions of the oral cavity(56). All 12 patients with dysplasia improved after PDT whilst only 2/6
patients with carcinomas gained CR. They also studied the depth of necrosis produced by ALA-PDT.
Although complete epithelial necrosis was present in all cases, the depth of necrosis by ALA-PDT was
only 0.1 to 1.3 mm(56). Another study by Sieron et al. also showed that ALA-PDT was not efficient
enough to treat head-and-neck SCCs(57). In general, ALA-PDT is good for head-and-neck
premalignant lesions (over 80% CR rate) but not efficient enough to eradicate malignant tumours.

Foscan is so far the most potent licensed photosensitiser for PDT. The maximum depth of
necrosis produced by Foscan-PDT can be up to 1 cm. Fan et al. used Foscan-PDT to treat 20 patients
with premalignant or malignant tumours in the mouth. CR was achieved in 9/12 SCC patients(58).
Kubler et al. treated 25 patients with early stage (Tis-T2) lip cancers and reported a 96% CR rate at 3
months(59). Only 2 of the complete responders recurred (one 4 months and the other one 18 months
after PDT) during the follow-up. A large-scale multi-centre study using Foscan-PDT for early stage

(Tis, T1 and early T2) oral cancers has been completed recently(60). The CR rate at 2 years was 75%



after one PDT treatment. For those who failed the primary PDT treatments, “salvage” measures,
including re-PDT, surgery or radiotherapy, were used and CR could be achieved in 8/13 patients.
Savary et al. treated 25 synchronous or metachronous early second primary head-and-neck SCC
patients (total 33 tumours) with Foscan-PDT(61). CR was observed in 85% (28/33) of the tumours
(median follow-up 14 months). Tan treated 41 “early” recurrent or second primary oral cancer patients
and achieved an 89% CR rate if the tumour size was no bigger than 2 cm(62). However, if the tumour
size was bigger than 3 cm, the CR rate dropped to 29%. To assess the efficacy of Foscan-PDT in the
palliative treatment of head-and-neck cancers, another multi-centre study was performed(63). A total of
64 recurrent or second primary head-and-neck cancer patients who were not suitable or had exhausted
traditional salvage modalities were recruited into the study. The median survival of the patients after
PDT was 226 days. Fifty-eight percent overall palliative benefit was achieved. The limitation of
surface-illumination PDT is the penetration of light in tissues. Although early-stage superficial tumours
are cured effectively, the results of treating large, bulky tumours are disappointing. To overcome the
limitation of PDT, Lou et al. implemented interstitial PDT to treat recurrent, unresectable
head-and-neck cancers(64). The overall median survival of the patients was 14 months whilst 72%
overall palliative benefit was achieved. The local control rate at 12 months was 41%. The advantages
of Foscan-PDT, compared with Photofrin-PDT, are deeper tissue penetration and tumour necrosis,
shorter treatment time and less phototoxicity. It is a safe and effective measure for both early-stage oral
cavity cancers and recurrent unresectable head-and-neck cancers.
Conclusion

Although it is very difficult to treat head-and-neck cancers satisfactorily, PDT seems to be
particularly suited for these tumours because it has little effect on underlying functional structures and
has an excellent cosmetic outcome. Studies in the past have confirmed that PDT is a safe and effective
means in the treatment of head-and-neck cancers. Recent developments in biochemical and molecular
technology have improved the specificity and efficacy of photosensitisers. Treatment time is greatly
reduced whilst depth of tumour necrosis is greatly increased. Improvement in the light delivery system
and implementing interstitial treatment into PDT has extended the indication of PCT from surface,
superficial tumours to deep-seated, bulky tumours. PDT is a therapeutic option that may prove a useful
addition to the armamentarium of the integrated head and neck oncology team.
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Table I. The Most Commonly Used Photosensitisers in Head-and-Neck PDT

Sensitiser Photofrin ALA Foscan
Drug Dose 1.5-5mg IV 60 mg/kg Oral 0.1-0.3 mg/kg IV
Drug-Light Interval 24-72 hrs 3-6 hrs 36-168 hrs
Light Wavelength 630 nm 635 nm 652 nm
Light Dose 100 J/em? 100 J/em? 20 J/em®
Table II. Selected Reports of PDT with the First Generation Photosensitisers
Reference Tumour site N Photosensitiser Main results
Schuller et al.””  Head-and-neck 24 HpD All tumours responded to PDT
Keller et al Oral cavity 31 Photofrin  Early-stage tumours: CR 100% (3/3)
Grossweiner et al.*® Oral cavity and 9 Photofrin CR: 89% (8/9), PR: 11% (1/9)
pharynx
Freche and T1 Glottic 32 HpD or CR: 78% (follow-up 12-48 months)
DeCorbiere® Photofrin
Zhao et al.""** Lip 50 HpD CR: 100%
Head-and-neck 31 HpD+RT CR: 100%
Feyhet al.? T1Faceand 30 Photosan IiI CR: 88% (7/8) of T1 oral cavity
oropharynx tumours
Wenig etal.*  T1 various sites 26  Photofrin CR: 77% for up to 48 months

Gluckman® Head-and-neck 41  Photofrin T1 + T2 oral cavity and oropharynx
tumours: CR 85% (11/13)
Grant et al.** Oralcavity 11 Photofrin CR: 90% (10/11)
Biel*® 72 Head-and-neck 107  Photofrin T1 larynx: CR 21/21
T2 larynx: CR 4/5
T1, superficial T2+T3 oral cavity,
nasal, nasopharyngeal: CR: 32/32

Intra-operative Recurrent but respectable tumours:

PDT NER 7/12 (follow-up 44 months)
Tong et al Nasopharynx 12 HpD NER 3/8 patients with curative intent
Schweitzer et al.”*  Cis-T2 various 20  Photofrin  Oral cavity and oropharynx: CR 80%
sites (8/10)

Larynx: CR 80% (8/10)

CR: complete response, NER: no evidence of recurrence, PR: partial response




Table I11. Selected Trials of PDT with the Second Generation Photosensitisers

Reference Tumour site N Photosensitiser Main results
Grant et al.” Oral cavity 4 ALA Tumour necrosis in 3/4 carcinomas
Fan et al.*® Oral cavity 18 ALA 12/12 dysplasia improved
(field-change) CR: 2/6 carcinomas
Sieron et al.*’ Larynxand 5 ALA CR: 4/5 dysplasia
hypopharynx PR: 5/5 carcinomas
Fan et al.®® Oral cavity 20 Foscan CR: 6/6 up to T3 carcinomas
(field-change) 3/6 T4 carcinomas
Kubler et al.*® Lip (Tis-T2) 25 Foscan CR: 96% (24/25) at 3mo
2 recurrences 4 and 18 mo after PDT
Hopper et al.* Oral cavity 108 Foscan 82% CR after 1 year, 75% CR after 2
(Tis-T2) years
Savary et al.®' Head-and-neck 33 Foscan 85% CR (F/U 14 mo)
Tan et al.* Oral cavity 41 Foscan 89% CR if tumour < 2cm
29% CR if tumour > 3 cm
Wenig etal®  Head-and-neck 64 Foscan CR: 16%, median survival: 226 days
58% overall palliative benefit
Lou et al.* Head-and-neck 39 Foscan Response rate: 89% (14% CR)

(recurrent,

unresectable)

(interstitial)

Overall median survival: 14 mo

72% overall palliative benefit

CR: complete response, F/U: follow up, PR: partial response
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Abstract

Objective: To assess the safety and efficacy of interstitial photodynamic therapy (IPDT) for advanced
head and neck cancers.

Design: Phase I-II study.

Setting: Multidisciplinary oncology clinic at the University Coliege London Hospitals.

Participants: Patients with persistent or recurrent head and neck cancer unsuitable for further
treatment with surgery, radiotherapy or chemotherapy, who were referred for “last hope” salvage
treatment.

Results: 45 patients were treated and follow up was available on 39. Nine achieved a complete
response of whom five are alive and free of disease 10-60 months later. Symptomatic relief (mainly for
bleeding, pain or tumour debulking) was achieved in a further 23. The median survival (Kaplan-Meier)
was 16 months for the 32 responders but only 1 month for the seven non-responders. The only serious
complication was a carotid blow out 2 weeks after PDT.

Conclusions: IPDT provides worthwhile palliation with few complications and occasional long term
survivors for otherwise untreatable advanced head and neck cancers. It is a treatment option worth
adding to those available to integrated head and neck oncology teams.

Introduction

The treatment of head and neck cancer continues to pose a major clinical challenge. Although some
early cancers can be cured, the overall survival rates have remained unchanged for several decades.'
Thirty to forty percent of patients with head and neck cancer have persistent or recurrent locoregional
disease after completion of definitive treatment. In the majority, surgical salvage is either not feasible
or carries a high risk of complications.” Similarly, further radiotherapy is often impossible as
surrounding tissues will already have received the maximum tolerable dose of ionising radiation.>*
Only a very small portion of these patients are long-term survivors.

Photodynamic therapy (PDT) is a site-specific tumour treatment involving the administration of a
photosensitiser followed by focal activation in the presence of oxygen using light of a wavelength
matched to an absorption peak of the photosensitiser.” For cancers of the oral cavity, the function and
appearance of the mouth can be preserved without sacrificing the efficacy of tumour control.%’ PDT
does not have the cumulative toxicity associated with ionising radiation and can be applied safely to
previously irradiated tissues. Thus, it has considerable potential for patients with locally persistent or
recurrent disease after surgery or radiotherapy.

PDT is usually undertaken with external illumination of the target tissue, but larger lesions in surgically
inaccessible sites can be treated using interstitial therapy, in which multiple laser fibres are inserted
directly into tumours through needles positioned under image guidance.® In this paper, we report the
first phase I-1I study to assess the safety and efficacy of interstitial PDT (IPDT) as a salvage treatment
for recurrent head and neck cancers.

Materials and Methods.

Patients

Patients with biopsy confirmed persistent or recurrent head and neck cancers were recruited from the
multidisciplinary oncology clinic at the University College London Hospitals. These tumours were



either considered unresectable or the patients were not suitable for further surgery. Some patients
already had complications from prior radiotherapy and none were suitable for further irradiation. All
were regarded as having a poor prognosis. All patients underwent either computerised tomography (CT)
or magnetic resonance imaging (MRI) to assess the extent of disease. The experimental nature of the
treatment was explained and written consent was obtained. The study was approved by the ethics
committee of the University College London Hospitals, although during the course of the study, the
photosensitising drug used was approved by the European Medicines Evaluation Agency for surface
illumination PDT in this group of patients.

Interstitial Photodynamic Therapy

Patients were sensitised with 0.15 mg/kg intravenous meso-tetrahydroxyphenyl chlorin (mTHPC,
Foscan®, Biolitec Pharmaceuticals Ltd, Germany) and were treated 4 days later. The light source was a
diode laser (Diomed Ltd, Cambridge, or Ceramoptec Gmbh, Germany, wavelength 652 nm) with the
primary beam feeding into a beam splitter to produce four treatment fibres (core diameter 0.4 mm, bare
tip). The power delivered down each fibre was 100 mW, checked with a power meter prior to use. 18
gauge needles were positioned trans-orally or percutaneously into the tumours at approximately 1.5 cm
intervals. Ultrasound, CT, or MRI guidance was used for needle insertion into deep-seated tumours,
particularly for those thought to lie close to vital structures such as the carotid artery, cervical vertebrae
or the skull. The fibres were passed through the needles using a flagging system to ensure that the fibre
tip was exposed to the tissues and not still inside the needle. Up to four fibres were positioned at a time
and a pullback technique was used with 1cm steps to treat thicker tumours. The energy applied at each
treatment site was 20 joules. After administration of mTHPC, patients followed a regime of controlled
re-exposure to light over a period of 2-3 weeks.

Assessment and Follow-up

4 weeks after PDT, the results were assessed as: complete response (CR): no evidence of disease;
partial response (PR): 50% decrease of the tumour volume; stable disease (SD): no change in tumour
size enough to describe as PR or PD; progressive disease (PD): an increase of at least 25% in the size
of measurable lesions or the appearance of any new lesions. Tumour volume was estimated by physical
and radiographic measurements before and after PDT. Most treatments were carried out with palliative
intent and the results assessed objectively and subjectively.

Results

Between July 1997 and December 2002, 45 patients were treated with salvage IPDT. Six underwent
IPDT without complications, but were lost to follow-up before their one-month assessment, so were
excluded from the subsequent analyses. Details of the remaining 39 patients with recurrent (36) or
persistent (3) cancers and their management prior to PDT are summarized in table 1. Tumour details
are summarized in table 2.

Excluding the six patients lost to early follow-up, 61 treatments were performed on 39 patients. The
laser fibres were inserted trans-orally, percutaneously, or both in 34 (56%), 22 (36%), and 5 (8%)
treatments, respectively. Twenty-four patients (62%) received a single treatment; 10 patients (26%)
received two treatments, four patients (10%) received three and one patient received five treatments.
21% (8/39) of the treated tumours were close to major structures deep in the neck (e.g. carotid artery),
another 21% (8/39) had invaded up under the base of skull, whilst 15% (6/39) had compressed the
trachea. The one month response could be assessed after 56 of these 61 treatments. CR was achieved in
8 treatments (8 patients, 14%); PR was achieved in 42 treatments (75%), one of which became a CR
with additional treatment, as described below, SD was noted in 4 (7%) whilst PD was encountered in 2
treatments (4%). The overall response rate (CR + PR) was 50/61 (82%).

Although the patients in this study had failed conventional therapy, seven were treated with curative
intent because of the relatively early stage of recurrent disease. Four had a CR after [PDT. Two others
only had PR and subsequently died of their disease 9 and 17 months later. A young girl with a Scm
alveolar soft part sarcoma of the hard palate had a limited tumour resection and full courses of
ifosfamide, vincristine and actinomycin-D before IPDT, but still had progressive disease. After two
treatments with IPDT, only microscopic tumour was detectable. After radiotherapy and a further local
resection she became disease-free and is now alive and well 5 years later (Fig 1). Four further patients,
who were treated initially with palliative intent, had a CR. Of the nine patients who achieved disease
free status, five are still alive and free of disease 10-60 months after PDT (Table 3).

In addition to the four patients who had a CR, a further 28 patients with more advanced disease were
treated with palliative intent. Nineteen of these were fed through a gastrostomy and five also had a



tracheostomy. One patient had a tracheostomy without a gastrostomy. Eight had bulky tumours, but
were able to maintain oral nutrition. In all but five, the main clinical problem was the tumour bulk
(median 48cm’, range 12-228cm’). Some had more than one dominant symptom. It was not possible to
improve swallowing or close the tracheostomy in any of these individuals. Nevertheless, PDT reduced
the tumour bulk with subjective benefit for the patients in 17 of 23 cases. Bleeding was stopped in 3 of
3, dyspnoea was relived in 1 of 2 and brachial plexus compression was relived in 1 of 1, but pain was
only helped in 2 of 5 cases. Thus clinical benefit was achieved for 24 of the 33 dominant symptoms.
MR images of one patient before and after PDT to reduce bleeding are shown in Fig 2. Of the 21
patients in this group who achieved worthwhile palliation from PDT, eight survived for more than a
year (including two who are still alive, 24 and 31 months after PDT). All seven patients who did not
respond to PDT were dead within 2 months. For the whole group of 39 patients, the median survival
(Kaplan-Meier) was 14 months (Fig 3). For the 32 patients responding to PDT, the figure was 16
months. For the seven who did not respond, it was only 1 month. Patients with squamous carcinomas
had a slightly shorter survival compared with other pathologies (not significant).

Eight patients had treatments in close proximity to the facial nerve, 15 were close to the hypoglossal
nerve and two were close to the brachial plexus. The only neurological deficits prior to PDT were in
two hypoglossal nerves and one brachial plexus. After PDT, there was no further loss of function in
any of these nerves and in the patient with a brachial plexus deficit, voluntary arm movement improved
after PDT.

Complications

The expected post-treatment pain and swelling subsided in 2-4 weeks. There was no treatment related
airway obstruction. The only major treatment related complication was a carotid blow out 2 weeks after
PDT in a 33 year-old lady with recurrent neck disease. On an MR scan taken 1 month prior to IPDT,
the tumour was judged to be close to, but not involving the carotid artery. Post-mortem examination
showed malignant cells along the intima of the carotid artery implying tumour invasion. Skin
photosensitivity was noted in one patient who failed to comply with the recommended regime for light
exposure.

Discussion

Despite the advances in oncology during the last few decades, most patients with recurrent head and
neck cancer still succumb to their disease in a relatively short period of time. The patients in this study
were all referred for “last hope” salvage treatment, having been considered unsuitable for further
treatment with surgery, radiotherapy or chemotherapy. Nevertheless, five patients (13%) are alive and
apparently free of disease 10-60 months later, and the median survival time for the 32 patients (82%)
who responded to PDT was 16 months.

Damage to cranial nerves and major blood vessels during salvage surgery or radiotherapy is difficult to
prevent and greatly reduces the patients’ quality of life. In the present study, the treated tumour encased
or was in close proximity to important nerves in 24 patients, but no loss of function was detected and in
one case (brachial plexus compression), nerve function improved after PDT. Thus anecdotally, nerves
seem to tolerate PDT well. There is also good experimental evidence that the risk of thrombosis or
rupture of normal arteries after PDT is minimal, due to preservation of elastin and collagen fibres.”
Better imaging should reduce the risk of treating arteries invaded by tumour. The carotid blow-out was
our only serious complication. The willingness of patients to undergo repeat treatments showed that the
technique was well tolerated.

Our results compare favourably with other therapeutic options. Salvage surgery is rarely curative and
carries a 20-40% risk of serious complications.'®"" Similarly, many different salvage radiotherapy
regimens have been used, including external beam, interstitial “high-dose-rate” or “low-dose-rate”
brachytherapy.>'>"> Although 20-30% of patients may survive for 2 years, moderate to severe
complications (including carotid blow-out) have been reported in 30%-40% of cases. Chemotherapy
for these recurrent cancers has a response rate of no more than 10%-30% with a median survival of
about 6 months.'* Newer drugs have not improved the response rates significantly from those seen with
traditional cisplatin-based chemotherapy.'’

Two of the 3 sarcomas treated in this study responded remarkably well. The young girl with a sarcoma
of the palate is free of disease at 5 years and the older patient with a skull base osteosarcoma had good
relief from his headache. PDT may be able to play an important role in the management of these rare



tumours, especially those occurring in surgically inaccessible sites, as the response to chemotherapy
and radiotherapy is not always good.

Conclusions

Recurrent head and neck cancers are difficult to treat because of the complex regional anatomy and
close proximity to vital structures. This study shows that IPDT can be an effective salvage measure for
these unfortunate patients. It is minimally invasive, effective for carcinomas and sarcomas and can be
used in patients who are unfit for further radiotherapy or surgery. It is a therapeutic option that is likely
to become a useful addition to the armamentarium of the integrated head and neck oncology team for
late stage disease.
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Table I. Patient details. Many primary and some salvage treatments prior to PDT included more than
one therapeutic modality.

Median age 58 years (range 8-84)
Sex
Male 25 (64 %)
Female 14 (36 %)
Primary treatment
Surgery 15 (38 %)
Radiation 35(90 %)
External only 25
External & brachytherapy 3
Concurrent chemotherapy 7
Salvage treatment after recurrence 16 (41 %)
Surgery 12
Brachytherapy 3
Palliative chemotherapy 3

Table 2. Tumour details.

Tumour location No. of patients Tumour location No. of patients
Anterior tongue 6 Tonsillar region 5
Buccal mucosa 2 Oropharyngeal wall | 2
Floor of mouth 4 Maxillary sinus 2
Alveolar ridge 3 Nasal cavity 3
Hard palate 3 Nasopharynx 1
Tongue base 1 Parotid 2
Neck 4 Thyroid 1

27 were squamous cell carcinomas and 3 were adenocystic carcinomas. There was one each of: basal
cell carcinoma (parotid gland), olfactory neuroblastoma, follicular cell carcinoma,
haemangiopericytoma, branchiogenic carcinoma, primitive neuroectodermal tumour, malignant fibrous
histiocytoma, osteosarcoma and alveolar soft part sarcoma. Tumour staging at the time of PDT was:
r’I'23:3, rT3:3, rT4:31, IN2:1, rN3:1. The median estimated tumour volume was 38 cm’ (range 8-224
cm’).




Table 3. Summary of complete responders and disease-free patients

Case Ageat Sex Treatment Pathology Stage Previous Time from Tumour Disease-free  Follow-up  Outcome
no IPDT site Original/recurrent treatment mitial tx to volume (cm’) time (month) time (month)
[PDT (month) prior to PDT
| 52 M Neck SCC N3/N2 R.S 18 12 14 17 LR
2 57 F HP Neo T2/T4 R 30 32 NER 22 uD
3 60 M TB sccC T4/T4 CR.B 46 80 12 17 LR
4 82 F AR Nels T4/T2 S.S 5 8 NER 13 AW
5 21 F Tongue Neo TI/T3 S. S 24 12 26 32 LR
6 52 M FOM sccC T4/T3 S,R 5 10 NER 10 AW
7 59 M Tongue sccC T4/T4 CR 8 60 NER 28 AW
8 42 F Paroud ACC T4/T4 S.R 46 32 NER 15 AW
9* 8 F HP ASPS T2B/T2B C. S 3 20 NER 60 AW

ACC: adenoid cystic carcinoma, AR: alveolar ridge, ASPS: alveolar soft part sarcoma,
AW: alive and well, B: brachytherapy, C: chemotherapy, CR: chemoradiation, FOM:
floor of mouth, HP: hard palate, LR: died of local recurrence of disease, NER: no
evidence of recurrence at the last follow-up, R: radiotherapy, S: surgery, SCC:
squamous cell carcinoma, TB: tongue base, tx: treatment, UD died of unrelated
disease,

*Two IPDT treatments were performed to debulk the tumour followed by
radiotherapy and local excision for persistent microscopic disease. Since then, she
has been free of disease.

Figure Legends

Fig 1. Alveolar soft part sarcoma in an 8 year-old girl. A: Palate viewed immediately
before the first IPDT. A retractor (dark arrows) was applied to the upper lip (UL)
exposing the bulky tumour that occupied the whole hard palate with extension to the
soft palate and the right palatine tonsil. Black shields (B) were used to protect the
tongue (T) and normal oral mucosa. White arrows indicate the endotracheal tube. B:
Palate viewed 4 weeks after her second IPDT. A mirror was put on her tongue and
chin (C) to show the post-treatment condition. Dark arrows indicate the lateral edge of
the mirror. There was no visible tumour, although an oro-nasal fistula (white arrows)
had developed. A biopsy at this time showed persistent tumour microscopically, but
after a local excision and radiotherapy, she became disease free and has remained well
for 5 years.

Fig 2. Magnetic resonance images of a maxillary cancer in a 76 year-old man with
recurrent episodes of massive nasal bleeding requiring transfusion. A: T2-weighted
MRI before IPDT, showing a tumour in the right maxillary antrum and peri-orbital
invasion. B, T1-weighted MRI during treatment showing the position of the MR
compatible needles prior to insertion of Laser fibers. The needles appear as small,
dark (low signal intensity) areas within the tumour mass. C, T2-weighted

MRI 6 weeks after treatment demonstrating a dramatic reduction of tumour bulk.
Nasal bleeding stopped after IPDT and the patient lived for a further 19 months.

Fig 3. Overall survival (Kaplan-Meier curves).
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