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Radiographically occult lung cancer (ROLC) is a well-
known clinical problem. In several studies, it has been
shown that photodynamic therapy (PDT) is an effective
treatment modality for these patients [1–4]. Based on these
favourable long-term results, it has been proposed as pri-
mary treatment for these lesions [5, 6]. High dose rate
brachytherapy was used for the same category of patients,
showing its curative potential [7, 8]. Both PDT and brachy-
therapy facilities are costly if used only for the relatively
small number of patients with ROLC. A much less expen-
sive method to obtain tissue necrosis is electrocautery.
Bronchoscopic electrocautery (BE) is the endoscopic use
of a high frequency electrical current for the destruction of
tissue [9]. Heat is generated due to tissue resistance. Elec-
trocautery equipment is available in every surgical ward
and has been a standard tool during surgical and endo-
scopic procedures [10]. The extent of BE necrosis de-
pends on: the voltage setting; the duration of contact

between electrode and tissue; and tissue density or mois-
ture in the presence of blood or mucus [9, 10].

As early as 1984, it was reported that BE, using either a
rigid or fibreoptic bronchoscope (FOB), resulted in tissue
necrosis several millimetres deep and could also be used
to debulk intraluminal tumour for rapid palliation [11–13].
Tissue necrosis several millimetres deep [11] may be suf-
ficient for cure of ROLC. We conducted a prospective
study in patients with ROLC using electrocautery, follow-
ed by PDT in the event of failure. Surgery was performed
if tumour persisted in patients with resectable tumour.

Methods

Consecutive patients, referred to our hospital by pul-
monologists for intraluminal treatment of ROLC, were
included if tumours were ð1 cm2 as confirmed by several
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ABSTRACT: The curative potential of bronchoscopic intervention, e.g. photody-
namic therapy (PDT) and brachytherapy, for resectable radiographically occult lung
cancer has been reported previously. Bronchoscopic electrocautery is currently feasi-
ble using an insulated flexible bronchoscope to coagulate and vaporize tumour tissue.
Since the lesions are usually small, noninvasive bronchoscopic electrocautery may be
able to eradicate radiographically occult lung cancer completely.

In a prospective study, 13 patients with 15 radiographically occult lung cancer
lesions were treated with bronchoscopic electrocautery. The duration of follow-up
was Š16 months. The median age of the patients was 69 yrs (range 48–79 yrs). Fibre-
optic bronchoscopy under local anaesthesia was used to coagulate the occult lung
cancer. Approximately 30 W of energy was applied until visible necrosis of the
tumour area became apparent. There were no immediate complications.

In 10 patients with 12 lesions, a complete response (CR) was obtained (CR rate
80%; 95% confidence interval (95% CI) 52–96%). Median duration of follow-up was
21 months (range 16–43 months). Bronchoscopic electrocautery did not obtain a CR
in the remaining three patients, but PDT also failed to achieve CR. Two patients
underwent radical resection, and the tumours were histologically confirmed to be
more invasive. One patient received external radiotherapy. Three patients with a CR
died during follow-up, two as a result of myocardial infarction and apoplexy, and one
because of metastasis from his previously resected T3N1 primary large cell cancer.

Current data show bronchoscopic electrocautery to be equally effective and poten-
tially as curative as photodynamic therapy for treating patients with radiographically
occult lung cancer. Obvious advantages are that it is an inexpensive and simple proce-
dure, which does not cause photosensitivity.
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separate histological biopsies in areas proximal and distal
to the visible tumour margins [2]. High-resolution com-
puted tomography (HRCT) scans were performed prior to
BE to include only those with strict intraluminal tumours
[14]. Patients with failure of previous intraluminal treat-
ment with PDT were also included. BE was performed
under topical anaesthesia, as described previously [13]. Tu-
mour dimensions were assessed bronchoscopically and
documented photographically. Biopsies were reviewed to
confirm malignancy. Approximately 30 W of energy was
applied under bronchoscopic control until coagulation be-
came visible. A marginal area of 0.5 cm normal mucosa
around ð1 cm2 tumours was also coagulated.

A complete response (CR) was achieved if multiple
biopsies and brushes were negative during follow-up FOB
and if chest radiographs or repeat HRCT, in case of doubt,
remained normal. Patients not achieving a CR and not pre-
viously treated with PDT were subsequently treated with
PDT using 2 mg·kg-1 Photofrin II® (QLT Pharmaceuti-
cals, Vancouver, Canada) injection and laser illumination
48 h thereafter [3]. Follow-up FOB was performed at 3–4
month intervals. In candidates for resection, follow-up
FOB was performed several times during the first 3 mon-
ths. When tumour persisted after both BE and PDT, surgi-
cal resection was performed without delay. This study
protocol was approved by the Medical Ethics Committees
of our hospital. All patients, including resection candi-
dates, were given an extensive explanation and written in-
formation about the current protocol, its limitations and
possible advantages. All subjects gave their informed con-
sent before treatment. This study was not financially sup-
ported by any company, except for the free use of the
insulated fibreoptic bronchoscope prototype of Olym-
pus® (Tokyo, Japan) for electrocautery.

Results

Thirteen patients (12 males and one female), with 13
T1N0M0 (tumour, node, metastasis classification) squa-
mous cell cancer and two carcinomas in situ, were treated
and followed-up for at least 16 months. Patient character-
istics are presented in table 1. Five patients had resectable
intraluminal tumours. There was no direct complication of
BE. In all cases, visible coagulation of the tumour area
was easily obtained. Two segmental bronchi showed slight
stenosis after BE (patients Nos. 2 and 13; right bronchial
(RB) segment number 6 and 8 localization, respectively).
These complications were considered minor, did not cause
symptoms and were left untreated. BE results are pre-
sented in table 1 and figure 1.

Two of the five patients with resectable lesions ulti-
mately underwent radical lobectomies because of tumour
persistence. In one of these subjects, PDT was not perfor-
med after BE because of tumour-positive biopsies distal to
the initial tumour area during BE follow-up. Histological
examinations showed tumours to be more invasive: in pat-
ient No. 3 the tumour diameter was 13 mm, and in patient
No. 5 minute infiltration of the deeper (> 4 mm) submu-
cosal bronchial glands was observed microscopically.

Three patients with CR died for reasons unrelated to
their ROLC. In all three patients, follow-up bronchoscopy
had been performed within 2 months prior to death, show-

ing no tumour recurrence. In none of them was a postmor-
tem examination obtained.

So far, seven patients with nine lesions are still in CR,
with a median follow-up of 22 months (range 13–40 mon-
ths). The CR rate of bronchoscopic electrocautery, inclu-
ding the three patients who died because of unrelated
disease, is 80% (95%CI 52–96%).

Discussion

Various bronchoscopic techniques are available to palli-
ate patients with obstructive lung tumours [15, 16]. All
these techniques have been shown to be effective in de-
bulking intraluminal tumour. The curative potential of var-
ious bronchoscopic treatment methods in patients with
strictly intraluminal tumour, such as occult lung cancer
and carcinoma in situ, has been reported in several studies

Table 1.  –  Patient characteristics, tumour localization,
resectability, BE response, post-BE treatment and follow-
up

Pt
No.

   Age
   yrs

 Locali-
  zation

Resec-
 table

     BE-
response

  Post-BE
 treatment

Follow-up
   months

1
2
3
4
5
6
7
8
9
10
11
12
13

65
72
53
69
68
73
79
70
48
78
69
69
72

LB1–2
RB6
LUL
RB1–3
LUL
LUL
RML
RB3
LB6
MC, LUL
LUL
RB2
RB3, RB8

Yes
No
Yes 
No
Yes
No
No
No
Yes
No
Yes
No
No

CR
CR
PR
CR
PR
CR 
CR 
PR
CR 
CR
CR
CR
CR

–
–
S
–

PDT, S
–
–

PDT, RT
–
–
–
–
–

40
17
16
4†

28
8†

11†

21
19
20
13
25
19

Pt: patient; LUL: left upper lobe; MC: main carina; ML: middle
lobe; RLL: right lower lobe; LB6: left bronchial segment num-
ber 6; RB6: right bronchial segment number 6, etc.; BE: bron-
choscopic electrocautery; CR/PR: complete/partial response; S:
surgery; PDT: photodynamic therapy; RT: radiotherapy; †: death
during follow-up unrelated to radiographically occult lung can-
cer.

13 patients with 15 lesions

↓

CR: 10 patients
(12 lesions)

  ↓   follow-up

3 deaths, unrelated to the
occult lung cancer

↓

CR: 3 patients
(3 lesions)

↓

2 treated with PDT → both PR
(→ 1 radiotherapy and 1# surgery)

and
1#  directly to surgery

Fig. 1.  –  Bronchoscopic electrocautery in occult lung cancers. #: two
patients with partial resection ultimately underwent radical lobecto-
mies. The resected specimens showed tumours to be extraluminal 1.3
cm in diameter (patient No. 3) and deeper infiltration in the mucosal
glands of the bronchial wall (patient No. 5). CR: complete resection;
PDT: photodynamic therapy.
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[1–8]. The most popular technique during the last decade
has been PDT [1–6]. The photosensitizers used were con-
sidered to be tumour selective. However, data to support
this drug selectivity are lacking, and skin photosensitivity
remains a problem [17, 18]. Brachytherapy has also been
used with curative intent, albeit in functionally inoperable
candidates [7]. Repeated treatments seem necessary, and
issues regarding the optimal irradiation dose, dose fraction-
ation, and normal tissue damage have not been resolved
[8]. Compared to electrocautery, both PDT and brachy-
therapy equipment are more expensive, the procedures
and logistics are more complex, and treatment effects are
not immediately apparent. However, all bronchoscopic
techniques lack the accuracy of assessing tumour depth,
and treatment dosimetry remains difficult. Only empirical
findings of visible tissue necrosis several millimetres thick
are clear for the bronchoscopist. It is, therefore, fair to ask
whether the treatment technique, as such, is important in
obtaining complete responses in ROLC [15, 19].

Bronchoscopic electrocautery is a straightforward tech-
nique. The flexible probe allows gentle palpation and
offers more manoeuvrability under visual control during
the whole procedure. Local coagulation and haemostasis
are easily achieved. Our previous data show that BE is a
safe treatment for immediate palliation and is cost-effec-
tive [13, 20].

This study confirmed that the success of bronchoscopic
treatment with curative intent is related to the exact di-
mension of the tumour. The limitations of radiographic
criteria of ROLC have been discussed previously [14].
Histological studies in early surgical series in the past
have shown the limitation of the so-called "x-ray occult"
lung cancer, as only 68% of the tumours were truly occult
[21]. It has also become clear that tumour dimension is
related to nodal stage. Occult lung cancer ð3 mm thick
and with a ð20 mm longitudinal axis has been shown to be
lymph node negative [22]. Consequently, several ongoing
clinical trials with PDT have been using these criteria in
resectable ROLC because nodal involvement precludes any
bronchoscopic therapy with curative intent [5, 6]. Hence,
the strict eligibility criteria of PDT protocols for treating
ROLC [2]. Reasons for failures of PDT in intraluminal
stage I lung cancer have been analysed [3], and we re-
cently reported that the criteria of HRCT findings should
be included before embarking upon bronchoscopic treat-
ment with curative intent [14]. Newer techniques, such as
ultrasonography [7] and fluorescence endoscopy [23],
may improve assessment of tumour dimension; however,
their impact on the management of ROLC needs further
study.

At the present time, the criteria of ROLC to be treated
bronchoscopically with curative intent should consider the
factors mentioned above. In this study, PDT also failed to
obtain CR in two patients with tumour persistence after
BE. Microscopic findings of the resected specimen under-
score the limitations of ROLC criteria. These seem ac-
ceptable entirely for inoperable candidates. However, in
patients with resectable lesions these criteria are not en-
tirely perfect, despite the findings that they were indeed
N0 [22]. The long-term complete responses after broncho-
scopic treatment seem to justify the electrocautery appro-
ach in the majority of patients. 

In conclusion, bronchoscopic electrocautery is an equ-
ally effective treatment with curative potential in patients

with radiographically occult lung cancer, it is inexpensive
and more easily applied than photodynamic therapy or brac-
hytherapy. Randomized trials with longer follow-up are
needed to explore its effects in radiographically occult lung
cancer in candidates for resection.
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