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FOREWORD 
 

 
 

ASSESSMENT OF PHOTODYNAMIC THERAPY USING PHOTOFRIN FOR 
ESOPHAGEAL, BLADDER AND LUNG CANCERS 

 
 
Cancer, in all its forms, contributes significantly to morbidity and mortality in the Québec popula-
tion. It continues to be a priority target for action, not only for health policies and health-care 
programs but also for research. For clinicians, access to the best techniques for obstruction of cancer 
cells, to ensure their patients’ survival while minimizing any adverse effects, is a constant challenge. 
These techniques can also alleviate symptoms and ensure the best quality of life possible when 
progression of cancer cannot be controlled. 
 
Such is the context surrounding the assessment of photodynamic therapy using porfimer sodium. 
Porfimer sodium is a photosensitizing agent approved in Canada in 1993 for three oncological 
indications: lung, bladder and esophageal cancers. More recently, it has also been approved for the 
treatment of Barrett’s esophagus with dysplasia, a major risk factor in esophageal cancer. 
 
Given that the effectiveness of this new non-invasive technology has not yet been fully demonstrated, 
the Ministère de la Santé et des Services sociaux (MSSS) asked the Agence d’évaluation des 
technologies et des modes d’intervention en santé (AETMIS) to examine its efficacy and its potential 
impact on the health network. Following standard procedure, AETMIS first reviewed the scientific 
literature available and then made recommendations on the introduction and management of this 
technology. 
 
In conclusion, photodynamic therapy remains a promising treatment whose evolution must continue 
to be monitored, especially with respect to the photosensitizing agents themselves. Currently, 
evidence-based indications are limited to the palliative treatment of advanced esophageal cancer, and 
it is difficult to estimate the relative importance of this technology in the therapeutic arsenal available 
for the other oncological applications. A more in-depth examination should be conducted on the 
potential use of this technology in the treatment of Barrett’s esophagus. In such case, the use of this 
therapy would affect a greater number of patients since this disorder may appear after gastric reflux, 
a very widespread problem today. 
 
In submitting this report, AETMIS hopes to contribute to ensuring the best possible use of the 
different oncology resources available for the benefit of all patients with cancer.  
 
 
Luc Deschênes 
President and Chief Executive Officer 
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SUMMARY 

 
DESCRIPTION OF THE 
TECHNOLOGY 
 
Photodynamic therapy (PDT) is used to treat 
several types of cancer. It consists in marking 
pathological tissue with a photosensitizing 
agent and then selectively destroying the 
tissue by exposing it to a light source with a 
specific wavelength. This monochromatic 
light is normally produced by a laser or a 
diode laser. In general, the photosensitizing 
agent is systemically administered to all body 
cells but is preferentially retained by 
pathological cells. 
 
Hematoporphyrin derivatives are used as 
photosensitizing agents. Approved by Canada 
in April 1993 for three oncological indications 
(lung, bladder and esophageal cancers), 
porfimer sodium (Photofrin®) is the most 
widely used agent in photodynamic therapy. 
More recently, it has also been approved for 
the treatment of Barrett’s esophagus with 
dysplasia, a major risk factor in esophageal 
cancer.  
 
Porfimer sodium is activated by a light of 
630 nm, but penetration is poor at this 
wavelength, a serious handicap when tumours 
are larger and deeper. This agent has a further 
limitation—skin photosensitivity persisting 
for up to six weeks after treatment. For that 
reason, several research projects are striving 
to develop agents that do not present the 
disadvantages and limitations of porfimer 
sodium. Finally, determining the appropriate 
dosimetry, for both the photosensitizer and the 
light source, is a continual challenge and 
remains under investigation. 
 

OBJECTIVES OF THE ASSESSMENT 
 
The Ministère de la Santé et des Services 
sociaux (MSSS) asked the Agence d’évaluation 
des technologies et des modes d’intervention en 
santé (AETMIS) to evaluate the efficacy of 
photodynamic therapy using porfimer sodium 
for its approved oncological indications. This 
report reveals the results of the assessment, 
attempts to adequately situate this treatment 
within the therapeutic arsenal available in 
Québec, and presents some preliminary 
observations on its use for the treatment of 
Barrett’s esophagus.  
 
METHODOLOGY 
 
The literature search strategy we used located 
two reports produced by health-technology 
assessment agencies: the Comité d’évaluation 
et de diffusion des innovations technologiques 
(CEDIT), associated with the Assistance 
Publique-Hôpitaux de Paris in France (1999), 
and the Institute for Clinical Systems 
Improvement (ICSI) in the United States 
(1997 and 2002). To supplement this informa-
tion, we searched MEDLINE for all relevant 
articles published between January 1997 and 
December 2003. Assessment of these studies 
was based on the scheme for grading scientific 
evidence proposed in the Canadian Guide to 
Clinical Preventive Health Care. 
 
RESULTS 
 
With respect to cancers of the lung and 
bladder and superficial esophageal cancers, 
findings seem to indicate that photodynamic 
therapy with Photofrin® (PDT–PF) does have 
a therapeutic effect but that there is insuffi-
cient evidence to conclude that it has any 
advantage over other available treatments.  
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With respect to the palliative treatment for 
advanced esophageal cancer, studies, sup-
ported by a limited level of evidence, seem to 
show that the efficacy of PDT (PF) would be 
be analogous to that of other palliative 
treatments (Nd:Yag laser ablation; metal 
stents). The cost of treatment with PDT (PF) 
is apparently much higher than that with 
stents. This important factor, combined with 
the fact that stents are easy to use and already 
in widespread use, diminishes both the interest 
in using PDT (PF) for this indication and the 
probability that it will adopted in the current 
context. Nevertheless, PDT (PF) could be 
used as a complementary therapy when other 
treatments are contraindicated. 
 
The recent approval of PDT (PF) in Canada for 
a new indication—Barrett’s esophagus—
raises important issues. A more in-depth 
examination will need to be conducted of the 
long-term efficacy of PDT for this indication 
and of its place in the current therapeutic 
arsenal, which already offers several possible 
treatments. These issues should preferably be 
reviewed in a separate assessment report. 
 
Finally, there seems to be a near consensus in 
all the literature reviewed that the field of 
application of PDT is likely to expand and 
undergo many technological developments, 
especially with respect to the photosensitizing 
agents used, which may lead to its increased 
use in the years to come. Photodynamic 
therapy is not expected to replace surgery, 
radiotherapy or chemotherapy; but rather, to 

be used as a complementary treatment. Still, 
we will need to obtain stronger scientific 
evidence of the advantages of PDT over other 
treatments and to examine its impact on the 
Québec health-care system before its use can 
be justified for these new applications. 
 
RECOMMENDATIONS 
 
In light of this analysis, AETMIS recommends 
the following:  
 
 For the treatment of lung and bladder 

cancers and superficial esophageal cancers, 
PDT (PF) should be used only for clinical 
research purposes and should not be au-
thorized for public coverage; 

 
 For the palliative treatment of advanced 

esophageal cancer, PDT (PF) should be 
considered a possible option when recog-
nized treatments are contraindicated and 
should undergo further clinical research; 

 
 For the treatment of Barrett’s esophagus, 

PDT (PF) should be fully assessed before it 
is introduced into current practice.  

 
 A technology watch should be imple-

mented to track technological advances in 
PDT in general and its new applications in 
particular.  
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GLOSSARY 

 
Photosensitizing agent 

A molecule capable of storing light energy and being activated by light, thus working well in 
numerous biochemical combinations. 
 

Apoptosis  
Genetically programmed cell death, ending the normal cycle of a cell.  

 
Dysphagia 

Difficulty swallowing. 
 
Dysplasia 

Abnormal development or uncontrolled growth of adult cells that may progress to a precancerous 
state. 

 
Hematoporphyrin 

Porphyrin isolated from blood. 
 
Mesothelioma 

Neoplasm (tumour) invading the endothelium of the major serous membranes (pleura, pericardium 
or peritoneum). 

 
Papilloma 

Tumour caused by a human papillomavirus infection. 
 
Porphyrin  

A compound formed of four pyrrolic rings linked by four methene bridges and synthesized in all 
tissues, especially in liver tissue and erythropoietic tissue. 

 
Stenosis 

Abnormal narrowing of an orifice, a canal or a hollow organ. 
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1 INTRODUCTION 

Photodynamic therapy (PDT) is used to treat 
several types of cancers, particularly lung, 
bladder and esophageal cancers. This therapy 
consists in marking pathological tissue with a 
photosensitizing agent and then selectively 
destroying the tissue by exposing it to a light 
source with a specific wavelength [Courtay et 
al., 1999]. In general, this drug is systemically 
administered to all body cells but is prefer-
entially retained by pathological cells. 
 
Hematoporphyrin derivatives are used as 
photosensitizing agents. In Canada, porfimer 
sodium (Photofrin®) is the most widely used 
drug in photodynamic therapy. It is marketed 
by the pharmaceutical firm Axcan Pharma 
(Mont-Saint-Hilaire, Québec, Canada).  
 

The Ministère de la Santé et des Services 
sociaux (MSSS) asked the Agence d’évaluation 
des technologies et des modes d’intervention en 
santé (AETMIS) to evaluate the efficacy of 
photodynamic therapy using porfimer sodium 
for its approved oncological indications in 
Canada. This request resulted from a partner-
ship proposal that Axcan Pharma submitted to 
the MSSS to aid implementation and use of 
Photofrin. Axcan Pharma stated that it was 
willing to supply diode-laser devices to 
several hospitals in order to expand the use of 
this drug, to which it had acquired commercial 
rights.   
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2 OBJECTIVES OF THE ASSESSMENT 

This report has two objectives: (1) to provide 
a literature review of the current state of the 
scientific evidence on the efficacy and 
effectiveness of Photofrin for the indications 
recognized in Canada, and (2) to estimate how 
much the use of this drug would cost Québec. 
An attempt will also be made to estimate the 
place of photodynamic therapy (PDT) in 
Québec’s therapeutic arsenal and its potential 
impact on Québec’s health-care system.  

Photofrin was approved by Health Canada in 
March 2003 for a new indication: the treat-
ment of Barrett’s esophagus [Axcan Pharma, 
2003]. Although this possible application of 
PDT is not the major topic of our analysis, its 
use will have a potentially significant impact 
on our health-care system. Some specific 
observations about this indication will 
therefore be included in this report. 
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3 PHOTODYNAMIC THERAPY 

3.1 GENERAL ASPECTS  

Photodynamic therapy (PDT) uses a photo-
sensitizing agent that concentrates in patholog-
ical tissue. This agent is then activated by a light 
with a specific wavelength, triggering the 
production of reactive oxygen molecules and 
a cascade of events that destroy cancer cells. 
 
Photodynamic therapy requires three compo-
nents: 
1) a monochromatic light; 
2) a photosensitizing drug; and 
3) oxygen. 
 
3.1.1 Molecular reactions: Activation 
of the photosensitizer 
The photodynamic process is illustrated in 
figure 1. In the first step, a photon is absorbed 
by the photosensitizer, which passes from its 

ground energy state (So) to a higher energy 
state (Sn, S1), called “excited singlet” state. 
Two events may now occur: the agent either 
returns to its original state by emitting energy 
in the form of fluorescence or heat, or it is 
elevated to its more stable “triplet” (T1) state.  
 
The triplet state leads to two possible 
reactions with other molecules [Sibata et al., 
2001]: 
 
1. electron transfer (type I reaction), produc-

ing free radicals that proceed to interact 
with the oxygen; or 

2. energy transfer to an adjacent oxygen 
molecule (type II reaction), producing 
singlet oxygen (1O2). 
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3.1.2 Production of phototoxic effect 
Singlet oxygen is a very reactive and toxic 
oxygen species [Foote, 1991] that destroys 
cancer cells, which retain the photosensitizing 
drug [Rivellese and Baumal, 2000; Sharman et 
al., 1999; Marengo et al., 1994]. Although the 
precise mechanism for cytotoxicity is still 
unknown, we do know that several cell 
components, such as proteins, lipids and 
nucleic acids, undergo reactions that trigger the 
lethal process of cellular oxidation [Sibata et 
al., 2001]. Several research studies have 
indicated that PDT can also induce an apoptotic 
response [Sibata et al., 2001; Dougherty et al., 
1998], which may be associated with mito-
chondrial reactions [Kessel and Luo, 1998].  
 
3.1.3 Tumour-destruction mechanisms 
Besides its direct effect on cancer cells, PDT 
produces two other tumour-destruction 
mechanisms [Sibata et al., 2001; Dougherty et 
al., 1998; Savary et al., 1998]: (1) destruction 
of tumour blood vessels (leading to hypoxia) 
and (2) inducement of an immune response. 
Immediate destruction of the peritumoural 
vasculature is a fundamental factor in the 
efficacy of PDT [Lightdale et al., 1995]. Several 
studies underway are attempting to shed greater 
light on these particular modes of action. 
 
3.2 PHOTOSENSITIZERS 

The first photosensitizers used were deriva-
tives of porcine hemoglobin [Dougherty et al., 
1998; Marengo et al., 1994]. These porphyrin 
polymers are enriched and partially purified 
forms of hematoporphyrin. 
 
3.2.1 Porfimer sodium (Photofrin) 
Photofrin (porfimer sodium) was the first PDT 
agent to be approved in Canada. This drug is a 
purified mixture of hematoporphyrin (a deriva-
tive of porcine hemoglobin). Photofrin II is a 

more purified version of Photofrin. The 
abbreviation DHE (dihematoporphyrin ether) 
also designates Photofrin. 
 
Research studies in molecular biology have 
shown that porphyrins can be recognized by 
receptors expressed on the surface of cancer 
cells. This recognition is not possible on 
healthy cells [Dougherty et al., 1998; Diamond 
et al., 1972; Lipson and Baldes, 1960]. The 
affinity of hematoporphyrin for cancer cells 
explains the therapeutic effect of photosensitizers 
exposed to a light source. 
 
In the vascular system, porphyrins bind to the 
receptors of low-density lipoproteins (LDL) 
through covalent bonds [Diamond et al., 
1972]. The substantial increase in the number 
of LDL receptors in malignant cells compared 
with those in normal cells is undoubtedly  
a key factor allowing photosensitizers to 
concentrate in tumour tissue [Savary et al., 1998; 
Walther et al., 1997; Marengo et al., 1994]. 
 
Photofrin is administered intravenously. Forty-
eight hours must elapse before the light source 
can be activated (requiring two hospital stays). 
Clinically, Photofrin is generally activated by a 
630-nm light source. At this wavelength, 
however, light can penetrate only from 5 to 
10 mm deep, a serious shortcoming when 
tumours are larger or deeper [Patterson and 
Wilson, 1999]. 
 
Photofrin-mediated PDT has another limita-
tion: skin photosensitivity persisting for up to 
six weeks after treatment. Several research 
groups are currently attempting to develop 
agents that will have neither the disadvantages 
nor the limitations of Photofrin. Table 1 
presents the most widely used photosensitizers 
in PDT, along with their specific indications. 
Notice that each product has it own activation 
wavelength. 
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TABLE 1 
 
 

Most widely used photosensitizers in PDT 

PHOTOSENSITIZER TRADE 
NAME 

ROUTE OF 
ADMINISTRATION 

WAVELENGTH (λ) 
FOR PDT (nm) 

KNOWN THERAPEUTIC 
APPLICATIONS 

APPROVED IN 
CANADA 

Porfimer sodium 
Polyhematoporphyrin 

Photofrin® 
Photosan® 

Intravenous (IV) 630 Bladder, esophageal 
and lung cancers, and 
Barrett’s esophagus 

Yes 

5-aminolevulinic acid 
(5-ALA) 

Levulan® Topical 20%, oral, 
IV 

635 Actinic keratosis, 
bladder cancer 

No 

Tetrasodium- 
tetraphenyl-porphyrin 
sulfonate (TPPS4) 

− 
Topical 2%, 
intralesional 

630 
− 

No 

Meta-tetrahydroxyphenyl 
chlorin (m-THPC) 
(temoporfin) 

Foscan® IV 652 Head and neck 
tumours, Barrett’s 
esophagus 

No 

Tin ethyl etiopurpurin 
(SnET2) 

Purlytin® IV 660–665 Cutaneous Kaposi’s 
sarcoma, prostate 
cancer 

No 

N-aspartyl-chlorin e6 
(Npe6) 

− IV 660–665 − No 

Chloro-aluminum 
sulfonated phthalocyanine 
(CASPc) 

− 
IV 670–675 

− 
No 

Benzoporphyrin 
derivative monacid 
(BPD-MA), verteporfin 

Visudyne® IV 690–692 Macular  
degeneration 

Yes 

Texaphyrin lutetium, 
motexafin lutetium 

Lutrin® IV 720–760 Melanomas,  
breast cancer 

No 

 
Sources: Ceburkov and Gollnick, 2000; Sibata et al., 2002; Health Canada, Therapeutic Products Directorate. 

 
 
3.2.2 Other photosensitizers 
Photosensitizers other than Photofrin are 
generally activated at higher wavelengths; they 
are characterized by faster clearance from the 
body, and they have better pharmacokinetic 
properties in that they cause fewer skin-
photosensitivity reactions than Photofrin 
[Sibata et al., 2001]. Randomized clinical 
trials are expected to be conducted over the 
next decade to examine the efficacy of these 
new photosensitizers, and several of them will 
likely be approved in Canada for different 
forms of cancer. For the time being, however, 
it is still difficult to estimate the costs of these 
drugs and the equipment (e.g., lasers) they 
will require. 
 

3.3 LIGHT SOURCES FOR PDT 

Several light sources can be used to activate 
PDT photosensitizers. Each drug requires a 
specific wavelength and intensity. The 
wavelength emitted by the activation light 
source determines whether the light can 
penetrate the skin deeply enough to reach the 
cancer cell [ANAES, 1997].  
 
3.3.1 Lasers 
Several types of lasers are used in medicine. 
They are differentiated by their active 
mediums: there are solid lasers, gas lasers, 
liquid lasers and semiconductor diode lasers.  
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3.3.1.1 ND:YAG 
The name Nd:YAG comes from the fact that 
this laser uses a crystal cylinder containing 
neodymium-yttrium-aluminum garnet (YAG) 
and that a certain amount of aluminum is 
replaced by neodymium (Nd). These lasers 
have many applications [Teppo, 1998], 
especially in oncology for photodynamic 
therapy and direct tumour ablation [CORD, 
2001].  
 
3.3.1.2 PUMPED-DYE LASERS 
These lasers use a gas medium, such as argon, 
mixed with a dye. The key advantage of this 
type of laser is that the wavelength can be 
adjusted by means of a tuning element or by 
modifying the dye [CORD, 2001]. Such a 
device could potentially be used for all current 
and future therapies. 
 
Lasers such as Nd:YAG and tunable-dye 
lasers are often used in PDT, but they have 
certain disadvantages: they are expensive to 
buy and to operate [Sibata et al., 2001]. Diode 
lasers such as Diomed 630 nm (Diomed Inc., 
Cambridge, Great Britain), which are less 
expensive than pumped-dye lasers, are 
currently generating a great deal of interest. 
 
 

3.3.2 Other light sources 
Light sources other than lasers can be used in 
PDT, including LEDs (light-emitting diodes) 
[Patterson and Wilson, 1999]. Multiple-
frequency light sources, such as slide-
projector lamps with red filters, have also 
been investigated [Dougherty et al., 1998; 
McCaughan, 1972]. 
 
3.3.3 Light delivery to target tissue 
There are three types of light-delivery devices: 
optical fibres, articulated arms and hollow 
waveguides. Several types of cylindrical 
diffusers or balloons are also used to deliver 
light endoscopically in the treatment of lung, 
esophageal and bladder cancers. 
 
3.4 DOSIMETRY  

Absorption of both the photosensitizer and the 
light is heterogeneous, variable and complex. 
Because it is virtually impossible to determine 
the exact levels of these two components in 
target tissue, it is difficult to interpret clinical-
trial results [Smith and Hahn, 2002]. Several 
research groups are making significant 
headway in establishing the right dosimetry 
for PDT [Chen and Hetzel, 1998; Litle et al., 
1998; Star, 1997]. 
 
 



4 APPROVAL STATUS FOR PORFIMER SODIUM 

4.1 APPROVED THERAPEUTIC 
INDICATIONS 

In Canada, porfimer sodium (Photofrin) was 
approved in April 1993 for oncological 
indications (esophageal, lung and bladder 
cancers) by the Canadian Health Protection 
Branch of Health Canada, (official Photofrin 
product monograph, September 29, 2000). 
More recently, it has also been approved for 
the treatment of Barrett’s esophagus. This new 
indication will be discussed in the analysis 
and conclusion sections of this report. 
 
Porfimer sodium (Photofrin) is indicated:  
1) for the partial or complete reduction of 

obstruction in the esophagus in patients 
with esophageal cancer;  

2) for the reduction of obstruction and 
symptomatic relief in patients with com-
pletely or partially obstructing endo-
bronchial cancer and in patients who are 
not candidates for surgery or radiotherapy; 
and  

3) as a second-line treatment after endoscopic 
transurethral surgery in patients with 
superficial and recurrent papillary bladder 
cancer who have failed to respond to 
standard intravesical treatment [Axcan 
Pharma, 2000a]. 

 
In France, Photofrin was approved in 1997 by 
the Agence française de sécurité sanitaire des 
produits de santé (AFSSAPS) to treat recur-
rent bronchial and esophageal cancers 
[AFSSAPS, 1997]. 

Both the United States and the Netherlands 
have approved Photofrin for palliation of 
esophageal cancer and for the treatment of 
early-stage lung cancer when patients are 
unable to withstand surgery and radiotherapy 
[MEB, 2001; FDA, 2000].  
 
In Japan, Photofrin has been approved for 
stomach cancer [FDA, 2000], in addition to 
the indications recognized in the United 
States. It has also been approved in the 
United States, Japan and certain countries in 
the European Union (France, Great Britain, 
Netherlands, Germany) for Barrett’s esopha-
gus (stages I, II and III) [MEB, 2001; 
AFSSAPS, 1997].  
 
4.2 COVERAGE AND USE IN 
QUÉBEC AND OTHER CANADIAN 
PROVINCES 

Québec and Manitoba are the only two 
Canadian provinces whose public-health 
programs cover direct and indirect costs tied 
to Photofrin-mediated PDT1.  
 
This product has been on the list of pre-
scribed medication in Québec’s health-care 
institutions since July 1996. The Centre 
hospitalier universitaire de Montréal (Hôtel-
Dieu pavilion) is the only institution that has 
reported using photofrin to date (i.e. only 10 
patients [personal communication, Hôtel-
Dieu pharmacy]. 
 

                                                      
1. This situation is evolving. According to additional 
information obtained in June 2004, there is some very limited 
use of sodium porfimer in other provinces like British 
Columbia and Ontario, the public funding being done on a case-
by-case basis. 
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5 BURDEN OF TARGETED DISEASES: 
EPIDEMIOLOGICAL DATA 

5.1 ESOPHAGEAL CANCER 

Squamous-cell carcinoma and adenocarci-
noma of the esophagus are more prevalent in 
men than in women [Faivre et al., 1998] and 
rarely appear before the age of 25. Statistics 
on the incidence and mortality of esophageal 
cancer in Québec and Canada are presented in 
table 2. The survival rate is very low for this 
type of cancer. In 2002, the five-year case-
fatality rate for esophageal cancer was 100% 
for untreated women and men in Canada. 
With treatment, the one-year rate was 83% 
[Peterson and Mayrand, 2000]. In Québec, 
this rate was 89% for men and 81% for 

women [INSPQ, 2001]. According to U.S. 
statistics for 1992–1998, the five-year survival 
rate for treated esophageal cancer was 13.4% 
for men and 13.1% for women [NCIC, 2002].  
 
In North America, less than 10% of esopha-
geal cancers are detected at an early stage 
[Sharpe and Moghissi, 1996; Moghissi, 1992]. 
As a result, treatment is palliative and consists 
in alleviating dysphagia (using a variety of 
means such as radiotherapy, chemotherapy, 
placement of stents [tubes] in the esophagus, 
Nd:YAG laser ablation and PDT).  

  
 
 
 
 

Esophageal cancer: Incidence and mortality in Québec and Canada, 2002 

INCIDENCE MORTALITY 

Canada Québec Canada Québec 

Men Women Men Women Men Women Men Women 

980 400 204 77 1 100 400 207 65 
 

Source: INSPQ, 2001.  
 
 
 
 

Lung cancer: Incidence and mortality in Québec and Canada, 2002 

INCIDENCE MORTALITY 

Canada Québec Canada Québec 

Men Women Men Women Men Women Men Women 

12 000 8 800 3 900 2 100 10 700 7 700 3 600 2 200 
 

Source: NCIC, 2002 
 
 
 
 
 

 

TABLE 2 

TABLE 3 
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5.2 LUNG CANCER 

The incidence of lung cancer varies radically 
from one province to another. It is expected to 
increase in the years to come [Statistics 
Canada, 2002; NCIC, 2002]. Statistics on the 
incidence and mortality of lung cancer in 
Québec and Canada are shown in table 3. 
 
The survival rate is very low. In Canada, in 
2002, the five-year fatality rate was an 
estimated 83% for women and 86% for men 
[NCIC, 2002]. In Québec, they were 85% for 
women and 92% for men [MSSS, 2002].  
 

5.3 BLADDER CANCER 

Statistics on the incidence and mortality of 
bladder cancer in Québec and Canada are 
shown in table 4. In 1996, 1 121 new cases for 
men and 356 new cases for women were 
reported in the Fichier des tumeurs du Québec 
(Québec’s cancer registry). In 1998, these 
figures rose to 1 186 and 433, respectively 
[MSSS, 2002]. 
 
The five-year fatality rate for bladder cancer 
in Canada was 30% for men and 33% for 
women [NCIC, 2002.]. In Québec, it was 16% 
for men and 22% for women [NCIC, 2002].  

 
 

 
 

Bladder cancer: Incidence and mortality in Québec and Canada, 2002 

INCIDENCE MORTALITY 

Canada Québec Canada Québec 

Men Women Men Women Men Women Men Women 

3 700 1 300 1 350 460 1 050 470 260 120 
 
Source: NCIC, 2002 
 

 
 

TABLE 4 
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6 METHODOLOGY  

6.1 RESEARCH STRATEGY 

Two health-technology assessment agencies 
evaluated PDT (PF): the Comité d’évaluation 
et de diffusion des innovations technologiques 
(CEDIT), affiliated with Assistance Publique-
Hôpitaux de Paris in France [Courtay et al., 
1999], and the Institute for Clinical Systems 
Improvement (ICSI) in the United States [ICSI, 
2002; ICSI, 1997].  
 
The French agency reviewed primary studies 
published between 1986 and 1997 on esopha-
geal cancer, Barrett’s esophagus and other 
gastroenterological cancers (stomach, colon, 
rectum and upper aerodigestive tract). CEDIT 
analyzed these studies on the efficacy of PDT 
(PF) primarily on the basis of a descriptive 
evaluation of these studies without rating the 
evidence. This agency analyzed eight primary 
studies on esophageal cancer and seven on 
Barrett’s esophagus.  
 
ICSI, for its part, published an initial report 
reviewing primary studies published between 
1981 and 1997, and then extended this period 
to 2002 in its updated version. The ICSI 
evaluation dealt with head and neck cancers, 
tracheobronchial and esophageal cancers, and 
Barrett’s esophagus. The agency’s literature 
review was based on a scale with three grades 
of evidence: A (randomized controlled trials), 
B (non-randomized controlled trials with a 
strong design), C (uncontrolled case-series 
studies or expert opinions) (see appendix A). 
This grading scheme was modified in the 
2002 update, but that does not affect our 
analysis. The ICSI reports provide summaries 
of the studies undertaken for each PDT 
indication in question and a very brief 
conclusion. The procedure ICSI followed to 
reach those conclusions is not presented. 
 
Given that the data in these reports were no 
longer current, we also searched MEDLINE 

for review articles or primary articles  
published between 1997 and December 2003 
on photodynamic therapy for esophageal, 
bladder and lung cancers, or on oncology. 
 
The keywords we used included photodyna-
mic therapy, Photofrin, dihematoporphyrin 
ether, porfimer sodium, oesophageal cancer, 
bladder cancer, lung cancer, oesophageal re-
flux, gastroesophageal reflux disease, 
neoplasm, adenocarcinoma, carcinoma, 
Barrett’s oesophagus. We also combined each 
keyword with the terms cost-utility, cost-
benefit, cost-effectiveness, cost-minimization, 
porfimer sodium (Photofrin I), porfimer 
sodium (Photofrin II), Photofrin, Photofrin®, 
Photofrin I, Photofrin II, PDT (Photofrin), 
PDT (haematoporphyrin/hematoporphyrin), 
PDT (dihaemato-porphyrin ether/dihemato-
porphyrin ether: DHE/DhE), Protoporphy-
rin IX (PpIX), haematoporphyrin derivative 
(HpD/HPD). We did not limit the search to 
any particular language. We also performed a 
manual search of conference proceedings and 
examined the bibliographies of articles and 
other papers we obtained to analyze the 
research question. 
 
6.2 SCIENTIFIC-EVIDENCE 
GRADING SCHEME FOR PRIMARY 
STUDIES 

There are several types of grading schemes 
(see Appendices A and B). We chose the one 
provided in the Canadian Guide to Clinical 
Preventive Health [Canadian Task Force on 
the Periodic Health Examination, 1994]. 
Although designed for studies on screening or 
preventive clinical practices, this scheme also 
allows for the classification of studies 
individually. Table 5 presents the modified 
grading scheme we used to classify primary 
studies according to their level of evidence.  
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Modified grading scheme according to level of evidence  
QUALITY OF STUDY RESULTS LEVEL OF EVIDENCE 

Evidence from at least one properly randomized controlled trial I 

Evidence from well-designed clinical trials without randomization 

Evidence from well-designed cohort or case-controlled analytic studies 

Evidence from comparisons from multiple time series or from more than one centre,  
whether or not an intervention was used 

II-1 

II-2 

II-3 

Opinions of respected authorities on the basis of clinical experience, descriptive studies,  
or reports of expert committees. 

III 

 
Adapted from the Canadian Guide to Clinical Preventive Health, Health Canada [Canadian Task Force on the Periodic Health 
Examination, 1994]. 
 

TABLE 5 
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7 SUMMARY OF ASSESSMENT-AGENCY REVIEWS AND 
OF PRIMARY STUDIES 

We examined the therapeutic efficacy of PDT 
(PF) by summarizing the review articles 
published by the two health-assessment 
agencies (CEDIT and ICSI) and by synthesiz-
ing the findings of selected recent primary 
studies (detailed in Appendices C, D and E). 
 
7.1 ESOPHAGEAL CANCER 

7.1.1 Summary of assessment-agency 
reviews 

7.1.1.1 FRANCE: CEDIT (1997) 
With respect to esophageal cancer, CEDIT 
mentions four fields of application of 
(potential) interest for PDT (PF): 
1) palliative treatment of inoperable tumours 

to provide patients with greater well-being 
at the end of their lives;  

2) alternative treatment when surgery is 
contraindicated;  

3) complementary treatment to other treatments;  

4) treatment for early-stage cancer lesions: 
carcinoma in situ (Tis) or submucosal 
tumours (T1) (see table F-1 in appendix F). 

 
Palliation (advanced cancers) 

The CEDIT report mentions that a random-
ized controlled trial comparing PDT with 
Nd:YAG laser oblation obtained “results in 
favour of PDT.” In that study, PDT required 
fewer interventions (1.5 vs 2.4 for Nd:YAG) 
and caused fewer esophageal perforations 
[Lightdale et al., 1995]. Despite these 
interesting findings, CEDIT recommends 
using Nd:YAG as a first-line treatment for 
relief of dysphagia.  
 
7.1.1.2 UNITED STATES: ICSI (1997, 2002) 
Advanced tumours 

The authors of the ICSI report conclude that 
PDT is effective for treating dysphagia in 

cases of advanced cancer. PDT (PF) is as 
effective as Nd:YAG laser ablation, and may 
offer the benefits of improved clinical para-
meters and lower complication rates. This 
conclusion is based primarily on two 
randomized trials comparing PDT with 
Nd:YAG laser ablation [Lightdale et al., 1995; 
Heier et al., 1995]. 
 
Superficial tumours 

The authors of both reports conclude that 
early-stage esophageal tumours and adenocar-
cinoma associated with Barrett’s esophagus 
respond to PDT (level of evidence equivalent 
to categories C/II-3) (see appendix A and 
table 5). For early-stage cancers, complete-
response rates observed in the studies in 
question vary between 40% and 81%, with a 
local recurrent rate of around 30%. 
 
7.1.2 Recent primary studies 

Table 6 presents the five selected studies in 
which Photofrin was used. We also chose 
three additional studies that used agents that 
closely resemble Photofrin, i.e., hematopor-
phyrin derivative (HpD), a precursor of 
Photofrin, and Photosan® (a mixture of 
porphyrin derivatives very similar to Photofrin) 
[Maier et al., 2001a and b; Maier et al., 2000; 
Corti et al., 2000]. 
 
Two publications do not appear in this table: 
the first includes a single patient with 
esophageal cancer [Mlkvy et al., 1998], and 
the second includes only four cases [Scheider 
et al., 1997]. The second study is nevertheless 
relevant in terms of palliative treatment for 
patients who experience complications with 
stents. These two primary studies are detailed 
in tables C-2 and C-3 in appendix C. Of the 
seven studies reviewed, five examined the role 
of PDT in the palliative treatment of advanced 
esophageal cancers and two examined the 
treatment of superficial or early-stage cancers. 
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Selected studies on the effects of PDT (esophageal cancer) 

LEVEL OF 
EVIDENCE 
(study design) 

AUTHORS 
AND 
NUMBER 
OF CASES 

PDT APPLICATION STUDIED AUTHORS’ CONCLUSIONS 

I  
(randomized) 
(abstract only) 

Canto et al., 
2002 
56 cases 

Use of PDT compared with 
stenting for palliation of 
dysphagia in cases of advanced 
cancer 

Similar results for PDT (PF) and stents in terms of  
dysphagia relief but greater number of reinterventions  with 
PDT. Stents are more cost-effective. 

Litle et al., 
2003* 
215 cases 

Palliation of dysphagia in cases 
of advanced and inoperable 
cancers 

PDT (PF) is a safe and effective treatment for bleeding or 
obstructing esophageal cancers, or both. Reinterventions  
may be necessary to maintain palliation of malignant 
dysphagia in patients who live longer than two months, and a 
multimodality treatment approach, which includes PDT, is 
common.  

Luketich et 
al., 2000* 
77 cases 

Palliation of dysphagia in cases 
of advanced and inoperable 
cancers  

PDT (PF) is a safe and effective treatment for bleeding or 
obstructing esophageal cancers, or both. Further trials must 
be conducted to analyze the cost-effectiveness of this 
treatment and its relative contribution to patients’ quality of 
life compared with other palliation options.  

Moghissi et 
al., 2000 
65 cases 

Palliation of dysphagia in cases 
of advanced and inoperable 
cancers  

PDT (PF) is a safe and effective treatment for inoperable 
dysphagia. There was a regression in the stages of dysphagia  
and a potential prolongation of survival in patients with less 
advanced tumour stages. 

II-3 
(case series) 

Grosjean et 
al., 1998 
15 cases 

Treatment of superficial 
esophageal and bronchial 
carcinomas 
Comparison of laser light at 
514 nm and at 630 nm  

PDT (PF) is effective and presents similar results with light 
at 514 nm and at 630 nm. 
Light at 514 nm could reduce the perforation rate (associated 
complication) in the treatment of esophageal carcinomas. 

Maier et al., 
2001a; 
2001b 
49 cases 

Comparison between 
HpD/Photosan and 5-ALA in 
advanced esophageal 
carcinomas (two publications 
with the same outcomes) 

Despite the limitations of a non-randomized trial, 
HpD/Photosan seems to be more effective than 5-ALA for 
the treatment of advanced esophageal carcinomas. 

Maier et al., 
2000† 
119 cases 

Advanced carcinomas 
PDT combined with  
radiotherapy compared with 
radiotherapy alone 

PDT followed by radiotherapy is effective in palliating 
advanced esophageal cancers. Care must be taken with 
patient selection to prevent major complications. 

II-3 
Studies on 
hematoporphy-
rin derivatives 
similar to 
Photofrin  
(case series) 

Corti et al., 
2000‡ 
62 cases 

Use of PDT for inoperable 
early-stage cancers (followed by 
radiotherapy, if necessary) 

PDT is effective for early-stage esophageal cancer. The 
addition of radiotherapy, when necessary, increases the 
complete-response rate.  

 
* Articles by Litle, et al. [2003] and Luketich et al. [2000] may contain the same cases between 1996 and 1998. 
† A hematoporphyrin derivative, Photosan® (polyhematoporphyrin), was used in this study. 
‡ A hematoporphyrin derivative (HpD) was used in this study (not Photofrin). 
Study details appear in appendix C. 
 
 
7.1.2.1 ADVANCED CANCERS 
 
Treatment with PDT for advanced esophageal 
cancers is basically palliative, and survival 
statistics do not generally indicate any 

improvement in this parameter [Luketich et 
al., 2000]. Three case-series studies seem to 
indicate that PDT (PF) would be effective for 
relieving dysphagia in patients presenting with 
inoperable or late-stage esophageal cancers. 

TABLE 6 
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Clinically, this translates into improved mean 
dysphagia scores or dysphagia-free intervals, 
or both. The authors conclude that PDT (PF) 
is a safe and effective palliative treatment for 
advanced, obstructing, bleeding and/or inoper-
able esophageal cancers [Litle et al., 2003; 
Luketich et al., 2000; Moghissi et al., 2000]. 
Moreover, the most recent publication 
explicitly states that PDT treatments can be 
repeated or combined with other available 
treatments (depending on the case). It also 
presents a treatment algorithm for choosing PDT 
or other available treatments [Litle et al., 2003]. 
 
7.1.2.2 COMPARISON WITH STENTS 
A randomized trial with 56 patients (available 
only as an abstract), compared PDT (PF) with 
metal stents for palliation of dysphagia in 
advanced esophageal cancers. A significant 
reduction in dysphagia was observed in both 
groups. There was no survival difference. 
Seventeen percent of the patients treated with 
PDT (PF) did not respond to treatment and 
later received stents. Stents cost only one-third 
of the price of PDT and were also better in 
terms of cost-effectiveness. The authors 
conclude that PDT and stents offer similar 
advantages for treating dysphagia, but stents 
provide more marked and faster relief. In 
addition, PDT requires more reinterventions 
[Canto et al., 2002].   
 
7.1.2.3 PALLIATIVE TREATMENT FOR 
PATIENTS WHO HAD COMPLICATIONS WITH 
STENTS 
Photodynamic therapy may have another 
interesting palliative application in cases of 
advanced esophageal cancer: the treatment of 
patients who had complications with stents. A 
few cases of dysphagia caused by tumour 
ingrowth (i.e., tumour growing around the 
stent) were successfully treated [Litle et al., 
2003; Luketich et al., 2000; Moghissi et al., 
2000; Scheider et al., 1997]. This is a 
particularly interesting benefit of PDT, given 
the limitations of the other treatments and the 
possibility that Nd:YAG laser ablation may 
damage the stent [Luketich et al., 2000; 
Moghissi et al., 2000]. 
 

7.1.2.4 SUPERFICIAL CANCERS  
Two studies revealed that PDT was effective 
for treating superficial or inoperable early-
stage tumours (response rates ranging from 
37% to 68%; survival from 6 to 90 months). 
In both studies, response rates dropped 
sharply for more invasive tumours (affecting 
the submucosa or muscle tissue). Note that 
these studies compared only photosensitizers 
(Photofrin vs HpD) and light activated at 
different wavelengths [Grosjean et al., 1998; 
Corti et al., 2000].  
 
7.1.2.5 COMPLEMENTARY ASPECTS OF 
PDT USE 
 
Light source and wavelength  

One study compared the use of green light 
(514 nm) with that of red light (630 nm) to 
activate the Photofrin [Grosjean et al., 1998]. 
Green light at 514 nm penetrates esophageal 
tissue less deeply, which may prevent 
complications such as esophageal perforation. 
Complete-response rates were similar in both 
treatments. Although no major complication 
was identified in the study, certain histologic 
comparisons revealed a reduction in tissue 
lesions with treatment using 514-nm green 
light. 
 
Number of treatment sessions  

Multiple PDT treatment sessions can be 
administered in many situations, especially in 
cases of non-response to treatment or large 
tumours [Grosjean et al., 1998; Corti et al., 
2000; Luketich et al., 2000; Moghissi et al., 
2000]. For large tumours, two light-activation 
sessions are recommended, one directed 
toward the centre of the esophagus and the 
other directly into the tumour [Moghissi et al., 
2000]. Relief of dysphasia is generally 
expected to last from three to four months. 
Afterwards, PDT can be repeated as necessary 
[Moghissi et al., 2000]. 
 
Combination therapies 

Patients with incomplete response to PDT could 
benefit from a subsequent radiotherapy session. 
Radiotherapy can also be administered to 
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patients with local-tumour recurrence a few 
months after initial treatment [Corti et al., 
2000]. With the use of Photosan (polyhemato-
porphyrin), a drug very similar to Photofrin, 
PDT followed by radiotherapy, seems to yield 
better results than radiotherapy alone [Maier 
et al., 2000]. 
 
Treatment with PDT could also be followed 
by placement of a stent or surgery in cases of 
non-response; however, PDT causes the 
esophagus to be less resistant, which increases 
the risk of perforation and major complica-
tions arising from stent placement [Maier et 
al., 1999]. 
 
7.2 LUNG CANCER 

7.2.1 Summary of assessment-agency 
reviews 
7.2.1.1 CEDIT 
This French agency did not analyze the role of 
PDT (PF) in lung cancer, but it did offer some 
general comments. According to CEDIT, the 
use of PDT (PF) and other treatments 
(Nd:YAG laser ablation, cryotherapy and 
brachytherapy) are not recommended for 
stages I, II and III. It may be used in stage IV. 
Photofrin-mediated PDT is not considered a 
first-line treatment.  
 
7.2.1.2 ICSI 
In both reports, this U.S. agency analyzed the 
therapeutic effects of PDT (PF) on tracheo-
bronchial cancer. All the selected case-series 
studies on this indication had a level of 
evidence rated as “C” (equivalent to II-3). 
Note that at the time of publication of this 
report, there were no primary randomized 
controlled trials on tracheobronchial cancer 
and statistics on the subject vary widely.  
 
Palliation of advanced cancers 

The selected studies indicate varying 
complete-response rates to PDT and other 
effects, such as decreased obstruction and 
improvement in quality of life, as well as 
outcomes similar to those produced by 
Nd:YAG laser ablation. In conclusion, ICSI 
recognizes that PDT (PF) is effective for 

improving patients’ quality of life and 
reducing the size of tumours and their 
associated obstructions. This conclusion 
nevertheless raises some doubt because it is 
based on studies with weak evidence. 
 
Superficial cancers  

The selected studies reveal that PDT is 
relatively effective for producing a complete 
response (local destruction). They also 
emphasize the advantage of using PDT with 
other methods, such as radiotherapy and 
surgery, to obtain optimum long-term results. 
In conclusion, ICSI considers PDT (PF) to be 
effective for treating tracheobronchial cancers 
and superficial lesions. The studies examined, 
however, do not provide enough evidence to 
support this conclusion, especially given the 
lack of valid controlled trials. 
 
7.2.2 Recent primary studies 
Six primary studies were selected. Table 7 
summarizes them according to level of 
evidence or study design, PDT application and 
authors’ general conclusions. 
  
7.2.2.1 INOPERABLE ADVANCED CANCERS 
A randomized trial noted that PDT (PF) was 
comparable to Nd:YAG laser ablation for the 
palliative treatment of patients presenting with 
inoperable tracheobronchial obstructions 
[Diaz-Jiménez et al., 1999]. Observed differ-
ences were not significant.  
 
A series of 100 patients with inoperable 
advanced lung cancer also obtained good 
response rates in terms of symptomatic relief 
and improved general well-being. In addition,  
survival was prolonged in the group that had 
better overall health at the beginning of the 
study. The authors stressed that surgery is 
effective for treating early-stage cancers and 
conclude that PDT should be used mainly for 
inoperable and advanced cancers [Moghissi et 
al., 1999]. 
 
7.2.2.2 MALIGNANT PLEURAL 
MESOTHELIOMA (MPM) 
A non-randomized trial reported good survival 
rates for patients with stage I or II malignant 
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pleural mesothelioma treated with surgery and 
PDT. Survival rates were lower for patients in 
stage III or IV. Bronchopleural fistulas were 
the major complication arising from the use of 
PDT combined with pneumonectomy [Moskal 
et al., 1998].  
 
A randomized trial examined PDT combined 
with surgery and immunotherapy in compar-
ison with treatment consisting of surgery and 
immunotherapy alone. This study did not note 
improved survival or local-tumour destruction 
in patients with MPM [Pass et al., 1997]. 
 
7.2.2.3 PULMONARY METASTASES 
The use of PDT (PF) to treat endobronchial 
metastases has been shown to be beneficial in 
reducing obstructions and improving quality 
of life [McCaughan, 1999]. These results 
mean that PDT could presumably be used for 
patients presenting with early-stage non-

pulmonary cancer, but the lack of compari-
sons with other therapies does not allow us to 
draw a definitive conclusion. 
 
7.2.2.4 RESPIRATORY PAPILLOMAS 
 
According to a U.S. study conducted with a 
(non-randomized) control group, PDT (PF) 
would be more effective than standard treat-
ments for destroying upper respiratory-tract 
tumours caused by human papillomavirus, but 
it would be even more effective at a higher 
dose (4.25 vs 3.25 mg/kg). The authors of this 
study are pursuing their investigations with a 
new photosensitizer called meso-tetrahydroxy-
phenyl chlorin (mTHPC) [Shikowitz et al., 
1998]. 
 
 

 
 
 
 
Selected studies on the effects of PDT (PF) (lung cancer) 
LEVEL OF 
EVIDENCE  
(study design) 

AUTHORS AND 
NUMBER OF CASES PDT APPLICATIONS STUDIED CONCLUSIONS 

Diaz-Jiménez et al., 
1999 
31 cases 

Comparison with Nd:YAG laser 
ablation for palliation of 
inoperable tracheobronchial 
obstructions 

Both treatments had similar efficacy and 
safety results. 

I  
(randomized) 
 

Pass et al., 1997 
63 cases 

Combination of PDT with surgery 
and immunotherapy for patients 
with malignant pleural  
mesothelioma (MPM) 

Addition of PDT to surgery and  
immunotherapy provides no benefits in 
terms of survival or local destruction. 

II-2  
(non-randomized, 
controlled) 

Shikowitz et al., 1998* 
81 cases 

Destruction of tumours in 
respiratory tract caused by human 
papillomavirus 

PDT reduces the growth rate of pleural 
papilloma, and a higher dose increases the 
reduction. 

Moskal et al., 1998 
40 cases 

MPM treated with surgery and 
PDT 

Good survival rate for stages I and II MPM, 
but poor for stages III and IV; major 
complications. 

Moghissi et al., 1999 
100 cases 

Inoperable advanced tumours PDT gives good results for symptomatic relief 
of inoperable advanced tumours. 

II-3 
(case series) 

McCaughan, 1999 
40 cases  

Treatment of non-pulmonary 
endobrochial metastases 

Reduction of endobronchial obstructions with 
PDT and modest improvement in quality of 
life. 

 
* This study on papillomas was considered relevant for this report. 
Study details are provided in appendix D (tables D-1 to D-3). 
 
 

TABLE 7 
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7.3 BLADDER CANCER 

7.3.1 Summary of assessment-agency 
reviews 
7.3.1.1 CEDIT  
On the basis of the literature review conducted 
by Stables and Ash [1995], CEDIT mentions 
that even if PDT has obtained encouraging 
preliminary results for bladder cancer in situ, 
the appearance of fibroses (which cause an 
irreversible reduction in bladder capacity) 
makes it impossible to expand the use of this 
technique. Trials performed with 5-ALA on 
animals seem to indicate that this agent would 
be less pathogenic than Photofrin.  
 
According to CEDIT, further randomized 
clinical trials are needed to validate this 
treatment.  
 
7.3.1.2 ICSI  
This indication is not covered in the ICSI 
reports. 
 
7.3.2 Recent primary studies 
Three studies meeting the inclusion criteria 
were selected for this report. Table 8 
summarizes them according to level of 
evidence and study design, PDT application 
and authors’ general conclusions. PDT is used 
with patients presenting with transitional cell 
carcinoma (TCC) of the bladder.  
 
In the treatment of superficial recurrent TCC 
of the bladder, PDT (PF) obtained a complete 
response in 45% of patients (9 out of 20), but 
five of the nine patients had recurrences 
within six months after treatment. Twenty-
five percent of the subjects experienced 
complications, including asymptomatic reflux; 
one of the five patients developed bladder 
contracture and fibrosis. The authors conclude 
that PDT is safe and effective in terms of 

tumour response when treatment consists of a 
dose of 1.5 mg/kg activated by a total laser-
light dose of 2500 to 3250 J. They also state 
that PDT administration requires careful 
dosimetry and that more ample research is 
needed to study this point and the other 
aspects of the treatment [Walther et al., 1997]. 
 
Another uncontrolled trial examined the 
effectiveness of PDT (PF) as an alternative to 
cystectomy in patients with TCC that fails to 
respond to treatment with bacillus Calmette-
Guérin (BCG) [Nseyo et al., 1998b]. A 
complete-response rate of 58% at three 
months was noted, but it dropped to 31% at 
twelve months. Nineteen percent of the 
patients had bladder contractures and 38% had 
to undergo cystectomy. The authors conclude 
that PDT (PF) is a potentially promising 
alternative to cystectomy in patients with TCC 
that is resistant to BCG therapy. These 
conclusions have nevertheless been criticized 
because the subjects may not have been 
resistant to BCG therapy, and the follow-up 
time was considered too short to allow for the 
numerous therapeutic failures to be detected in 
the first two years after treatment [Herr, 1998]. 
 
Another study examined the effects of PDT in 
the treatment of resistant superficial TCC. 
After three months of follow-up, complete- or 
partial-response rates were 75% for residual 
TCC and 84% for carcinoma in situ when 
ablative PDT was used. These rates rose to 
90% when patients underwent prophylactic 
PDT (i.e., when PDT was used after complete 
resection of the tumour). Twenty-nine percent 
of the patients developed complications in the 
form of bladder contractures. In an effort to 
reduce the complication rate, it is recom-
mended to offer three courses of  PDT (at 0, 6 
and 12 months) using a lower dose of 
photosensitizer (1.5 mg/kg) and a lower light 
intensity (15 J/cm2) [Nseyo et al., 1998a].  
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Selected studies on the effects of PDT (PF) (bladder cancer) 
LEVEL OF 
EVIDENCE 

AUTHORS AND 
NUMBER OF CASES 

PDT APPLICATION STUDIED CONCLUSIONS 

Walther et al., 1997 
20 cases 

Treatment of recurrent 
superficial transitional cell 
carcinoma (TCC) 

PDT is effective in terms of tumour 
response to treatment. 
PDT is safe but the dosimetry must be 
selected with care. 

Nseyo et al., 1998a  
58 cases 

Treatment of refractory 
superficial TCC in ablative or 
prophylactic PDT 

At 3 months, high response rate to 
treatment with high complication rate 
(bladder contractures). 

II-3 
(case series) 

Nseyo et al., 1998b 
36 cases 

PDT as an alternative to 
cystectomy for patients with 
refractory TCC  

PDT seems to be a promising treatment 
and could replace cystectomy for 
patients with refractory TCC. 

 
Study details are provided in Appendix E. 
 
 

TABLE 8 
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8 ECONOMIC ASPECTS 

8.1 COST AND USE OF THE 
THERAPY  

In its first report, ICSI estimated that PDT 
costs around US$6,000, compared with 
US$12,000 to US$15,000 for external-beam 
radiation and US$10,000 to US$60,000 for 
surgery [ICSI, 1997].  
 
Some Japanese experts believe that the use of 
PDT for lung cancer is more cost-effective 
than the other therapies [Kato, 1998], but data 
supporting that opinion have yet to be 
confirmed. 
 
The Canadian manufacturer of Photofrin 
[Axcan Pharma, 2000b] estimated the costs of 
lung-cancer treatment on the basis of those 
recorded in France (see appendix G). The 
company did not cite its information sources  
(but they are available on request). These 
estimates provide only certain reference points 
on the relative cost of this treatment in France. 
PDT could theoretically reduce costs if it were 
proven to be effective and to help prevent the 
need for other treatments. Nevertheless, to 
perform a real cost comparison, we would 
need to determine the actual effectiveness of 
PDT as well as the actual treatment costs in 
Québec for each specific type of lung cancer. 

In Québec, the net cost per treatment is 
estimated to be $5,514.41. Table 9 presents 
the monetary value of each cost item. Given 
that the number of treatment sessions does not 
affect the cost of the apparatus, which is a 
fixed cost, we took into account only the cost 
of the optical fibres, the cost of the drug, 
hospital charges and doctors’ fees, to estimate 
the net cost per session. The purchase price of 
the apparatus is its overall cost, which 
includes a set quantity of single-use optical 
fibres. The Diomed 630 nm, for example, is 
delivered with only 10 optical fibres, which 
severely restricts its use. The cost of the drug 
is the amount paid by the hospital pharmacy 
for the Photofrin. A patient weighing 70 kg 
would require two vials of 75 mg each per 
treatment.   
 
The average cost of one day of hospitalization 
in Québec includes the costs related to 
nursing, diagnosis and therapy services, and 
hospital catering, as well as general service 
costs (administration, facilities operation and 
maintenance). Finally, physicians’ fees, taken 
from the RAMQ’s Manuel des médecins 
spécialistes, are estimated to be $65 per 
consultation. Two consultations are required 
for each phototherapy session. 
 

 
 

 

Monetary value of cost items 
TYPES OF COSTS TOTAL AMOUNTS (Can$) 

Purchase price of apparatus  $106,335.00 

Amortization over ten years  $10,633.50 

Costs of optical fibres  $671.95 

Cost of drug (2 vials of 75 mg each)  $3,770.00 

Average hospitalization cost  $937.46 

Medical specialist’s fees  $130.00 

 

 

TABLE 9 
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8.2 COST-EFFECTIVENESS 

A recent study compared PDT (PF) with the 
placement of stents for palliation of advanced 
esophageal cancer [Canto et al., 2002]. 
According to the abstract for this study (no 
detailed publication is available so far), PDT 
would apparently cost at least three times 
more than stents (median cost: US$19,754 vs 
US$5,806; p = 0.0009). 
 
The differential cost-utility ratio for PDT 
compared with stent placement is very high 
(US$516,592 per person-year without invalidity). 
The authors conclude that stents are more 
cost-effective than PDT (PF).  
 

8.3 BUDGETARY IMPACT OF PDT 
USE IN QUÉBEC  

For the time being, the number of Photofrin 
treatments possibly offered is not quantifiable 
for these three types of cancer because it is 
impossible to estimate how many patients in 
the palliation stage of their illness could 
benefit from Photofrin-mediated PDT. 
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9 DISCUSSION 

9.1 ESOPHAGEAL CANCER 

9.1.1 Advanced cancers 
Generally speaking, the results of the selected 
recent primary studies agree with the con-
clusions in both the CEDIT and the ICSI 
reports on photodynamic therapy, that is, PDT 
(PF) is both safe and effective for the treatment 
of advanced esophageal cancers. The prelimi-
nary results of these studies emphasize the 
advantage of exploring differents options, such 
as the use of PDT in combination with other 
therapies (radiotherapy, stents) and using 
different wavelengths according to the 
indication. Note that most of these primary 
studies are based on weak evidence and do not 
have control groups (level II-3, according to 
our grading scale). 
 
There are, in effect, several options other than 
PDT for the palliative treatment of advanced 
esophageal cancer, including laser ablation, 
placement of metal stents and dilation. The 
last option provides only a transitory result, 
but it is often the first step in most other 
palliative measures [Lightdale, 2000]. The 
obligation to avoid all exposure to sun for four 
to six weeks after PDT could play against this 
palliation option, especially for patients who 
are expected to survive for only a few months. 
The treatments used vary widely throughout 
the world, and the question of which is the 
best treatment is controversial [Luketich et al., 
2000; Moghissi et al., 2000]. It would 
therefore be relevant to compare PDT with 
other available treatment options, such as 
Nd:YAG laser ablation and expandable stents. 
 
9.1.1.1 COMPARISON WITH ND:YAG 
LASER ABLATION 
Although no new studies comparing the 
efficacy of PDT with that of Nd:YAG have 
been published since the ICSI and CEDIT 
reports, it is generally agreed in the scientific 
literature that both treatments offer the same 
comparable results overall. Some benefits of 
PDT have nonetheless been established. For 

example, it has been noted that PDT is less 
uncomfortable for patients [Marcon, 1994] 
and easier to administer, and that it is 
appropriate when the tumour morphology or 
site makes it difficult to use Nd:YAG [Sibata 
et al., 2001; Dougherty et al., 1998; Lightdale 
et al., 1995]. 
 
9.1.1.2 COMPARISON WITH EXPANDABLE 
STENTS 
The studies comparing PDT with Nd:YAG 
laser treatment were produced before the 
advent of expandable stents, currently the 
most widely used treatment in the United 
States [Lightdale, 2000; Nishioka, 1999]. 
 
Expandable metal stents are considered by 
some to be the most important recent 
breakthrough in the palliative treatment of 
esophageal cancer [Ponec and Kimmey, 1997] 
because they offer several potential benefits 
[Alderson and Blazeby, 1995; Sturgess and 
Morris, 1995]. Stent placement is easy and 
can be done in all hospital centres. Stents 
provide immediate relief; morbidity is low; 
and the cost reasonable [Courtay et al., 1999]. 
Moreover, the use of stents could improve 
patients’ quality of life by avoiding the 
inconveniences of photosensitization associa-
ted with PDT (PF) or the obligation to travel 
long distances to receive treatment [Narayan 
and Sivak, 1994].  
 
A randomized trial (only the abstract is 
available) reported similar results for the two 
treatments [Canto et al., 2002]. However, 
compared with PDT, stents were found to be 
superior because they provided fast relief 
from dysphagia and were both easy to use and 
cost-effective [Canto et al., 2002]. Also, the 
high costs of Photofrin and the fact that 
stenting has become the most commonly used 
treatment in the United States [Lightdale, 
2000] limit interest in using PDT for this 
application in Québec.  
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Given these results, PDT (PF) is expected to 
be generally used as a complementary therapy 
for advanced esophageal cancer (when other 
treatments are contraindicated), as is currently 
the case in the United States [Lightdale, 
2000]. Over the next few years, significant 
improvements are expected to be made to both 
PDT and stents, which will have an impact on 
their potential use. It is important to offer 
patients appropriate palliative care and to take 
into account the benefits it may provide for 
patients’ autonomy and home care. Finally, 
the treatment program adopted for a patient 
depends on many factors, including the 
equipment available, health professionals’ 
expertise and preferences, treatment costs and 
patient preferences [Luketich et al., 2000].  
 
9.1.2 Superficial cancers 

PDT (PF) seems beneficial for this indication, 
but currently published studies offer only 
weak evidence to that effect. The two recent 
studies selected state that PDT (PF) is 
relatively effective for this indication, which 
tallies with the ICSI and CEDIT reports. 
Despite these promising results regarding the 
suppression rate of superficial lesions, there 
have not been enough trials including a 
sufficient number of subjects and comparing 
PDT with surgery to justify this possible 
indication. 
 
9.2 LUNG CANCER 

Recent studies have shown that PDT is 
relatively effective for the palliation of 
advanced cancers and especially that PDT 
(PF) is comparable to Nd:YAG laser ablation 
[Diaz-Jiménez et al., 1999]. These observa-
tions agree with the conclusions in the ICSI 
reports and in review articles [Chang and 
Bown, 1997] on the effectiveness of this 
treatment. Several studies have also indicated 
that PDT would be beneficial for treating 
malignant pleural mesothelioma (MPM). As 
for superficial cancers, no new study has 
come to support the ICSI conclusion that  
PDT is an effective treatment for tracheo-
bronchial cancers and superficial lesions.  
 

Although some encouraging results have been 
noted regarding the efficacy of PDT for lung 
cancers, the scientific literature offers no 
convincing evidence that PDT has any 
advantage over other complementary 
therapies or over surgery alone [Smith and 
Hahn, 2002; Pass et al., 1997]. Other 
interventions can be less costly, faster or safer 
than PDT, such as high-frequency coagulation 
and cryotherapy. Further studies, especially 
controlled trials, must be conducted before the 
use of PDT can be justified for these 
indications [Moskal et al., 1998].  
 
9.3 BLADDER CANCER 

Photodynamic therapy could be a comple-
mentary treatment for recurrent superficial 
transitional cell carcinoma (TCC) of the 
bladder (e.g., for patients who are not eligible 
for chemotherapy or immunotherapy). The 
advantage would be to avoid the need for 
cystectomy in patients resistant to treatment by 
bacillus Calmette-Guérin (BCG). 
 
The three recent studies selected recorded 
encouraging, albeit highly variable, complete-
response rates (from 45% to 84%), depending 
on the type of carcinoma and the length of 
follow-up. These studies also reported a high 
complication rate and cautioned that the 
dosimetry must be chosen with care. These 
observations resemble the conclusions 
reached by CEDIT and other authors [Chang 
and Bown, 1997], who report encouraging 
preliminary results mitigated by a high com-
plication rate and the lack of randomized 
trials. In fact, complete-response rates from 
33% to 100% were recorded in eight of the 
selected studies published between 1987 and 
1995 [Nseyo, 1998b]. These variable rates can 
be explained in part by the different follow-up 
times in the studies (from 3 to 55 months) 
because a high recurrence rate was seen in the 
two years following the PDT treatments 
[Walther et al., 1997; Nseyo, 1998b; Herr, 
1998]. 
 
The photosensitizer 5-ALA seems to be 
effective for bladder cancer because it is less 
pathogenic than Photofrin [Courtay et al., 
1999]. Kriegmar and associates [1996] have 
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reported good outcomes in terms of treatment 
response, bladder preservation and lack of 
major complications. 
 
There may be several benefits to replacing 
cystectomy with PDT, especially that of 
maintaining a better quality of life. Overall, 
this application of PDT should be studied 
much further and backed by research on its 
efficacy and on the optimal treatment 
parameters required to minimize complica-
tions: multiple courses of PDT treatment, 
lower doses of photosensitizing agent and less 
intense or shorter light activation, for example 
[Dougherty, 2002; Nseyo, 1998a]. 
 
9.4 BARRETT’S ESOPHAGUS: 
NEW INDICATION FOR PDT (PF) 

Barrett’s esophagus appears when esophageal 
epithelium is replaced by abnormal epithelium 
[Wang and Sampliner, 2001], which leads to a 
risk of developing esophageal cancer that is 
from 30 to 52 times greater than that for the 
general public [Overholt, 1999]. White men 
aged 50 and over, along with smokers with 
Barrett’s esophagus, are at high risk 
[Spechler, 2002b]. Esophageal-tissue changes 
appear after prolonged gastro-esophageal 
reflux [Enzinger et Mayer, 2003; Spechler, 
2002a], a major risk factor in esophageal 
cancer [Lagergren et al., 1999]. The incidence 
of esophageal cancer is rising in North America 
[Devesa et al., 1998]. This rise is possibly 
associated with the high prevalence of gastro-
esophageal reflux, given that nearly 50% of 
adults in the United States present with 
symptoms of this disease each month 
[Shaheen and Ransohoff, 2002]. 
 
Esophageal carcinoma is preceded by low-
grade dysplasia followed by high-grade 
malignancy [Hamilton, 1985]. Yet there is 
still a great deal of uncertainty about the 
natural evolution of this disease. Certain 
recommendations for treating Barrett’s 
esophagus in the United States are based on 
an annual cancer incidence of 1% to 2% in 
people with that disorder [Spechler, 2002a]. 
Yet, it is now generally admitted that this 
incidence is actually 0.5% per year [Enzinger 

and Mayer, 2003; Spechler 2002a; Shaheen et 
al., 2000].  
 
Treatment of patients with Barrett’s esopha-
gus generally involves three components: 
treatment of gastric reflux, endoscopic 
surveillance to detect dysplasia, and treatment 
of dysplasia [Enzinger and Mayer, 2003; 
Spechler 2002b]. Clinical guidelines on the 
treatment of this disorder have recently been 
published [Sampliner et al., 2002; Boyer et al., 
2000; Sampliner et al., 1998]. The optimal type 
of treatment, however, still raises many complex 
questions and a good deal of uncertainty. 
According to U.S. recommendations, endo-
scopic exploration is indicated for any person 
with chronic gastric reflux [Sampliner et al., 
2002]. This recommendation has been refuted 
in the systematic review conducted by 
Shaheen [2002], who concludes that there is 
not enough evidence to warrant this practice. 
Enzinger et Mayer [2003] also conclude that 
any recommendation on the endoscopic 
surveillance of patients with Barrett’s esopha-
gus must be supported by objective data. 
 
The use of surgery (esophagectomy) for these 
patients and those with high-grade dysplasia 
has also recently been put into question. 
Esophagectomy has a high mortality rate 
(3−12%) and a high complication rate 
(30−50%) [Swisher et al., 2000]. A recent 
study observed that in patients diagnosed with 
Barrett’s esophagus, surgery did not prolong 
survival more than endoscopic surveillance. 
This procedure is recognized as an alternative 
treatment to surgery, especially in healthy 
people aged 50 and over [Spechler, 2002a]. 
 
An increase in the incidence of esophageal 
cancer and the high complication rate from 
surgery are inciting researchers to develop 
new endoscopic treatments. These ablative 
techniques are thermal, chemical or mechan-
ical [Van den Boogert et al., 2000] and 
destroy abnormal tissue to allow for the 
regrowth of normal epithelium [Wang and 
Sampliner, 2001].  
 
In the conclusions of the first ICSI report, the 
authors mention that Barrett’s esophagus 
“responds to PDT” on the basis of three case 
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series studied by the same research group 
[Overholt and Panjehpour, 1996a; Overholt 
and Panjehpour, 1995a; Overholt and 
Panjehpour, 1995b]. Similarly, the CEDIT 
report mentions that this indication for PDT is 
of potential interest also on the basis of 
publications by these same authors [Overholt 
and Panjehpour, 1996a; Overholt and 
Panjehpour, 1996b]. Studies presenting 
similar results (from case series) for this PDT 
application have been published more recently 
[Overholt and Panjehpour, 2000; Panjehpour 
et al., 2000; Overholt et al., 1999], the second 
and third of which are included in ISCI’s 
update [2002]. In addition, Étienne and 
associates [2000] obtained encouraging results 
from the use of PDT with temoporfin 
(Foscan®/mTHPC) in the treatment of 
Barrett’s esophagus.  
 
A randomized trial comparing the use of PDT 
(PF) combined with omeprazole and the use 
of omeprazole alone to treat high-grade 
dysplasia in cases of Barrett’s esophagus is 
currently underway [Axcan Pharma, 2003]. 
Preliminary results report a significant 
reduction in dysplasia and a lower cancer rate 
in the group treated with PDT (PF) [Axcan 
Pharma, 2003]. Full results from this study 
will provide valuable information on this 
potential indication for PDT. Several key 
questions should be examined, such as the 
long-term efficacy of PDT, its complications 
and the potential persistence of dysplasia sites 
or deep carcinoma [Spechler, 2002b].  
 
Photofrin has recently been approved in 
Canada for photodynamic therapy of high-
grade dysplasia associated with Barrett’s 
esophagus [Axcan Pharma, 2003]. This 
potential indication has sparked a great deal of 
interest because it is attractive on a theoretical 
level and affects a large number of eligible 
patients.  

This new situation could initially lead to 
requests for this therapy for patients who are 
not candidates for surgery. It is also expected 
that a certain number of patients will prefer 
PDT to surgery or endoscopic surveillance. 
This would have a major impact on Québec’s 
health system, given the large number of 
patients to be treated. As a result, hospital 
budgets will be seriously affected because 
hospitals will need to have staff on board with 
the required specialized training and will need 
to buy the equipment used to administer PDT.  
 
9.5 GENERAL CONSIDERATIONS  

Like the studies on esophageal cancer, those 
that examined the treatment of lung cancer 
have often involved multiple courses of PDT 
with up to three doses of photosensitizing 
agent and six laser-light doses [Diaz-Jiménez 
et al., 1999; Moghissi et al., 1999; 
McCaughan, 1999; Shikowitz et al., 1998]. 
But PDT could also be combined with several 
other available treatments, depending on the 
indication. 
 
The new photosensitizers would apparently 
have advantages over Photofrin because they 
generally produce more singlet oxygen, clear 
from the body more rapidly and cause fewer 
skin-photosensitivity reactions. However, 
there is no information on the potential cost of 
these agents. These innovations and other 
technological advances are expected to 
improve PDT outcomes [Ninane, 1999]. 
 
The new photosensitizers and laser treatments 
under development are liable to require light 
sources with longer wavelengths. It would 
therefore be logical to invest in light sources 
capable of emitting different wavelengths 
(such as the pumped-dye laser), which would 
allow for the administration of several types 
of treatment [CORD, 2001]. 
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10 CONCLUSIONS AND RECOMMENDATIONS 

Analysis of the body of information currently 
available on PDT (PF) for the treatment of 
esophageal, lung and bladder cancers leads to 
the following conclusions and recommend-
ations concerning the place of PDT (PF) in 
Québec’s therapeutic arsenal. 
 
 With respect to lung and bladder cancers, 

and superficial esophageal cancers, 
findings seem to indicate that PDT (PF) 
has a therapeutic effect, but there is not 
enough evidence to conclude that it has 
any comparable advantage over other 
available treatments. 
 
For the treatment of lung and bladder 
cancers and superficial esophageal can-
cers, AETMIS recommends that  PDT (PF) 
be used only for clinical research purposes 
and not be authorized for public coverage. 
 

 With respect to the palliative treatment of 
advanced esophageal cancer, available 
studies seem to show, with only fair evi-
dence, that the efficacy of PDT (PF) is 
analogous to that of other palliative treat-
ments (Nd:Yag laser ablation, metal 
stents). However, treatment with PDT (PF) 
would apparently cost much more than that 
with stents. This important factor, coupled 
with the fact that stents are easy to use and 
already in widespread use, diminishes any 
interest there might be in using PDT (PF) 
for this indication and the probability that 
it will adopted in the current context. 
Nevertheless, PDT (PF) could be used as a 
complementary therapy when other treat-
ments are contraindicated. 

 
For the palliative treatment of advanced 
esophageal cancer, AETMIS recommends 
that  PDT (PF) be considered a possible 

option when recognized treatments are 
contraindicated and that PDT should 
undergo further clinical research. 

 
 The recent approval of PDT (PF) in 

Canada for a new indication—Barrett’s 
esophagus—raises important issues. A 
more in-depth examination will need to be 
conducted of the long-term efficacy of PDT 
for this indication and of its place in the 
current therapeutic arsenal, which already 
offers several treatment options. These 
issues should preferably be reviewed in a 
separate assessment report. 

 
For the treatment of Barrett’s esophagus, 
AETMIS recommends that  PDT (PF) be 
fully assessed before it is introduced into 
current practice.  

 
 Finally, there seems to be a near consensus 

in all the literature reviewed that the field 
of application of PDT will expand and 
undergo many technological develop-
ments, especially with respect to the photo-
sensitizing agents used, which may lead to 
greater reliance on this therapy in the years 
to come. Photodynamic therapy is not 
expected to replace surgery, radiotherapy 
or chemotherapy; rather, it is meant to 
complement them [Chang and Bown, 
1997]. Still, we will need to obtain stronger 
scientific evidence of the advantages of 
PDT over other treatments and to examine 
its impact on the Québec health-care system 
before its use can be justified for these new 
applications. 

 
AETMIS recommends that a technology 
watch be implemented to track technologi-
cal advances in PDT in general and its new 
applications in particular.  
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11 APPENDIX A 

ICSI SCHEME FOR GRADING SCIENTIFIC EVIDENCE 
 
Evidence is graded according to the following system: 
 
Grade A   
Conclusion based on a randomized, controlled trial that has been published in a peer-reviewed 
journal. 
 
Grade B   
Conclusion based on a well-designed study published in a peer-reviewed journal (but not on a 
randomized, controlled trial), such as: 
 
 a trial using historical or other non-randomized controls; 
 a prospective cohort study; 
 a case-control study; or 
 a meta-analytic study. 

 
Grade C   
Conclusion based on one of the following (but not on any studies of the types mentioned above): 
 
 uncontrolled case series; or 
 expert opinion. 

 
Position statements, panel consensus statements from the National Institutes of Health (NIH) or 
elsewhere, review articles or textbook chapters that cite primary evidence are not assigned a grade 
because they are not primary evidence. The individual studies cited in such secondary sources can be 
graded according to the categories presented above. 
 
Source: ICSI, 1997. 
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12 APPENDIX B  

GRADING SCHEME FOR LEVELS OF EVIDENCE USED BY THE CONSEIL 
QUÉBECOIS DE LUTTE CONTRE LE CANCER (CQLC) 

 
This grading scheme is used by the CQLC as well as by the European Society of Medical Oncology 
(ESMO) [2002] and the American Society for Clinical Oncology (ASCO) [1997]. 
 
LEVELS OF EVIDENCE AND RECOMMENDATION CATEGORIES 
(according to ASCO Guidelines) 
 
LEVEL TYPE OF EVIDENCE 
 
I Evidence is obtained from meta-analysis of multiple, well-designed, controlled 

studies. Randomized trials with low false-positive and low false-negative errors 
(high power). 

 
II Evidence is obtained from at least one well-designed experimental study. Random-

ized trials with low false-positive and low false-negative errors (low power). 
 
III Evidence is obtained from well-designed, quasi-experimental studies such as non-

randomized, controlled single-group, pre-post, cohort, time, or matched case-control 
series. 

 
IV Evidence is obtained from well-designed, non-experimental studies such as 

comparative and correlational descriptive and case studies. 
 
V Evidence from case reports and clinical examples. 
 
 
GRADING OF RECOMMENDATION 
 
GRADE GRADING OF RECOMMENDATION 
 
A There is evidence of type I or consistent findings from multiple studies of types II, 

III, or IV. 
 
B There is evidence of type II, III, or IV and findings are generally consistent. 
 
C There is evidence of type II, III, or IV but findings are inconsistent. 
 
D There is little or no systematic empirical evidence. 
 
 
Source: European Society of Medical Oncology (ESMO), 2002. 
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13 APPENDIX C  

DETAILS OF SELECTED PRIMARY STUDIES ON  
ESOPHAGEAL CANCER 

 
 
 

Characteristics of randomized controlled trials published between 1997 and 2003 on esophageal cancer 
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT AND 
FOLLOW-UP 

PATHOLOGICAL 
STAGES (cell types) 

TYPE OF 
APPARATUS 
AND PRODUCT 
USED (intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE  

Canto et 
al., 2002 

(United 
States) 

To compare 
PDT (PF) with 
stents for 
palliation of 
advanced 
esophageal 
cancers.  

56 patients 

Follow-up time 
not specified 

Recurrent, 
persistent, 
inoperable cancer 
and/or metastatic 
cancer of the 
esophagus or 
esophagogastric 
junction  

N/A No survival difference 
between PDT and stents. 

17% of patients who 
failed to respond to PDT 
were reassigned to the 
group treated with stents. 

Significant reduction of 
dysphagia with both 
treatments. 

Significant reduction in 
quality of life in group 
with stents but not in 
group treated with PDT. 

Several complications 
with both treatments. 

PDT cost over three times 
more than stents 
(US$19,754 vs $5,806). 

PDT (PF) and stents 
achieved comparable 
results for the treatment 
of dysphagia. 

Reduction of dysphagia is 
nevertheless faster with 
stents and fewer 
reinterventions are 
required. 

Stents are more cost-
effective than PDT (PF). 

Given that only the 
abstract of this study 
is available and that 
relevant data on the 
study design are not 
mentioned, it is not 
possible to assess the 
scientific quality of 
this study or the 
validity of its results. 

I 

 

TABLE C-1 
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Characteristics of non-randomized controlled trials published between 1997 and 2003 on esophageal cancer 
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT 
AND FOLLOW-UP 

PATHOLOGICAL 
STAGES 

CELL TYPES TYPE OF 
APPARATUS 
AND 
PRODUCT 
USED 
(intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE  

Mlkvy et al., 
1998 

(Great Britain) 

To evaluate the 
effects of PDT 
(PF) on all  
types of  
gastro-intestinal 
tumours. 

22 patients: 

EG1 = 4 received 
PDT (PF) (only 1 
with esophageal 
cancer and 3 with 
duodenal cancer) 

EG2 = 2 received 
mTHPc (with 
colorectal cancer) 

EG3 = 16 
received PDT (5-
ALA):  

6 with colorectal 
cancer, 7 with 
duodenal cancer 
and 3 with 
esophageal 
cancer 

Follow-up time 
not specified 

Not specified  Carcinomas 
and adeno-
carcinomas 

 

1) Metal-
vapour laser 

PDT (PF) 

2) Vapour 
laser 

PDT (mTHPc) 

3) Vapour 
laser 

DPT (5-ALA) 

Respective 
intensities: 

1) 628 nm 
(PF: 2 mg/kg) 

2) 650 nm 
(mTHPc: 
0.15 mg/kg) 

3) 628 nm  
(5-ALA: 
60 mg/kg) 

One month after 
treatment: 
67% reduction in 
size of esophageal 
tumour  

For all disorders 
treated with PDT 
(PF): 

▪ short-term 
(3 days): whitish 
superficial 
necrosis 

▪ long term 
(1 month +): 40–
70% reduction in 
tumour size 

Complications: 
photosensitivity 
in 4 subjects 

PDT (PF) is an 
ideal treatment for 
small tumours 
because it prevents 
the need for 
surgery. 

Results with 5-
ALA are encourag-
ing if significant 
changes are made 
to the dosimetry. 

This trial had 
several novel 
aspects. 

Given that only 
1 patient with 
esophageal cancer 
was treated with 
PDT, it is not 
possible to draw 
conclusions. 

No economic 
data. 

II-2 

 
EG: experimental group; PDT: photodynamic therapy; PF: Photofrin; mTHPc: meta-tetrahydroxyphenyl chlorin; 5-ALA: 5-aluminolevulinic acid. 

TABLE C-2 
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Characteristics of other studies published between 1997 and 2003 on esophageal cancer 
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT 
AND  
FOLLOW-UP 

PATHOLOGICAL 
STAGES 

CELL TYPES TYPE OF 
APPARATUS 
AND 
PRODUCT 
USED 
(intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE  

Litle et al., 
2003 

(United 
States) 

To evaluate the 
therapeutic 
efficacy of PDT 
(PF) for the 
palliative 
treatment of  
patients 
presenting with  
bleeding or 
obstructing 
esophageal 
cancer. 

215 patients 

All treated 
with Photofrin 

Follow-up time 
not specified 

Stages of  
dysphagia 

Stage 1 =  
asymptomatic 

Stage 2 = difficulty 
swallowing solid 
food but not semi-
solid food 

Stage 3 = difficulty 
swallowing solid 
food but not liquids 

Stage 4 = difficulty 
swallowing liquids 

Stage 5 = difficulty 
swallowing all 
nutriments, even 
saliva 

Squamous cell 
(EG1 = 33)  

Adenocarcino-
mas 
(EG2 = 179 ) 

Undifferentiated 
carcinomas 
(EG3 = 3) 

 

 

Tunable-dye 
laser  

PDT (PF):  
2 mg/kg 

(630 nm) 

After treatment: 

85% of treatments 
improved the 
dysphagia score 
by at least one 
level (p < 0.05) 

Complications: 
esophageal 
stenoses (1.6 %), 
Candida 
esophagitis 
(1.6 %), pleural 
effusions (3.5 %), 
aspiration 
pneumonia 
(1.3 %), 
perforations 
(1.6 %) and 
sunburn (6.0 %) 

Median survival 
was 4.8 months. 

Procedure-related 
mortality rate was 
1.8% 

PDT (PF) is a safe 
and effective 
treatment for the 
palliation of 
obstructing and/or 
bleeding 
esophageal 
cancer. 

Reinterventions 
may be required to 
maintain palliative 
relief from 
dysphagia in 
patients surviving 
more than two 
years, and a multi-
modality approach, 
including PDT, is 
common. 

This study deals 
with the best 
conditions for 
PDT use 
combined with 
other available 
options for 
symptomatic 
palliation of 
esophageal 
cancer. 

 

II-3 

Luketich et 
al., 2000 

(United 
States) 

To evaluate the 
therapeutic 
efficacy of PDT 
(PF) for 
inoperable 
patients at the 
palliative stage. 

77 patients 

All treated 
with Photofrin 

Follow-up time 
not specified 

Stages of  
dysphagia 

Stage 1 =  
asymptomatic 

Stage 2 = difficulty 
swallowing solid 
food but not  
semi-solid food 

Stage 3 = difficulty 
swallowing solid 
food but not liquids 

Stage 4 = difficulty 
swallowing liquids 

Stage 5 = difficulty 
swallowing all 
nutriments, even 
saliva 

Squamous cell 
(EG1 = 13)  

Adenocarcino-
mas (EG2 = 64) 

Tunable-dye 
laser  

PDT (PF): 
1.5 to 2 mg/kg 

(630 nm) 

After treatment: 

At 4 weeks, 
dysphagia score 
improved from 
3.2 ± 0.7 to 1.9 ± 
0.8 (i.e., 90.8 % 
of patients, 
p < 0.05) 

7 metal stents 
were placed after 
failure of PDT 
(PF) 

Mean dysphagia-
free interval = 
80.3 ± 0.58.  

Median survival 
was 5.9 months. 

Complications: 
esophageal 
stenoses (4.8%), 
Candida 
esophagitis 
(3.2%), pleural 
effusions (3.2%), 
and sunburn 
(10.0%)  

PDT (PF) is a safe 
and effective 
treatment for 
palliation of 
obstructing and/or  
bleeding 
esophageal 
cancer. 

Additional studies 
will be required to 
examine the cost-
effectiveness of 
this treatment and 
its relative 
contribution to 
quality of life 
compared with 
other palliative 
options. 

Presumed 
advantages of 
PDT (PF) over 
Nd:YAG are not 
supported by 
objective data. 

No economic 
data. 

II-3 

TABLE C-3 
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Characteristics of other studies published between 1997 and 2003 on esophageal cancer (cont’d) 
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT AND 
FOLLOW-UP 

PATHOLOGICAL 
STAGES 

CELL TYPES TYPE OF 
APPARATUS 
AND 
PRODUCT 
USED 
(intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE  

Moghissi et 
al., 2000 

(Great Britain) 

To evaluate the 
palliative role of 
PDT (PF) in 
patients with 
advanced and 
inoperable 
esophageal 
cancer. 

65 patients 

Follow-up: up to 
30 months 

TNM classifica-
tion of malignant 
tumours  
(see appendix F, 
table F-1) 

Adenocarcino-
mas 

Copper-metal 
vapour laser 

PDT (PF):  
2 mg/kg 

(630 nm) 

Dysphagia stages 
before treatment  
 
EG1 = 5, stages 0 
and 1 
EG2 = 13, stage 2
EG3 = 27, stage 3
EG4 = 20, stage 4 

Dysphasia stages 
from 6 to 8 months 
after treatment: 

EG1 = 33, stages 0 
and 1 
EG2 = 27, stage 2
EG3 = 5, stage 3 
EG4 = 0, stage 4 

Loss of 6 kg body 
weight and 
hematemesis 
(vomiting of 
blood) in 61 
subjects 

Mean survival:  

deceased patients 
(58): 7.7 ± 0.8 
months  

living patients (7): 
16 months (2 to 
30 months)  

Complications: 
stenoses and  
chest pain,  
photosensitivity 
(mild skin  
photosensitivity 
reaction) 

PDT (PF) is a safe 
and effective 
treatment for the 
palliation of 
inoperable 
dysphagia in 
esophageal 
cancer. 

Regression in the 
stages of 
dysphagia was 
observed for all 
patients; no 
lesions caused by 
chemotherapy or 
radiotherapy. 

PDT (PF) has the 
potential to 
prolong survival 
in patients with 
less advanced or 
early-stage 
tumours.  

Other patients 
required metal 
stents. 

No economic 
data. 

II-3 

Scheider et 
al., 1997 

(Canada) 

 

To evaluate 
PDT (PF) in 
patients who 
had previously 
received metal 
stents. 

4 inoperable 
patients with  
stents (Ultraflex®) 
treated with PDT 
(PF) 

Follow-up time 
not specified 

Stages of  
dysphagia 

Stage 0 = 
swallows 
normally 

Stage 1 = 
swallows solid 
food 

Stage 2 = 
swallows solid 
and pureed food 

Stage 4 = 
swallows only 
liquids 

Stage 5 =  
unable to 
swallow liquids 

Adenocarcino-
mas  

Unspecified 
laser 

PDT (PF): 
2 mg/kg 

(630 nm) 

Before treatment: 

Mean stage of 
dysphagia: 2.25  
(2, 2, 2, 4)  

6 months after  
treatment:  

Mean stage of 
dysphagia: 0.25  
(0, 0, 0, 1) 

Mean dysphagia-
free interval was 
92.75 days (84, 
157, 76, 54). 

Mean survival was 
254 days for three 
deceased patients 
(84, 404, 275), one 
patient was still 
alive. 

There were no 
major 
complications. 

PDT (PF) is 
effective and safe 
to treat malignant 
tumour ingrowth 
through 
esophageal stents. 

Small number 
of subjects. 

No economic 
data. 

II-3 
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Characteristics of other studies published between 1997 and 2003 on esophageal cancer (cont’d) 
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT 
AND  
FOLLOW-UP 

PATHOLOGICAL 
STAGES 

CELL 
TYPES 

TYPE OF 
APPARATUS 
AND PRODUCT 
USED 
(intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE  

Grosjean et 
al., 1998 

(Switzerland) 

To evaluate 
514 nm 
compared with 
630 nm light 
irradiation in the 
treatment of 
superficial 
cancers of the 
esophagus and 
bronchi. 

15 patients with 
carcinomas 
treated with 
Photofrin 

514 nm:  
EG1 = 5 

(1 patient with  
bronchial cancer 
and 4 patients 
with esophageal 
cancer) 

630 nm:  
EG2 = 10 

(3 patients with 
bronchial cancer 
and 7 with 
esophageal 
cancer) 

8 bronchial 
tumours and  
14 esophageal 
tumours 
identified 

9 tumours 
treated with 
PDT (PF) at 
514 nm 

13 tumours 
treated with 
PDT (PF) at 
630 nm 

Follow-up time: 
21 months 
(from 6 to 49) 

IIIA, IIIB, IV and 
others (not defined) 

Carcinomas 
and adeno-
carcinomas 

Pumped-dye 
laser 

PDT (PF):  
2 mg/kg 

(514 nm and 
630 nm) 

Complete response 
after 3 months of 
treatment: 

With 630 nm: 
9 out of 13 
esophageal 
tumours (69%) 

With 514 nm: 
6 out of 9 
superficial 
tumours (67%) 

Complications  
(3 cases): 

pleural effusion, 
fever, chest pain, 
edema and 
erythemas 

PDT (PF) used with 
a  514-nm 
wavelength can cure 
superficial 
esophageal and 
bronchial cancers. 
These probabilities 
of success are 
analogous to those 
obtained with 
630 nm.  

In the case of 
esophagal 
carcinomas, a 
514-nm wavelength 
prevents deep-tissue 
damage and 
therefore reduces the 
risk of tissue 
perforation. 

 

The small 
sample size 
does not allow 
us to draw 
conclusions. 

No economic 
data.  

II-3 
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Characteristics of other studies on esophageal cancer published between 1997 and 2003, using hematoporphyrin 
derivatives other than Photofrin 

AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT 
AND FOLLOW-
UP 

PATHOLOG-
ICAL 
STAGES 

CELL  
TYPES 

TYPE OF 
APPARATUS 
AND 
PRODUCT 
USED 
(intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE 

Maier et 
al., 2001a 

Maier et 
al., 2001b 

(Austria)  

To compare 
HpD/ 
Photosan with 
5-ALA to treat 
advanced 
carcinomas. 

 

49 patients 

22 treated with 
5-ALA 

27 treated with 
HpD/Photosan 

Follow-up time 
not specified 

 

 

Advanced 
esophageal 
carcinomas

KTP-Nd:YAG 
laser 

PDT (HpD): 
2 mg/kg 

(630 nm) 

PDT (5-ALA): 

60 mg/kg 

Reduction of 
dysphagia, stenosis 
diameter and tumour 
length with both 
treatments and  at 
one-month follow-up; 
statistically 
significant difference 
in favour of PDT. 

No sunburns or other 
treatment-related 
major complications 
were observed in 
either group. 

Despite the 
limitations of a 
non-randomized 
trial, HpD/Photosan 
seems to be 
superior to 5-ALA 
for the treatment of  
advanced 
esophageal 
carcinomas. 

The same study 
was published in 
two scientific 
journals (see 
References). 

II-3 

Maier et 
al., 2000 

(Austria) 

To compare 
PDT combined 
with 
radiotherapy 
and 
radiotherapy 
alone. 

119 patients 

21 patients: 
dilation and 
ablation with 
Nd:YAG before 
therapy 

44 patients 
received PDT 
(HpD) followed 
by 
brachytherapy 

75 patients 
refused PDT and 
received 
brachytherapy 
alone 

Follow-up time 
not specified 

TNM 
classification 
(appendix F, 
table F-1): 

Stage III: 
80 patients 

Stage IV: 
39 patients 

T3 = 46  
T4 = 73 
N1 = 65 
NX = 54 
M0 = 80 
M1 = 39 

Advanced 
esophageal 
carcinomas

Nd:YAG laser  

HpD/hemato-
porphyrin  
polyester:  
2 mg/kg 

(630 nm) 

3 months after 
treatment: 

Reduction of stenosis 
and dysphagia, and 
increased survival; 
statistically 
significant difference 
in favour of PDT. 

Major complications: 
11 (9.2%); statistics 
are not differentiated 
by group. 

PDT followed by 
radiotherapy is 
effective in 
palliating advanced 
esophageal cancers.  

Patients must be 
selected with care 
to prevent major 
complications. 

 

Patients in 
control group 
did not want to 
receive PDT 
(PF) even if 
they met 
inclusion 
criteria. 

II-3 

Corti et 
al., 2000 
 
(Italy) 
  

To evaluate 
the effects of 
PDT combined 
with 
radiotherapy 
(RT) in 
inoperable 
patients.  

62 subjects 
 
54 patients 
inoperable for 
medical reasons 
and 8 for other 
reasons 
 
Same patients 
were treated 
twice:  
1) PDT alone, 
and  
2) PDT + RT in 
cases of partial 
or unsatisfactory 
response after 
two PDT 
sessions 
 
Median overall 
survival: 
32 months (from 
3 to 90) 
 

IIB, IIIA, 
IIIB  
 
 

Adenocarci-
nomas and 
squamous 
cell 
 
 
 

Argon-dye 
laser 
 
PDT (HpD): 
5 mg/kg 
 
(630 nm) 

Response rate: 
 
PDT alone: 

Complete: 37% 
Partial: 48% 
Unsatisfactory: 
15% 

 
PDT with adjuvant 
radiotherapy: 

Complete: 82% 
Partial: 15% 
Unsatisfactory: 3% 

 
PDT alone with 
complete response 
(23 patients): 

Median overall 
survival: 50 months 
Median overall 
survival without 
recurrence: 
68 months 

 
Complications: 
Toxicity: 3 cases of 
esophageal stenosis 
(7%) and 1 case of 
tracheobronchial 
fistula (2.5%) after 
PDT (HpD + RT) 

PDT (PF) is an 
effective treatment 
for esophageal 
cancer. 
 
Adjuvant 
radiotherapy in 
cases of incomplete 
response to PDT is 
effective and 
potentially curative. 

Statistics on 
complete, partial 
and minimal 
responses and 
median survival 
are difficult to 
interpret with 
the addition of 
radotherapy.  
 
No economic 
data. 
 
 

II-3 

TABLE C-4 
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14 APPENDIX D 

DETAILS OF SELECTED PRIMARY STUDIES ON LUNG CANCER 
 

 
 

Characteristics of randomized controlled trials published between 1997 and 2003 on lung cancer 
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT 
AND  
FOLLOW-UP 

PATHOLOGICAL 
STAGES  
(cell types) 

TYPE OF 
APPARATUS AND 
PRODUCT USED 
(intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE 

Diaz-
Jiménez 
et al., 
1999 
(Spain) 

To evaluate the 
therapeutic  
efficacy and 
safety of PDT 
(PF) compared 
with Nd:YAG 
laser ablation. 

31 inoper-
able patients 
with partial 
or complete 
tracheobron-
chial 
obstructions 
EG1 = 14 
subjects 
treated with 
PDT (PF)  
EG2 = 17 
subjects 
treated with 
Nd:YAG 
Follow-up 
time: 24 
months 

I, II, IIIA, 
IIIB, IV 
(small-cell 
adenocarcino-
mas and 
squamous cell) 
 

Argon-pumped 
dye laser 
PDT (PF):  
2 mg/kg 
(630 nm) 
Nd:YAG  
(15 to 80 watts) 

Before treatment 
(EG1/EG2): 
I = 3/1 
II = 1/0 
IIIa = 2/4 
IIIb = 3/7 
IV = 3/4 
Recurrences: 2/1 
After treatment  
(EG1 vs EG2): 
Response one week 
after treatment: 
43% vs 53% (p = ns) 
Response one month 
after treatment:  
38.5% vs 23.5% 
(p = ns) 
Survival:   
265 vs 95 days 
(p = 0.007 
Similar symptomatic 
relief in both groups 
Complications: 
photosensitivity, 
bronchitis, cough and 
dyspnea 
One death probably 
linked to PDT (PF) 

PDT (PF) is a valid 
palliative treatment for  
lung cancer (small-cell 
adenocarcinomas). 
Both techniques are 
similar in terms of 
efficacy and safety. 
 
 

Nd:YAG laser is 
not approved in 
Canada. Stages 
are not compared. 
This study shows 
that Photfrin has a 
modest palliative 
effect. 
 
Shortcoming: 
small sample size. 
 
No economic 
data. 

I 

Pass et al., 
1997 
(United 
States) 

To evaluate the 
efficacy of PDT 
(PF) combined 
with surgery 
compared with 
post-operative 
immuno-
chemotherapy 
for malignant 
pleural  
mesotheliomas. 

63 patients, 
including 48 
who were 
randomized 
EG1 = 25, 
PDT (PF) 
with surgery 
EG2 = 23, 
surgery 
without PDT 
(PF) 
15 patients 
were 
withdrawn 
from the trial 
because their 
tumours 
could not be 
debulked to a 
maximum of 
5 mm. 
Median 
follow-up (of 
treatment 
under 
analysis): 
23.1 months 

Malignant 
pleural 
mesothelioma 
(all, but not 
staged before 
treatment) 
Post-operative 
staging of 
EG1/EG2: 
Stage I = 2/2 
Stages IIA and 
IIB = 2/2 
Stages IIIA 
and IIIB = 
21/17 
Stages IV = 
0/2 
 

Coherent 
pumped-dye laser 
PDT (PF): 
2mg/kg + surgery 
(630 nm for PDT) 
Surgery without 
PDT (PF) 
 

Median survival with 
recurrence: 
EG1 = 14.1 months 
EG2= 14.4 months 
(p = ns) 
Median survival 
without recurrence 
EG1 = 8.5 months 
EG2 = 7.7 months 
(p = ns) 
Mean survival of 15  
withdrawn patients: 
7.2 months 
1 death in EG1 related 
to PDT (PF II) 
No difference in the 
number or gravity of 
complications related 
to surgery or 
immunochemotherapy 
Each group had two 
bronchopleural 
fistulas. 

Combining PDT 
(using first-generation 
photosensitizers) with 
surgery and  
immunotherapy offers 
no benefit in terms of 
survival or local 
necrosis. 

Toxicity and 
complications 
remained 
comparable in 
EG1 and EG2. 
 
Insuffieient 
number of 
subjects in each 
group. 
 
No economic 
data. 

I 

 
p = ns: non-significant probability. 
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Characteristics of non-randomized controlled trials published between 1997 and 2003 on lung cancer 
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT 
AND FOLLOW-UP 

PATHOLOG-
ICAL STAGES 
(cell types) 

TYPE OF 
APPARATUS 
AND PRODUCT 
USED (intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE 

Shikowitz 
et al., 
1998 

(United 
States) 

To verify 
the efficacy 
of Photofrin 
for 
respiratory 
papilloma-
tosis. 

81 patients 

EG = 48 
subjects 
treated with 
PDT (PF): 

EG1 = 24  
(3.25 mg/kg of 
Photofrin)  

EG2 = 24  
(4.25 mg/kg of 
Photofrin) 

CG = 33 
(unspecified 
treatment, but 
refusal of PDT 
[PF]) 

Follow-up 
time not 
specified 

Not 
specified 
(all) 

 

Tunable 
argon-pumped 
dye laser for 
PDT (PF)  

CO2 laser 

(630 nm) 

 

Before treatment  

Median papilloma growth 
rates:  

 EG1 = 0.143 (23 patients) 

 EG2 = 0.563 (16 patients) 

 CG = 0.113 (22 patients) 

1 year after treatment 

Median papilloma growth 
rates: 

 EG1 = 0.124 

 EG2 = 0.177 

 CG = 0.071 

In the first year, the 
proportion of patients who 
experienced a decrease in 
recurrence rate greater than 
50% was higher in the 
treated group than in the 
control group. 

Three-year follow-up 
confirmed that improvement 
was maintained for subset of 
EG2 patients and according 
to figures from other studies. 

No mention of side effects. 

Reduction of 
pulmonary papillomas 
with PDT (PF)  
(4.25 mg/kg).  

PDT (PF) modifies 
recurrence rates but 
does not completely 
dispel latent 
persistence of human 
papillovirus (HPV) 
DNA. 

Very promising 
treatment. 

 

 

Control-group 
treatments were 
not specified. 

Patients in 
control group 
did not want to 
receive PDT 
(PF) even if 
they met 
inclusion 
criteria. 

Difficult to 
interpret overall 
results. 

No economic 
data. 

II-2 

 
EG: experimental group; CG: control group. 
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Characteristics of studies on lung cancer published between 1997 and 2003 with evidence from multiple-time series or 
multicentre trials  
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT AND 
FOLLOW-UP 

PATHOLOGICAL 
STAGES  
(cell types) 

TYPE OF 
APPARATUS 
AND PRODUCT 
USED (intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE 

Moskal et al., 
1998 

(United States) 

To evaluate the 
efficacy of 
adjuvant PDT 
(PF) combined 
with surgery  
for malignant 
pleural 
mesotheliomas.  

40 patients 

PDT (PF) after 
surgical 
resection  

Follow-up time 
not specified 

I, II, III and IV 
(TNM classifica-
tion, appendix F, 
table F-2) 

Grades II and III 
comprise (IIA + 
IIB) and (IIIA + 
IIIB) 

Post-operative 
classification: 
Stage I = 
12 patients 
Stage II = 
1 patient 
Stage III = 
25 patients 
Stage IV: 
2 patients 
(All) 
Carcinomas = 25 
Sarcomas = 5 
Both = 10 

Surgery  

Argon-
pumped dye 
laser for PDT 
(PF): 2mg/kg 

(630 nm) 

Median two-year survival 
rate: 

 All patients = 15 months 

 Stages I and II = 
36 months  

 Stages III and IV = 
10 months 

Estimated 2-year survival 
rates: 

 All patients = 23% 

 Stages I and II = 61% 

 Stages III and IV = 0% 

Complications in 18 
patients (45%): respiratory 
insufficiency, septicemia, 
atrial fibrillation, 
bronchopleural fistula; 
5 subsequent operations. 

PDT (PF) and 
surgery obtain good 
survival results in 
stages I and II. For 
stages III and IV,   
further  
investigation is 
required to find 
better treatment 
modalities. 

Improvements in 
early detection and 
pre-operative 
staging are 
necessary for 
proper selection of 
patients liable to 
benefit from the 
treatment. 

Comparative data 
not provided. 

No economic 
data. 

 

II-3 

Moghissi et 
al., 1999 

(Great Britain) 

To evaluate 
the efficacy of 
PDT (PF) for 
symptom 
palliation in 
patients with 
inoperable 
lung cancer.  

 

To determine 
survival 
benefit. 

100 patients 
with inoperable 
(advanced) 
cancers treated 
with PDT (PF) 
alone 

 

Follow-up time 
not specified 

IIIA, IIIB and IV 

Stage IIIA = 
73 patients 

Stage IIIB = 
17 patients 

Stage IV = 
10 patients 

(90% squamous 
cell and 10% 
small-cell 
adenocarcinomas) 

Copper laser 
for PDT (PF): 
2mg/kg  

(630 nm) 

From 6 to 8 months after  
treatment: 

Pulmonary obstruction: 
 Before = 85.8%  
 After = 17.5%  

Mean forced vital capacity: 
 Before = 2.07 ± 0.78 L 
 After = 2.50 ± 0.74 L 

Forced expiratory volume: 
 Before = 1.38 ± 0.56 L 
 After = 1.66 ± 0.57 L  

Overall 2-year survival: 
19% 
 10 patients alive (mean 

survival was 36 months 
and median survival 
was 29 months) 

 90 patients died (mean 
survival was 9 months 
and median survival 
was 5 months) 

PDT (PF) is 
effective for 
palliation of 
inoperable 
advanced lung 
cancer. 

Patients who had a 
WHO Performance 
Status greater than 
2 had added 
survival benefit. 

Additional 
randomized trials 
are necessary to 
validate this PDT 
application. 

Economic aspects 
are not examined. 

II-3 
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15 APPENDIX E 

DETAILS OF PRIMARY STUDIES ON BLADDER CANCER 
 
 
 

Characteristics of studies on bladder cancer published between 1997 and 2003 with evidence from multiple-time 
series or multicentre trials  
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT 
AND FOLLOW-UP 

PATHOLOGICAL 
STAGES 
(cell types) 

TYPE OF 
APPARATUS AND 
PRODUCT USED 
(intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE 

Walther et al., 
1997 

(United 
States) 

To verify the 
therapeutic 
efficacy of 
PDT (PF) in 
the treatment 
of superficial 
transitional 
cell carcinoma 
(TCC). 

20 patients 
resistant to 
treatment with 
bacillus 
Calmette-Guérin, 
mitomycin, 
thiotepa and/or 
doxorubicin 

Treated with 
PDT (PF) alone 

Follow-up time: 
from 3 to 56 
months 

0a and I 
(appendix F, 
table F-3) 

Carcinomas, 
TCC, carcinoma 
in situ (Cis) 

 

Coherent Innova 
200 Argon Ion 
Laser System for 
PDT (PF): 1.5 or 
2 mg/kg (630 nm) 

3 months after treatment: 

 45% complete response (9 out of 
20 patients). Four of the nine 
patients remained without 
recurrent disease during  
follow-up time, which varied 
between 23 and 59 months. 

 80% (16 of 20 patients) 
experienced recurrences and 8 of 
16 underwent cystectomies. 

Complications: symptomatic 
vesicoureteric reflux (more 
frequent at higher doses), 
transitory acute bladder-wall 
irritation, other minor problems. 

PDT (PF) with a dose 
of 1.5 mg/kg activated 
by a total light dose of 
2500 to 3000 J is a safe 
treatment that resulted 
in tumour response. 

It would be beneficial 
to examine the 
response differences in 
TCC and Cis cancer 
cells, according to PDT 
doses. 

An in-depth analysis of 
dosimetry is desirable. 

This treatment seems 
promising for bladder 
cancer. 

Phase I trial is  
non-conclusive. No 
comparisons with 
another group. 

Only 4 of 20 patients 
had complete 
responses, but at 
different follow-up 
times. 

No economic data. 

II-3 

Nseyo et al., 
1998a 

(United 
States) 

To evaluate the
therapeutic 
efficacy of 
PDT (PF) in 
patients with 
recurrent 
disease (TCC 
and Cis) after 
standard 
treatments 
(chemotherapy 
with bacillus 
Calmette-
Guérin [BCG] 
and 
transurethral 
resection) 

58 patients 

39 patients 
underwent 
ablative PDT 

19 patients 
underwent 
prophylactic 
PDT (after 
complete 
resection of the 
tumour) 

Median survival: 
50 months (from 
9 to 110) 

 

Ta = 24 patients 

T1 = 14 patients 

Cis = 20 patients 

 

Argon-dye laser  

PDT (PF):  
1.5 or 2 mg/kg 

(630 nm) 

Complete or partial response rates 
observed 3 months after treatment: 

Ablative PDT 

 84% in the 19 subjects with 
residual resistant papillary TCC 
 75% in the 20 subjects with 
refractory Cis 

Prophylactic PDT 

 90 %  

Survival (all patients): 

At 50 months, 59% (34/58) were 
still alive and 31 had had no 
recurrence. 

Projected five-year survival rate: 
45% 

Mortality: 24 deaths among 58 
patients 

Complications: photosensitivity in 
22% of patients, bladder 
contractures in 39% and 0% in 
subjects who received 2.0 and 
1.5 mg/kg, respectively   

PDT (PF) with a dose 
of 1.5 mg/kg activated 
by a light dose of 
15 J/cm2 should be 
considered a safe 
treatment for refractory 
Cis and TCC. 

Study outcomes are not 
conclusive because 
there was no control 
group. 

Randomized controlled 
trials would be 
required. 

No economic data. 

II-3 
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Characteristics of studies on bladder cancer published between 1997 and 2003 with evidence from multiple-time 
series or multicentre trials (cont’d) 
AUTHORS 
(country) 

STUDY 
OBJECTIVE 

NUMBER OF 
PATIENTS, 
TREATMENT 
AND FOLLOW-UP 

PATHOLOG-
ICAL STAGES 
(cell types) 

TYPE OF 
APPARATUS AND 
PRODUCT USED 
(intensity) 

RESULTS CONCLUSIONS COMMENTS LEVEL OF 
EVIDENCE 

Nseyo et al., 
1998b 

(United States) 

To verify the 
therapeutic 
efficacy of 
PDT (PF) as 
an alternative 
to cystectomy 
after failure  
of BCG 
therapy. 

36 patients 

After failure of 
BCG therapy 

Follow-up 
time not 
specified 

 

0a, 0is and I 
(appendix F, 
table F-3) 

Carcinoma 
in situ 

 

Argon-pumped 
laser for PDT 
(PF): 2 mg/kg 

(630 nm) 

Before treatment: 

All selected patients had 
recurrent cancer (stages 
were not specified) 

3 months after treatment: 
 58% complete response 
(21 patients) 

 42% incomplete 
response (15 patients)  

12 months after treatment: 
 31% without recurrence 
(11 patients); median 
survival of 12 months  
(9 to 48) 

 28% with recurrence 
(10 patients) 

Complications: 
 Cystectomy owing to 
persistent carcinomas: 
14 patients (38%)  

 Bladder contractures at 
12 months or more: 7 of 
36 patients (19.4%) 

 Photosensitivity: 
11 patients (31%)   

 Incontinence, spasms, 
dysuria and pubic pain 

PDT seems to be a 
promising  
treatment and  
alternative to 
cystectomy for 
patients with 
refractory 
carcinoma in situ.  

Adverse effects 
caused by 
photosensitivity 
limit its therapeutic 
efficacy. 

 

The trial involved 
only patients with 
recurrences. PDT 
(PF) is suggested for  
refractory cases 
(carcinoma in situ).  

No control group. 

Economic aspects 
are not examined. 

II-3 
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16 APPENDIX F 

TNM CLASSIFICATION FOR MALIGNANT TUMORS 
 
 
 

TNM classification of esophageal cancer stages 

PATHOLOGICAL STAGES PRIMARY TUMOR REGIONAL LYMPH 
NODES DISTANT METASTASIS 

Stage 0 Tis N0 M0 
Stage I T1 N0 M0 
Stage IIA T2 

T3 
N0 
N0 

M0 
M0 

Stage IIB T1* 
T2  

N1 
N1 

M0 
M0 

Stage III  T3 
T4 

N1 
Multiple N 

M0 
M0 

Stage IV subdivided into: 
Stage IVA 
Stage IVB 

Multiple T 
Multiple T 
Multiple T 

Multiple N 
Multiple N 
Multiple N 

M1 
M1a 
M1b 

 
Source: International Union Against Cancer (2002).  

 
Legend 
 
T =  Primary tumor 
 
TX =  Cannot be assessed 
T0 =  No evidence of primary tumour 
Tis =  Carcinoma in situ 
T1 =  Tumor invades submucosa* 
T2 =  Tumor invades muscle tissue 
T3 =  Tumor invades adventitia* 
T4 =  Tumor invades adjacent tissue structures 
 
N =  Regional lymph nodes  
 
NX =  Regional lymph nodes cannot be assessed 
N0 =  No regional lymph node metastasis 
N1 =  Metastasis in regional lymph nodes  
 
M =  Distant metastasis in regions other than in lymph nodes  
 
MX =  Distant metastasis cannot be assessed 
M0 =  No distant metastasis 
M1 =  Distant metastasis 
M1a =  Metastasis in cervical nodes and celiac lymph nodes (according to tumour seat in esophageal tract) 
M1b =  Other types of distant metastasis 
 
 
*T1 is subdivided into T1m and T1sm: T1m for cancer confined to mucosa, and T1sm for cancer invading submucosa. 
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TNM classification of lung cancer stages 
PATHOLOGICAL STAGES PRIMARY TUMOR REGIONAL LYMPH NODES DISTANT METASTASIS 

Occult cancer TX N0 M0 

Stage 0 Tis N0 M0 

Stage IA T1 N0 M0 

Stage IB T2 N0 M0 

Stage IIA T1 N1 M0 

Stage IIB T2 
T3 

N1 
N0 

M0 

Stage IIIA T1* 
T2 
T3 

N2 
N2 
N1, N2 

M0 

Stage IIIB T1 to 4 
T4† 

N3 
N0 to 3 

M0 

Stage IV T1 to 4 N0 to 3 M1 
 

Source: Health Canada, Population and Public Health Branch (PPHB). Lung Cancer, Guidelines for Processing Specimens and 
Reporting Tumor Stage. Appendix 4 – TNM Classification. Available: http://www.hc-sc.gc.ca/pphb-dgspsp/publicat/lung-poumon/ 
lcg_i_e.html (consulted on April 1, 2004). 

 
Legend 
 
T =  Primary tumor 
 
TX = Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial washings but not 

visualized by imaging or bronchoscopy  

T0 =  No evidence of primary tumor 

Tis =  Carcinoma in situ  

T1 =  Tumor 3 cm or less in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more 
proximal than the lobar bronchus (i.e. not in the main bronchus)*  

T2 =  Tumor with any of the following features of size or extent: more than 3 cm in greatest dimension; involves main bronchus, 2 cm or 
more distal to the carina; invades visceral pleura; associated with atelectasis or obstructive pneumonitis that extends to the hilar 
region but does not involve the entire lung 

T3 =  Tumor of any size that directly invades any of the following: chest wall (including superior sulcus tumors), diaphragm, mediastinal 
pleura, parietal pericardium; or tumor in the main bronchus less than 2 cm distal to the carina but without involvement of the carina; 
or associated atelactasis or obstructive pneumonitis of the entire lung  

T4 =  Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, oesophagus, vertebral body or 
carina; separate tumor nodule(s) in the same lobe; tumor with malignant pleural effusion†2  

 

                                                      
* The uncommon superficial spreading tumor of any size with its invasive component limited to the bronchial wall, which may extend 
proximal to the main bronchus, is also classified as T1. 

† Most pleural effusions with lung cancer are due to tumor. In a few patients, however, multiple cytopathological examinations of pleural 
fluid are negative for tumor, and the fluid is non-bloody and is not an exudate. Where these elements and clinical judgement dictate that the 
effusion is not related to the tumor, the effusion should be excluded as a staging element and the patient should be classified as T1, T2, or 
T3. This also applies to pericardial effusions. 
 

TABLE F-2 
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N =  Regional lymph nodes 
 
NX =  Regional lymph nodes cannot be assessed  
N0 =  No regional lymph-node metastasis  
N1 =  Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, including involvement by direct extension  
N2 =  Metastasis in ipsilateral mediastinal and/or subcarinal lymph nodes  
N3 =  Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph nodes  
      
M =  Distant Metastasis  
 
MX =  Distant metastasis cannot be assessed  
M0 =  No distant metastasis  
M1 =  Distant metastasis, includes separate tumor nodule(s) in a different lobe (ipsilateral or contralateral)  
 
 
 
 
TNM classification of bladder cancer stages 
PATHOLOGICAL STAGES PRIMARY TUMOR REGIONAL LYMPH NODES DISTANT METASTASIS 

Stage 0a Ta N0 M0 

Stage 0is Tis N0 M0 

Stage I T1  N0 M0 

Stade II T2 
T3a 

N0 
N0 

M0 
M0 

Stage III T3b 
T4a 

N0 
N0 

M0 
M0 

Stage IV T4b 
Multiple T 
Multiple T 

N0 
N1, N2 and N3 
Multiple N 

M0 
M0 
M1 

 
Source: International Union Against Cancer (2002). 

 
Legend 
 
T =  Primary tumor  
 
TX =  Primary tumor cannot be assessed 
T0 =  No evidence of primary tumor 
Ta =  Noninvasive papillary carcinoma 
Tis =  Carcinoma in situ (CIS); noninvasive flat carcinoma 
T1 =  Tumor has spread to subepithelial connective tissue 
T2 =  Tumor has spread to muscle  
T3 =  Tumor has spread to perivesical tissue (fatty tissue that surrounds the bladder) (T3a = tumor has spread microscopically and T3b = 

tumor has spread macroscopically) 
T4 =  Tumor has spread to any of the following: prostate, uterus, vagina, pelvic wall, or abdominal wall (T4a: Tumor has spread to the 

prostate, uterus, and/or vagina, and T4b: tumor has spread to the pelvic wall or the abdominal wall) 
 
N =  Regional lymph nodes 
 
NX =  Regional lymph nodes cannot be assessed 
N0 =  No regional lymph node metastasis 
N1 =  Metastasis in a single lymph node < 2 cm (4/5 inch) 
N2 =  Metastasis in a single lymph node > 2 cm but < 5 cm, or multiple lymph nodes < 5 cm 
N3 =  Metastasis in a lymph node > 5 cm 
 
M =  Distant Metastasis 
 
MX =  Distant metastasis cannot be assessed 
M0 =  No distant metastasis 
M1 =  One or more distant metastasis 
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17 APPENDIX G 

COST COMPARISON OF PHOTOFRIN-MEDIATED PDT FOR LUNG CANCER 
(ACCORDING TO AXCAN PHARMA) 

 
 
 
TREATMENT LENGTH OF HOSPITAL STAY COSTS COMMENTS 
Surgery 15.6 days FF 40,700 

Can$8,383 

Chemotherapy  
(cisplatin +  
gemcitabin) 

3 days 
(one day a week for 3 weeks) 

FF 54,000 
Can$11,122 

Radiotherapy 30 days 
(5 days a week for 6 weeks) 

FF 8,960 to 17,000 
Can$1,922 to $3,648 

PDT 2 days FF 19,500 
Can$4,016 

 Length of hospital stays 
and costs to be verified 
for Québec. 

 There is no information 
on individual cost 
items. 

 It is improbable that  
PDT can be  
administered only once 
without multiple 
interventions. 

 
Source: Axcan Pharma, 2000b. 
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