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More Americans die of lung cancer than from any other
cancer.  In 2000, it was estimated that there would be
164,000 new cases and 157,000 deaths (1). There are
more deaths from lung cancer in the United States than
the next three most common cancer causes of death
(colorectal, breast, prostate). The other repulsive statistic
is the lack of improvement in 5 year survival since the mid
70s, for lung cancer. In contrast, there has been significant
improvement in 5 year survival for the next 3 most common
cancer killers (Table 1). Why the lack of improvement of
survival for lung cancer? A partial answer is that we screen
for colorectal, breast, and prostate cancer but not for lung
cancer. The official position of the American Cancer Society
is that there is no role for screening of lung cancer even
in higher risk individuals such as smokers or those with
significant occupational exposures. If we were to continue
to follow this recommendation then we would wait for
patients to present with symptomatic lung cancer.
Symptomatic lung cancer is mostly advanced cancer (Stage
III or IV). . Currently, only 15-20% of all lung cancers are
Stage I at the time of diagnosis. Symptomatic lung cancer
has a 10% 5 year survival while asymptomatic lung cancer
has a 40-50% 5 year survival (2).  If we wait for patients
to present with symptomatic lung cancer then we will
continue to bury them.

Table I:

* The difference in rates between 1974-1976 and 1989-1995 is significart (p<0.05).

Data from American Cancer Society (2000).

PAST SCREENING TRIALS

It is the goal of a screening program to detect cancer at
an earlier stage when it is asymptomatic and when
treatment results in a higher cure rate.  As a result of
early detection, there should be less cases presenting
with more advanced diseases.  In the 1970s the National
Cancer Institute sponsored three lung cancer screening
trials at Memorial Sloan Kettering Cancer Center, Johns
Hopkins medical center, and Mayo Clinic (2-6).  Each
center enrolled approximately 10,000 men who were 45
years of age or older and were smokers.  The Memorial
and Hopkins trials randomized individuals at baseline to
yearly chest radiographs versus yearly chest radiographs
and sputum cytology every 4 months (4-5).  Neither
study observed a difference in the survival or mortality
(deaths from lung cancer) in the dual screened versus
the control group (7,8).  Thus, they proved that adding
four monthly sputum cytology to yearly chest radiographs
does not decrease lung cancer mortality.  The Mayo
Clinic trial screened all individuals at baseline with chest
roentgenogram and sputum cytology.  If the initial screen
was negative for cancer then they were randomized to
chest roentgenograms and sputum cytology every 4
months or the control group.  The control group was
advised to have a yearly chest roentgenogram and
sputum cytology (standard Mayo Clinic recommendations
in 1970s) but then their individuals were never reminded
again to have these tests.  Both groups received
subsequent questionnaires.  In the Mayo trial, the
screened group had 206 cases of lung cancer detected
versus 160 lung cancers in the control group and the 5
year survival was 35% in the screened group versus
15% in the control.  However, there was absolutely no
difference in the lung cancer mortality in the two groups
(3.2/1,000 person years versus 3.0/1,000) (9).  Based
on these three trials it was concluded that screening for
lung cancer does not decrease mortality and, therefore,
there was no role for any screening.  In a recent report,
Marcus et al, performed a follow-up of the Mayo Lung
Project patients through 1996 (10).  While all screening
ceased in 1983, there continued to be a survival
advantaged in the screened group versus the control,
however mortality in the two groups was the same
(4.4/1,000 versus 3.9/1,000 person years). They attributed
the improved survival without mortality benefit to “over
diagnosis.”  An over diagnosed lung cancer was defined
as a lesion that never would have progressed to clinical
disease during a person’s lifetime.  The concept of “over
diagnosis” is difficult for a clinician to accept since we
seldom see a case of lung cancer that does not progress.
 While an occasional case progresses slowly, they all
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progress.  Most do so rapidly.  It is fair to assume that
none of the 150,000 plus lung cancer deaths this year
were “over diagnosed” cases.

MISS RATE FOR DETECTION OF LUNG CANCER
BY CHEST ROENTGENOGRAMS

In a report from the Mayo clinic screening trial, 90% of
peripheral carcinomas and 75% of perihilar carcinomas
were visible in retrospect on older chest x-rays (11).
Quekel and associates reviewed 259 non-small cell lung
cancers presenting as nodular lesions and noted that in
49 (19%) cases the lesion was missed on a previous
radiograph.  The median diameter of the missed lesion
was 1.6 cm (range 0.6-3.8).  A recent report from New
York City noted 31 cases of missed lung cancer by chest
roentgenograms.  The mean diameter was 2.0 cm  0.8
cm (range 0.6-3.6) (13).  This included 6 cancers that
were  3.0 cm.  Sone et al compared chest radiographs
to spiral CT scans in 44 cases of lung cancer detected
in a spiral CT scan screening trial (14).  The chest x-ray
failed to detect 77% (34/44) of all cancers.  The tumor
diameters ranged from 6 mm to 45 mm but only 2 were
greater than 20 mm.  Accordingly, we can conclude that
the chest roentgenogram is not a sensitive tool for
screening purposes (11-14).  Using chest radiographs
we will miss the majority of lung cancer � 2 cm in diameter.
 This should not surprise us since it is known that 25%
of the lung parenchyma is hidden by normal structures
such as the diaphragm, heart, and mediastinum on the
standard PA chest radiograph.

SPIAL CT SCANS FOR SCREENING

The earliest report of the use of low dose spiral CT scan
for screening was from Kaneko et al (15).  They screened
smokers who were at high risk and detected 15 cases
of lung cancer.  The chest radiograph in 11 of these
individuals was negative.  Most remarkable was the
observation that 14 of the 15 tumors were Stage I.  A
second study was reported by Sone and colleagues
(16).  They diagnosed 19 cases of lung cancer.  The
mean size was 17 mm (a size usually missed by chest
radiographs).  Sixteen of 19 patients were pathological
Stage I.  This is most remarkable because of the fact
that currently in the United States only 20% of newly
diagnosed lung cancers are Stage I.
In 1999, a New York City group reported on their baseline
screening results with low dose spiral CT scans.  They
screened 1,000 symptom free volunteers who were 60

years of age or older with at least 10-pack years of
smoking (17).  A lung cancer was detected in 27
individuals by CT for a detection rate of 2.7% but the
cancer was visible by chest radiograph in only 7 (detection
rate of 0.7%).  Twenty-two of the 27 lung cancers were
stage I A.  Twenty-four of 25 patients who underwent
operation were resectable for potential cure.  In 15 of
the 27 lung cancer cases, the tumor diameter was 10
mm or less and in another 8 patients the maximum tumor
diameter was between 11 and 20 mm.
A Mayo Clinic screening trial enrolled 1,520 individuals
50 years of age or older, who had a smoking history of
at least 20-pack years (18,19).  All had a life expectancy
of at least 5 years.  As of October, 2,000 we detected 19
prevalence cancers (18).  Two were small cell histology,
a cell type for which screening is not likely to be beneficial
due to the rapid tumor doubling time.  Of the 17 non-small
cell lung cancers, 6 were �1 cm and 8 were 1.1-2.0 cm
in diameter.  Fifteen of the 17 NSCLC cases were stage
I or II (88%) and underwent curative resections.
Thus it is clear from the studies from Japan, New York,
and Mayo Clinic that spiral CT scans detect lung cancers
at an average size of 1.5 cm or less and approximately
80% of patients will have stage I A disease (15-20).  This
size is a size that is usually missed on chest
roentgenogram.  Low dose spiral CT scan can be
performed with a single breath hold and patients scanned
in 12-15 seconds.  The dose of radiation is approximately
one-ninth that of a standard CT scan and roughly
equivalent to that of mammography (19).

LIMITATIONS OF SPIRAL CT SCAN STUDIES

One major concern of the nihilistic pundents is the high
rate of detection of indeterminate nodules with spiral CT
screen.  In the New York series they detected nodules
in 23% of those screened (17) and in the Mayo series
we detected at least one nodule in 51% (18).  In the
Mayo series, 89% of all the nodules detected were 7
mm or less and a size that we judged was safe to
observe.  Obviously, these nodules necessitate follow
up scans at periodic intervals.  The optimal frequency
of follow-up is being evaluated.  However, to date we
have not detected a lung cancer in a nodule 7 mm or
smaller.  That is almost certain to occur as we follow the
tiny nodules for a longer period.  It should be remembered
that mammograph screening has some of these same
limitations. The estimated cumulative risk of a false
positive mammogram is 49% after 10 mammograms
and 19% of women without breast cancer will undergo
a biopsy (21).  Nevertheless, this has not deterred women
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from subsequent screening mammography after an initial
false positive scan (22).  Most importantly, it should be
noted that screening mammograph results in the detection
of breast cancer at an average size of 1 cm and the 5-
year survival for all breast cancer patients is 85% (23,
1).  From 1990-1996, breast cancer deaths are decreasing
at 1.8% per year and screening mammography is
responsible in large part for the decreasing mortality.
We now have a test for detecting lung cancer at a size
similar to that of breast cancers detected by
mammography.  How can we not enthusiastically endorse
such a new screening modality?
A major concern about low dose spiral CT scan screening
is cost.  Of note is that a single scan from the sternal
notch to iliac crest can be performed in 12-15 seconds.
There is no contrast involved.  Patients are in and out
of the scanner quickly.  At Mayo, we are able to scan 6
patients in 30 minutes without difficulty.  With this efficiency
it is estimated that the actual cost of low dose spiral CT
screening may be in the range of $150.  When nodules
or other abnormalities are detected this necessitate
follow-up tests. Even when these follow-up scans,
biopsies, and surgery for lung cancer are considered,
one group of investigators have estimated the cost
effectiveness for lung cancer screening to be less than
$10,000 per year of life saved (24).
The spiral screening trials to date has mainly reported
on prevalence (baseline or first screening) data.  The
Japanese data contains both prevalence and incidence
cases but they are not easily separated out in their
reports.  Recently, Ohmatsu and colleagues did report
a 5 year survival of 78% (20).  Most investigators believe
that the incidence scans (after baseline) will detect earlier
stage cancers than the prevalence scans (first baseline
scan).  To date there are no randomized trials comparing
screening with spiral CT versus chest radiographs or
observations only.  These trials will need to be performed
before we can determine if spiral CT screening results
in a deceased mortality from lung cancer.  However,
based on the early data, it is not unreasonable to
hypothesize that spiral CT scan screening may very well
result in a 20% reduction in lung cancer mortality.  If that
would turn out to be correct then there would be 30,000
less deaths per year due to lung cancer.  This reduction
in cancer deaths would almost be equivalent to curing
prostate cancer or breast cancer (Table I).

PROMISING NEW DEVELOPMENTS

Two new developments that are likely to be implemented
in the next few years are the computer aided diagnosis

(CAD) systems and the nodule volumetric measurement
software packages (25,26).  The CAD system will aid
the radiologist in the detection of small nodules and help
decrease the miss rate for detection of small nodules
(25).  The volumetric measurements will provide us with
a 3 dimensional technique for volume determination that
is superior at detecting asymmetric growth of a nodule
that could be missed by 2 dimensional measurement
(26).  A recent report has demonstrated that tumor
doubling times of cancers can be determined with scan
intervals as short as 30-40 days (26).  With this system
these tiny nodules will be accurately measured with an
automated system and the volume calculated.  The
subjectivity of the radiologists’ measurements will be
eliminated.
In conclusion, spiral CT scan screening for lung cancer
is the single most exciting new development in lung
cancer that I have witnessed in my 20-year career (19).
It offers us the hope of significantly increasing lung
cancer survival and decreasing mortality.  Even though
there are issues of cost and mortality reduction that need
to be determined, I would recommend spiral CT scan
screening for my brother or sister if he/she were a smoker.
From an objective viewpoint, I personally would like to
see a definitive randomized trial conducted to evaluate
lung cancer mortality in spiral CT scan screened versus
chest radiograph screened individuals.  However, until
that evidence is available, I believe that spiral CT scan
screening for lung cancer should be utilized for high-risk
individuals.
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