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Early detection for lung cancer
New tools for casefinding

Stephen Lam, MD, FRCPC, FCCP Bing Lam, MB, MRCP Thomas L. Petty, MD, FCCP

OBJECTIVE To review data from published population trials and clinical practice guidelines on screening for
lung cancer to provide a recommendation for early detection of lung cancer.
QUALITY OF EVIDENCE Literature was searched via MEDLINE using the MeSH headings “lung neoplasm,”
“mass screening,” “thoracic radiography,” and “sputum.” Only prospective randomized controlled trials with
large numbers of subjects were selected.
MAIN MESSAGE Risk of lung cancer among long-term heavy smokers continues even years after stopping
smoking. Risk is highest in smokers with chronic obstructive pulmonary disease. Canadian clinical practice
guidelines currently recommend that sputum cytology examination and chest radiography (CXR) not be
used for lung cancer screening. This guideline was deducted from four randomized population trials in the
1970s that have serious limitations and applies to asymptomatic adults only. A CXR and sputum cytology
examination are indicated in symptomatic current and former smokers older than 45 years with a smoking
history of 30 pack-years or more and airflow obstruction defined as a forced expiratory volume in 1
second/forced vital capacity (FEV1/FVC) of 70% or less and a FEV1 lower than 70%. Curative treatment is
available for early lung cancer. Substantial advances in innovative technologies for early detection using low-
dose spiral CT and newer sputum tests have been made in the last three decades. Additional studies are
under way to evaluate these new technologies.
CONCLUSION Primary care physicians have an important role in identifying people at risk of developing
lung cancer and in supporting research to evaluate new screening technology.

OBJECTIF Examiner les données publiées, tirées d’essais sur la population et de guides de pratique clinique
sur le dépistage du cancer du poumon, en vue de dégager une recommandation concernant la détection
précoce de cette affection.
QUALITÉ DES DONNÉES Une recension des ouvrages scientifiques a été réalisée dans MEDLINE à l’aide
des rubriques MeSH en anglais pour «néoplasme pulmonaire», «dépistage systématique», «radiographie
thoracique» et «expectorations». Seules les études prospectives aléatoires contrôlées comportant un grand
nombre de sujets ont été retenues.
PRINCIPAL MESSAGE Le risque de cancer du poumon chez les gros fumeurs de longue date persiste même
pendant des années après qu’ils ont cessé de fumer. Le risque est le plus élevé chez les fumeurs souffrant de
bronchopneumopathie chronique obstructive. Les guides de pratique canadiens recommandent actuellement
de ne pas procéder à un examen cytologique des expectorations ni à une radiographie thoracique aux fins de
dépistage du cancer du poumon. Cette ligne directive se fonde sur quatre essais aléatoires dans la population
réalisés au cours des années 1970 et qui comportaient de sérieuses limites, et elle ne s’applique qu’aux
adultes asymptomatiques. Une radiographie thoracique et un examen cytologique des expectorations se
révèlent indiqués dans le cas d’actuels et anciens fumeurs symptomatiques de plus de 45 ans qui ont des
antécédents de 30 ans ou plus de tabagisme à raison d’un paquet par jour et une obstruction des voies
respiratoires définie comme étant un rapport entre le volume expiratoire maximal par seconde et la capacité
vitale forcée (VEMS/CVF) de 70% ou moins, et un VEMS de moins de 70%. Des traitements curatifs sont
disponibles pour les stades initiaux du cancer du poumon. Des progrès considérables ont été réalisés au
cours des trois dernières décennies dans des technologies novatrices aux fins de détection précoce à l’aide
de la scanographie spiralée à faible dose et de toutes nouvelles épreuves sur les expectorations. Des études
additionnelles sont entreprises présentement pour évaluer ces nouvelles technologies.
CONCLUSION Les médecins de première ligne jouent un rôle important dans l’identification des personnes
à risque de développer un cancer du poumon et dans l’appui à la recherche en vue d’évaluer les nouvelles
techniques de dépistage.

This article has been peer reviewed.
Cet article a fait l’objet d’une évaluation externe.
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ung cancer is the most common cause of
cancer death in Nor th America. More
patients die from lung cancer than breast
cancer, colorectal cancer, and prostate

cancer combined.1 Overall 5-year survival of lung
cancer patients is 14%.1 The primary reason for such
a dismal cure rate is that nearly all lung cancers are
found at a very late stage, making curative treatment
impossible.

As presence of symptoms usually indicates
advanced disease, a potentially more effective way to
improve outcomes is to detect the cancer when cura-
tive treatment, such as surgery, can be applied. Early
detection has been shown to improve survival in
patients with cancer of the cervix and breast. Can a
similar strategy be applied to lung cancer control?

Quality of evidence
A MEDLINE search from 1980 to 1999 was conduct-
ed using the MeSH headings “lung neoplasm,” “mass
screening,” “thoracic radiography,” and “sputum.”
The search was limited to English-language articles.
Only prospective randomized controlled trials (RCTs)
with large numbers of subjects were selected.

Previous screening studies
A total of 37 724 male cigarette smokers participated
in four randomized population trials on lung cancer
screening, all of which were initiated in the mid-1970s.
These studies were conducted at Memorial Sloan-
Kettering Cancer Center,2 Johns Hopkins University,3

and the Mayo Clinic,4 and in Czechoslovakia.5

The Memorial2 and Hopkins3 studies had identical
designs. Lung cancer detection rates using annual
chest radiography (CXR) alone and annual CXR plus
sputum cytology examination every 4 months were
compared. There was no significant dif ference in
lung cancer mortality when sputum cytology exami-
nation was added to annual CXR. However, the pro-
por tion of patients with early stage lung cancer
(stages I and II) and 5-year survival was approxi-
mately threefold higher than that predicted by con-
temporary national statistics.

In the Mayo Lung Project,4 following a prevalence
screen with CXR and sputum cytology, participants
were randomized to an experimental group undergo-
ing CXR and sputum cytology every 4 months or to a
control group that was not regularly screened.
However, those in the control group were recom-
mended to have annual CXR, standard practice at the
Mayo Clinic at that time. During the study, 73% of the
control subjects received CXR. The stage distribution,
resectability, and 5-year survival were significantly
better in the screened group, but there was no differ-
ence in mortality rate, even on extended follow up.6

In the Czechoslovakian study,5 following preva-
lence screening with CXR and sputum cytology
examination, par ticipants were randomized to a
screened group, who underwent CXR and sputum
cytology every 6 months for 3 years or to a control
group, who underwent no screening until the end of
the third year, when CXR and sputum cytology were
performed again. Then both groups received CXR at
the end of the fourth, fifth, and sixth years. There
were significantly more early, resectable lung cancers
in the screened group. The 5-year survival was 23% in
the study group versus 0% in the control group.
However, similar to the Mayo Lung Project,4 there
was no significant dif ference in mortality rate
between the two groups.

These studies have several limitations. All studied
men only. They might not apply to the current situa-
tion, where incidence of lung cancer is rising rapidly
among women and decreasing among men. The
Memorial and Hopkins studies could evaluate only
the incremental effect of sputum cytology to an annu-
al CXR. The conclusion one can draw from these two
studies is that sputum cytology, as practised in the
early 1970s, did not meet the expectation that it could
be the Pap test equivalent for lung cancer. 

Both the Mayo and Czechoslovakian studies had a
prevalence screen before randomization into
screened and control groups. In other words, even
those who were subsequently randomized to the con-
trol group received at least one screening. In addi-
tion, the control group in the Mayo study was heavily
contaminated in that 73% of the subjects had CXR by
self-request or ordered by a referring physician dur-
ing the course of the study. In the Czechoslovakian
study, the control group was screened again at the
end of the third year. Therefore, there was no
“unscreened” control group in either study.

One can at best conclude from the Mayo study that,
following initial screening with CXR and sputum cytol-
ogy, CXR and sputum cytology examinations every
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4 months for 5 years did not reduce lung cancer mor-
tality compared with CXR alone some time during
those 5 years. In the Czechoslovakian study, an alter-
native interpretation would be that CXR and sputum
cytology every 3 years was as effective as having these
examinations every 6 months. The potential useful-
ness of CXR in lung cancer screening is being evaluat-
ed in the large US Prostate, Lung, Colon, and Ovary
(PLCO) trial. This trial has adequate power to demon-
strate a 20% reduction in mortality from lung cancer.7

The lesson that can be learned from these four
randomized clinical trials is that, if one uses a detec-
tion method that has low sensitivity for early, curable
lung cancer, it would not affect lung cancer mortality
substantially whether one applies these tests fre-
quently every few months or once every 1 to 3 years.

High-risk groups
Fewer than 20% of people who smoke develop lung
cancer in their lifetime. In order to maximize the
effectiveness of screening, one needs to define the
population at the greatest risk. Lung cancer is uncom-
mon among those who are younger than 45 years of
age. Incidence rises sharply after age 50. The risk of
lung cancer is higher among those who star ted
smoking early (younger than 15 years) and among
those who smoke longer and more heavily (eg, one
pack of cigarettes or more daily for 30 years or
longer). Those who give up smoking later on in life
(eg, after age 50) retain a significant risk.8 Currently,
approximately 50% of patients diagnosed with lung
cancer are former smokers; a large proportion has
given up smoking for 5 years or more.9,10 Women are
more susceptible to lung cancer than men smoking
the same amount of tobacco.11

Besides age, sex, and smoking history, there is an
association between lung cancer and chronic obstruc-
tive pulmonary disease (COPD).12 The association of
airflow obstruction and lung cancer is stronger in
men than in women.13 The Lung Health Study evaluat-
ed 5887 relatively young (mean age 48 years) smok-
ers with airflow obstructions (forced expirator y
volume in 1 second/forced vital capacity [FEV1/FVC]
of 70% or less). At the end of 5 years, the most com-
mon cause of death in this group was lung cancer.14

The latest figure showed that 3.9% of this largely
middle-aged population have developed lung cancer
(personal communication from John E. Connett, 1999).
Recent studies in patients undergoing lung volume
reduction surgery for severe pulmonary emphysema
showed a lung cancer prevalence of up to 5%.15 Other
factors that increase risk of lung cancer include a

family history of lung cancer; occupational exposure
to asbestos, nickel, chromium, chloromethyl ethers,
polycyclic aromatic hydrocarbons, or radioactive iso-
topes; and air pollution.

Recent advances in early detection methods
Sputum cytology examination. Using two 3-day
pooled sputum specimens and a standardized pro-
cessing method, a recent study in Denver, Colo, eval-
uated a group of high-risk patients (defined as 40
pack-years of smoking, FEV1/FVC ratio of 70% or
less, and a FEV1 of less than 70% predicted).16 In 533
subjects, preinvasive lung cancer (carcinoma in situ,
stage 0) was found in 1.2% and stage I lung cancer in
another 0.6%. These figures are considerably higher
than those currently obtained by cytologic screening
for cervical cancer and screening mammography for
breast cancer, which are about 0.3% to 0.8%.
Computer-assisted image analysis of sputum cells,17

immunostaining using tumour markers,18 and molec-
ular analysis based on polymerase chain reactions19

could further improve the detection rate of early lung
cancer. Sputum detection methods have the advan-
tage of being the only noninvasive methods that can
detect preinvasive lung cancer.

Fluorescence bronchoscopy. Finding abnormal
cells in sputum cytology examinations does not tell
us where the cells originate. Approximately 10% of
patients with negative CXR films and malignant cells
in their sputum cytology specimens have cancer in
the upper respiratory tract. A careful otolaryngologic
examination should be performed along with bron-
choscopy.

Carcinoma in situ and microinvasive cancers pre-
sent a challenging diagnostic problem, even for expe-
rienced bronchoscopists. These cancers are only a
few cell layers thick (0.2 to 1.0 mm) and a few mil-
limetres in surface diameter. Because of this, the
lesions sometimes do not produce any visible abnor-
mality on conventional white-light bronchoscopy. In a
study by Woolner,20 in situ carcinomas were visible
bronchoscopically in less than 30% of cases. If no
lesion is found on white-light examination, repeat
bronchoscopy with multiple brushings and biopsies
must be performed for localization.

A new development in bronchoscopic localization
of atypical or malignant cells found in expectorated
sputum is fluorescence bronchoscopy.21 When the
bronchial surface is illuminated by light, the light can
be reflected, be backscattered, be absorbed, or
induce tissue fluorescence. Conventional white-light
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bronchoscopy makes use of the first three optical
phenomena. Tissue autofluorescence is not visible
because the intensity is very low and overwhelmed
by the background illuminating light. With suitable
use of instruments, however, tissue autofluorescence
can be made visible to enhance our ability to localize
areas of preinvasive cancer in the tracheobronchial
tree. Using the Light Imaging Fluorescence
Endoscopic device (LIFE-Lung) originally developed
by scientists at the British Columbia Cancer Agency,
the detection rate of preinvasive lung cancer was
found to improve several times compared with con-
ventional white-light bronchoscopy.21,22

Low-dose spiral computed tomography. There
are several problems with using CXR for early detec-
tion of lung cancer. Observer error is an important
issue. In the screening studies described above, ana-
lysts found in retrospect that radiographic abnormali-
ty had been present many months before the cancers
were actually diagnosed in 90% of the peripheral can-
cers and 65% to 70% of the central cancers.23,24

Physicians fail to identify lesions most frequently in
the upper lobes, particularly in the paramediastinal
region of the right upper lobe in the frontal view, and
areas covered by spine in the lateral projection.

Recently, low-dose spiral CT of the chest was
found to be superior to conventional CXR for detect-
ing peripheral lung cancers among high-risk patients.
The Early Lung Cancer Action Project (ELCAP)
enrolled 1000 symptom-free volunteers who were 60
years or older and who had at least 10 pack-years of
smoking history.25 Lung cancer was detected in 2.7%
by spiral CT versus in 0.7% by CXR. Eighty-one per-
cent of cancers discovered by spiral CT, but only 15%
discovered by CXR, were stage IA.25 The average size
of lung cancers detected by spiral CT is approximate-
ly 1 cm compared with 3 cm by CXR.26 Additional
larger-scale studies are under way in the United
States, United Kingdom, Germany, and Israel to
establish the efficacy and cost-effectiveness of low-
dose spiral CT for early lung cancer detection.

When small (<1 cm) lung nodules are found using
spiral CT, diagnosis of malignancy can be obtained by
follow-up CT, CT-guided needle biopsy, or thora-
coscopy. With innovative three-dimensional imaging,
even small tumour growth can be quantified by CT,
removing the need for biopsy for diagnosis. Other
imaging methods, such as electron beam tomography,
offer the possibility of detecting coronary artery calci-
fication or osteoporosis as well as early lung cancer,
providing additional value for lung cancer screening.

None of the technologies described above were
available in the 1970s.

Treatment for early lung cancer
Early detection would not make sense unless curative
treatment were available. Effective treatment (such as
photodynamic therapy,27 cryotherapy,28 YAG [yttrium-
aluminum-garnet] laser therapy,29 and electro-
cautery30) that can eradicate carcinoma in situ and
microinvasive lung cancers is now available in addi-
tion to surger y.31 For stage I lung cancer, the
Memorial,2 Hopkins,3 and Mayo4 studies showed that
approximately 70% of patients treated surgically sur-
vived more than 5 years compared with only 2% of
those who did not have surgery.32 The 5-year survival
of patients with stage IA lung cancer discovered by
spiral CT is even better, more than 80%.33

Identification and treatment of patients harbouring
preinvasive or early invasive lung cancers would
therefore have a substantial effect on mortality from
lung cancer.

Clinical practice guidelines
In Canada, the Canadian Task Force on the Periodic
Health Examination,34 the British Columbia Council on
Clinical Practice Guidelines,35 and The Saskatchewan
Health Services Utilization and Research
Commission36 on selective chest radiography do not
recommend CXR for symptom-free adults. It is impor-
tant to recognize that clinical practice guidelines apply
only to symptom-free people. They do not apply to high-
risk groups with chest symptoms and patients with
COPD. The Saskatchewan Health Services Utilization
and Research Commission37 on selective chest radiogra-
phy guidelines stated that, although CXR alone cannot
diagnose COPD, it is an important part of the diagnostic
workup for this condition and of documenting its course.
Maintaining a record of baseline and subsequent films
for comparison was also thought to be helpful.37 Making
previous CXR films available for comparison is one of
the cheapest ways to diagnose lung cancer when an
abnormality is found. Appearance of a new density or
increased size of an existing density suggest a high prob-
ability of lung cancer.

Medical practice varies from country to country.
In contrast to Canadian clinical practice guidelines,
periodic CXR and sputum cytology examination in
heavy smokers have been the standard of care in
Japan for more than two decades. These services are
funded by Japan’s public health care system.
Recently, mobile spiral CT scanners have been used
to assess high-risk patients in rural Japan.38
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Evaluation of new evidence
Whether RCTs using lung cancer mortality as the end
point are the only method for evaluating the effective-
ness of new technologies for lung cancer was hotly
debated at several recent international confer-
ences.33,39-42 Some experts propose instead a single-arm
study using stage shift and improvement in survival as
the end point. They argue whether one can ethically
obtain informed consent to enrol people into clinical
trials with the knowledge that a test such as spiral CT
is four times as sensitive as CXR and that early lung
cancer is highly curable by current therapies.

With increasing privatization of procedures not
funded by public health care providers, contamina-
tion of the “control” arm and selecting people in
lower socioeconomic groups for the study who have
dif ferent risk profiles and adherence to follow-up
instructions could also make the data difficult to
interpret.

Fur thermore, no RCT on cer vical cancer or
prostate cancer screening has been per formed.
Cervical cancer screening with Pap smears has been
shown to reduce the incidence and mortality of cervi-
cal cancer.42 The 14% decline in the prostate cancer
death rate between 1990 and 1995 is also thought to

be related to widespread use of prostate cancer
screening based on prostate-specific antigen detec-
tion.43 Given the fact that no substantial improvement
in therapy for advanced lung cancer has appeared in
the past two decades and that nothing revolutionary
is on the horizon, increasing detection and treating
disease at an earlier stage might be more realistic
end points for evaluating new detection technologies.

Other exper ts fear, however, that screening
might actually cause harm. Diagnosing morphologi-
cally malignant but biologically indolent lesions that
would not progress to clinical cancer during a per-
son’s lifetime (overdiagnosis) would ar tifically
increase the 5-year survival rate without a concomi-
tant decrease in cancer mortality rate –the bottom
line in evaluating the success of any cancer control
program.44 In fact, cancer mor tality rates can
increase if treatments are harmful. Only RCTs with
cancer mortality as the end point can determine the
extent of overdiagnosis and length bias (ie, detec-
tion of slow-growing tumours by screening,whereas
fast-growing tumours appear as inter val cases
between the screens). To establish evidence-based
health care policies for lung cancer screening, RCTs
are important.
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Figure 1. Determination of lung cancer risk
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What can primary care physicians do?
Taking into account all the information presented,
what should family physicians do? Current and for-
mer smokers must be advised of their continuing
risk of lung cancer. Current smokers should be
offered assistance in smoking cessation. The recent-
ly updated clinical practice guidelines sponsored by
the US Department of Health and Human Services
are an excellent resource.45

The paradigm laid out by Petty (Figures 1 and
2) for assessing lung cancer risk and for identify-
ing lung cancer provides a practical approach in
line with current clinical practice guidelines in
Canada. Chest radiography and sputum cytology
examination are indicated in symptomatic current
or former smokers older than 45 years with a
smoking history of 30 pack-years or more and air-
flow obstruction defined as FEV1/FVC of 70% or
less and FEV1 less than 70%. These tests are also
indicated for those with clinical symptoms indicat-
ing lung cancer, such as a change in chronic smok-
ers’ cough or hemoptysis, even if they do not
satisfy the smoking intensity or lung function cri-
teria, and especially if they are women.

Conclusion
It is important to understand the objectives and
designs of reported clinical trials on lung cancer
screening and the limitations of these studies.
Lung cancer is no dif ferent from other types of
cancers in that the disease is highly curable
when discovered in its early stage. Family physi-
cians can help to improve management of lung
cancer by selective use of CXR and sputum cytol-
ogy examination while waiting for additional data
on the cost-ef fectiveness of new early-detection
technologies. Organizations and health profes-
sionals should support research evaluating these
new diagnostic techniques and should develop
recommendations on how high-risk patients can
make informed decisions about monitoring for
lung cancer.46                                                                                      
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Figure 2. Identification of lung cancer
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Editor’s key points
• Family physicians have been discouraged from

ordering routine screening chest x-ray examina-
tions to detect lung cancer, based on studies from
the 1970s that, when re-examined, were found to
have methodologic flaws.

• Recent diagnostic advances have improved the
sensitivity of screening methods: more sophisticat-
ed sputum cytology, fluorescence bronchoscopy,
and computed tomography.

• Treatment for early forms of lung cancer, which
includes photodynamic therapy, cryotherapy, YAG
(yttrium-aluminum-garnet) laser, and electro-
cautery, is very effective.

• Recommend chest x-ray examination and sputum
cytology for current and former smokers older
than 45 years with smoking histories of 30 pack-
years or more, with chronic obstructive pulmonary
disease, or with forced expiratory volume in 1 sec-
ond/forced vital capacity (FEV1/FVC) of 70% or
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