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ABSTRACT: The correlations between semi-automated sputum cytometry (ASC),
conventional cytology and the final diagnosis was investigated in industrially-exposed
workers. Slides of sputum samples from 201 former uranium miners with silicosis, 100
patients with asbestosis, 103 workers resected for lung cancer, and 200 controls (50%
smokers), were stained using the Papanicolaou (Pap) method and the Feulgen reaction
with thionin. Cytometry was performed using the Cyto-Savant automated system.
Atypical nuclei were found in 72 of 404 patient samples, 327 samples were normal

and five were inadequate for ASC analysis. Thirteen tumours (Pap IV, Pap V) and 11
cases of severe dysplasia were identified by cytology. Lung cancer was confirmed in 20
patients. Compared to the final diagnosis of lung cancer, the sensitivity of ASC was
75% (15 out of 20) and specificity 89.8% (520 out of 579). The results represent a
diagnostic efficiency of 89.3%. The combination of ASC with cytology increased
sensitivity to 80% (16 out of 20) without significant loss of specificity (89.7% or 523 out
of 581).
In this investigation of a limited number of patients with occupational radon or

asbestos exposure, semi-automated sputum cytometry appears to be sensitive and
reliable for the detection of malignant changes in the tracheobronchial mucosa.
Together with conventional cytology, it would be reasonable to test the validity of the
combined methods in a large-scale feasibility study of early lung cancer detection.
Eur Respir J 2001; 18: 942–950.
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Semi-automated image cytometry represents a new
sensitive method for the quantitative analysis of
nuclear structure and deoxyribonucleic acid (DNA)
content of exfoliated airway epithelial cells [1].
Together with autofluorescence bronchoscopy [2], it
is a promising new technology potentially aiding
diagnosis of early-stage lung cancer, and renewing
interest in lung-cancer screening .

The undisputed effects of smoking on lung cancer
can be multiplied by exposure in the workplace, most
prominently to ionizing radiation or asbestos dust
[3]. Epidemiological studies have confirmed that lung
cancer is increased among uranium miners in the USA
[4] and other countries due to ionizing irradiation. In
1995 and 1996, 761 notifications of occupational lung
disease induced by ionizing radiation were registered
in Germany. In 1994, 1,200 cases of asbestos-induced
tumours were registered. As in any cancer, the prog-
nosis of occupation-related cancer is likely to improve
with effective screening, but this has proved to be
an elusive goal in lung cancer. Multiple factors have

contributed to the failure of earlier lung cancer
screening trials [5–8] and a primary factor, by today9s
standards, was antiquated technology. Since 1995 at
the Research Institute for Diagnosis and Treatment
of Early Lung Cancer (RIDTELC), the authors have
been intensively involved in the development and
refinement of a number of promising methods for
improving detection of early lung cancer, including
sputum processing and analysis.

Automated sputum processing has become possible
by the prototype Medical Application Robot Auto-
mation for Tissue Handling or Nuclei Separation
(MARATHON-S), now in routine use for monolayer
sputum preparations, stained for semi-automated
sputum cytometry (ASC) and conventional cytology
(CY). Specimen preparation has been improved and
standardized by addition of 0.1% dithiothreitol (DTT)
to the Saccomanno9s preservative [9]. As a prelude to
a large screening programme for detecting early lung
cancer in high-risk individuals, semi-automated cyto-
metry and cytology of induced sputa from uranium
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miners with silicosis and patients with asbestosis were
performed. In addition, patients with resected lung
cancer without known recurrence were included. The
authors investigated the correlations of ASC and CY
with the final diagnosis.

Methods

Patients

Three groups of patients were included, comprising
individuals with silicosis, asbestosis, or undergoing
follow-up following resected lung cancer. All were
being seen for a regular checkup in a hospital,
specializing in occupational lung disease (Berufsgen-
ossenschaftliche Klinik Falkenstein in Thüringen,
Germany). Sputum specimens were collected Septem-
ber 1996–December 1998, together with 100 samples
from heavy smokers and 100 nonsmoking control
subjects with no radon or asbestos exposure and with
normal lung function. Patient data are summarized in
table 1.

Sputum induction

Under the supervision of a respiratory therapist,
sputum was induced by inhalation of 3% saline aero-
sol, generated by a jet nebulizer (Pari, Starnberg,
Germany) for 20 min. The patients inhaled the aero-
sol via a mouthpiece, exhaling through the nose. The
subjects were instructed to swallow saliva and to
expectorate sputum, from the deeper airways only,
into a 50-mL vial filled with 25 mL Saccomanno9s-
preservative and 0.1%, DTT [9, 10]. The samples were
labelled, posted on the same day and arrived at the
laboratory 1–3 days later.

Staining

Sputum samples arriving at the lab in the
Saccomanno-DTT solution were completely lique-
fied and could be treated like a blood smear for a
monolayer preparation by the automated processor
(MARATHON-S). After centrifugation for 15 min

at 5006g, the supernatant was decanted. Depending
on the weight, the cell pellet was resuspended in
0.5–2.5 mL Saccomanno solution to obtain constant
cell concentrations. Two drops of the cell suspension
(y0.2 mL) were applied to each of six slides, smeared
like a blood sample, avoiding nuclear artefacts or
distortion by using capillary forces only. The slides
were air-dried overnight; two were stained according
to PAPANICOLAOU [11] for cytology, two according to
a modified Feulgen reaction [12] for ASC, and the
remaining two slides were kept for future reference.
The two smears for ASC were dehydrated for 30 min
in 96% ethanol, fixed for 45 min in Böhm-Sprenger
solution and rinsed in distilled water. The purine bases
were removed at room temperature (20uC) by 45 min
hydrolysis in 5 N HCl. The slides were stained for
60 min in saturated thionin solution and rinsed in
sodiumbisulphite solutions. After dehydration in
increasing alcohol concentrations and xylene, the
specimens were cover-slipped using resin for perma-
nent mounting.

Cytology

CY was performed independently of cytometry
in Hannover and/or Bochum. Results were graded
according to a modified Papanicolaou (Pap) classifica-
tion using a score from Pap 0–Pap V [13]: Pap 0:
nonrepresentative material, Pap I: normal cell/nuclear
structure, Pap II: benign changes (mostly mild,
moderate or severe signs of inflammation), Pap III:
metaplastic changes, Pap IIID: dysplasia (mild, mode-
rate, or severe), Pap IV: carcinoma in situ, (CIS), Pap
V: some/numerous malignant cells, carcinoma most
probable. In case of mild and moderate dysplasia, a
second sputum sample was requested for confirmation
of the results. In cases of severe dysplasia or higher
grades, immediate investigations (endoscopy, chest
radiography, etc.) were recommended.

Semi-automated cytometry

Quantitative cytometry was performed by an
automated image cytometer (Cyto-Savant1, Onco-
metrics, Vancouver, Canada), which was developed in

Table 1. – Patients and control group data

Silicosis,
group I

Asbestosis,
group II

Resected LC,
group III

Smokers,
group IV

Nonsmokers,
group V

Subjects n 201 100 103 100 100
M:F 201:0 95:5 103:0 75:25 72:28
Age yrs 68¡5 66¡7 67¡6 52¡12 53¡15
Cigarette consumption pack-yrs 27¡12

(n=155)
27¡12
(n=75)

22¡7
(n=61)

34¡24

Radon exposure yrs 12¡11 15¡13
(n=76)

Time since last exposure yrs 36¡13 31¡13
Asbestos exposure yrs 24¡12 23¡12

(n=27)
Time since last exposure yrs 17¡12 15¡8

Data are presented as mean¡SEM unless otherwise stated. LC: lung cancer; M: male; F: female.
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collaboration with British Columbia Cancer Agency
in Vancouver [14]. The technology followed the
recommendations of the Task Force on Standardiza-
tion of Quantitative Methods in Diagnostic Pathology
(ESACP) [15]. A specially designed trainable binary
classifier for exfoliated cells of the lung [1, 16] was
developed for the cytometer. A high-resolution CCD
digital camera with 1.4 million pixels was used along
with a 206 Plan-Apo microscope objective (Nikon,
Tokyo, Japan), yielding a resolution of 0.34 mm.
In addition to photometric DNA measurement,
w110 nuclear features were calculated, quantifying
chromatin distribution morphometrically for each
nucleus [16].

The automated mode allowed ¡50 slides daily to
be screened unattended for a preset period of time
(30 min) or for a limited number of nuclei. In the
present version, the cytometer identifies and analyses
up to 50,000 objects in 30 min. The authors collected
and stored ¡2,000 cells from each specimen (1,000
epithelial cells, 200 suspicious nuclei with a DNA
index (DNA-amount of normal epithelial cells set to
1.0 equals normal diploid DNA content (2c)) w1.25
and v2.5 and ¡100 highly suspicious ones with a
DNA index w2.5). Along with the epithelial cells,
¡200 lymphocytes, polymorphonuclear and eosino-
phil granulocytes and 100 alveolar macrophages were
collected. The standard value for the integrated opti-
cal density of epithelial cells was 110. Using 20-times
magnification and a matrix of 1.46106 pixels (screen
resolution 1,24661,026 points) results in a pixel size
of 0.34 mm. A typical epithelial nucleus with 10–12 mm
diameter contains nearly 1,000 pixels. The size of a
nucleus is derived from the total number of pixels.
The grey-values between white and black are divided
into 256 grey levels. The sum of all grey levels of the
pixels of a nucleus represents the amount of DNA.

For each of the 2,000 cells, digital values of all fea-
tures were calculated and stored. Coordinates of all
cells were stored; suspicious nuclei could be revisited
interactively. The DNA-amount of normal epithelial
nuclei, referred to as the 2c-value or euploidy value,
derived from a representative group of lymphocytes, is
2c¡0.25c and corresponds to a coefficient of variance
of 12.5%. Three parameters were calculated from
DNA values of the epithelial nuclei: the rate (%) of
5c-exceeding nuclei (5cER), the 2c-deviation index
(2cDI) and the malignancy grade (MG) as the log-
arithmically transformed 2cDI [15]. The 2cDI repre-
sents the sum of squares of the differences between
the DNA-amount of the single nuclei and the mean

value derived from all the epithelial nuclei collected,
divided by the number of collected nuclei. Both para-
meters, 2cDI and 5cER, closely correlate with grade
of malignancy. The 5cER is the rate (%) of aneuploid
nuclei with a DNA-amount w5c. These are different
from normal separating mitotic nuclei. Nuclei are
called euploid if their DNA-amount is in the range
2c¡0.25c. The 2cDI is defined as the sum of all
squared deviations of the DNA-amount of all epithe-
lial cells (ci) from the mean value (2c) divided by the
number of cells. This value is equivalent to the mean
square from the deviation of the mean diploid-value
[17]. Optically abnormal nuclei from the cell galleries
were registered even if quantification of DNA content
was unremarkable.

This procedure allows quantification of the whole
spectrum of malignancy with the help of a simple
score. Following the recommendations of the ESACP
[15] for quantitative cytometry, the authors used the
categories 0, I, II and III (table 2).

Statistics

The sensitivity and specificity of the cytometric
investigations were tested against the final diagnosis
as the "gold standard" [18]. Similarly, the results of
cytology were tested against the final diagnosis. The
confidence intervals (CI) for the 95% range were taken
from the Geigy, Scientific Tables [19].

Results

Control group

ASC of both slides from each control subject were
classified as benign or grade I in all but two cases.
Normal slides contained inflammatory cells, epithelial
cells and alveolar macrophages (fig. 1). All epithe-
lial nuclei were found to be in the DNA-index range
of 0.75–1.25 and only single nuclei were found to devi-
ate from the normal distribution, mainly as a small
second peak with a DNA index close to 2.0. All but
two samples from smokers were classified as benign
(grade I) by ASC. Repeated ASC of the two subjects
with suspicious samples produced benign results.

The quantitative evaluation of all samples derived
from the control subjects led to a mean value of
0.122¡0.022 for 2cDI and a MG of 0.080¡0.014.
Comparing the sister slides of healthy subjects showed
a mean difference of 2cDI values of 0.015¡0.009

Table 2. – Classification of semiautomated sputum cytometry results

Grade Description

0: inadequate Too few diagnostic cells from the airways
I: benign Normal nuclear structure, euploidy, 2cDIv0.20
II: suspicious Samples with 2cDIw0.20 or 2cDIv0.20, but with suspicious

nuclei in the cell gallery with a DNA index of 1.25–2.5
III: highly suspicious 2cDIw0.20 and abnormal nuclei in the cell gallery with a DNA indexw5c

DNA index: deoxyribonucleic acid (DNA), amount of normal epithelial cells set to 1.0 equals normal diploid DNA content
(2c); 2cDI: 2c-deviation index.
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units (median 0.014) and led to identical grade I
classifications.

Patients with silicosis, asbestosis and/or resected lung
cancer

Figure 2 shows a suspicious ASC report from a
sputum sample of a former uranium miner with sili-
cosis, confirmed by CY as Pap IIID, moderate. In
addition to the normal correlation between DNA-
amount and area, there were some "suspicious" nuclei
in the DNA index range of 1.25–2.5, causing an
increased 2cDI of 0.26 and a MG of 0.18.

In a typical sputum sample from a patient with
silicosis and a squamous epithelial lung cancer con-
firmed at the final diagnosis (fig. 3), numerous nuclei,
exceeding 5c (5cER 3.7%) were found in addition
to the suspicious nuclei in the DNA-index range of
1.25–2.5. The 2cDI increased to 0.46 and the MG
increased to 0.21.

Correlation between results from semi-automated
sputum cytometry and outcome of conventional
cytology

Cytologically investigated sputum samples from
asymptomatic nonsmokers and heavy smokers were

classified as normal (Pap I), mild, moderate or severe
inflammatory (Pap II), and in rare cases as inflam-
matory with cellular metaplasia (Pap III). No evidence
of neoplasia was found in chest radiographs or in the
final diagnosis.

Among 404 occupationally-exposed patients, 20
cases of lung cancer or metastasis from other cancers
were found at final diagnosis. Of the 384 patients
without cancer, 323 were classified grade I by ASC,
55 as suspicious (grade II), two as highly suspicious
(grade III), and four as inadequate (table 3). Among
the 323 normal samples in ASC, 15 were inadequate
on cytology, only one was classified as normal (Pap I),
and the large majority (299) as mild, moderate or
severe inflammatory (Pap II). Seven specimens con-
tained dysplastic nuclei of different degrees (Pap IIID)
and one nuclei of a CIS (Pap IV).

In 57 patients without lung cancer grade II and III
cases seen on ASC, one was inadequate on cytology,
two were Pap I, 21 were Pap II and another 10
included metaplasia. Dysplasia was seen in 18 cases
and neoplasia in five samples. Hence, a total of 13
from 57 ASC-positive samples of patients without
cancer at final diagnosis were considered pathological
by cytology. Among patients with silicosis or asbes-
tosis, 45 suspicious/highly suspicious samples were
found using ASC. Twenty of these were classified by
cytology as dysplasias, CIS or as invasive tumour (Pap
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Fig. 1. – Result of semi-automated sputum cytometry (ASC) from a healthy control subject with normal values for the 2c-deviation index
and malignancy grade. Report from ASC containing diagrams of a) deoxyribonucleic acid (DNA) distribution showing the frequency
(number) of DNA index; b) correlation between DNA index and area, which is represented by the number of pixels within the frame (size
0.3460.34 mm); and c) a gallery of typical epithelial nuclei including the DNA index for each nucleus.
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Fig. 2. – Suspicious result from semi-automated sputum cytometry
(ASC) of a radon-exposed former uranium miner with pneumo-
coniosis, confirmed by cytology as moderate dysplasia (PapIIID,
moderate) with numerous nuclei in the deoxyribonucleic acid
(DNA)-index range 1.2–2.5. a) DNA distribution showing fre-
quency (number) of DNA index; b) correlation between DNA
index and area, which is represented by the number of pixels
within the frame (size 0.3460.34 mm); and c) a gallery of typical
epithelial nuclei including the DNA index for each nucleus.
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Fig. 3. – Highly suspicious cytometrical result from semi-automated
sputum cytometry of a patient with squamous epithelial lung
cancer, confirmed by cytology (Pap V) with numerous nuclei in
the deoxyribonucleic acid (DNA)-index range 1.2–2.5 (#) and
nuclei with DNA index w2.5 (h). a) DNA distribution showing
frequency (number) of DNA index; b) correlation between DNA
index and area, which is represented by the number of pixels
within the frame (size 0.3460.34 mm); and c) a gallery of typical
epithelial nuclei including DNA index for each nucleus.
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IIID–V). The suspected cases of lung cancer were
confirmed at final diagnosis. Among the samples from
patients with previously resected lung cancer, in 12
cases a suspicious ASC result was obtained, five were
also positive on CY, and all were confirmed at final
diagnosis as lung cancer. In total, 15 out of 20 sam-
ples of patients with lung cancer confirmed at final
diagnosis were identified by ASC. False-positive
results were obtained by ASC in 59 of 579 samples.

Lung cancer was found in 20 patients at final
diagnosis. Six had asbestosis and 14 silicosis, and eight
had had previous resections of lung cancer. Fourteen
cancers were classified histologically as squamous cell
lung cancer (SQuCLC), three as nonsmall cell lung

cancer (NSCLC), two were adenocarcinomas, and one
was an advanced pleural mesothelioma (table 4).

Sensitivity and specificity of semi-automated sputum
cytometry

Compared to the final diagnosis based on all data
available from 404 patients, 100 smokers and 100
controls, the sensitivity of ASC was 75.0% (15 out of
20) with a 95% CI of 50.9–90.3% (table 5). Specifi-
city was 89.5% (520 out of 579), with a 95% CI of
78.3–96.1%. The results of ASC represent a diagnostic
efficiency of 89.3%.

Table 3. – Results in patients with silicosis, asbestosis, and/or resected lung cancer without lung cancer diagnosis

Cytometry Cytology Final diagnosis

Result n Result n Silicosis n Asbestosis n Lung resection n

Grade 0 4 Inadequate 1 1
Pap I–III 3 2 1

323 Inadequate 15 10 5
Grade I Pap I–III 300 157 67 76

Pap IIID, mild 6 1 4 1
Pap IIID, severe 1 1
Pap IV 1 1

Grade II 55 Inadequate 1 1
Pap I–III 31 14 10 7
Pap IIID, mild 1 1
Pap IIID, moderate 9 2 4 3
Pap IIID, severe 8 5 2 1
Pap IV 2 1 1
Pap V 3 1 1 1

Grade III 2 Pap I–III 2 1 1

Pap: Papanicolaou classification. N=384. Grade 0: inadequate; grade I: benign; grade II: suspicious; grade III: highly
suspicious.

Table 4. – Results in patients with lung cancer diagnosis

Patient no. Cytometry grade Cytology (Pap) Lung disease Histology TNM classification

1 II# II Asbestosis SquCLC T2,N0,M0
2 III} II Asbestosis SquCLC T1,N0,M0
3 II# IIID, severe Asbestosis Adeno PMUBC
4 II# V Asbestosis Pleural mesothelioma Advanced mesothelioma
5 III} V Asbestosis SquCLC T2,N0,M0
6 II# II AsbestosiszLu-Res SQuCLC PT1ƒ,N1,M0
7 Iz V Silicosis SQuCLC T1,pN0ƒ,Mx
8 II# IIID, severe Silicosis SQuCLC T2,N3,M0
9 II# V Silicosis SQuCLC T2,N2,M0
10 II# V Silicosis SQuCLC T2,N0,M0
11 III} V Silicosis SQuCLC T3,N2,M1
12 III} IV Silicosis SQuCLC T2,N2,M0
13 III} V Silicosis non-SCLC T4,N3,M1
14 0§ II SilicosiszLu-Res SQuCLC pT2ƒ,N0,M0
15 Iz II SilicosiszLu-Res SQuCLC pT2ƒ,pN0ƒ,pM0ƒ

16 Iz II SilicosiszLu-Res SQuCLC T2,N0,M0
17 Iz II SilicosiszLu-Res non-SCLC PMUBC
18 II# III SilicosiszLu-Res non-SCLC pT1ƒ,pNxƒ,pMxƒ

19 II# V SilicosiszLu-Res SQuCLC T2,N0,M0
20 II# V SilicosiszLu-Res Adeno pT2ƒ,N0,M0

Pap: Papanicolaou classification; TNM: tumour, node, metastasis; SQuCLC: squamous cell lung cancer; Adeno:
adenocarcinoma; PMUBC: pulmonary metastasis from urinary bladder cancer; SCLC: small cell lung cancer; Lu-Res:
lung resection. #: suspicious; }: highly suspicious; z: benign; §: inadequate; ƒ: final results derived from pathology. n=20.
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The sensitivity of cytology was 60% (12 out of 20)
with a 95% CI of 36.1–80.9% and the specificity was
as high as 97.3% (545 out of 558) with a 95% CI of
90.6–99.9%.

The combination of ASC and cytology resulted
in the detection of one more cases of lung cancer in
group I (silicosis) and one false-positive case in group
III (resected lung cancer). Thus, the combination of
ASC and cytology had a greater sensitivity of 80% (16
out of 20) with a similar specificity of 89.6% (521 out
of 581) and a diagnostic efficiency of 89.7%.

Discussion

Quantitative semi-automated image cytometry of
induced sputa, from radon-exposed former uranium
miners with silicosis and workers with asbestosis, was
shown to be sensitive and reliable in screening for
lung cancer. Compared to the final diagnosis it was
found that ASC had a sensitivity of 75% (15 out of
20), which was higher than that of cytology (60% or
12 out of 20). ASC-specificity (89.8%) was lower than
cytology (97.3%). The combination of ASC and cyto-
logy resulted in an increased sensitivity (80% or 16 out
of 20) with insignificant loss of specificity (89.7%).
The results obtained represent a diagnostic efficiency
of 89.3% for ASC and suggest that ASC would be
an effective tool for a screening programme for lung
cancer in high-risk groups. Among 404 patients, 72
samples suspicious for malignancy were found by
ASC, 13 confirmed as Pap V, and 11 confirmed as
severe dysplasia by cytology. In the final diagnosis, 20
tumours were reported, 15 of which were detected by
ASC. From the control group, only one of the sister
slides from each of two smokers were suspicious by
ASC initially, but found to be normal on repeat ASC.

Presently, considerable research is being carried out
on sputum samples, bronchial washings and brushings
using genetic and other markers for early lung cancer
[20, 21]. Using microsatellite markers, genetic altera-
tions in bronchial-lavage cells were detected in 35%
(15 out of 43) of patients with lung cancer, but also in
23% (11 out of 43) of patients without evidence of
neoplasia [22]. In bronchial brushings from patients
with lung cancer, loss of heterozygosity in at least
one chromosomal locus was present in 79%, whereas
cytology was positive in only 59% [21]. Microsatellite
alterations were found in 49% (25 out of 51) in
tumour, normal bronchial mucosa and cytological
specimens from patients with lung cancer [20]. A
number of mutations have been found in lung cancer
such as allelic deletions of tumour-suppressor genes or

the presence of p53 alterations not only in lung cancer
[23]. Other approaches include specific monoclonal
antibodies for recognition of human lung cancer
antigen on sputum cells [24]. These ongoing studies
are in an experimental stage and must still be
validated clinically.

With few exceptions, sputum induction by inhala-
tion of aerosolized 3% saline mobilized sufficient
diagnostic cells from the lower airways. Only five
of 604 samples contained insufficient material for
adequate ASC and 26 were inadequate for cytology, in
that they contained numerous buccal cells, but too
few alveolar macrophages and columnar cells. Even in
a healthy, nonchronic obstructive pulmonary disease
population, saline induction gave adequate results in
w80% of subjects [25]. Compared to the quality of
spontaneous sputum, induction with 3% saline mobi-
lized sufficient sputum from the lower airways [10]
and should be preferred to spontaneous sputum
samples.

Treatment with 0.1% DTT resulted in complete
liquefaction of sputum specimens [9, 10]. Samples sent
through the mail reaching the authors9 laboratory could
be processed directly, either with the MARATHON-S
or manually. In either mode, the pellet is resuspended
in Saccomanno9s fixative depending on the size and
smeared on glass slides similar to blood smears with-
out shear forces altering the cellular integrity. This
procedure should result in an even distribution of
diagnostic cells on all slides, which can not be obtained
with the conventional "pick and smear" or even with
the "blending-method" used by SACCOMANNO et al.
[26]. The largely automated procedure could have
contributed to the small number of inadequate sam-
ples; manual processing is preferable in samples at
extremes of too few or too many cells.

In a study revisiting 60 representative studies to
assess the sensitivity of sputum cytology [27], an ave-
rage sensitivity of 64.5% with a range of 22.0–98.1%
was calculated. The reviewers9 own results showed a
sensitivity of 40.3% for sputum cytology [27], which
was comparable to earlier reports in the literature [5],
but not as exceptionally high as the sensitivity of
sputum cytology reported by BÖCKING et al. [28], who
used a combination of cytology on three separate
samples, quantitative cytometry and immunohisto-
chemistry (paraffin-embedded sputum).

Compared to earlier studies for cytological evalu-
ation of sputum samples, bronchial washings or
brush biopsies for the diagnosis of bronchopulmonary
tumours, the present results with the automated cyto-
meter had a higher sensitivity [1]. DE GARCIA et al. [29]
found a sensitivity of 33% for the investigation of

Table 5. – Evaluation of sensitivity and specificity of semi-automated sputum cytology (ASC) in the diagnosis of lung
cancer

Sensitivity % Specificity % Correct
positive

False
positive

False
negative

Correct
negative

Inadequate

Cytometry (ASC) 75.0 89.8 15 59 5 520 5
Cytology (CY) 60.0 97.7 12 13 8 545 26
Combination (ASCzCY) 80.0 89.7 16 60 4 521 3
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bronchial washings and 56% for the combination of
bronchial washings with bronchoalveolar lavage and
postbronchoscopy sputum. PIROZYNSKI [30] reported
a sensitivity of 64% in a comparable study. Several
authors describe the dependence of the sensitivity of
cytologically investigated sputa and bronchial wash-
ings on tumour location and size [27, 30]. A parallel
investigation of endoscopic findings in 142 patients
with suspected bronchopulmonary tumours showed
the following growth patterns: 22% mainly submu-
cosal tumour growth, 44% exophytic tumours loca-
lized in the visual range, 11% peripheral lesions not
visible with bronchoscopy [1]. In the present study
on bronchial washings, a higher positive identifica-
tion rate in cases with bronchoscopically visible
tumours (84% for submucosal, and 90% for exophytic
tumour growth) was found. Without visible endo-
scopic changes, ASC could identify suspicious nuclei
in 56% of the cases with peripheral lesions [1].

It could be speculated that a certain proportion of
the ASC and cytology "false-positive" results repre-
sent early oncogenetic changes not detectable by pre-
sent means. Some ASC-positive results correspond to
cytologically-classified dysplasia of different degrees
(mild, moderate, or severe) and even to epithelial
metaplasia, which are thought to be largely reversible.
With the possibility of identifying these potential
preneoplastic lesions, more knowledge about the
natural history of carcinogenesis may be acquired
in the course of time. Inflammatory alterations of
nuclear structure may also lead to misinterpretation.
An altered decision threshold will have to be tested,
together with careful follow-up of patients without
confirmed tumour but with suspicious cytometry/
cytology results.

Interpretation of ASC classification (in its present
version) does not depend solely on 2cDI and MG, but
to a lesser degree, it also depends on the morpho-
logical, nonquantifiable impression derived from the
gallery of abnormal nuclei presented by the cytometer.
A receiver operator curve (ROC) would not represent
the true potential of this method. Almost 20% of the
suspicious cases of ASC contained nuclei, more or less
suspicious for dysplasia or malignancy without a 2cDI
w0.20. One of the most important further develop-
ments of ASC will be a sample classifier, giving
one integrative score for normal and abnormal sam-
ples, based on a couple of nuclear features differ-
entiating normal from pathological nuclei. Features
such as variation area, variation intensity, fractal area,
variation radius or long-45 runs may characterize
pathologically transformed nuclei [16]. They can be
integrated into a sample classifier for sputum and it
will then be possible to draw ROCs. It is possible
that future developments of ASC may allow for the
identification of histologically distinct tumour types
(SCLC, SQuCLC, adenocarcinoma, heterogeneously-
differentiated tumour or metastases of nonprimary
lung cancers).

In patients with cytology findings Pap IIID severe
and higher, investigations were initiated; in cases of
IIID mild and moderate dysplasia, a second sputum
sample was requested. Analysis of sputa classified
by ASC as suspicious or highly suspicious without

cytological evidence for pathology should be repeated
immediately.

With samples persistently classified as suspicious or
highly suspicious by ASC and confirmed by cytology
as severely dysplastic or higher, subjects should be
recommended for endoscopy and radiological inves-
tigation. In cases where no tumour or preneoplasia is
detected, sputum investigations should be repeated at
6-monthly intervals until either spontaneous remis-
sion or neoplastic changes occur. Follow-up of severe
dysplasia, found in sputum samples, demonstrated
malignancy in 46% of the cases in one series [30].
SACCOMANNO et al. [25], investigating sputum from
uranium miners who developed lung cancer with
follow-up over 10 yrs, detected atypia consistent with
severe dysplasia in 60% of the cases on initial inves-
tigations and squamous cell cancer was found to
develop in 83% of these in the course of time.

In conclusion, based on the present limited find-
ings, semi-automated sputum cytometry appears to
be a sensitive noninvasive method for detection of
malignant, and possibly premalignant, changes in the
respiratory tract. Compared to other methods, it
provides automated, attendant-free and standardized
cell collection and enables interactive interpretation
of the results. Patients with persistent suspicious semi-
automated sputum cytometry findings should undergo
further diagnostic tests including, at least, conven-
tional cytology. With standardized sputum processing
and time saving automation, semi-automated sputum
cytometry in combination with other diagnostic tests
may be useful in the near future for screening high-
risk groups of patients, such as occupationally-exposed
workers or heavy smokers. It is already an essential
element in the prospective Research Institute for
Diagnosis and Treatment of Early Lung Cancer
large scale feasibility study of early lung cancer
detection in high-risk patients.
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