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Technical developments in spiral CT scanning mean that
considerably smaller lung cancers can now be identified
than with previous methods of detection. Only time will
tell whether this enhanced capability will result in a
reduction in the number of deaths from lung cancer. The
implications and problems of screening for lung cancer
are discussed. Screening implies a careful refinement of
a range of clinical activities that must be routinely
delivered in a carefully coordinated fashion to allow for
the possibility of improved outcome. Critical analyses of
the nuances of this process are essential if the field is to
move forward.
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Introduction
Lung cancer is the most lethal cancer in the

world.1 The prospects for changing this reality are

clouded by a number of factors including, most

notably, the failure of primary prevention signifi-

cantly to reduce tobacco usage among young

people.2 3 In the United States alone for the year

2002 there will be an estimated 169 400 cases of

lung cancer and 154 900 deaths.1 The number of

deaths from lung cancer deaths exceeds the total

number of deaths from breast, colon, prostate,

and cervical cancer by over 30 000 cases, yet there

are over half a million new cases annually of these

four other cancers. Why is lung cancer so much

more frequently lethal than these other common

cancers? One difference between the manage-

ment of lung cancer and that of breast, colon,

prostate and cervix cancers is that lung cancer is

more frequently diagnosed at an advanced meta-

static stage. Progress in improving treatment of

advanced cancer has been disappointing, so late

diagnosis of lung cancer is a fundamental obsta-

cle to progress in lung cancer outcomes.4 5 A sum-

mary of the reasons why lung cancer would be an

appropriate disease for a population based screen-

ing approach is shown in box 1.

Spiral computed tomographic (CT) scanning

potentially provides a robust tool for early

detection of lung cancer. Although early stage

resectable lung cancer has measurably better sur-

vival than advanced stage disease, the current

failure to detect early lung cancer routinely is a

pivotal feature distinguishing lung cancer man-

agement from that of breast, colon, prostate, and

cervical cancer. This difference highlights the

strategic importance of rapidly evaluating early

lung cancer detection systems as a potential vehi-

cle for cancer mortality reduction. Pilot trials of

spiral CT based early lung cancer screening in

New York and Japan with a frequency of stage I

detectable lung cancer in over 80% of newly diag-

nosed cases are promising.6–10 In many settings in

the US these early findings are believed to be suf-

ficiently persuasive to begin promoting spiral CT

scanning for early lung cancer detection to

individuals at high risk due to a history of tobacco

use. A list of reasons why lung cancer screening is

not currently endorsed is shown in box 2.

WHAT HAS CHANGED?
For many years CT scanning was felt not to be

useful in lung cancer because, while highly sensi-

tive, too many suspicious CT findings turned out

to be false positives—that is, not to be lung

cancer. However, technical innovations leading to

the development of very fast CT scans, generally

referred to as spiral (or helical) CT, has resulted in

renewed interest in CT scanning. Some of this

improvement is due to engineering refinements

in the movement of the subject through the

detector coil so that the images are acquired more

quickly. However, much of the enhanced capabil-

ity is simply related to improved microprocessing

power. Better processing power allows not only

faster imaging acquisition, but also greater capa-

bility in image processing. Detectors for CT can

Box 1 Why lung cancer screening is
attractive

• Leading cause of cancer death worldwide
• Leading cause of premature cancer death
• Symptomatic disease is generally lethal
• Localised cancer can be managed curatively

with today’s clinical tools
• New technology may detect early disease

more efficiently
• Defined high risk cohort based on tobacco

consumption

Box 2 Why lung cancer screening is not
done

• No validated screening tool
• Potential for enormous cost
• Challenge of developing management

strategies to deal with the consequences of
imperfect screening tool to minimise adverse
outcomes

• Psychological burden of misclassified scre-
enees

• Lack of existing screening infrastructure to
build upon
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now be arrayed in parallel. Multiple slice scanners increase

image acquisition capability as a function of the number of

detectors employed. Faster image acquisition means an image

can be acquired within seconds so, for most people, a complete

study of the thorax can be comfortably obtained during a sin-

gle breath hold. The motion artifacts formerly introduced by

the act of breathing when imaging times were much longer

compromised image quality due to the inaccuracy of slice

reconstruction. Faster image acquisition time also means that

additional image slices through the thorax can be acquired.

The inherent limitations of standard radiographic ap-

proaches where three dimensional objects are routinely visu-

alised in two dimensions is being increasingly recognised as

unsatisfactory for early diagnosis. The four-detector scanners

currently used can easily exceed the old standard of a single

slice per centimetre of thorax height and can readily acquire as

many as 8–10 images per centimetre. Herein lies the potential

to detect very small tumours while avoiding a high rate of

interventions for lesions that are not malignancies. Multiple

images per centimetre mean that the shape of a small nodule

can be established with much greater detail since its volume is

reconstructed with information from many more relevant

slices. The vastly increased data also enable a more accurate

three dimensional reconstruction of tumour or nodule geom-

etry. In general, comparing three dimensional structures from

serial scans involves less guesswork about the “registration”

(orientation of a structure relative to where the image was

acquired) of a lesion than with the standard two dimensional

images. This evolution in image processing capability of

generating three dimensional renderings of three dimensional

lesions is at the core of the enhanced utility of the current

generation of high resolution CT scanners. Tremendous

progress can be expected as the field becomes more comfort-

able in working with digital three dimensional datasets and as

the capabilities of computer assisted diagnosis continue to

evolve and are integrated into routine cancer screening clinical

management.

BRINGING THE DIGITAL REVOLUTION TO LUNG
CANCER SCREENING
Important validation work is currently ongoing to define pre-

cisely the robustness of three dimensional volume rendering.

The expected operational capabilities of this new tumour

monitoring tool is likely to exceed existing approaches by a

wide margin. The pioneering work of the imaging group at

Cornell University School of Medicine has suggested an

example in this regard. The Cornell investigators have

exploited the ability of high resolution CT scanning to do vol-

ume comparisons by performing serial scanning over a period

of several months. Their proposed criterion for identifying a

clinically significant nodule becomes a quantitative assess-

ment of nodule growth instead of a single snap shot of lung

anatomy.6 7 11 The rationale for discrimination through volu-

metric change is that any adult may have a number of old

nodules from previous trauma and infections but, at the time

of lung cancer screening, most of these old scars would be

stable in size. However, for a lung nodule to evolve into a clini-

cally significant cancer, the nodule must be growing. The use

of growth rate as a dynamic criterion for further evaluation is

based on the observation that malignancies commonly are

defined by progressive growth, although in most malignancies

the opportunity to observe and measure growth directly is

limited by both technology and the need to intervene. With

indirect measurements such as prostate specific antigen

(PSA), the use of a dynamic evaluation rather than a “one

time” evaluation is felt to be a reliable basis for clinical man-

agement decisions.12 In the particular case, however, detection

of very small nodules offers the advantage of detection very

early in the preclinical phase but, likewise, poses the challenge

of avoiding excessive diagnostic and therapeutic interventions

for misclassified lesions identified on screening studies.
The use of spiral CT scanning for dynamic comparison of

three dimensional volumes to determine growth rate will be
subjected to ongoing refinement as the number of cases stud-
ied with this approach grows. As with all other measures of
malignant potential, it probably will not achieve perfect
discriminatory performance and thus the technology and near
term follow up regimen must be subjected to rigorous clinical
evaluation. However, as a cancer screening tool it still
represents a major conceptual advance because CT based
volumetric images generate an objective quantitative end
point derived from a sensitive and robust measurement tool,
one that is likely to gain measurement precision over time.

The field of computer assisted diagnosis is evolving rapidly.
The first software tools to allow for three dimensional volume
comparisons are being finalised by the CT manufacturers.
Ongoing efforts in software development should permit fully
automated computer assisted diagnosis for the initial evalua-
tion of lung cancer screening studies. If carefully developed
and validated, computer assisted diagnosis may be the key to
providing reliable screening at an economical cost. From the
literature on breast cancer, wide variation in radiological
interpretation becomes a progressively greater problem as the
evaluation moves to assessment of smaller lesions.13 Subjectiv-
ity in evaluating screening scans could limit the potential of
this approach. The refinement of computer assisted detection
tools, which may improve both sensitivity and specificity, is
therefore a critical developmental need for interpretation of
screening tests.14

ACHIEVING REDUCTION IN MORTALITY
In discussing precedents for lung cancer screening, it is

important to point out that enthusiasm for the technological

potential of spiral CT scanning must be tempered with the

need to demonstrate efficacy according to conventional crite-

ria for the acceptance of population based screening as

outlined by the World Health Organization in 1968.15 The con-

tinuing controversial issues with prostate cancer screening are

perhaps the most contemporary example of a need to provide

a solid base of evidence to demonstrate both efficacy and

acceptance, but in fact the development of lung cancer

screening faces challenges that are common to any screening

test. Although in widespread use, prostate cancer screening is

not yet validated as providing a clear benefit in terms of

reducing the mortality from prostate cancer. There is a

concern that, while the use of a prostate screening test

advances the time of diagnosis of prostate cancer in many

men, it has not yet been established whether this will result in

significantly reduced prostate cancer mortality.
The parallels between prostate and lung cancers are that

both generally occur late in life when other non-malignant
diseases constitute a significant competing risk for mortality.
The clinical care in both situations for potentially curative
cancers can be expensive as well as fraught with medical
complications, so the consequences of frequent misclassifica-
tion are very problematic. In light of this, there is a need to
define “clinically significant” cancer (a cancer that poses a life
shortening risk) compared with a malignancy that does not
pose a life shortening risk either because of competing
co-morbidity or because the cancer represents overdiagnosis
in the strictest sense of the term—that is, it would not
progress and become lethal.16 These issues assume significance
both for the work up and treatment of cancer cases identified
by screening. For patients with lung cancer, in particular,
clinical management for diagnostic work up as well as for
curative resection will involve a certain fraction of iatrogenic
complications including fatalities.

SYSTEM ENGINEERING LUNG CANCER SCREENING
An important and under appreciated criticism of the

published lung cancer screening trials is that the downstream
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work up and care of cancer cases identified by screening was

not standardised. This leaves room for variability with the

quality of care, and potentially introduces bias into the meas-

ure of screening efficacy. While successful randomisation in a

screening trial potentially eliminates the chance of unequal

distribution of important non-screening prognostic variables,

no corresponding handling of the downstream clinical

management between study arms has been formally reported.

This issue has particular importance for lung cancer screening

involving spiral CT scanning. Cancers detected by CT

screening, especially in an incidence screening setting, will

frequently involve primary lung cancers that are less than

1 cm in volume. The diagnostic work up and optimal care for

this type of very small volume disease represents a major new

challenge since it is a form of lung cancer that has never before

been a focus for clinical management research. Indeed, lesions

of less than 1 cm may be highly curable. This is also the situa-

tion where the concern about “overdiagnosis”—that is, a can-

cer that would not cause a shortening of life expectancy—may

have some validity.16 Careful study of this issue in order to

clearly establish the natural history of these smaller cancers,

as well as the best practices for clinical management, is a very

high priority at this time.

In developing lung cancer screening systems, a major chal-

lenge is actually elucidating all aspects of the work up and

intervention of suspected cases to define the safest and most

economical management approach. In the past and still today,

the orientation of investigations focused on screening was

dominated by exposure to screening. Attention to the quality

standards in administering the screening test, as well as

attention to other aspects of the management of patients with

early lung cancer, was not a priority. At both the theoretical

and operational level, this is problematic as even a profound

benefit of improved cancer detection could be compromised

either by suboptimal case work up, suboptimal definitive

treatment, or combinations of poor quality diagnostic work up

and treatment.

POSSIBILITIES FOR GLOBAL COOPERATION IN
SCREENING RESEARCH
A consensus statement from the International Conference on

Prevention and Early Diagnosis of Lung Cancer, held in Varese,

Italy in December 1998, highlighted the promising results

from investigations with spiral CT scanning and other

evolving early detection tests, and strongly encouraged

“national governments and public health organizations

involved in cancer prevention and control to more aggressively

address tobacco control and to urgently consider the issues

surrounding the early detection of lung cancer”.17

In addition, the consensus statement also indicated that

there should be an accelerated research programme to deter-

mine the efficacy and effectiveness of these new technologies

for early lung cancer detection. Apart from the most salient

reason to quickly determine whether lung cancer mortality

truly can be reduced by early intervention—that is, the

number of deaths from lung cancer that might be avoided—

the proliferation of access to testing and promotion of testing

to high risk groups in the US may rapidly diminish the poten-

tial to conduct a successful randomised trial.

Plans are evolving for a number of different groups in the

US and Europe to launch large spiral CT based lung cancer

screening trials. At this time, funding for a large randomised

controlled trial of lung cancer screening to be conducted in the

US is under review. In Europe about a dozen randomised trials

are in the planning stages and several pilot programmes are

pending. A number of groups have already initiated smaller

observational cohort studies. Given the complexity of the lung

cancer screening challenge, it is unlikely that a singe trial

would answer the fundamental questions to the complete sat-

isfaction of policy makers. Therefore, a US/European collabo-

ration has been underway to harmonise trial designs and pro-

tocols to the extent possible so that the fullest range of

investigational options are available. This international initia-

tive is important because large trials are expensive, complex,

and lengthy, and for these reasons there have been compara-

tively few of these kinds of studies to evaluate cancer screen-

ing tests. Further, the potential for comparative analysis of

completed studies has been limited due to lack of coordination

in planning and study design. In response to these concerns,

an international consortium has been meeting to discuss

issues related to the development of validating clinical trials of

spiral CT scanning for early lung cancer detection.18 Through

the sponsorship of a variety of organisations including the

American Cancer Society and the National Cancer Institute in

the US and a number of European institutions, a multidiscipli-

nary group of investigators has been meeting. The goals of this

collaboration are: (1) scientific exchange; (2) the establish-

ment of common protocols for data elements and measure-

ment, scanning protocols and quality assurance, and patho-

logy and biomarkers; and (3) greater comparability between

study end points and, perhaps, ultimately a pooled analysis of

data.

This work is attended by a sense of urgency. Many investi-

gators sense that a finite “window of opportunity” exists

before broad dissemination of “wild type” screening by

individuals at risk for lung cancer and their doctors. There is a

significant danger in ad hoc or “rogue” screening as reflected

in the editorial written some years ago by Bailar in discussing

the challenges in mounting lung cancer screening trials.19 For

a screening trial, unless every aspect of the screening process

as well as the downstream case management is optimised, the

distinct possibility exists that a potential benefit of screening

could be lost. The “worst case scenario” is that not only would

potential benefit not be realised, but also that trial participants

not destined to succumb from lung cancer would incur

unnecessary harm as a result of suboptimal clinical manage-

ment. In one of the most mature screening efforts where the

entire management process for breast cancer care was

deliberately standardised, a remarkably favourable impact on

mortality was reported.20

For lung cancer screening there are a number of important

but unresolved clinical management questions on how best to

proceed with the screening.

• What is the appropriate risk stratum to screen, and how will

that stratum be defined?

• What are the criteria for a “positive” scan?

• What are the imaging parameters to obtain an optimal scan

while minimising radiation exposure?

• What is the safest and most cost effective algorithm to work

up suspicious nodules?

• What is the best procedure to remove a small lung cancer?

• How often should screened subjects with normal scans be

followed with subsequent scans?

• How do we communicate most effectively the risks and

benefits of a screening trial to the participants volunteering

for it?

With the anticipated rapid evolution of spiral CT technology as

well as image analysis capabilities, the impetus for inter-

national collaboration in lung cancer screening is the realisa-

tion that, since this complex field is moving so fast, sharing of

research information is essential to timely worldwide progress

on this public health challenge.

CONTROVERSIES IN CANCER SCREENING
A Cochrane review recently challenged the value of mammog-

raphy in reducing breast cancer deaths, primarily based on a

critique of the seven completed randomised trials.21 Although
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the criticisms of the underlying methodology were shown to

be flawed,22–26 the fact that a screening test that is so well

established in terms of practice parameters and public accept-

ance was subjected to prolonged debate has important impli-

cations for the studies that will need to be done to determine

the efficacy of lung cancer screening. A central question that

emerges is how should we measure screening benefit? For

lung cancer screening this basic question poses a unique chal-

lenge because there is so little relevant experience.
From a scientific perspective, it is critical to understand the

sensitivity of the screening tool with regard to its capability to
advance the time of disease detection in a defined population.
This earlier awareness of a disease is referred to as “advancing
the sojourn time”. For lung cancer, the established measure of
sojourn time, or the detectable preclinical phase, landmarks
would be the time from the first moment a lesion is detectable
by chest radiography to the initial presentation of develop-
ment of symptomatic disease. From the limited information
available in the literature on chest radiographic screening,
investigators have speculated that chest radiography advances
the diagnosis from clinical detection by the order of 1 year.
From all of the negative screening trials based on chest radio-
graphy, this short sojourn time is not long enough to allow
intervention sufficiently early in the natural history of lung
cancer to significantly reduce deaths, since most chest
radiographs identify cases of lung cancer which already have
at least regionally metastatic disease.

Does spiral CT scanning result in a meaningful increase in
sojourn time? In considering this question, a fundamental
assumption is that lung cancer evolves over the course of years
in a fashion consistent with the progressive theory.27 This
theory is consistent with the dominant notion of field
carcinogenesis rather then the systemic theory that postulates
that cancer begins as a metastatic process.28–30 If cancer is
metastatic in origin, then the benefit of improving the sojourn
time is moot.

To help illustrate the issue of sojourn time we have
constructed a hypothetical baseline screening situation.
Figure 1 is a scheme which illustrates the dynamics of this
issue. It explores the implications of a more sensitive
screening tool which was capable of moving the sojourn time
from 1 year to 3 years. The horizontal bars indicate the natural

history of hypothetical subjects on a randomised screening
trial. In this construct, assume that all true information about
the outcomes of the subjects is known. In this setting, the
enhanced yield of significant clinical information with the
longer sojourn time is evident since more localised cancers
would be diagnosed. A longer window for providing “curative”
interventions would occur compared with what would happen
to the control arm as these subjects would not have been
screened. As this field matures, accumulating more infor-
mation about the actual sojourn time for lung cancer detected
by spiral CT scanning will be particularly useful in arriving at
a rational determination of screening frequency. In addition,
achieving a more precise estimate of the usefulness of the
screening tool to advance the sojourn time will reciprocally
permit more precise evaluation of the efficiency with
downstream clinical management of screen detected cases to
realise the potential benefit of improved case detection
capabilities.

At this time one can only speculate about the potential of
spiral CT scanning to advance the diagnosis of lung cancer
based on the published pilot lung cancer screening trial data
such as that available from the Cornell group. In their two ini-
tial reports, the frequency of localised primary lung cancer
rose from the 30% frequency seen with some chest
radiography screening trials to over 80% stage I lung cancer.
Correspondingly, the average size of the detected primary lung
cancer lesion also fell from 16 mm in the prevalence study to
8 mm in the incidence study. Based on tumour doubling time
relative to lesion size at time of detection, these findings are
consistent with a lengthening of the sojourn time as suggested
by the breast cancer experience.24 Validation of this potential
improvement as it relates to lung cancer mortality needs to be
documented.15 From an optimistic perspective, the size of the
lesions reported by the Cornell group in their pilot studies is
close to the observed experience with typically smaller lesions
identified with successful mammographic screening.27 28

The analysis of these issues suggests important implications
for the design of screening trials. The concept of sojourn time
implies that a successful diagnostic screening tool must detect
a cancer case while it is still localised and, hence, curable. The
benefit of establishing more precise knowledge about a new
screening tool relative to sojourn time would be important for

Figure 1 The importance of sojourn time with success of curative interventions on screen identified cancer cases. This scheme portrays
hypothetical “true” clinical outcome with a sample of subjects in a randomised screening trial. Each bar represents a trial participant’s course
with the indicated progression of disease (see legend). The representation is to show how the sojourn time of 1 year (top arrow) compared with
a sojourn time of 3 years (bottom arrow) alters the “window of opportunity” to intervene with the potential for curative intent.
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designing the frequency of serial screening for a cohort. From

vast clinical experience, cure of lung cancer is only regularly

seen in the setting of localised (premetastatic) cancer. A suc-

cessful screening diagnostic tool must therefore be able to

routinely identify localised cancer. Again, from clinical experi-

ence, validating the identification of localised cancer can be

reliably accomplished only by long term clinical follow up of a

cohort to ensure that occult metastatic disease was not

present. Determining how frequently a cohort should be

screened to establish the natural history of occult metastatic

disease is critical. Efforts to accumulate useful information in

defining the actual length of sojourn time for lung cancer

detected by spiral CT scanning are a high priority of the inter-

national collaborators.

Armed with this information, the length of follow up for a

cohort could be refined to focus on the relevant period in

which the benefit of mortality reduction for lung cancer would

be most evident. The Cornell imaging group recently reported

an example of this perspective in analysing the benefit of

breast cancer screening.24 Their hypothesis was that the sensi-

tivity of the screening tool and the frequency of using that tool

in a defined cohort would dictate when one could rationally

expect to see a benefit of screening. In looking for mortality

benefit, the trial design must incorporate follow up provisions

that would determine if a trial was successful by accurately

measuring outcomes within that relevant window. The

Cornell group proposed that the most informative parameter

to monitor to assess the benefit of screening is the case fatal-

ity rate of breast cancer.24 While this is an intuitively rational

approach, this level of refinement has been frequently

overlooked in the design and analysis of screening trials. More

thoughtful consideration of these nuances of the design of

cancer screening trials may reduce some of the tension in this

field and allow for the completion of better designed trials to

catalyse the development of best clinical practice in this

area.29

WHERE DOES IMAGING SMALLER PRIMARY LUNG
CANCERS LEAD?
Another important ramification of the pilot studies at Cornell

University arises out of consideration of the average size of the

lesions detected in their early screening reports. As previously

discussed in the prevalence screen, the average size of a

detected lesion was 1.6 cm and the corresponding detected

primary size in their follow up incidence screen was

0.7 cm.6 7 11 The frequency of metastatic dissemination with

primary lesions of this size is unknown, but there is a reason-

able chance that, with these very small volume tumours, there

is a lower probability of metastatic dissemination.29 However, if

better control of the primary lung cancers is achieved, it is evi-

dent from our understanding of field carcinogenesis that the

longer an individual survives after a primary resection, the

greater is the chance of manifesting a subsequent primary

lung cancer.30 This risk for subsequent lung cancer has been

estimated to be cumulative and of the order of 1–3% per

year.31 With a 10–30% chance of second tumours over a 10 year

period of time, the need to preserve pulmonary tissue to per-

mit additional lung cancer resections is essential.

Managing CT detected lung tumours of less than 1 cm is a

new clinical situation for which there are no evidence-based

recommendations for best clinical practice. In contrast, based

on many years of experience, there are some consensus prac-

tices for the work up of non-calcified solitary pulmonary nod-

ules when they are over 1 cm in diameter. Since many of the

lesions detected by screening will be less than 1 cm, the Can-

cer Treatment Evaluation Program of the NCI recognised the

urgent need to foster adaptive clinical research to define new

management approaches to screening small volume cancers.

Their response to this challenge was to conduct a “state of the

science” meeting to explore new research initiatives for devel-
oping effective approaches to manage the types of early
cancers revealed by lung cancer screening (the Executive
Summary from this meeting is available on the website http://
www.webtie.org/sots/Meetings/Lung/June%2019%202001/
Default.htm).

For small volume CT detected lung cancers, research options
range from less extensive surgical procedures to video assisted
thoracoscopy to radiofrequency ablation. Several Japanese
groups have explored innovative management options for
clinical subsets that they have identified as having a
distinctive natural history from their considerable lung cancer
screening experience over several decades.8–10 32 33 For example,
in managing hilar lung cancers they have reported several
bronchoscopically administered ablation techniques that have
achieved satisfactory local control of the small primaries with
excellent long term survival.

In the US the first surgical question in managing small vol-
ume lung cancer identified by screening is the appropriateness
of lobectomy and mediastinal dissection compared with less
invasive approaches. Before the introduction of spiral CT
scanning the Lung Cancer Study Group (LCSG) had shown
that lobectomy was superior to less than complete anatomical
resection, but this was with larger (generally radiologically
detected) primary lung cancers.34 There is an emerging sense
that the types of lung cancer cases identified by screening are
clinically different from the routinely diagnosed cases
evaluated in the previous LCSG study. As a result, there is a
need to determine the frequency of nodal and distant
metastatic disease with lung cancers of <1 cm. This infor-
mation would be most useful in the subsequent design of new
management approaches in this situation.

Dutch workers have also reported considerable efforts to
refine the management of early lung cancer confined to the
airways.35 36 A key observation from this experience was that
local recurrences could be successfully retreated with surgical
salvage if the lesions were discovered early. In this pilot study
with mean long term follow up of about 5 years, the cure rate
for medically inoperative patients managed with local modali-
ties was more than 75%. This experience is consistent with the
Japanese results and both of these pioneering efforts suggest
that research efforts in highly selected patients to develop less
morbid approaches to primary lung cancer control are respon-
sible in a thoracic cancer research setting where close follow
up measures can be ensured.

Spiral CT scanning excels in the detection of small periph-
eral cancers. The research options for lung cancer resection
that have been proposed for peripheral lung primaries include
segmentectomies, wedge resections, and video assisted thora-
coscopic surgery. The evolution of CT technology from a single
detector to increasing numbers of detectors is going to result
in progressively more sensitive detection of small nodules. As
we develop the tools to map these ever smaller lesions
routinely, it will become more difficult to establish with
certainty that these tiny nodules will be life threatening.
Should clinicians fully resect these lesions and exhaustively
study them with the latest molecular diagnostic tools? Will
spiral CT scanning ever achieve a sensitivity sufficient to detect
routinely growing lesions before metastatic involvement is
likely so that clinicians could move to a non-invasive tissue
ablative technique such as conformal radiotherapy or radiof-
requency ablation without a diagnosis? Will aerosolised deliv-
ery of high local/regional doses of anticancer drugs allow for
effective control of small volume nodal involvement? Will
patients treated with these less intrusive experimental
approaches to primary lung cancer control comply with ongo-
ing spiral CT monitoring such that the potential for surgical
salvage of local recurrences with curative potential is not lost?
The implication of tobacco induced field cancer raises
additional issues since—after initial successful management
of a primary lung cancer and if the person lives long
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enough—there is a high likelihood of finding subsequent pri-
mary lung cancers.

In cases of lung cancer detected by screening, management
of the initial lung cancer must incur minimal trauma or side
effects so that the individual maintains sufficient pulmonary
reserve to allow successful control of subsequent new primary
lung cancers. Yet there is a question on how to conduct
responsible research on safe and less morbid ways to control
screening detected lung cancers without compromising an
individual’s most established chance of a cure.

In the current situation, patients with non-operable cancer
present the most direct opportunity to investigate the benefits
of research options for innovative new approaches to the pri-
mary control of small volume lung cancer. There exists a small
but real number of newly diagnosed patients with lung cancer
who either have medical contraindications for lung resection
or are disinclined to undergo a surgical procedure. In the NCI
“state of the science” meeting ranges of proposed options were
suggested including radiotherapy based options (such as
brachytherapy and conformal or stereotactic radiotherapy
techniques). Since non-operative early stage lung cancers are
not numerous, there is a significant need to cooperate across
broad groups of clinical trial structures to ensure that the new
options for managing small primary lung cancers are rapidly
evaluated.

MOVING TO MOLECULAR ONCOLOGY
The field of cardiology has witnessed a remarkable shift from

surgical intervention to medical intervention with a corre-

sponding improvement in outcomes. Is this a model for lung

cancer management? As the size of lung primary cancers

detected by routine screening continues to shrink, research

modalities emerge that are progressively less invasive—from

photodynamic laser therapy to radiofrequency ablation to the

use of aerosolised drugs. If these approaches are found to be

useful in controlling either very small lung cancers or even

preinvasive lung cancers and their administration turns out to

be safe and economical, then a simpler management of early

lung cancer may evolve. Correspondingly, with such improve-

ments in management options, the spectre of overdiagnosis

diminishes.
Rigorously designed and implemented clinical trials would

be necessary to establish if new tools are effective in early and
only “suspicious” lesions. This type of research may entail
“watch and wait” provisions in which further standard inter-
ventions are used only if the suspected primary is not success-
fully controlled by the research intervention already piloted by
Japanese and Dutch workers.32 33 35 36 An area where this type
of research approach may be appropriate would be in the
management of patients with “ground glass opacities”.37 New
research is suggesting that these CT detected interstitial
changes may in fact be a preinvasive precursor of adenocarci-
noma of the lung and therefore a favourable clinical entity for
translational research.

The purpose of proposing this type of innovative research is
to address the concern about dealing with the concept of
“overdiagnosis” with lung cancer screening. With safe
interventions, accepting a level of “overdiagnosis” would even
become desirable to ensure sensitivity in finding all potentially
lethal lung cancers. Spiral CT technology is and will continue
to evolve rapidly in its imaging sensitivity. Even with the new-
est generation spiral CT scanners with eight detector heads,
the routine detection of growing lesions of 3–4 mm will be
possible and the problem of how to manage these small
lesions will assume growing importance. Concerns about
“overdiagnosis” must be balanced by the reality of the modest
utility of current lung cancer detection and treatment
approaches. Solving the integrated problem of, not only find-
ing early localised cancer, but also validating a safe and effec-
tive modality to eradicate such localised lesions is at the core
of developing successful screening for lung cancer.

In patients with primary cancer or preinvasive disease of
minimal size that could be detected by CT based lung cancer
screening, the extent of disease is confined to the respiratory
epithelium. This location and size represents a potentially
favourable situation for innovative drug delivery strategies.
Current clinical management tools have not been optimised to
manage this localised phase of early lung cancer. As a research
direction, we propose that arresting the progression of clonal
lung cancer growing in the bronchial epithelium may be
facilitated by using direct delivery of chemopreventive
drugs.29 The target of this drug delivery strategy would be the
“field” of cancer injury, which includes the extent of the
airway tissue in the direct path of the tobacco combustion
products chronically deposited on the respiratory
epithelium.38 A goal of chemoprevention is to identify mecha-
nistically directed agents which arrest the clonal progression
of cancer and avoid the clonal progression to the final lethal
phase of aerodigestive cancers.39

The most attractive candidate molecules with which to
begin this evaluation are the retinoids. Based on seminal work
conducted at M D Anderson over the last decade,40–42 adminis-
tration of chronic retinoids results in the suppression of new
upper aerodigestive cancers. Through the translational efforts
with vitamin A analogues, it is not clear that this strategy can
be implemented without undue clinical toxicity when the
chemopreventive is given orally. The frequent occurrence of
such side effects is a particular problem for chemoprevention
agents as the average patient suitable for this treatment has no
clinical symptoms and is not likely to be willing to tolerate
noxious drug related complications. In the first report of a
positive chemoprotective effect with 13-cis-retinoic acid, the
dose of retinoid was originally 100 mg/M2 but this was
reduced to 50 mg/M2 because of toxicity.40 For the follow up
trial, which was not successful, the dose of 13-cis-retinoic acid
was further reduced to a total daily dose of 30 mg in an effort
to identify an effective chemopreventive approach with a more
acceptable side effect profile.42 Was the unintended conse-
quence of the major retinoid dose reduction to ameliorate side
effects an associated failure to achieve a critical retinoid dose
in the bronchial epithelium?

Through the use of aerosolised delivery technologies and
other local delivery approaches, higher drug levels can be
administered with minimal systemic toxicity by preferentially
targeting the cancer field.38 The logic of aerosol drug delivery is
evident as deposition of the carcinogen is also accomplished
via aerosol delivery (fig 2). The volume of the primary target
area is vastly smaller with aerosol delivery than with an orally
administered drug for respiratory epithelial chemoprevention.
The relevant compartments for saturation with oral drug
delivery, depending on the chemistry of the agent, are either
the intravascular compartment or the total body compart-
ment. These compartments vastly exceed the volume of the
interstitial fluid of the respiratory epithelium (about 15 ml),
and this fluid bathes all the cells at risk of emerging as a lung
cancer for the first decade or more of the natural history of
lung carcinogenesis. Aerosolised antibiotic delivery has been
used with great success in the management of pulmonary
infections in cystic fibrosis where the chronic parenteral
administration of antibiotics led to severe side effects. Prelimi-
nary experiments in an animal model of tobacco associated
carcinogen induced lung adenomas treated with aerosolised
retinoids suggest the feasibility of this approach.43 44 Direct
delivery of pulmonary drugs, if validated in human trials, may
enable an integrated prevention orientated management
strategy that may ultimately contribute to a substantive
reduction in mortality. A range of other critical research tools
may also contribute to the successful management of very
early stages of cancer.45

OTHER ISSUES WITH LUNG CANCER SCREENING
Bailar’s description of lung cancer screening as a chain is still

relevant.19 The integrity of a chain is defined by the weakest
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link. In screening, whichever aspect is not optimised is likely

to undermine the success of all the other defined steps. In this

review we have discussed how best to manage an individual

with a treated small volume primary cancer. However, even if

we resolve that, other problems could emerge. How often

should the patient be monitored with a spiral CT scan to

intercept the development of a metachronous primary lung

cancer? What are the roles of adjunctive diagnostic methods

such as bronchoscopy or needle aspirations in assisting the

diagnostic work up? What is the algorithm with the most effi-

cient diagnostic work up and the lowest cost and morbidity?

These and many other related questions could benefit from

additional objective information.

Establishing a rational basis for the ongoing management

of subjects with a variable risk of lung cancer will be essential

to determine the cost of this new type of clinical management.

Cost will be a crucial consideration in terms of the broad dis-

semination of these new approaches, and incorporating the

evaluation of this and other important outcome measures

such as quality of life into the early stages of this cancer clini-

cal management research is essential.46 47 To accomplish this it

will be necessary to foster broad collaboration between inter-

ested research groups. For instance, for very small CT detected

lesions of uncertain natural history, rigorous research is

required to define the safest, least expensive, and least intru-

sive intervention to control these early lesions. In addition,

since these cases will only be routinely found by screening,

even with high risk populations only a few cases per cohort

would be expected. In the face of the global tobacco epidemic,

there is an unprecedented need for collaborative interactions

between screening institutions to address research questions

about downstream clinical management issues in a timely

fashion.48 It is unlikely that a single large centre working alone

could successfully address even one of these new manage-

ment research issues by itself.

CLOSING THOUGHTS
In parallel with the multidisciplinary effort to refine the proc-

ess of conducting and validating a clinical trial, a number of

entrepreneurs are offering spiral CT scanning as a routine

clinical service. How are the entrepreneurs going to handle the

issues outlined above? For the next decade, as we await a

definitive trial of spiral CT screening, what do the clinicians

tell the many patients who will die of lung cancer? While

many investigators are optimistic about spiral CT scanning as

a tool for early detection of lung cancer, the clinical manage-

ment of the small lung lesions detected by spiral CT scanning

is a new and uncharted clinical challenge. These are critical

questions for which there exists no clear consensus as to the

best way forward.

In the absence of data to support screening but with

increasing availability and promotion of such technology, an

individual with a high risk of lung cancer who is informed of

the imprecise state of our knowledge about spiral CT based

detection of early lung cancer may still want to have a lung

cancer test.49 In that circumstance, ideally in consultation with

their physician, the individual should find an imaging centre

with a commitment to the integrated management of lung

cancer detection. Such a centre should have stable relation-

ships with an array of other lung cancer specialists who know

and understand the challenges of lung cancer screening,

including radiologists, pulmonologists, and surgeons. Addi-

tional expertise from radiation therapists, medical oncolo-

gists, and surgical oncologists may be required to deliver

appropriate therapeutic interventions. As most lung cancer

risk factors are life long, a continuing relationship at the

screening site is prudent to permit ongoing monitoring at

some interval. Research groups are discussing the implemen-

tation of certification procedures to ensure that only

institutions with an appropriate commitment to the rigour of

this early lung cancer screening process are licensed to provide

such a service. As yet, no standards exist for this designation

so due diligence on the part of the public is critical.

It is clear that spiral CT scanning in the hands of skilled

professionals can find considerably smaller cancers more fre-

quently than with previous lung cancer detection tools. Only

time will tell whether this enhanced capability will result in

reducing the mortality of lung cancer. Over the next decade

people at risk of lung cancer should discuss these issues with

their physicians and make their own decisions in this promis-

ing but uncharted area. Ongoing considerations of these diffi-

cult issues by relevant parties are essential.

The National Cancer Institute’s randomised detection trial of 50 000
person spiral CT scans versus chest radiographs has just opened
for accrual. Information about the recently started National
Lung Screening Trial can be obtained at the site http://
newscenter.cancer.gov/BenchMarks/archives/2002_09/index.html or
http://cancer.gov/NLST.

Figure 2 Rationale for pulmonary delivery to manage the premetastatic phase of a cancer that is generally caused by the aerosolised
delivery of carcinogens. Pulmonary delivery can saturate cellular targets on the respiratory epithelium at an extraordinary dose and routinely
result in systemic doses that would be non-clinically significant. This is a logical but essentially untested approach to improving the therapeutic
index with lung cancer chemoprevention.

Screening and early diagnosis of lung cancer 1077

www.thoraxjnl.com

http://thorax.bmj.com


. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
J L Mulshine, Head, Intervention Section, Center for Cancer Research,
National Cancer Institute, Bethesda, Maryland 20892-1906, USA
R A Smith , Director of Cancer Screening, American Cancer Society,
Atlanta, Georgia 30329, USA

REFERENCES
1 Jemal A, Thomas A, Murray T, et al. Cancer statistics, 2002. CA Cancer

J Clin 2002;52:23–47.
2 Tickle JJ, Sargent JD, Dalton MA, et al. Favorite movie stars, and its

association with adolescent smoking. Tob Control 2001;10:16–22.
3 King C, Siegal M. The Master settlement agreement with the tobacco

industry and cigarette advertising in magazines. N Engl J Med
2001;345:504–11.

4 Carney DN. Lung cancer: time to move on from chemotherapy. N Engl J
Med 2002;346:126–8.

5 Chute JP, Chen T, Feigal E, et al. Twenty years of phase III trials for
patients with extensive-stage small-cell lung cancer: perceptible progress.
J Clin Oncol 1999;17:1794–801.

6 Henschke CI, McCauley DI, Yankelevitz DF, et al. Early Lung Cancer
Action Project: overall design and findings from baseline screening.
Lancet 1999;354:99–105.

7 Henschke CI, Naidich DP, Yankelevitz DF, et al. Early lung cancer
action project. Cancer 2001;92:153–9.

8 Kaneko M, Kusumoto M, Kobayashi T, et al. CT screening for lung
cancer in Japan. Cancer 2000;89 (Suppl):2485–8.

9 Okamoto N, Suzuki T, Hasegawa H, et al. Evaluation of a clinic-based
screening program for lung cancer with a case-control design in
Kanagawa, Japan. Lung Cancer 1999;25:77–85.

10 Sobue T. Epidemiology of lung cancer and prevention strategy (in
Japanese). Nippon Eiseigaku Zasshi 1996;51:641–7.

11 Yankelevitz DF, Reeves AP, Kostis WJ, et al. Small nodules:
volumetrically determined growth rates based on CT evaluation.
Radiology 2000;217:251–6.

12 Wieder JA, Belldegrun, AS. The utility of PSA doubling time to monitor
prostate cancer recurrence. Mayo Clinic Proc 2001;76:571–3.

13 Beam CA, Layde PM, Sullivan DC. Variability in the interpretation of
screening mammograms by US radiologists. Findings from a national
sample. Arch Intern Med 1996;156:209–13.

14 Mulshine JL, Henschke CI. Prospects for lung cancer screening. Lancet
2000;355:592–3.

15 Wilson JMG, Junger G. Principles and practice of screening for disease.
Geneva: World Health Organization, 1968.

16 Parkin DM, Moss SM. Lung cancer screening: improved survival but no
reduction in deaths—the role of “overdiagnosis”. Cancer 2000;89(11
Suppl):2369–76.

17 Dominioni L, Strauss GB. Consensus Statement: International conference
on prevention and early diagnosis of lung cancer. Lung Cancer
1999;23:171–2.

18 Field JK, Brambilla C, Caporaso N, et al. Consensus statements from the
Second International Lung Cancer Molecular Biomarkers Workshop: a
European strategy for developing lung cancer molecular diagnostics in
high risk populations. Int J Oncol 2002;21:369–73.

19 Bailar JC. Screening for lung cancer: where are we now? Am Rev Respir
Dis 1984;130:541–2.

20 Tabar L, Vitak B, Chen HH, et al. Beyond randomized controlled trials:
organized mammographic screening substantially reduces breast
carcinoma mortality. Cancer 2001;91:1724–31.

21 Olsen O, Gotzsche PC. Cochrane review on screening for breast cancer
with mammography. Lancet 2001;358:1340–2.

22 Duffy SW, Tabar L. Screening mammography re-evaluated. Lancet
2000;355:747–8; discussion 52.

23 Wald N. Populist instead of professional. J Med Screen 2000;7:1.
24 de Koning HJ. Assessment of nationwide screening programs. Lancet

2000;355:80–1.
25 Miettinen OS, Henschke CI, Pasmanier MW, et al. Mammographic

screening: no reliable supporting evidence. Lancet 2002;359:404–6.

26 Cochrane Breast Cancer Group. Screening mammography: setting the
record straight. Lancet 2002;359:439–40.

27 Cady B, Michaelson JS. Life sparing potential of mammographic
screening. Cancer 2001;91:1699–703.

28 Cady B. Breast cancer in the third millennium. J Surg Oncol
2001;77:225–32.

29 Mulshine JL, Cuttitta F, Tockman MS, et al. Lung cancer: evolution to
preinvasive management. Clin Chest Med 2002;23:37–48.

30 Slaughter DP, Southwick HW, Smejkal W. “Field cancerization” in oral
stratified squamous epithelium. Cancer 1953;6:963–8.

31 Tockman MS, Mulshine JL, Piantadosi S, et al. Prospective detection of
preclinical lung cancer: results from two studies of heterogeneous nuclear
ribonucleoprotein A2/B1 overexpression. Clin Cancer Res
1997;3:2237–46.

32 Nakamura H, Kawasaki N, Hagiwara M, et al. Early hilar lung cancer:
risk for multiple lung cancers and clinical outcome. Lung Cancer
2001;33:51–7.

33 Shimatani H, Okunaka T, Shibuya H, et al. Preoperative PDT for early
stage lung cancer accompanied with infiltration to the central airway.
Kyobu Geka 2001;54:957–61.

34 Ginsberg RJ, Rubenstein LV. Randomized trial of lobectomy versus
limited resection for T1N0 non-small cell lung cancer. Ann Thorac Surg
1995;60:615–23.

35 Sutedja G, Postmus PE. The role of photodynamic therapy in the
management of stage I/II NSCLC. Lung Cancer 2001;34(Suppl 3):35–8.

36 Sutedja TG, Venmans BJ, Smit EF, et al. Fluorescence bronchoscopy for
early detection of lung cancer: a clinical perspective. Lung Cancer
2001;34:157–68.

37 Gaeta M, Volta S, Barone M, et al. Bronchiolo-alveolar carcinoma. The
computed tomographic picture and histological correlations. Radiol Med
(Torino) 1994;87:427–34.

38 Mulshine JL, De Luca, LM, Dedrick RL. Regional delivery of retinoids: a
new approach to early lung cancer intervention. In: Martinet Y, Vignaud
JM, Martinet N, et al, eds. Clinical and biological basis of lung cancer
prevention. Basel, Switzerland: Birkhauser, 1998: 273–84.

39 Kelloff GJ. Perspectives on cancer chemoprevention research and drug
development. Advan Cancer Res; 2000;78:194–334.

40 Hong WK, Lippman SM, Itri et al. Prevention of second primary tumors
with isotretinoin in squamous-cell carcinoma of the head and neck. N
Engl J Med 1990;323:795.

41 Kurie JM, Lee JS, Khuri FR, et al. N-(4-hydroxyphenyl)retinamide in the
chemoprevention of bronchial squamous metaplasia and dysplasia of the
bronchial epithelium. Clin Cancer Res 2000;6:2973–9.

42 Lippman SM, Lee JJ, Karp DD, et al. Randomized phase III intergroup
trial of isotretinoin to prevent second primary lung tumors in stage I
non-small cell lung cancer. J Natl Cancer Inst 2001;93:605.

43 Wang D, Marko M, Dahl AR, et al. Topical delivery of 13-cis retinoic
acid by inhalation upregulates expression of lung but not liver retinoic
acid receptors. Clin Cancer Res 2000;6:3636–45.

44 Dahl AR, Grossi I, Houchens D, et al. Inhaled isotretinoin is an effective
lung cancer chemopreventive in A/J mice at low dose. Clin Cancer Res
2000;6:3015–24.

45 Hirsch FR, Franklin WA, Gazdar AF, et al. Early detection of lung
cancer: clinical perspectives of recent advances in biology and
radiology. Clin Cancer Res 2001;7:5–22.

46 Marshall D, Simpson KN, Earle CC, et al. Potential cost-effectiveness of
one-time screening for lung cancer in a high-risk cohort. Lung Cancer
2001;32:227–36.

47 McQuarrie HG, Ogden J, Costa M. Understanding the financial impact
of covering new screening technologies. J Reprod Med
2000;45:898–906.

48 Peto R, Chen ZM, Boreham J. Tobacco: the growing epidemic. Nature
Med 1999;5:15–17.

49 Smith RA, von Eschenbach AC, Wender R, et al, ACS Prostate Cancer
Advisory Committee, ACS Colorectal Cancer,Advisory Committee, ACS
Endometrial Cancer Advisory Committee. American Cancer Society
guidelines for the early detection of cancer: update of early detection
guidelines for prostate, colorectal, and endometrial cancers. Update
2001: testing for early lung cancer detection. CA Cancer J Clin
2001;51:38–75.

1078 Mulshine, Smith

www.thoraxjnl.com

http://thorax.bmj.com

