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ABSTRACT: In patients with so-called roentgenologically occult intraluminal lung
tumours, an accurate assessment of tumour size, its location and peribronchial
tumour extent is important prior to any intraluminal bronchoscopic therapy (IBT)
with curative intent.

In twenty patients with so-called occult early-stage lung cancers, clinical outcome
was compared to high resolution computed tomography (HRCT) findings prior to
IBT.

HRCT showed peribronchial tumour extension or nodal enlargement in 7 of the
20 patients (35%), and consequently treatment policy was changed.  Five of the
seven died 1.5–6 months after diagnosis, one patient underwent a radical pneu-
monectomy after induction chemotherapy, and the remaining patient is alive with
pleural metastasis. HRCT showed intraluminal tumours in 11 of the 20 patients
and IBT with curative intent was given.  Complete response (CR) was achieved in
10 of the 11 patients, follow-up has been 4–26 months.  One patient underwent a
radical lobectomy, pathological stage T1N0, after 3 months because of tumour recur-
rence. HRCT was inconclusive in 2 of the 20 patients with postobstructive infil-
trates. IBT was unsuccessful in both these cases.

High resolution computed tomography may provide supportive evidence of intra-
and extraluminal tumour; thereby, helping in the assessment of patients who were
judged to be suitable for intra-luminal bronchoscopic therapy with curative intent.
This may lead to a change in the treatment policy.

High resolution computed tomography findings are complementary to broncho-
scopic, histological and cytological examinations for the proper evaluation of treat-
ment indications in patients with occult lung cancer.
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Currently, intraluminal bronchoscopic treatment (IBT)
may be used in the management of endobronchial tumours.
Treatment modalities include the neodymium-yttrium
aluminium garnet (Nd-YAG) laser, brachytherapy, pho-
todynamic therapy (PDT) and electrosurgery [1, 2].  Al-
though these techniques are mainly used for palliation,
treatment with curative intent may be performed in patients
with roentgenologically occult, early-stage lung cancer
[3–9]. It is important to assess as accurately as poss-
ible intra- and extraluminal tumour extent prior to IBT
[10–13]. Conventional radiological examinations and
standard computed tomography (CT) have been reported
to be relatively inaccurate for this purpose [12, 13].
Bronchoscopy poorly predicts peribronchial tumour extent
and cannot evaluate the presence of nodal disease.  The
success of IBT is strongly related to these factors and,
together with tumour size, they are important determi-
nants for the therapeutic approach [2–5, 9].  We have per-
formed a prospective study to determine whether high
resolution computed tomography (HRCT) may provide
additional information in patients referred for IBT with
curative intent.

Materials and methods

Twenty patients, 18 males and 2 females, median age
68 (range 56–80) yrs, were referred to our clinic for IBT.
The reason for referral was in all cases documented malig-
nancies, which were inoperable or marginally operable
because of previous resection or limited pulmonary func-
tion.  These indications for IBT with curative intent are
shown in table 1.  Patients were considered suitable for
IBT if intraluminal tumour size was ≤2 cm, with visible

Table 1.  –  Indication for intraluminal bronchoscopic treat-
ment and number of patients per category

Indication category Pts  n

Inoperable because of limited pulmonary function 9
(e.g. previous resection)
Second primary after previous resection 1
Synchronous tumour, second intraluminal tumour 3
Resectable tumours, but marginal pulmonary function 7

Pts: patients



Table 2.  –  Comparison between bronchoscopic and HRCT findings

Bronchoscopic findings HRCT diagnostic groups

Intraluminal Pts Invisible Intraluminal Extraluminal Infiltrates Nodal
tumour size n

Superficial  <1 cm2 9 7 2(1*) 1*
1–2 cm2 7 3 3(2*) 1 2*
Bronchial thickening 2 2
Invisible distal margin 2 1 1

Total pts  n 20 7 6 5 2 3

Patients in double box are those 11 showing intraluminal tumours without nodal enlargement on HRCT.  *: patient(s)
with nodal enlargement on HRCT.  Pts: patients; HRCT: high resolution computed tomography.
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proximal margin and without peribronchial tumour exten-
sion or nodal enlargement on standard CT examinations.
Measurements of tumour size and width were made using
the distance between the jaws of the biopsy forceps and
the distal to proximal displacement of these forceps or
bronchoscope at the nasal orifice.  In two patients with
synchronous cancers, IBT was performed 4–6 weeks after
radical surgery of the more advanced tumour.  Broncho-
scopy was performed prior to treatment to evaluate treat-
ment indication. Tumours were assessed in terms of
length axis, circumference and thickness.  Bronchial wall
thickening or the invisibility of the distal tumour mar-
gin was also documented.

Patients underwent CT scanning (Somatom Plus®;
Siemens, Erlangen, Germany) in the supine position with
maximal inspiratory breathholding duration of 24 s, dur-
ing which data acquisition was obtained with the spiral
technique using the following factors: Ma 145, kV 137,
table feed 2 mm, slice thickness and reconstruction 2
mm (pitch=1). One hundred millilitres of intravenous
contrast (Ultravist®; Schering), a nonionic, low osmo-
lality monomeric medium, was injected using a powered
pump (Medrad Mark IV®, PA, USA) at a flow rate of
2 mL·s-1, 150 pounds per square inch pressure and a lin-
ear rise of 0.1 s, with a minimum effective delay before
screening of 23 s.  The area to be screened was agreed
in consultation with the bronchoscopist and the findings
of the conventional CT scan, consisting of contiguous
10 mm slices of the whole thorax, which preceded the
spiral scan in every case. The maximum scan length was
44 mm and images were "zoomed" to the major airways
and photographed at approximately -500/1500 settings.

The technique produced very good delineation of the
major blood vessels and airways.  Attempts early in the
series to produce three dimensional images (Voxel Q;
Picker, Ohio, USA) whilst of some value for the intra-
luminal bronchial spaces were disappointing for the media-
stinal peribronchial tissues, and were later discontinued.
However, both intraluminal and extraluminal tumour
extension were clearly visible on the axial slices.  Extra-
luminal tissue which showed the same degree of enhance-
ment as intraluminal tumour was considered to have an
identical vascular pattern with regard to contrast access
to both the capillary network and the extracapillary inter-
stitial space. Since such similar contrast enhancement
occurred over a very short space of time and in a very
small area, extraluminal tissue with this appearance was
considered to consist of tumour. The radiologist described
tumours as being invisible (HRCT occult), intralumi-
nal, extraluminal showing bronchial wall irregularities/
peribronchial invasion, or as having nodes more than 1
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Table 3.  –  Follow-up data of seven patients, in whom
treatment change was made due to HRCT findings of
peribronchial/nodal involvement

Pt HRCT Treatments Follow-up (months)
No. findings

2 EL Nd-YAG# Died, haemoptysis (6)
3 Nodal Electrosurgery# Died, brain metastasis (6)

+ RT
6 Nodal None Died, mediastinal disease (4)
7 EL Induction Radical surgery, patholog-

chemotherapy ical stage T3N0, alive (15)
8 EL None Died, bone metastasis (5)

11 EL RT Alive, pleural metastasis (5)
13 EL+ RT Died, haemoptysis (1.5)

Nodal

EL: extraluminal; RT: radiotherapy; Pt: patient; HRCT: high
resolution computed tomography; IBT: intraluminal broncho-
scopic therapy; Nd-YAG: neodymium-yttrium aluminium gar-
net. #: palliative IBT to prevent obstructive pneumonia and
lacking treatment alternative. 

cm in diameter. If HRCT revealed extraluminal disease
or nodal enlargement, IBT was considered inappropriate
for achieving cure and alternative treatment was given.
Images showing postobstructive infiltrates were consid-
ered inconclusive.  Both HRCT and bronchoscopic eval-
uations were repeated at 3 month intervals in patients
receiving IBT.  A complete response was defined when
bronchoscopy, histology, cytology and HRCT were neg-
ative for tumour.

Results

The correlation between bronchoscopic and HRCT
findings is shown in table 2.  HRCT showed tumours to
be intraluminal without nodal enlargement in 11 patients,
who were then treated with IBT with curative intent.
Nine patients are currently alive showing a complete
response (CR) 4–26 months post-IBT (median 10 months).
Of the two remaining patients, one died of cardiac causes
8 months post-IBT (CR at 6 months), and one under-
went a radical lobectomy, pathological stage T1N0, at 3
months post-IBT because of tumour recurrence.  HRCT
showed the presence of peribronchial tumour extension
and/or nodal enlargement in seven patients (35%) and,
consequently, treatment policy was changed.  The clini-
cal outcome of these patients was compatible with advanced
tumours, as shown in table 3.
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HRCT showed poststenotic infiltrates in two patients.
IBT was performed to open the segmental bronchi and
residual tumour was found distally after treatment.  One
patient underwent a radical lobectomy (pathological stage
T1N0) and another was again treated with IBT because
alternative treatment was lacking.

Discussion

Endobronchial tumours can be treated using various
bronchoscopic methods [1, 2]. Previous reports have
shown the efficacy of IBT for early-stage squamous cell
cancers either by applying photodynamic therapy or
brachytherapy [3–9].  The outcome of treatment depends
strongly on the dimension of the tumour and the ability
to delineate the distal tumour margin during IBT [4, 5].

Previous data have indicated the importance of accu-
rate tumour assessment, as intraluminal lung cancer ≤3
mm deep and ≤2 cm long were pathological stage T1N0
on resection [10–13].  These tumours are, therefore, con-
sidered suitable for IBT with curative intent as an alter-
native to surgical resection [1–3].

HRCT provides a better spatial resolution by using a
different reconstruction algorithm [14]. CT or HRCT may
provide more accurate assessment of roentgenologically
occult tumours in candidates for IBT [15], by showing
the presence of a more "advanced" tumour or nodal enlarge-
ment.  CT has been reported to be useful in assessing the
vascular anatomy and predicting response to palliative
laser therapy for large bulky tumours [16–17]. Although
conventional CT in patients with bronchial pathology
was shown to be 63–85% sensitive in detecting airway
abnormalities, it was shown to be relatively inaccurate
in differentiating mucosal abnormalities, intra- and extra-
luminal tumour [18].  Magnetic resonance imaging was
found to be inferior to CT, with a 50% detection rate for
bronchial abnormalities [19]. The use of HRCT to eval-
uate very small bronchial abnormalities in patients with
haemoptysis is obvious [20].  HRCT using 1.5 mm sec-
tions was able to identify discrete endobronchial lesions
in five patients with haemoptysis.  The better spatial res-
olution of HRCT may, therefore, be useful for our pur-
pose to evaluate occult early stage lung cancer [10–13].
It might be argued that HRCT is not necessarily more
helpful in indicating nodal enlargement as accuracy is
only ±50%, but our study was aimed at accurately assess-
ing tumour size and margins prior to IBT.

Ideally, the best evidence of HRCT accuracy would
be the histological proof of peribronchial tumour in the
resected surgical specimens.  However, the new approach
of IBT for marginally operable patients having occult
lung tumours may limit recruitment of a sufficient num-
ber of patients to be studied in this particular way.
Therefore, a prospective study to evaluate this seems
unwarranted.  The second best way to assess HRCT accu-
racy is by comparing HRCT findings to clinical outcome.
We used HRCT as an addition to bronchoscopy, in either
excluding or confirming the presence of peribronchial
disease in patients with occult, early stage squamous cell
lung cancer, as bronchoscopy cannot assess the peri-
bronchial compartment.  In our series, HRCT results led
to a change in treatment policy in 35% of the cases.
Clinical data were compatible with relatively advanced

tumour, the presence of which was suggested by HRCT,
despite the lack of histological proof (table 3).  In patients
considered to be good candidates for IBT after HRCT,
the clinical outcome was supportive for the value of
HRCT in the detection of early stage tumours, as most
patients are still in complete response.  Histological proof
obtained from surgically resected specimens could not be
provided, as many patients were high risk candidates for
surgical resection due to poor pulmonary function. How-
ever, the criteria for early stage lung cancer in these pati-
ents had been met bronchoscopically prior to treatment.
The curative potential of IBT has been reported in this
category of patients using various techniques [1–13].

With HRCT and bronchoscopy there may be difficul-
ties in assessing tumours causing postobstructive infil-
trates, as can be seen in our two patients. IBT is not
recommended in this category of patients, as reports have
indicated that tumours located peripherally are usually
more advanced [13] and that the difficulty in assessing
the distal tumour margin may limit treatment efficacy [4,
5].

Bronchoscopic histological and cytological examina-
tions must be performed at follow-up, as HRCT cannot
differentiate fibrotic changes from tumour recurrence so
that HRCT may only be complementary to bronchoscopy
in evaluating extraluminal disease progression or nodal
disease.  The limited number of patients undergoing IBT
in which HRCT correctly predicted extraluminal disease
progression and the relatively short follow-up period, do
not justify any firm conclusion about the value of HRCT
during follow-up.

In summary, high resolution computed tomography
may be complementary to bronchoscopy for the evalua-
tion of treatment policy in patients with roentgenologi-
cally occult lung cancer by providing information about
extraluminal tumour extent indicating the presence of
advanced disease rather than early stage lung tumour.
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