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ABSTRACT: A prospective controlled randomized trial was performed in order to
assess the effectiveness and safety of photodynamic therapy versus laser resection in
31 patients with partial or complete tracheobronchial obstruction due to inoperable
non-small cell lung cancer.

Fourteen patients received dihaematoporphyrin ether and argon dye laser photo-
radiation, and 17 patients received Nd-YAG laser resection. Endoluminal obstruction
of >75% was found in 77.4% of the patients. Among the symptoms, cough was more
severe in the Nd-YAG group (p=0.02).

Patients in both groups experienced symptomatic relief after treatment (p=0.003).
Patients in the photodynamic therapy (PDT) group showed a significantly longer time
until treatment failure (p=0.03) and longer median survival (p=0.007). Bronchitis and
photosensitization (both in the PDT group) were the most common adverse effects.
There was one death, probably related to treatment, in the PDT group.

Photodynamic therapy and neodymium-yttrium aluminium garnet laser resection
showed similar effectiveness and safety in the palliation of symptoms. The more
prolonged survival in the photodynamic therapy group may have been due to dif-
ferences in tumour stage between the groups. The degree of obstruction improved
after treatment in both groups. In conclusion, photodynamic therapy is a valid me-
thod of palliation in partially or totally obstructing non-small cell lung carcinoma.
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The majority of patients diagnosed with lung cancer
have advanced disease, and at most 15-20% are surgical
candidates at the time of diagnosis [1, 2]. Most patients
with inoperable tracheobronchial lesions will require pal-
liative treatment with the primary goal of relieving an
obstructed airway [3]. Neodymium-yttrium aluminium
garnet (Nd-YAG) laser therapy is increasingly used in
cases of nonresectable bronchogenic carcinoma [3, 4] and
the results of different studies confirm the usefulness and
safety of this method in relieving local symptoms and im-
proving quality of life [S—7]. Photodynamic therapy (PDT)
consists of the systemic administration of a photosensi-
tizing agent, such as dihaematoporphyrin ether (DHE),
followed by the delivery of light of a specific wavelength
to the fluorescing tissue [8—11]. The photosensitizing ag-
ent is selectively retained in the cells and interstitial tissue
of the tumour and together with argon dye laser photo-
radiation generates excited singlet oxygen, which pro-
duces a series of structural changes resulting in the
destruction of the irradiated tissue [10, 12]. Although a
promising use of PDT appears to be in the treatment of
early-stage lung cancer in carefully selected patients [13—
17] PDT has been shown also to have a role in the
palliation of advanced inoperable obstructive bronchial
tumours [4, 18-20). The aim of this study was to compare
the effectiveness and safety of Nd-YAG laser resection
and PDT using DHE as photosensitizer and argon dye

laser radiation at 630 nm wavelength in the treatment of
partially or totally obstruct ive tumours in patients with
inoperable non-small cell carcinoma.

Materials and methods
Study population

Thirty-one patients with inoperable non-small cell lung
cancer participated in a prospective controlled randomized
study, and received either PDT or Nd-YAG laser resection
and were followed for a period of 24 months. The groups
were assigned by opening randomly ordered closed enve-
lopes indicating the treatment modality. The study protocol
was approved by the institutional Review Board and all
patients or their legal representatives gave written informed
consent.

Inclusion criteria were as follows: patients >18 yrs of
age; nonpregnant, infertile or postmenopausal females. bi-
opsy-proven or recurrent inoperable non-small cell ung
cancer with totally or partially obstructive endobronchial
lesions with or without extrabronchial tumour; clinical evi-
dence of airway obstruction (dyspnoea, cough, haemo-
ptysis); Karnofsky performance status =40%; ability to
tolerate bronchoscopic procedures and =4 weeks from the
last chemotherapy cycle and =3 weeks from the last
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radiation dose. Patients were excluded if they had pre-
viously undergone PDT or Nd-YAG laser resection or if
they had tracheal lesions that compromised both main
bronchi, brain metastasis, bone pain due to skeletal meta-
stasis, pneumonectomy, tumours eroding or invading great
vessels, haematoporphyrin hypersensitivity, leukocyte co-
unt <2X10° cells-L™" platelet count <100x10° cells-L™!
coagulation time =15 min, renal failure (serum creatinine
clearance >3 mg-dL™") or liver dysfunction (two-fold in-
crease in the upper limit of normal serum aminotransfer-
ases).

In all patients full staging was required. A detailed
history and physical examination was recorded. Other
investigations included electrocardiography (ECG) chest
radiograph, chest computed tomography (CT) scans, pre-
ferably with contrast, routine laboratory tests, pulmonary
function tests and assessment of the Karnofsky perfor-
mance status. A baseline bronchoscopy was performed,
recording the precise location and characteristics of the
tumour, distance from the carina, approximate measure-
ments using biopsy forceps and degree of airway ob-
struction (the smallest diameter of the tracheobronchial
lumen was carefully measured) a biopsy of the tumour was
also taken.

Photodynamic therapy

The PDT was based on the estimated size of the tumour,
calculating the necessary power for the laser treatment.
Since all tumours were >0.5 cm, a cylindrical diffusing-
type fibre inserted into the tumour itself was used. Tu-
mours were irradiated (630-nm light) via a flexible
fibreoptic bronchoscope 40-50 h after intravenous injec-
tion of 2 mg-kg”' DHE (Photofrin®; Lederle, Vancouver,
Canada). Two days after the treatment, a repeat broncho-
scopy was performed in order to clean detritus. A second
argon dye laser irradiation was performed if parts of the
tumour failed to show signs of necrosis 96-120 h after
irradiation. When symptoms recurred within 30 days after
treatment and a further bronchoscopy revealed local recur-
rence, patients could receive a second session of PDT that
consisted of the same dose of DHE followed by laser pho-
toradiation, as initially described. Patients could receive a
maximum of three doses of DHE at 1-month intervals and
up to six laser photoradiations, with a maximum of two
photoradiations per session. If toxic effects occurred treat-
ment was stopped until these resolved.

Neodymium-yttrium aluminium garnet laser resection

Bronchoscopy was performed using a rigid broncho-
scope and standard techniques under general anaesthesia.
Nd-YAG resection was performed using 15-80-W pulses
and a pulse duration of 0.5-1.5 s. Coagulated parts of the
tumour were extracted immediately. Bronchoscopy was
repeated 2—4 days later to assess the results of treatment
and to remove detritus. Bronchoscopy and Nd-YAG laser
sessions were repeated every 2—4 days until it was con-
sidered that further application would not give additional
benefits. If symptoms worsened or recurred and tumour
regrowth was confirmed, further Nd-YAG laser treatment
was indicated.

Control bronchoscopy after either PDT or Nd-YAG laser
resection was performed 1 week after PDT, every month
for 3 months and at 6 and 12 months (and at 18 months, if
possible) thereafter. A complete response (CR) was de-
fined as the absence of tumour on bronchoscopy and bi-
opsy, or the absence of tumour on bronchoscopy and
evidence of malignancy on biopsy specimens (CR1 and
CR2, respectively). A partial response was defined as a
reduction in either the tumour length or the product of
length and width, or as an improvement in the smallest
diameter of the tracheobronchial lumen or the visualization
of a new lumen in cases of complete obstruction of the
airway. Progression of disease was defined as an increase
of =25% in the tumour length or in the product of length
and width, or a reduction of =50% in the smallest trach-
eobronchial diameter or recurrence of the tumour after a
CR. Stable disease was defined by minor changes in
tumour size and/or the smallest tracheobronchial diameter.

Evaluation of effectiveness

Treatment was evaluated in two main ways: the length
of time from treatment to local recurrence (i.e. tumour
recurrence at the treated site) and change in symptoms
(improvement or worsening of cough, dyspnoea, haemop-
tysis, etc.). Secondary measurements included: objective
measurement of the response of the tumour (size reduction)
by means of bronchoscopy and CT scan, changes in pul-
monary function test results, and length of time from
treatment to failure due to progression of the disease,
toxicity due to the therapy, death or any other reason, such
as the patient’s request to withdraw from the study. Quality
of life was followed using Karnofsky performance status
before treatment and at 1 week and 1, 2, 3, 6, 12 and 18
months thereafter. Patients were withdrawn from the study
in case of: 1) no evidence of palliation of symptoms or
objective improvement (no variation in size) after two PDT
or four Nd-YAG laser sessions; 2) unacceptable toxicity; or
3) on the patient’s request.

Evaluation of safety

Any adverse reaction unrelated to, or potentially asso-
ciated with, the use of DHE was care fully recorded, along
with the date of onset, intensity, treatment and outcome.
Laboratory results were followed carefully. If any value
was abnormal after the treatment, a causal relationship was
considered and the safety of treatment continuation eval-
uated.

Statistical analysis

Data were analysed using the SAS (Cari, NC, USA) and
SPSS (Chicago, IL, USA) statistical software packages for
Windows and expressed as percentages or mean+sp. Be-
cause of sample size, nonparametric tests were used: Mann-
Whitney U-test, Kruskal-Wallis test and the Wilcoxon test
to compare means. Proportions were compared using the
Chi-squared test (and Yate's correction when needed)
Fisher's exact test was used when the expected survival
rate was estimated via the Kaplan-Meier method. Dif-
ferences in the probability of survival were assessed using
the log-rank test. Statistical significance was set at p<0.05.
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Results

Of the 31 patients included in the study, 14 were ran-
domly assigned to the PDT group and 17 to the Nd-YAG
laser resection group. Patients included in this study were
not considered surgical candidates because of poor pul-
monary status and/or adverse staging.

All patients were male with a mean+sp age of 65+7 yrs.
The distribution of patients according to the presence of
contralateral pulmonary metastases and dyspnoea on mini-
mal effort was similar in both groups. For the analysis of
the results only the therapeutic modality was considered
(PDT versus Nd-YAG).

The mean age of the patients was 67 yrs in the PDT
group and 64 yrs in the Nd-YAG laser group. Other base-
line characteristics, such as Karnofsky performance status
and results of laboratory and pulmonary function tests,
were also similar. Cough, however, was more common in
the Nd-YAG laser resection group (p=0.02).

Staging of the patients is shown in table 1. By chance,
the PDT group contained fewer patients with advanced
disease.

The tumour affected the right main bronchus in 12
cases, the left main bronchus in eight, the left superior
bronchus in five, the right inferior bronchus in three, the
intermediate bronchus in two, and the left inferior bron-
chus in one. The mean distance from the tracheal carina
was 4.4 cm in the PDT group and 2.2 ¢cm in the Nd-YAG
laser resection group (p=0.1). The distribution of tumour
length and degree of airflow obstruction was similar in
both groups. The tumour length ranged 1.0-1.9 cm in five
patients, 2.0-2.9 in five and 3.0-3.9 cm in five. In nine
patients in the PDT group and seven in the Nd-YAG laser
resection group, the length of the tumour could not be
determined. Lesions caused >75% bronchial obstruction in
24 patients and <75% in the remaining seven; the distri-
bution was similar in both groups. Squamous cell carcin-
oma was found in 25 (80.6%) of the 31 patients (table 1).

Five patients had received previous treatment: three
patients in the PDT group received external radiotherapy;
one patient in the Nd-YAG laser group had received
combined chemotherapy and external radiation; and the
remaining one, also in the Nd-YAG laser group, had un-

Table 1. — Pretreatment characteristics of 31 patients
with inoperable non-small cell lung cancer

Group
Data PDT Nd-YAG laser
resection
Patients n 14 17
Staging
I 3 1
II 1 0
1A 2 4
1B 3 7
v 3 4
Recurrent tumour 2 1
Histological type
Squamous cell carcinoma 13 12
Adenocarcinoma 1
Undifferentiated carcinoma 0 3

PDT: photodynamic therapy; Nd-YAG: neodymium-yttrium
aluminium garnet.

dergone exploratory thoracotomy before the study. The
periods from the last treatment session were 11, 41, 140
and 114 weeks for the four patients who had received
radiation therapy, and 40 weeks from the last chemother-
apy session in the patient who had received combined
radiation and chemotherapy. The patient who had under-
gone thoracotomy was found to have advanced disease at
the time of the surgery, and no tumour resection was per-
formed.

Patients were treated according to the described proto-
col. Five patients in the PDT group required a second dose
of DHE 1 (n=2), 3 (n=1), and 4 months (n=1) and | yr
(n=1) following the first treatment. Only one patient in the
Nd -YAG laser therapy group required a second laser
photoresection, 45 days after the first treatment.

The median time elapsed until treatment failure was 50
days in the PDT group versus 38 days in the Nd-YAG laser
resection group (p=0.03). Causes of failure in the PDT
group included failure of the treatment to work or patient
request in three cases, objective tumour progression in five,
systemic progression of the disease in one, worsening of
symptoms in two, withdrawal to receive chemotherapy in
one, adverse effects related to the treatment in one, and
death in one. In the Nd-YAG laser resection group, causes
of failure were: failure of the treatment to work or patient
request in six cases, objective tumour progression in four,
systemic progression in one, worsening of symptoms in
three, and death in three.

The response to the treatment was similar in both gro-
ups. At the 1-week follow-up examination, the response
rate was 43% in the PDT group versus 53% in the Nd-
YAG laser resection group; the corresponding figures at
1 month were 38.5% versus 23.5%, (p=Ns) (table 2). Am-
elioration of symptoms was similar in both groups.
Dyspnoea, haemoptysis, cough, and sputum production
improved within 1 week after treatment; between 1 week
and 1 month post-treatment, dyspnoea, haemoptysis and
sputum production showed greater improvement than did
cough. Airway obstruction improved from 79% to 62% in
the 27 patients who completed the follow-up examina-
tions (p=0.03).

A total of 26 (84%) patients had at least one adverse
effect, bronchitis being the most common (four cases in the

Table 2. — Tumour size at first follow-up bronchoscopy

Group

PDT Nd-YAG laser
resection

Type of response 1 week 1 month 1 week 1 month

Patients n 14 17
Partial response
Stable disease
Progressive disease
Complete response 1*
Complete response 2"
Unclassified”

Death 1

*:No tumour on bronchoscopy and biopsy; ":No tumour on
bronchoscopy, evidence of malignancy on biopsy specimens; *:
Unable to tolerate bronchoscopy or failure to attend follow-up
appointments. PDT: photodynamic therapy; Nd-YAG: neody-
mium-yttrium aluminium garnet.

— N N

1
4 8

W — = W N W
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PDT group, one in the Nd-YAG laser group), followed by
photo sensitization in four patients in the PDT group and
dyspnoea in three patients. Sixteen patients had experi-
enced two adverse effects, cough and photosensitization
being the most frequent combination. Five patients, all in
the Nd-YAG laser resection group, experienced no adverse
events. One treatment was discontinued due to photosen-
sitization.

Survival was significantly longer in the PDT group than
in the Nd-YAG laser resection group (265 versus 95 days,
p=0.007) (fig. 1)

Five patients died within 2 months of the last day of
treatment, one in the PDT group (probably related to treat-
ment) and four in the Nd-YAG laser group. By the end of
the study, 23 (74.2%) of the 31 patients had died, 19 due to
progression of malignancy (seven in the PDT group, 12 in
the Nd-YAG laser group), one probably related to treat-
ment (PDT group) and three for unknown reasons. Two
patients (one in each group) died from massive haemop-
tysis and presumed progression of the disease, although no
post mortem examination was performed. Eight patients,
four in each group, were still alive at the end of the study.

Discussion

This study was designed to evaluate the effectiveness
and safety of PDT using an argon dye laser and DHE
versus Nd-YAG laser resection in the management of
patients with inoperable non-small cell lung cancer. Pa-
tients with small cell lung cancer were not included be-
cause of the high response rate of this histological type to
chemotherapy. In addition, small cell carcinoma rarely
presents as an obstructive mass. Involvement of the two
main bronchi was another exclusion criterion, since a sig-
nificant and important inflammatory reaction occurs imme-
diately after PDT, with marked oedema, which may further
reduce endoluminal obstruction and place the patient at
risk of respiratory insufficiency.

It was found that the length of time from treatment to
recurrence of symptoms or treatment failure and the sur-
vival period were significantly longer for patients in the
PDT group. These findings are difficult to interpret in the

1.0 .
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Fig. 1. — Probability of survival of patients with inoperable non-small
cell lung cancer assigned to photodynamic therapy (- - -) and Nd-YAG
laser resection ( ).

light of the different distribution of staging between the
groups, but one of the reasons could be more selective
destruction of neoplastic tissue by the photochemical
reaction than achieved by means of Nd-YAG laser therapy
[4]. The degree of obstruction improved significantly af-
ter treatment in both groups. More patients in the PDT
group required a second treatment.

The selectivity of haematoporphyryn derivatives for
neoplastic tissues is a controversial point. Pharmacokinetic
studies in humans [21] have suggested that there is no
difference in the drug uptake of tumourous and normal
tissues, and that selectivity, if any, is maximal within 1 or
2 h after drug injection rather than 24 h later (which is the
usual timing of photoradiation). The fact that tumour
recurrence has been reported to occurr later in the PDT-
treated patients versus those treated with Nd-YAG laser
[4, 8, 18] favours the concept that some degree of sel-
ectivity indeed exists. However, this point remains to be
further investigated.

It is well known that haematoporphyrin derivatives pro-
duce skin photosensitization that can persist for 4-6 weeks
after treatment. Precautions should be taken to avoid expo-
sure to the sun or other sources of potent light. Patients are
also advised to cover their skin and wear sunglasses for 30
days after injection of DHE. After this period, a small area
of skin can be exposed to the sun to assess the presence and
degree of residual photosensitization.

Five patients died within two months of treatment. The
death in the PDT group was considered to be probably
related to treatment. This patient had undergone two photo-
radiation sessions after the DHE injection, and the follow-
up bronchoscopic examination could not be performed due
to severe dyspnoea. The post mortem examination showed
an exophytic mass which had apparently increased in size
since the pre-treatment assessment. The other four deaths
occurred in the Nd-YAG laser resection group and were
due to progression of the disease. Two further patients died
because of massive haemoptysis, one in each group; and
this was also considered to be due to progression of the
disease.

PDT has been used in research on the treatment of lung
cancer since 1980 [15], and is used as a treatment has
progressively increased. The best results are obtained in
early-stage lung carcinoma (limited to the mucosa). Pre-
vious reports have included a total of 178 lesions treated
with curative purpose [22-26]. The range of CRs was 64—
100%. In the recent study published by CORTESE et al.
[14], 23 early lesions were treated. After PDT, the follow-
up period was 24—116 months. A CR was identified in
71% of the patients, but only 52% had a response that
lasted >12 months, and ultimately 43% of the patients
were spared surgical resection.

Clinical studies in advanced inoperable obstructive bro-
nchial tumours have shown that significant palliation can
be achieved. LoCicero et al. [20] reported on 10 patients
with late-stage advanced disease, finding a significant
reduction in the obstruction from 86+2% to 57+£3%. All
patients demonstrated a decrease in symptoms, particu-
larly cough and dyspnoea. Pulmonary function tests pre-
and post-treatment did not show significant changes. This
study reported a similar survival rate to that of the present
PDT group. In the group of LoCicEro et al. [20], 40% of
patients had previously been treated with external rad-
iation, versus 21% in the present PDT group. The interval



804 1.P. DIAZ-JIMINEZ ET AL.

between the last radiation session and the PDT treatment
was not specified in the study of LoCicero et al. [20].
SuUTEDJA ef al. [19] reported a partial response rate of 73%
in stage III patients, with improvement in dyspnoea in
58% of the partial responders. CR, however, was found
only in Stage I disease. Pulmonary function test results
did not improve in this study either.

Four CRs (three in two patients in the PDT group and
one in the Nd-YAG laser group) were found, but they were
not sustained for a prolonged period. In the patient in the
Nd-YAG laser resection group, a CR at 1 week was fol-
lowed by progressive disease at the next examination at 1
month. Two patients from the PDT group showed stable
disease at 1 week and CR at 1 month, but these responses
were again not sustained, with progressive disease dem-
onstrable at two months. The delay in the response was
probably due to the characteristics of the photodynamic
reaction, which slowly makes the injected photosensitizer
cytotoxic. Similar findings have been reported by others
[8].

McCaucHAN and WiLLiams [18] reported on 175 non-
surgical lung cancer patients treated with PDT, finding
that the median survival was 7 months, and that the sur-
vival rate for patients with advanced disease (IIIA, I1IB
and IV) was significantly lower in those with poor func-
tional status (Karnofsky score <50).

A relationship was found between response and tumour
size, a finding supported by other authors [23]. The three
patients with CRs had small tumours (1X0.5X0.3 cm.
2X0.2X0.2 cm and 1X1X0.2 cm). The overall response
rate was 43% at 1 week and 38.5% at 1 month in the PDT
group, and 53% and 23.5%, respectively, in the Nd-YAG
laser resection group. It should be noted that a better
immediate response was obtained in the Nd-YAG laser
resection group as opposed to a more favourable delayed
response in the PDT group due to the different mech-
anisms of action of the two procedures. However, the dif-
ference was not statistically significant. This finding was
also noted by McCAuUGHAN et al. and WiLLiams [18] in a
report comparing PDT therapy versus Nd-YAG laser ther-
apy [8, 27], in which reopening of the airway was more
significant at the end of Nd-YAG laser therapy than in
those treated by using PDT, and reobstruction after Nd-
YAG laser therapy occurred more rapidly than in the
PDT-treated group, when compared 2 and 4 weeks after
treatment. With regard to airway patency, an immediate
improvement from 79 to 56% obstruction in the Nd-YAG
laser resection group versus 79 to 71% obstruction in the
PDT group was noted in the present study.

In conclusion, PDT and conventional Nd-YAG laser
therapy appeared to be equally effective and safe in re-
lieving airway obstruction in patients with inoperable non-
small cell lung cancer. An advantage of PDT was the
longer time to treatment failure and the lower survival; a
disadvantage was the higher incidence of adverse effects,
particularly photosensitization. Nd-YAG laser resection,
however, was found to achieve a better rate of immediate
reopening, and it seemed to be more suitable when the
tracheobronchial obstruction required rapid relief. In this
respect, none of the patients in the present study were in a
situation in which immediate reopening of the airway was
required. Based on the known mechanism of action of both
treatments and the authors’ experience, the use of PDT
should be discouraged in incipient respiratory insufficiency

due to tumoural airway obstruction. Other methods, Nd-
YAG laser therapy among them, are indicated in such
circumstances.

The statistical significance of these findings needs to be
analysed in the light of two factors: first, the small number
of patients involved in the present study, and, secondly, the
random distribution allocated less advanced disease to the
photodynamic therapy group. The prolonged survival
found in this group in part, may be, due to this unequal
distribution. However, the improvement in airway ob-
struction and palliation of symptoms were significant in
both groups. Photodynamic therapy has been shown to be
a valid means of palliation, comparable in effectiveness to
the neodymium-yttrium aluminium garnet laser. Its advan-
tage over other available palliation therapies remains to be
proven.
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