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Inhalations of 5-ALA in photodynamic
diagnosis of bronchial cancer
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Introduction

Bronchial cancer is spreading worldwide and
has become one of most frequent neoplasms, both
in men and women. Late diagnosis is common. In
most cases the treatment of choice is surgery, but
only 10% of patients can be treated this way when
the cancer is recognised. The screening pro-
grammes based on sputum cytology or periodic X-
ray examinations implied so far have been proved
unsatisfactory [1]. Conventional white light bron-
choscopy (WLB) is very useful in detecting endo-
bronchial tumours, but its value in recognising ear-
ly neoplastic or pre-neoplastic lesions is low. Fluo-
rescent bronchoscopy is a relatively new method
based on a photobiological effect, namely the abili-
ty of porphyrins and other natural stains to emit red
light, when exposed to a violet light. It has been
shown, that the relative sensitivity of WLB com-
bined with autofluorescence (LIFE, Xillix) vs.
WLB alone was 2.71 for all types of lesions (pre-

neoplastic, intraepithelial carcinoma and invasive
carcinoma) [2]. Neoplastic cells accumulate por-
phyrins in an almost selective manner. There is an
assumption, that the signal may be enhanced by ap-
plication of porphyrin derivatives from external
sources, but the comparative studies between auto-
fluorescence and sensitiser-enhanced photodynamic
bronchoscopy (PDD) are not available. Unfortu-
nately, the risk of adverse events occurs, mainly
skin toxicity due to UV-light (sun burns or perior-
bital edema). The photosensitisers, such as
haematoporphyrin derivatives (HpD) or 5-aminole-
vulinic acid (5-ALA), a precursor of protoporphyrin
IX (PpIX), are usually applied intravenously or
orally. Sensitised neoplastic tissue may be treated
further with non-thermal, low energy laser irradia-
tion (photodynamic treatment-PDT), both for radi-
cal and palliative effects. Both, cost and safety may
be reduced by the use of local application of photo-
sensitisers. It has been proved to be efficient in pho-
todynamic detection of urinary bladder [3], skin ma-
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ABSTRACT: Inhalations of 5-ALA in photodynamic diag-
nosis of bronchial cancer. W.J. Piotrowski, J. Marczak, 
A. Nawrocka, A. Antczak, P. Górski.

Background: Photodynamic bronchoscopy (PDD) al-
lows for early detection of bronchial cancer. Adverse ef-
fects and high costs, partly related to general application
of photosensitisers, are important limitations of the
method. The local application of a photosensitiser could
help to minimize these problems. In this study the validity
and safety of inhaled 5-ALA have been tested.

Methods: We examined 49 patients (age 59±11, ciga-
rette consumption 36±17 pack-years) with present or past
respiratory neoplasms and other with increased risk of
bronchial cancer by photodynamic bronchoscopy (Storz-
D-light) after inhaled 5-ALA. Biopsies were taken from
the fluorescence-positive and negative foci (control).
Symptoms and pre-/post-inhalation spirometry were
analysed.

Results: The overall sensitivity was 82%, specificity
62%, positive predicted value (PPV) 45% and negative
predictive value (NPV) 90%. Specificity decreased to 53%

and PPV to 15% when visible tumours were excluded.
PDD, when added to white light bronchoscopy increased
sensitivity by 2.1% and NPV by 6%, but decreased speci-
ficity by 35.4% and PPV by 53.1%. In a group of actual or
past tumours the sensitivity increased by 22% and NPV
by 34%, whereas specificity decreased by 26% and PPV
by 35%. In 2 cases a drop in FEV1 above 10% of pre-in-
halation value was observed but no clinically relevant
symptoms were reported. 

Conclusions: Photodynamic bronchoscopy with in-
halation of 5-ALA is a relatively safe diagnostic method.
The main disadvantage is high percentage of false positive
results. Nevertheless, we believe, that it may be a useful
adjunct to conventional diagnostic modes, especially in the
detection of early lesions in patients operated due to can-
cer (stump control and detection of metachronous lesions)
and those prepared for operation (synchronous lesions
and detection of infiltration margins). However all sus-
pected lesions must be verified by histo-pathological ex-
amination.
Monaldi Arch Chest Dis 2004; 61: 2, 86-93.
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lignancy [4], or laryngeal and oropharyngeal tu-
mours [5, 6]. Inhalations of 5-ALA have been used
to detect early stage lung cancer and shown to be
safe and reliable [7]. Unfortunately, the cited study
included only seven patients. Since the cited trial no
further data on application of inhaled photosensitis-
ers for detection of endobronchial lesions have been
published. Therefore, we wanted to evaluate
whether this method of visualisation is effective in
diagnosis of bronchial neoplasms and whether in-
halations of 5-ALA are safe.

Materials and methods

Patients. Photodynamic bronchoscopy was
performed in 72 patients. From this group 49 pa-
tients were selected for the analysis. The remain-
ing patients were disregarded as not-fitting to
study groups or due to incomplete data and histo-
pathological examinations. Selected patients were
divided into four groups: Patients with laryngo-tra-
cheo-bronchial tumors diagnosed by conventional
diagnostic modes (n=17), consisted of 7 non-small
cell lung carcinomas - NSCLC (6 squamous, 1 un-
defined), 4 small cell lung carcinomas, 5 unde-
fined lung tumours and 1 squamous cell laryngeal
cancer; patients previously operated due to
bronchial tumours (n=6), with a history of squa-
mous cell lung carcinoma (n=4) and adenocarcino-
ma (n=2); patients operated on laryngeal cancer
(n=4); and present or ex-heavy smokers without
signs of tumour in conventional examinations
(n=22). Table 1 shows study population. All pa-
tients signed written informed consent, which in-
cluded both the consent for bronchoscopy and in-
halation of 5-ALA. The local Ethics Committee at
Medical University of Lodz accepted the protocol.

Inhalations. 5-ALA (δ-aminolevulinic acid) was
purchased from Medac Gmbh (Hamburg, Ger-
many). The 5% solution was prepared according to
Baumgartner et al. [7], with the substitution of 2.1%
NaHCO3 in H2O, instead of 0.9% NaCl. The reason
for this change was low pH of 5-ALA saline solution
(pH 2.53; 800 mOsm/kg H2O), what could bring a

risk of serious bronchospasm in some patients. The
chosen solution had pH 5.19 and 800 mOsm/kg
H2O. It was nebulized through a commercially avail-
able nebulizer (Airlife Misty-Neb Nebulizer, Alle-
giance, Mexico) connected to oxygen source. Pa-
tients inhaled either 5 (n=35) or 10 ml (n=14) of
ALA solution 3 hours before the bronchoscopic ex-
amination. The flow was set up at 0.2 ml x min-1.
The droplet size was not measured for the purpose of
this study. Baumgartner et al. [7], who described the
original method estimated the mass mean aerody-
namic diameter as 5.2 ± 0.1 µm with geometrical
standard deviation 2.0 ± 0.1 µm. The distribution of
white light bronchoscopy (WLB) - visible tumors,
resected tumours, patients after laryngectomy and
heavy smokers was not different between groups in-
haling 5 ml and 10 ml 5-ALA.

Safety evaluation. All patients were asked
about symptoms and a physical examination was
performed directly before and within 15 minutes
after the inhalation in all patients. In 23 patients
the spirometry was performed within 15 minutes
before and after 5-ALA inhalation.

Bronchoscopy and fluorescence imaging. The
examination was performed through the fiberoptic
endoscope (Karl Storz, Tuttlingen, Germany), fol-
lowing standards of British Thoracic Society [8].
For fluorescence excitation, a xenon short arc lamp
equipped with a special filter system was used (D-
light, Storz). To allow fluorescence imaging, most
of the remitted excitation was blocked by the inte-
grated filter of the endoscope (long pass = 440
nm). A switch allowed a change between white
light and fluorescence excitation (λex = 375-440
nm), thus conventional and PDD examinations
could be performed at the same time, however it
was a rule, that first evaluation was done in white-
light. Video images were obtained by using a high-
resolution colour charge coupled device (CCD)
camera (Telecam SL PAL, Storz) and findings
were recorded on videotape.

Biopsies. The material for pathological exami-
nation was taken preferably by forceps. In some
cases the brush cytology was performed. The biop-

Table 1. - Patients’ characteristics, including age, cigarette consumption, Tiffenau index (FEV1%VC) and FEV1
(% predicted). Lowest and highest value and mean ± SD are given for each variable

GROUP NUMBER AGE CIGARETTE CONSUMPTION FEV1%VC FEV1
of patients (years) (pack-years) %  predicted

TUMOURS 17 42-79 0-100 47-91 43-91
64±9 42±23 71±12 66±18

OPERATED DUE TO 6 44-73 36-40 49-82 54-90
LUNG TUMOURS 64±11 38±3 66±13 61±7

POST-LARYNGECTOMY 4 52-66 19-49 ND ND
60±6 38±16

HEAVY SMOKERS 22 37-75 20-45 48-97 40-125
54±11 31±9 77±17 82±25

TOTAL 49 59±11 36±17 73±15 72±21
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sies were taken from sites indicated by fluores-
cence imaging and from control sites with no fluo-
rescence (opposite lung, usually upper lobe carina).
In tumours visible in white light but not with fluo-
rescence, the biopsy was guided by white light.
Such cases were qualified as false negative. Sam-
ples were described according to the Saccommano
criteria (normal tissue; non-specific inflammation;
hyperplasia; metaplasia; mild, moderate and severe
dysplasia; carcinoma in situ; invasive carcinoma).
The samples were blinded and examined by two
independent pathologists. The total number of 62
sites were biopsied (31 from PDD-positive sites), at
least 3 biopsies were taken from one site.

Statistical analysis. All numerical data was
presented as mean±standard deviation. Sensitivity,
specificity, positive predictive value (PPV) and
negative predictive value (NPV) were calculated
using the following formulas:
Sensitivity:
(True-positive/true-positive + false-negative) x 100
Specificity:
(True-negative/true-negative + false-positive) x 100
PPV:
(True-positive/true-positive + false positive) x 100
NPV:
(True-negative/true-negative + false-negative) x 100

True-positive results were defined as positive
at fluorescence examination (PDD-positive) and
positive by pathological examination (dysplasia,
CIS, invasive carcinoma); true-negative results as
PDD-negative and negative by pathological exam-
ination (normal, non-specific inflammation, meta-
plasia); false-negative as PDD-negative but posi-
tive on pathology; false-positive as PDD-positive
but negative on pathological examination.

We used student’s T-test for paired samples for
estimation of statistical significance between pre-
and post-inhalation spirometry values, and Chi-
squire test for estimation of differences in distrib-
ution of patient’s types and true/false, positive/
negative values between patients receiving 5 and
10 ml of 5-ALA. The p value ≤0.05 was consid-
ered significant.

Results

Validation of PDD in detection of pre-malig-
nant and malignant lesions. The distribution of
pathological findings is shown in table 2 and 3.
Based on these results, the sensitivity, specificity,
PPV and NPV were calculated for the following
groups:
1. All patients and all preneoplastic/neoplastic le-

sions (including WLB-visible tumours). More-

Table 2. - The distribution of pathological findings within groups. At the bottom total number of true positive, true
negative, false negative, false positive in patients who inhaled 5 and 10 ml 5-ALA. In brackets the percentage of all
biopsies taken in each group. No statistically significant differences were observed between 5 and 10 ml group

GROUP TRUE TRUE FALSE FALSE
POSITIVE NEGATIVE NEGATIVE POSITIVE

TUMORS 12 17 2 7
7 - squamous 9 - normal 1 - small-cell 4 - normal
3 - small-cell 7 - non-specific 1 - squamous 1 - non-specific
1 - ca. larynges inflammation both WLB-positive inflammation
WLB-negative 1 - metaplasia 2 - metaplasia
1 - squamous.
(CIS) synchronous
- WLB-negative

RESECTED 1 1 0 0
LUNG TUMORS squamous non-specific

recurrent - inflammation
WLB-negative

POST-LARYNGECTOMY 1 3 1 3
severe dysplasia normal moderate dysplasia 2 - normal
WLB-negative WLB-negative 1 - non-specific

inflammation

HEAVY SMOKERS 0 7 0 7
4 - normal 1 - metaplasia
3 - non-specific 5 - non-specific
inflammation inflammation

1 - normal

TOTAL 9 (22.5%) 18 (42.5%) 3 (7.5%) 11 (27.5%)
5 ml ALA

TOTAL 5 (23%) 11 (50%) 0 6 (27%)
10 ml ALA

TOTAL 5+10 ml ALA 14 (23%) 28 (45%) 3 (5%) 17 (27%)
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over, the analysis was done separately for pa-
tients who received 5 and 10 ml 5-ALA;

2. Present or past history of respiratory neo-
plasms - only patients with present or past his-
tory of respiratory neoplasm, all lesions;

3. The same as 2 but without WLB-visible tu-
mors - detection of synchronous/metachronous
lesions;

4. Only early lesions in all groups (WLB-visible
tumors excluded)
The results are presented in table 4.
In the group of patients with tumours there

were: 7 intraluminal tumours (5 squamous, 2 small-
cell carcinomas); 5 concentric infiltrates/intramural
growth (2 squamous, 1 NSCLC, 2 small-cell); and 5
extrabronchial tumours (not visible in bron-
choscopy, detected on X-ray/CT, histopathological
examination not available). Patients with tumors
growing outside the bronchi were not treated as vis-
ible tumours and were only included in the analysis
of safety, and occurrence of early synchronous le-
sions. Table 5 shows the distribution of fluorescence
in the group of patients with advanced tumours.

The distribution of true positive, true negative,
false positive and false negative values was similar

in groups of patients who inhaled 5 and 10 ml of 5-
ALA (not significant).

Among true positive results four were classi-
fied as WLB-negative (laryngeal carcinoma, CIS
synchronous, squamous recurrence in a stump, se-
vere dysplasia) and among false negatives two
were WLB-positive (1 squamous, 1 small cell) and
one WLB-negative (moderate dysplasia). The val-
ues of sensitivity, specificity, PPV and NPV for
WLB and WLB combined with ALA-enhanced
fluorescent bronchoscopy (WLB+ALA) were also
compared for the whole study population.
WLB+ALA increased sensitivity by 2.1% (from
91.6 to 93.8) and NPV by 6% (from 90.9 to 96.9),
but decreased specificity by 35.4% (from 100 to
64.6) and PPV by 53.1% (from 100 to 46.9). The
same results in a group of past or present tumours
(group 2) were as follows: sensitivity increased by
22 % (from 72 to 94, relative sensitivity - 1.31),
NPV by 34 % (from 62 to 96) but specificity de-
creased by 26 % (from 100 to 74) and PPV by 35
% (from 100 to 65). 

Safety evaluations. Two patients from those
who received 5 ml of 5-ALA (5.7 %) and one from
the group who received 10 ml (7.1 %) reported
mild cough during the inhalation. None of exam-
ined patients reported dyspnea, wheezing, expec-
toration or any other respiratory symptom. The in-
cidence of adverse symptoms for all patients was
6.1%. There were no statistically significant dif-
ferences in pre- and post-inhalation FEV1 between
groups of patients inhaling 5 and 10 ml 5-ALA.
Pre- vs. post-inhalatory values were 2.20±0.98 vs.
2.20±0.98 (not significant) and 2.14±0.99 vs.
2.02±0.93 (not significant) for 5 and 10 ml, re-
spectively. None of the patients who inhaled 5 ml
of 5-ALA had significant decrease of FEV1. In 4
of them FEV1 increased above 200 ml and more
than 10%. Two patients who received 10 ml 5-
ALA presented a significant drop in FEV1 (760 ml
- 29% and 370 ml - 13%). None of these patients
reported cough, dyspnea, or other respiratory

Table 3. - A summary of PDD positive and PDD
negative findings compared with pathological results
for all patients

PDD (+) PDD (-)

n % n %

Invasive carcinoma 12 38 2 6
CIS 1 3 0 0
Dysplasia 1 3 1 3
Metaplasia 3 9 1 3
Non-specific inflammation 8 25 11 34
Normal 7 22 17 53

Table 4. - Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) in various
sub-groups. Group 1 includes all examined patients and all lesions (both WLB- visible and not visible). Subgroups
1A and 1B show values for patients who inhaled 5 and 10 ml 5-ALA, separately. Group 2 includes only patients
with present and past history of respiratory, smoking-related neoplasms, including WLB-visible and invisible
lesions. Group 3 includes the same patients as group 2, but WLB-visible lesions were excluded. Group 4 has been
formed for estimation of PDD detective value of early pre-neoplastic/neoplastic lesions; this group includes
patients from all groups but without WLB-visible lesions

GROUP 1 1A 1B GROUP 2 GROUP 3 GROUP 4 
all patients 5 ml 10 ml past and past and all patients
& lesions 5-ALA 5-ALA present present but WLB-

respiratory respiratory visible lesions
neoplasms, neoplasms excluded
all lesions but without

WLB-visible
lesions

sensitivity 82 75 100 82 75 75
specificity 62 62 65 68 55 53
PPV 45 45 45 58 23 15
NPV 90 86 100 88 92 95
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symptom. Both originated from the heavy smokers
group, the first one did not show pre-inhalation
ventilatory disturbances, and the second had bor-
derline pre-inhalation spirometry (FEV1 - 80% of
predicted, FEV1%FVC - 72%). In both patients
bronchial obstruction provoked by 5-ALA inhala-
tion was reversible after inhalation of short-acting
β-agonist. In the second patient, the reversibility
test performed a week later showed also a positive
response to 200 µg of salbutamol (increase of
FEV1>12% and > 200 ml). Figure 1 shows FEV1
values before and after 5-ALA inhalation. There
was no skin toxicity within a 4-week follow-up pe-
riod.

Discussion

The medical diagnostic procedure should be
reliable, safe, convenient (both for a patient and a
doctor) and inexpensive. Conventional white light
bronchoscopy is a routine diagnostic procedure,

available widely. Although its role in the modern
pneumology is commonly recognized, it has, un-
fortunately, some limitations. One such limitation
is the possibility of overlooking early neoplastic
changes. Fluorescent bronchoscopy offers a
chance to improve the detection of early malignant
lesions. There are only few reports on the valida-
tion of fluorescence bronchoscopy, the majority
based on autoflourescence. In a British Columbia
Cancer Agency Lung Health Study 511 heavy cur-
rent or ex-smokers (>30 pack-years) were exam-
ined by autofluorescence bronchoscopy (lung
imaging fluorescence endoscope [LIFE] - Xillix
Technologies Corp.) [2]. In fluorescence-positive
pathological samples 5% were normal, 30% eval-
uated hyperplasia and metaplasia, 44% mild dys-
plasia, 13% moderate dysplasia, 6% severe dys-
plasia, 1.6% CIS and 0.4% invasive carcinoma.
The meta-analysis which included results from
few different studies and centres (about 1500 pa-
tients) showed sensitivity ranging from 71 to 81%,
specificity from 57 to 71%, PPV from 25 to 47 %
and NPV from 92 to 95% [9]. Our results remain
within these limits, when visible tumors are in-
cluded in the analysis. When we exclude obvious
tumours, specificity and PPV fall dawn. It is due to
high percentage of normal results and other non
malignant changes in PDD positive samples. The
best results are reached when heavy smokers with-
out obvious respiratory neoplasms are excluded
(group 2). The comparison of WLB vs. WLB+ALA
is also taken into consideration. In this group the
relative sensitivity was 1.31. In the present study
heavy smokers had a minimum cigarette consump-
tion of 20 pack-years (mean consumption 31 pack-
years) and were qualified for the bronchoscopy be-
cause of cough or a change of its character,
episodes of hemoptysis, or some doubts consider-
ing chest-Xray. When we consider the mean ciga-
rette consumption above 40 pack-years in patients
with present or past history of tumors and possible
predisposition to neoplastic disease, we can state
that the total risk in the group of smokers without
signs of respiratory neoplasm is relatively low. In
a cited study [2], as well as in many others the aut-

Table 5. - The distribution of PDD positive and PDD
negative findings in relation to type of growth and
tumour pathology

PDD PATHOLOGY

INTRALUMINAL PDD (+) - 6 4 - squamous
2 - small-cell

PDD (-) - 1 squamous

INTRAMURAL PDD (+) - 4 2 - squamous
1 - NSCLC
1 - small-cell

PDD (-) - 1 small-cell

EXTRA-BRONCHIAL PDD(+) - 0 undefined

PDD (-) - 5

LARYNGEAL PDD (+) squamous

Fig. 1. - FEV1 presented as % of predicted value before and after 5-ALA inhalation: 5 ml - left column; 10 ml - right column. An intermittent bolded
line shows cases with a significant drop in FEV1 (more than 10% of initial value).
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ofluorescence system was used (LIFE, Xillix).
The literature on the use of Storz D-light system
in detection of bronchial malignancies is less
abundant. In all available studies on PDD per-
formed with Storz D-light system the photosensi-
tisers have been used (mainly 5-ALA). On the
other hand all studies performed with Xillix sys-
tem were based on autofluorescence. In addition,
studies comparing both systems are not available.
Neither of these systems have been evaluated in
terms of the possible superiority of photosensitis-
er-enhanced fluorescence over autofluorescence.
In view of the above we presume, that the com-
parison of results obtained by autoflorescence
(Xillix) and ALA-enhanced PDD (Storz) only on
the basis of available literature is a misuse. The
present authors have some experience obtained
on a small group of patients with obvious
bronchial tumours, who had first autofluorescent
PDD and few days later ALA-enhanced PDD. Al-
though the group is too small to provide any sta-
tistical results, we are convinced about the supe-
riority of ALA-enhanced PDD over autofluores-
cence in case of Storz D-light system (see figure
5 A, B and C). There is no doubt, that this prob-
lem deserves separate studies on a higher number
of patients. Another possible advantage of the ap-
plication of photosensitisers is the possibility to
irradiate the sensibilized lesions by a non-thermal
low energy laser (PDT), although the usefulness
of inhaled ALA for this indication must be also
verified separately. 

We believe, that high percentage of false posi-
tive results is related to detection of small hemor-
rhagic foci in mucosa. These changes look slightly
differently in violet light, are darker and the focus
is usually visible in white-light imagination. On
the other hand such small hemorrhagic foci may
reflect early neoplastic transformation. Therefore
we have treated all such lesions as PDD positive
samples.

In our material we found one recurrent squa-
mous cell carcinoma in a patient 5 years after
lobectomy, in whom the lesion was not evident in
white light, and one synchronous lesion on the op-
posite site (CIS) in a patient with a tumour occlud-
ing lower lobe bronchus. We also detected a PDD-
positive but doubtful in white light infiltration in
the upper larynx in a patient subjected to bron-
choscopy due to hemoptysis (squamous carcino-
ma). All these lesions were treated as WLB-nega-
tive. There was also one PDD-positive and WLB-
negative focus of severe dysplasia and one
PDD/WLB-negative focus of moderate dysplasia
(false negative).

We found, that the centre of a large tumour
growing into the lumen of a bronchus often pre-
sents in a violet light as PDD negative. It is prob-
ably related to the presence of a superficial necro-
sis. However, PDD positive area is usually seen in
a tumour periphery (figure 2 and 3). Our results
also confirmed what had been already published
by other authors, that tumours forming submucos-
al infiltrates are difficult to visualize [2]. The

Fig. 3. - A squamous-cell carcinoma with intramural growth in a main
bronchus in white-light (A) and PDD-mode (B) - purple illumination
marked by blue frame.

A)

B)

Fig. 2. - A squamous cell carcinoma infiltrating intermediate bronchus
in white light (A) and PDD-mode (B) - purple illumination marked by
blue frame

A)

B)
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“easiest” for photodynamic detection are superfi-
cially growing tumours (most often sqamous cell
carcinoma). In a study of Pierard [10] 60 % of
neoplasms detected by autofluorescence were
squamous cell carcinomas, whereas 40% were
adenocarcionomas. This is also a case in our
study, where 7 out of 11 PDD positive biopsies re-
vealed squamous cell type of pathology and 1 was
diagnosed as non-small cell lung cancer
(NSCLC). In our material we also found 3 small-
cell PDD positive carcinomas (none in the mater-
ial of Pierard), but the difference is probably re-
lated to an advanced stage of tumors in our group.
In five cases of extrabronchial tumours we have
not found any changes neither in white-light nor
in fluorescence bronchoscopy, what means that
PDD is useless in the diagnosis of extra-bronchial
tumours (most of such tumours are small cell car-
cinomas).

One of our goals was to estimate a safety of 5-
ALA inhalations. In order to choose the most
convenient dose we have changed between 5 and
10 ml. Although it was not a randomised experi-
ment but rather a change in the protocol done dur-
ing the study, we compared the sensitivity, speci-
ficity, PPV and NPV for 5 and 10 ml subgroups.
Although there were no statistically significant
differences, a trend towards higher sensitivity and
NPV values was observed in a 10 ml group. Al-
though there were no respiratory symptoms and
changes in physical examination caused by 5-
ALA inhalation even in patients with severe un-
derlying pathology (COPD), in two cases we
found a significant drop in FEV1. It happened on-
ly in a group receiving higher dose of the stain.
This fall in FEV1 probably reflects bronchial con-
striction in patients with underlying bronchial hy-
perreactivity (both were heavy smokers, one was
treated with anti-asthmatic drugs for COPD and
the reversibility test taken a week later was posi-
tive, the other denied a history of episodes of
shortness of breath). It is caused either by acidic
pH or high osmolality (or both). This finding in-
dicates, that special care should be taken in pa-
tients with a history of asthma or COPD. Bron-
chodilators should be available. Salbutamol or
ipratropium bromide could be added to 5-ALA so-
lution to prevent a bronchospasm. As the time of
inhalation may be important (in case of 10 ml it
lasted up to 60 minutes), the inhalation could be
applied in two stages divided by, for instance, a 30
minutes break. 

Routinely, 5-ALA is used orally in a dose of 60
mg/kg body weight, what gives 3.6 g for 60 kg,
whereas inhalation of 10 ml is equivalent to 0.5 g.
It gives approximately 7-times cost reduction. It is
the cheapest commercially available stain. Other
stains (HpD) are significantly more expensive.
Moreover, as no skin toxicity was observed, pre-
cautions regarding protection against sunlight is
not necessary, and may allow for further cost re-
duction.

In conclusion, although a high percentage of
false positive results reported in our study seems to
be a common feature of fluorescent bronchoscopy

Fig. 5. - Intramural growth of squamous cell carcinoma: A - white
light bronchoscopy; B - autofluorescence by Storz D-light; C - PDD
after 5-ALA inhalation. The area of dark-red fluorescence is more 
extensive in ALA-PDD than in autofluorescence bronchoscopy.

A)

B)

C)

Fig. 4. - A synchronous foci on the opposite site in the same patient
as shown on figure 3. PDD-mode - purple illumination marked by
blue frame.
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in general, photodynamic diagnosis with 5-ALA
inhalations, due to above mentioned disadvantage,
should not be recommended as a screening tool.
Results comparing autofluorescence with ALA-
enhanced fluorescent bronchoscopy are not avail-
able. Thus it is not possible to draw conclusions on
the possible superiority of ALA-PDD over auto-
fluorescence. The results achieved in our study are
comparable or even worse than autofluorescence
by LIFE system. Despite these disadvantages it
should not be neglected, that the combination of
WLB and ALA-PDD is superior to WLB alone
and that ALA-enhanced PDD shows high sensitiv-
ity and NPV, thus the risk of overlooking a neo-
plastic lesion is decreased. In this context we be-
lieve, that PDD after ALA inhalations may be a
good guide for a bronchoscopist where to take a
biopsy from. It may be especially useful for detec-
tion of early malignant changes in patients pre-
pared for surgery due to lung cancer (synchronous
lesions and good recognition of infiltration mar-
gins) and in patients operated due to lung tumour
in the past (metachronous lesions and stump con-
trol). Another possible application of ALA inhala-
tions could be photodynamic therapy (instead of
general application), however this needs to be
proved in practice.

The method is safe, however special care
should be taken in patients at risk from bronchial
constriction. As it is not always possible to indi-
cate those patients on the basis of history, physical
examination or pre-inhalation spirometry, the op-
erating team should be always prepared for such
medical situation.
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