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LOW DOSE SPIRAL COMPUTERIZED TOMOGRAPHY (LDCT) SCREENING FOR LUNG CANCER

A Technology Assessment

INTRODUCTION

The California Technology Assessment Forum is requested to review the scientific evidence for the use of low dose
spiral computerized tomography (LDCT) as a modality for lung cancer screening. CTAF reviewed this topic in
February 2007, and concluded that LDCT as a screening test for lung cancer did not meet CTAF criteria because it
was not clear whether or not LDCT reduced lung cancer mortality. This topic is being addressed again because of
the recent publication of the results of the National Lung Cancer Screening Trial, (NLST) which has been widely

publicized and has renewed public interest in this topic.

BACKGROUND

In the United States in 2010, there were an estimated 222,520 new cases of lung cancer and 157,300 deaths from
this disease." The five year survival rate for this disease is only about 15%.23 Most lung cancers are not localized
when first detected, but early detection is mandatory to improve prognosis. When stage | cancers are resected, five

year survival ranges between 40%- 70%.°

In the 1970s, four large-scale randomized controlled trials (RCT), involving a total of 37,000 men (mostly smokers),
were performed to determine the value of routine screening for lung cancer by chest x-rays and/or sputum cytology.*
7 Unfortunately, these studies provided strong evidence that screening does not lead to a decreased death rate from
lung cancer. As a result of these trials, none of the major cancer guideline organizations (the American Cancer
Society, the National Cancer Institute and the U.S. Preventive Services Task Force) recommend routine screening
for lung cancer in asymptomatic individuals. However, because follow-up of at least one of these studies has shown
improved survival for those patients who had their early stage lung cancer detected by chest X ray and sputum
cytology and then resected surgically compared with those who received usual care?® and because of criticisms of the
design of these studies, the National Institutes of Health (NIH) continues to investigate chest x-ray (CXR) for lung
cancer screening as part of a large RCT: The Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening
Trial; the results of which are expected in 2015.210 |n addition, since curable early cases of lung cancer are hard to
visualize with conventional chest x-rays, investigators have turned to CT in the hopes of finding more cases at an

early, resectable stage.23!"
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Low Dose Spiral (Helical) CT Scanning

In general, conventional chest CT is more sensitive for the detection of lung nodules (including cancers) than plain
chest x-ray or whole lung tomography.'213 Conventional CT has not been used to screen for lung cancer, however,
because of the x-ray exposure dose, the time-consuming interpretation necessary, the large number of false-positive
scans and the lack of proven cost-benefit.’3 Because of its ability to continuously acquire data, the use of LDCT
results in a shorter scanning time and a lower radiation exposure dose. LDCT uses multiple detectors and allows for
high resolution volumetric imaging in a single breath hold. Use of a spiral CT scanning performed at 120 kVp, tube
current of 50 mA, 1 sec/rotation, 10 mm collimation, and a pitch of 2.0 (table speed of 10 mm/sec) permits the entire
lung to be scanned with ease during a single breath-hold in virtually all patients.™ The LDCT used for screening
requires less than 20 seconds of scanning time and does not require intravenous contrast injection.'> The radiation
dose is approximately 1.5 mSV, in contrast to the average effective dose with diagnostic chest CT of approximately 8

mSy16-19,

LDCT has been found by one group of investigators to be useful as a second step in patients screened for lung
cancer with plain chest x-ray, particularly in finding small, early stage, peripheral lesions.? In addition, Itoh et al
(1998) reported a comparison of LDCT to conventional CT of the lung in ten healthy volunteers and in 110 patients.
Conventional CT detected a total of 196 lesions in the 110 patients. LDCT detected 177 (90%) of the 196 nodules
(87 [96%)] of 91 lesions greater than 5 mm in diameter), 54 of 57 focal parenchymal opacities, and 15 of 15 cases
with fibrotic changes. Most of the lesions missed were less than 5 mm in diameter.'* LDCT does involve a greater
radiation exposure dose to the patient than conventional chest x-ray, though it is less than 20% of the radiation

exposure dose than conventional CT.

TECHNOLOGY ASSESSMENT (TA)

TA Criterion 1:  The technology must have final approval from the appropriate government regulatory

bodies.

Spiral (helical) CT scanners are categorized as Class Il devices by the FDA. There are many spiral (helical) CT
scanner systems that have been approved by the FDA under the 510(k) approval process. CT scanners are labeled

for general use on the whole body rather than for a specific body part. Examples of CT scanner systems approved
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by the FDA include The ImageChecker (R2 Technology, Sunnvale, CA), The Syngo Lung Care CT (Siemens,
Malvern, PA), and Hi Speed Advantage and Lightspeed QX/j (General Electric Medical Systems, Milwaukee, WI).

TA Criterion 1 is met.

TA Criterion 2: The scientific evidence must permit conclusions concerning the effectiveness of the

technology regarding health outcomes.

The Medline database, Cochrane clinical trials database, Cochrane reviews database and the Database of Abstracts
of Reviews of Effects (DARE) were searched using the key words ‘lung cancer’, cross-referenced with the keywords
‘screening’ and ‘CT". The original search was performed for the period from 1966 through January 2007. We
repeated the literature search for the updated assessment for the period from January, 2007 through July, 2011. The
bibliographies of systematic reviews and key articles were manually searched for additional references. The

abstracts of citations were reviewed for relevance and all potentially relevant articles were reviewed in full.

There have been nine peer-reviewed published studies of LDCT to screen for lung cancer to date. All nine of them
have been with high risk or mixed risk screening populations. The earliest study was cross-sectional's; six of the
subsequent seven were longitudinal cohort studies,"-%6 one was a randomized controlled trial (RCT) intended as a
feasibility pilot study,?” and the final study (the National Lung Screening Trial or NLST) was a randomized controlled

trial that published data on mortality.

No studies to date have evaluated the impact of screening for lung cancer with low dose CT on society as a whole.
There is theoretic concern that the availability of screening might reduce concern about lung cancer and therefore
undermine prevention efforts focused on discouraging smoking or encouraging smoking cessation. It is also possible
that the resources drawn to screening and follow-up of abnormal results could adversely affect health of those not

screened. To date, no studies have evaluated these issues.

Level of Evidence:1, 4, 5

TA Criterion 2 is met for the use of LDCT for screening high risk individuals.
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TA Criterion 3: The technology must improve the net health outcomes.

Benefit

The design, outcomes, and results of the nine published trials are detailed in the Table below. As described above,
the earliest study, by Kaneko et al, was cross-sectional, assessing lung cancers seen on LDCT and comparing that
number to the number seen on CXR in the same patients.” This design provides information about the prevalence
of lung cancer seen by the two modalities, as well about the stage of those cancers diagnosed based on LDCT.
Seven of the nine remaining studies were longitudinal cohort studies which did a baseline screening by LDCT and
then follow-up screening, ranging from a single annual screen to screens every six months for five years.2-% This
design allows for information about both the prevalence of lung cancer seen on LDCT and its ability to detect incident
cancers over time. Three of these trials compared lung cancer detection rates on LDCT to that on CXR,24%.16 one
trial compared outcomes to historical controls from the Mayo Lung Project,? and three trials made no comparison at
all.#-2 The eighth study was an RCT which randomized participants to receive either a LDCT or a CXR to screen for
lung cancer at baseline and at one subsequent annual visit.22 Although quite large, this trial was intended to study
the feasibility of randomizing to the two modalities, and to assess the number of participants required in each arm of
a future, larger RCT (the NLST) examining this question in order to see a clinically significant difference between the
two groups. The final study, the NLST'8 was a large RCT with the goal of evaluating the impact of LDCT screening

on lung cancer mortality.

Smoking is clearly the single most important risk-factor for lung cancer.232° Given that lung cancer is uncommon in
non-smokers, trials of screening tests should focus on those at highest risk (e.g. those with a significant smoking
history). Of the eight studies, four included only smokers or past-smokers'321.26.27; while the other four included a
mixed-risk population, ranging from 46%-86% smokers.22% The studies with high-risk only populations found a
prevalence of lung cancer on LDCT (baseline screen) of 1.2%-2%, and an incidence of lung cancer on LDCT (follow-
up/annual screens) of 0.6%-2%. The studies with mixed-risk populations found a prevalence of lung cancer on LDCT
of 0.42%-1.3%, and an incidence of lung cancer on LDCT of 0.1%-0.6%. The majority of lung cancers found on

LDCT in all studies were Stage |, ranging from 53%-93% at the baseline screen.

Five of the studies reported on mortality. Sone et al reported lung cancer specific mortality after variable, relative
short-term follow-up of 1.2-3.7 years. With only 60 cases of whom 2 died, lung cancer mortality in this study was
3.3%% Sobue et al reported lung cancer specific five year mortality of 15% for their 36 cases.?* Diedrich et al
reported lung cancer specific mortality after variable follow-up of two to 40 months of 27% for their 11 cases.?’
Swenson et al reported a mortality rate of 2.8 per 1000 years and compared it to the overall mortality in the Mayo

Lung Project (intensively screened and less intensively screened) of 2.0 per 1000 years, demonstrating a difference
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that was not statistically significant (2.8 vs 2.0: P=0.43) .26 Henschke et al reported an estimated ten year lung cancer
specific mortality (after an average of five years follow-up) of 20% for their 484 cases; they also estimated the ten

year lung cancer specific mortality for those participants with Stage | cancers found on LDCT at 12%.22

The most recent observational study (Henschke et al), was a very large (n=31,567) international study which
included mostly high risk smokers (83%), a smaller number of participants with second-hand smoke exposure (12%),
and an even smaller number with occupational exposure to toxins such as asbestos (5%). Outside of an extensive
protocol for follow-up of abnormal scans, which allowed the investigators to minimize unnecessary invasive
procedures, 530 and formal adjudication of all cases, the design of this study was not substantially different from
previous studies. This was a large cohort study with a baseline screen by LDCT, and a follow-up “annual” screen for
most participants, with no comparison group. Thus, the results of this study are subject to all of the same potential

biases as those of preceding studies.

Several observational studies had shown that screening lung CT could detect more nodules and lung cancers than
conventional chest x ray but could not determine the impact of LDCT on lung cancer mortality. The goal of the
National Lung Screening Trial (NLST), a randomized trial of screening CXR compared with screening LDCT, was to
determine the impact of screening CT on mortality reduction from lung cancer when compared with chest

radiography. The NLST began in 2002 and the results were recently reported in 2010.

The NLST, which was conducted in 33 centers, randomized 53,454 high risk individuals to receive annual screenings
with either LDCT or single view PA chest X ray. The main outcomes were lung cancer incidence and lung cancer
mortality. Outcomes were measured through December 31, 2009. Eligible participants were aged 55-74 at the time
of randomization and had to have smoked at least 30 pack years. If they were former smokers, they had to have quit
within the previous 15 years. The results of any abnormalities found on screening CT were provided to the

participant’s physician, who then determined the follow-up plan.

For low dose CT, a positive test was defined as any noncalcified nodule or mass that measured at least 4 mm in
diameter. Other abnormalities, such as a pleural effusion or adenopathy were also classified as “positive.” After the
third round of annual screening, abnormalities that had remained stable over the three rounds of screening were
classified as minor abnormalities and not as “positive” results, given that more worrisome lesions would have been

expect to change.
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All CT scans were read and interpreted by highly trained and certified NLST radiologists. More lung cancers were
detected in the LDCT group than in the radiography group (rate ratio 1.13:95% C.1.: 1.03-1.23). In addition, there
were fewer deaths in the LDCT group (247 vs 309 deaths per 100,000 person-years) resulting in a 20% reduction in
mortality from lung cancer in the low dose CT group (95% C.1. 6.8 to 26.7). All cause mortality was also reduced in
the LDCT group compared with the radiography group (6.7% reduction: 95% C.I. 1.2 to 13.6). Overall, the number

needed to screen annually for three years to prevent one lung cancer death was 320.

Potential Biases

The desire to find a screening test for lung cancer which will catch the disease at an early, resectable stage is
soundly based in the principles of screening.3' Screening principles require that the disease for which we are
screening be an important cause of morbidity or mortality, which lung cancer certainly is. It also requires, however,
that the screening test leads to net benefit for the screened population (and perhaps for the population overall) , and
in the case of lung cancer this means decreasing cancer-specific mortality while not increasing mortality from the test
or resultant interventions themselves. In the study by Swenson et al, LDCT did not reduce mortality compared to
historical controls. None of the other studies compared mortality rates for screened versus control populations; they
only reported on mortality rates for their screened populations. While the Henschke et al study is promising in that
they showed an estimated ten year mortality rate for early stage cancers that was much lower than if those cancers
were to go undetected and untreated, this was a subanalysis and there was no control group. It remains a concern
with all of these studies that the detection of a high proportion of early stage lung cancers is a result of either lead-

time or length-time bias.

Lead time bias is of particular concern in observational studies without a control group. In screening, lead-time is the
time between when the diagnosis of a disease is made by the screening test and when the disease would have
presented clinically. Lead-time bias occurs when survival is counted from the time of the diagnosis by the screening
test, but is only measured in these cases. In other words, lead-time bias falsely increases survival time for those
patients being screened by identifying the disease earlier than it would have otherwise been identified, but not
increasing actual survival from the disease. Thus, even if the screening is ineffective in increasing survival, making
an earlier diagnosis will add lead-time to the survival measured for those patients with disease. Lead-time bias can
be avoided by measuring mortality (or survival) among all screened and control subjects, not just measuring the

mortality rate from diagnosis for cases (those with disease).%

Length time bias is also of potential concern with observational studies. Length-time bias occurs when the disease

being detected by a screening test has a more indolent natural history than disease that goes undetected by the
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screening test.32 In other words, in the case of LDCT screening for lung cancer, the majority of cancers detected
have been small, peripheral disease. It is possible, that this presentation represents a more indolent variation of
disease than cancers not detected by screening, and thus cases diagnosed by LDCT would have lower mortality to
begin with. Over-diagnosis bias is also of concern; in this scenario, some of the “disease” being diagnosed by the
test is not really disease at all. Again, the best way to avoid length-time and over-diagnosis biases is to randomize
participants to screening and control groups, and then compare the mortality of all subjects— those in the screened

group and those in the control group.®

Individuals who volunteer to participate in a screening study may be inherently different (healthier) than those who do
not. They may have healthier habits, better access to healthcare, and different education or income levels. All of
these differences could lead to a better prognosis for those participants, making it appear - in a study without a
similar comparison group - that it is the screening test leading to a better outcome, when really the better outcome is

inherent to the patient population being studied.32

Potential Harms

The observational studies which have included only high risk populations (current or former smokers), have found a
high rate of non-calcified nodules >4mm on LDCT baseline screening, ranging from 10%-43%.1321.2827 Of these, up
to 93% are false positive tests.?8 In the recent NLST randomized trial, at the baseline screen 27.3% of those in the
LDCT group had a positive test, in contrast to only 9.2% in the radiography group. Overall, over the three rounds of
screening, the rate of positive screening tests was 24.2% with LDCT and 6.9% with radiography over all three
rounds. Among these positive tests, the vast majority were false positives. 96.4% of the positive LDCT results were
false positives and 94.5% of those in the radiography group were false positives. The results of the LDCT and
subsequent diagnostic follow-up are described in Table 2. Overall, 75,000 CT scans were performed leading to
18,146 positive tests. Of these, 17,055 were false positive tests. A total of 713 thoracotomies or mediastinoscopies,
671 bronchoscopies and 322 percutaneous cytology exams or needle biopsies were performed to prevent 62 deaths

from lung cancer. The number needed to screen to prevent one death from lung cancer was 320.1

Table 1: Outcomes and Diagnostic Follow-up of Positive LDCT Screening Results in Three
Rounds of Screening in the NLST

Number of LDCT Scans 75,126
Number of Positive Tests 18,146
Number of False Positive Tests 17,497 (96.4%)
Number requiring any diagnostic follow-up 12,757 (72.1%)
Number requiring percutaneous cytologic 322 (1.8%)
examination or biopsy
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Number requiring bronchoscopy 671 (3.8%)
Number requiring a surgical procedure 713 (4.0%)
Number of lung cancers found 649 (3.6%)

All of these nodules require follow-up, at a minimum by conventional CT, and at a maximum by surgical biopsy.
Henschke et al have shown that it is possible to avoid much of the most invasive follow-up by following a complex,
standardized protocol.?2 However, none of this follow-up is completely without risk — surgery, of course, carries risks
of bleeding, infection, and death, but even a follow-up conventional CT carries some risk of increased radiation
exposure and increased anxiety.* The published literature to date has not adequately assessed these long-term

risks.

In addition, the adverse effects of higher radiation exposure due to the LDCT itself, particularly if repeated at a
regular interval are unknown.3* One researcher estimates that if 50% of all current and former smokers in the U.S.
age 50-75 years old underwent annual LDCT screening for lung cancer, the radiation exposure from the screening
tests themselves would result in a 1.8% increase in lung cancer cases among those screened.® In the NLST,
screening was performed annually for three years, however this screening interval has not been compared with any
other interval of screening. It remains unclear from current studies how much benefit is really accrued by repeat

annual screens, or if a longer screening interval would be equally or more beneficial.

Summary

The NLST has conclusively shown that screening LDCT can reduce lung cancer mortality and total mortality in a
group of high risk individuals. This reduction in mortality was seen in the face of a very high incidence of false
positive tests. Important questions remain. Will the mortality reduction be seen in other populations at differing lung
cancer risk? If screening is effective, at what interval should screening be performed to maximize benefit? What is
the appropriate follow-up for the nodules identified on LDCT screening? Several of the ongoing European studies are
addressing these important questions of frequency of screening and appropriate follow up of screen detected
nodules. Finally, with the increasing concern about radiation exposure and long term cancer risk, future studies must
address and include this potential risk.% Thus at this point there are clear benefits in terms of mortality reduction to
lung cancer screening of high risk individuals with LDCT, it is not yet known whether or not the benefits outweigh the

risks in the overall population.

TA Criterion 3 is met for high risk individuals similar to those enrolled in the NLST.
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Table 2. Design and Results of English Language Published Studies of LDCT for Lung Cancer Screening

Study Population Design Comparison Outcome Results

Kaneko et al 1,369 high risk Cross-sectional | CXR —same Positive exam 588 positive CT

1996 screening Combined data participants Lung cancer 15 (0.43%) lung cancer
population for baseline diagnosis cases
90% male screen and up to Detection on CXR 11 (73%) not visible on CXR
Age 38-83 3 additional bi- Stage 14/15 (93%) Stage |
All smokers annual screen

Sone et al 5,483 screening Longitudinal CXR — same Suspicious nodule Baseline screen (n=5,483)

1998, 20015

population
54% male
age 40-74
46% smokers

Baseline screen
Annual screen x
2 subsequent
years

participants

Lung cancer
diagnosis

Detection on CXR
Stage

Mortality at follow-up

279 (5.1%) suspicious
nodules; 23 cancers (0.42%)

Year 1 annual screen
(n=4,425)

178 (3.9%) suspicious
nodules; 27 cancers (0.61%)

Year 2 annual screen
(n=3,878)

136 (3.5%) suspicious
nodules; 10 cancers (0.26%)

67% not visible on CXR
(retrospectively)
53/60 (88%) cases Stage |
1.2-3.7 years flu:

All cause mortality 5/60 =
8.3%

Lung cancer mortality 2/60
=3.3%
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Study Population Design Comparison Outcome Results
Sabue et al 1,611 screening Longitudinal CXR; Positive test Baseline screen (n=1,611)
2002% population Every 6 month Sputum cytology | Lung cancer 186 positive CT

88% male screening forup | — same diagnosis 77% not visible on CXR

age 40-79 to 5 years (all participants Stage 96% not detected on sputum

86% smokers

underwent at
least 2 screens)

5-year mortality

cytology

14 lung cancer cases
(0.87%)
1 case found only on sputum
cytology
Total cases found on CT: 13
(0.81%)

10/13 (77%) Stage |

Repeat screens (n=7,891
over 5 yrs)

721 positive CT

88% not visible on CXR
99% not detected on sputum

cytology

22 lung cancer cases
(0.28%)
3 cases found only on
sputum cytology
Total cases found on CT: 19
(0.24%)

15/19 (79%) Stage |

5-year mortality for all cases
(n=36)

All cause mortality = 29%
Lung cancer mortality = 15%
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Study Population Design Comparison Outcome Results
Diagnosed at baseline
screen = 24%
Diagnosed at repeat screen
= 30%
Nawa et al 7,956 screening Longitudinal No comparison Positive test = non- Baseline Screen (n=7.956)
2002 population Baseline screen calcified pulmonary 541 positive tests requiring
79% male Annual screen x nodule = 8mm detailed CT
age 40-69 1 subsequent Lung cancer 64 required invasive follow-
77% smokers year diagnosis up
Stage 36 (0.45%) cases of lung
cancer
31/36 (85%) Stage |
Annual Screen (n=5,568)
148 positive tests requiring
detailed CT
7 required invasive follow-
up
4 (.07%) cases of lung
cancer
4/4 (100%) Stage |
Diedrich et al 817 high risk Longitudinal No comparison Initial positive test = Baseline Screen (n=817)
2002 screening Baseline screen non-calcified 350 initial positive test
population Follow-up pulmonary nodule 29 follow-up positive test
72% male screening X 2 Follow-up positive 12 underwent biopsy
Age 40-79 years for patients test == 10 mm and immediately

All smokers; 45
pack year median
hx (range 20-166)

with
morphologically
benign nodules
found at baseline

read as likely
malignant on follow-
up thin-section low
dose CT

Lung cancer

10 (1.2%) cases of lung
cancer (with 12 tumors)
7/12 (58%) Stage |

2-year Follow-up Screen
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Study

Population

Design

Comparison

Outcome

Results

diagnosis
Mortality

n=17

1 grew at 24 months,
biopsied

1 case Stage | lung cancer

2-40 months f/u:

All cause mortality 4/11 =
36%

Lung cancer mortality 3/11
=27%

Swensen et al
2002, 2003,
200526,38,39

1520 high risk
screening
population

52% male

Age 50-85

All smokers = 20
pack year history;
45 pack year
median (range 20-
230)

Longitudinal
Baseline screen
Annual screen x
4 subsequent
years

Comparison to
historical controls
from Mayo Lung
Project (MLP) —
subset of men >
50 with 4 years of
follow-up

Positive test = non-
calcified pulmonary
nodule

False positive test
rate

Lung cancer
diagnosis

Stage

Mortality

Baseline Screen (n= 1520)
749 nodules any size

404 nodules > 4mm

96% false positive rate for
nodule any size

93% false positive rate for
nodule > 4mm

31 (2%) lung cancers

22 (76%)of non-small cell
cancers Stage |

Annual Screens (n=1490)
773 nodules any size
378 nodules > 4mm

96% false positive rate for
nodule any size

93% false positive rate for
nodule > 4mm

32 (2%) lung cancers

17 (61%) of non-small cell
cancers

Stage |
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Study Population Design Comparison Outcome Results
Comparison to Mayo Lung
Project
Mortality:
CT screened 2.8 per 1000
person-years
MLP overall 2.0 per 1000
person-years
Gohogan et al | 3,318 high risk RCT pilot CXR — Positive test = non- Baseline Screen (n=3,318)
2004, 2005*"*® | screening feasibility study — | randomized calcified pulmonary 325 positive LDCT
population randomized to comparison nodule = 4mm or any 30 (1.9%) lung cancer
59% male CXR (1,658) group other finding cases
Age 55-74 versus LDCT radiologist considered | 16 (53%) Stage |
All smokers = 30 (1,660) suspicious of

pack year history;
54 pack year
median

Baseline screen
Annual screen x
1 subsequent
year

malignancy

Lung cancer
diagnosis

Stage

Adherence to study
protocol

152 positive CXR

7 (0.45%) lung cancer
cases

6 (86%) Stage |

Annual Screen (n=2,656
negative at baseline)
221 positive LDCT
8 (0.57) lung cancer cases
2 (25%) Stage |

93 positive CXR
9 (0.68) lung cancer cases
2 (22%) Stage |

Adherence to randomization
& follow-up
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Study

Population

Design

Comparison

Outcome

Results

LDCT screen completion:
Baseline 96%

Annual 86%

Receipt of CXR after
negative annual exam: 20%

CXR screen completion:
Baseline 93%

Annual 80%

Receipt of spiral CT after
negative annual exam: 2.2%

Henschke et al,
1999, 2001,
200615,22,40

31,567 mixed risk
population

?% male

Age 40-85

Mixed population
83% smokers
12% exposure to
2" hand smoke
5% occupational
exposure

Median 35 pack
year history (range
0-141)

Longitudinal
Baseline screen
and annual
screen x 1
subsequent year

No comparison

Positive test = at
baseline solid
pulmonary nodule =
5mm or nonsolid
nodule = 8mm:; at
annual new non-
calcified nodule
Lung cancer
diagnosis

Stage

Estimated 10-year
mortality for stage |
cancers

Baseline Screen (n= 31,567)
4,186 positive test
405 (1.3%) lung cancers

Annual Screen (n=27,456)
1,460 positive test
74 (0.27%) lung cancers

5 cases interim diagnoses of
lung cancer

412/484 (85%) Stage |

Estimated 10-year lung
cancer specific mortality
(average follow-up 5 years)
All cancers 20%

For Stage | cancers 12%

NLST, 2011 *°

53,454 high risk
(48% current
smokers and 52%

RCT randomized
to CXR (26,732)
vs LDCT

CXR=randomized
comparison

group

Lung cancer mortality
All cause mortality
Follow up of positive

Lung cancer mortality: 20%
reduction in LDCT group
All cause mortality: 6.7%
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Study Population

Design

Comparison

Outcome

Results

former smokers)
59% male

(26,722)

test results

Adverse events
Incidence and
characteristics of lung
cancers

reduction in LDCT group
False positive screens:

24.2% with LDCT and 6.9%
with CXR

Lung cancer incidence:
higher in LDCT group (rate
ratio 1.13: 95% C.I. 1.03 to
1.23)

CXR Chest X ray

LDCT: Low Dose Computed Tomography
NLST: National Lung Screening Trial
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TA Criterion 4: The technology must be as beneficial as any established alternatives.

There are no established alternatives for lung cancer screening. If the overall goal is to reduce lung cancer mortality,
then efforts directed toward getting people to quit smoking or to not start smoking in the first place could be
considered the established alternative. However, if the focus is on screening as a secondary prevention measure,

then it is important to determine whether or not there is any appropriate alternative.

As noted above in the background section, past trials of sputum cytology and CXR have failed to show a mortality
benefit. Because of criticisms of the design of the prior negative trials, particularly the lack of power to detect less
than 50% reduction in lung cancer mortality, the NIH is currently sponsoring a large cancer screening RCT - the
Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial — which is examining the impact of CXR
screening on lung cancer mortality.'® During the design phase of the NLST, the comparison group was carefully
considered. Although CXR is not a currently established lung cancer screening modality, it is currently being
evaluated as a screening test in the PLCO trial. If the results of the PLCO study reveal that it is an effective lung
cancer screening modality, then it would be an important comparator to LDCT. Thus, the NLST was designed to
compare LDCT to CXR, so that if CXR is eventually established as a lung cancer screening modality, the NLST

would answer the question of whether LDCT is as or more beneficial than CXR.#!

There are six ongoing RCTS evaluating LDCT in lung cancer screening in Europe (Table 3). Four of these are
comparing LDCT with usual care*z45, and two are comparing LDCT with CXR.274647 None of these studies is as
large as the NLST and none are sufficiently powered to show a mortality reduction, although meta-analyses will
probably be performed. In addition, these studies are collecting additional data that will inform other questions such

as how to determine the best strategies for evaluating the lung nodules seen with CT screening.

The NLST has shown that LDCT screening for lung cancer results in a reduction in lung cancer mortality when
compared with CXR screening in high risk individuals in specialized centers. This reduction in mortality occurs in the
face of an extremely high rate of false positive results, many of which require additional testing and follow-up and
some which require invasive procedures. Even if CXR becomes an established alternative for lung cancer screening,

future studies must address the overall risks and benefits associated with each screening procedure.

TA Criterion 4 is met for high risk individuals at specialized centers.
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Table 3: Baseline Characteristics of Ongoing RCTS of low dose CT lung cancer screening

Name N Intervention | Age Sex Smoking | Screening | Year final
hx/Ex duration results
smokers expected
Quit (yr)

Gargetal |92 LDCT | LDCT vs 50-80 | 97.4% .30 years | 2001 (1 Not

2002* 98 usual care male year) applicable

controls and (feasibility
(190) 2.6% study)
female

Lopes 1613 LDCT vs 55-69 |64.7% | >20/<10 | 2004-2006 | 2012

Pegnaetal | LDCT usual care male

2009% 1593 and

controls 35.3%
(3206) female

Gohagan 1660 LDCT vs 55-77 | 59% >30/<10 | 2000-2004 | 2011

et al 2004, | LDCT CXR male (NLST)

200577 1658 and

Clark etal | CXR 41%

2009 (3318) female

Blanchon | 385 LDCT vs 50-75 | 71% >15/<15 | 2002-2004 | n/a

et al 2007*" | LDCT CXR male

380 and
controls 29%
(765) female

Infante et 1276 LDCT vs 60-74 | 100% >20/<10 | 2001-2006 | n/a

al 2008* LDCT usual care male

1196

controls

(2472)
Pedersen 2052 LDCT vs 49-74 | 55.2% | >20 2004-2006 | 2011
et al 2009*° | LDCT usual care male

2052 and

controls 44.8%

(4104) female

Table adapted in part from Gopal M, Abdullah SE, Grady JJ, Goodwin JS. Screening for lung
cancer with low-dose computed tomography: a systematic review and meta-analysis of the
baseline findings of randomized controlled trials. J Thorac Oncol. Aug 2010;5(8):1233-1239.%

TA Criterion 5:  The improvement must be attainable outside the investigational settings.

The multi-center NLST study was conducted at centers known for their expertise in radiology as well as cancer

diagnosis and treatment, and the radiologists and radiology technologists were extensively trained, which may limit

generalizability to screening performed in the community setting. On the other hand, follow-up of abnormal tests was

conducted by participants’ personal physicians, which is more similar to what happens in the community setting, thus
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increasing generalizability. It is likely that with appropriate guidelines for reading the LDCT and appropriate follow-

up guidelines, this will be attainable in the future outside specialized centers, although this has not yet been shown.
TA Criterion 5 is met for high risk individuals at specialized centers.

CONCLUSION

In summary, until the recent publication of the NLST, the majority of studies of LDCT for lung cancer screening were
observational and were fraught with the inherent biases of observational studies. The recent publication of the NLST
has conclusively shown that lung cancer mortality and total mortality can be reduced with LDCT screening of high
risk individuals. However, although the important mortality question was answered, many other important other
questions remain unanswered. First, and foremost, there is a very high rate of false positive tests. Many of these
test results require additional evaluation and additional procedures, and potential risks and benefits of these
additional evaluations are not known. In addition, even if screening is ultimately shown to be associated with a net
benefit, important questions remain about whom to target for screening and also about the appropriate interval for
screening. Finally, cumulative radiation exposure is associated an increased risk of radiation induced cancers, and
the extent of this risk potentially attributable to LDCT is not currently known. Thus, use of LDCT screening cannot
currently be recommended outside of the investigational setting. We await further analyses from the NLST as well as
the results of some of the European studies and any subsequent guidelines on reading and follow-up of positive

LDCT screening exams.

RECOMMENDATION

It is recommended that the use of LDCT as a screening test for lung cancer in high risk individuals at specialized

centers meets CTAF criteria 1-5.
The California Technology Assessment Forum panel voted nine in favor of the recommendation and three opposed.
October 19, 2011

This is the second review of this topic by CTAF.
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RECOMMENDATIONS OF OTHERS

Blue Cross Blue Shield Association (BCBSA)

The BCBSA Technology Evaluation Center has not conducted a review of this technology.

Centers for Medicare and Medicaid Services (CMS)

There is not a National Coverage Determination specific to the use of this technology for lung cancer screening.

American Cancer Society (ACS)
ACS does not have a guideline on screening for lung cancer. The ACS website states that ACS is convening experts
in lung cancer, cancer screening, health practices, and ethics to review the data from the NLST. The date of

completion of the review was not available.

American Society of Radiation Oncology (ASTRO)
ASTRO has been invited to provide an opinion on this technology and to send a representative to participate at the

meeting.

Society of Thoracic Radiology (STR)
STR is convening a task force to address this topic. It is expected that the STR task force will have a position
statement on this technology in about a year. Until the completion of the task force analysis, STR states that they

currently support the findings of the National Lung Screening Trial (NLST).

California Radiological Society (CRS)

The CRS has been invited to provide an opinion and to send a representative to participate at the meeting.

California Thoracic Society (CTS)
The CTS has been invited to provide an opinion on this technology and to send a representative to participate at the

meeting.
Association of Northern California Oncologists (ANCO)

ANCO has been invited to provide an opinion on this technology and to send a representative to participate at the

meeting.
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International Association for the Study of Lung Cancer (IASLC)
IASLC has been invited to provide an opinion on this technology and to send a representative to participate at the

meeting.

Medical Oncology Association of Southern California (MOASC)
MOASC has been invited to provide an opinion on this technology and to send a representative to participate at the

meeting.

American College of Chest Physicians (ACCP)

The ACCP guidelines regarding Lung cancer are available at: http://www.chestjournal.org/content/vol123/1_suppl/.

U.S. Preventive Services Task Force
The US Preventive Services Task Force website

(http://www.uspreventiveservicestaskforce.org/uspstf/topicsprog.htm) indicates that lung cancer screening is one of

the topics being reviewed. No further information was provided.
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ABBREVIATIONS USED IN THIS ASSESSMENT:

LDCT: Low dose spiral computerized tomography

NLST: National Lung Screening Trial

NCI: National Cancer Institute

RCT: Randomized controlled trials

NIH: National Institutes of Health

CXR: Chest x-ray

PLCO: Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial
DARE: Database of Abstracts of Reviews of Effects

Page 22 of 25



AT AALEF

CALIFORNIA TECHNOLOGY ASSESSMENT FORUM™

REFERENCES

1. ACS. Cancer Facts & Figures 2010. Atlanta: American Cancer Society;2010.

2. Spiro SG, Silvestri GA. One hundred years of lung cancer. Am J Respir Crit Care Med. Sep 1
2005;172(5):523-529.

3. Artinian V, Kvale PA. Update in screening of lung cancer. Respirology. Nov 2005;10(5):558-566.

4, Fontana RS, Sanderson DR, Taylor WF, et al. Early lung cancer detection: results of the initial
(prevalence) radiologic and cytologic screening in the Mayo Clinic study. Am Rev Respir Dis. Oct
1984;130(4):561-565.

5. Frost JK, Ball WC, Jr., Levin ML, et al. Early lung cancer detection: results of the initial
(prevalence) radiologic and cytologic screening in the Johns Hopkins study. Am Rev Respir Dis.
Oct 1984;130(4):549-554.

6. Kubik A, Polak J. Lung cancer detection. Results of a randomized prospective study in
Czechoslovakia. Cancer. Jun 15 1986;57(12):2427-2437.

7. Melamed MR, Flehinger BJ, Zaman MB, Heelan RT, Perchick WA, Martini N. Screening for early
lung cancer. Results of the Memorial Sloan-Kettering study in New York. Chest. Jul 1984;86(1):44-
53.

8. Marcus PM, Bergstralh EJ, Fagerstrom RM, et al. Lung cancer mortality in the Mayo Lung Project:
impact of extended follow-up. J Natl Cancer Inst. Aug 16 2000;92(16):1308-1316.

9. Gohagan JK, Prorok PC, Hayes RB, Kramer BS. The Prostate, Lung, Colorectal and Ovarian
(PLCO) Cancer Screening Trial of the National Cancer Institute: history, organization, and status.
Control Clin Trials. Dec 2000;21(6 Suppl):251S-272S.

10. Prorok PC, Andriole GL, Bresalier RS, et al. Design of the Prostate, Lung, Colorectal and Ovarian
(PLCO) Cancer Screening Trial. Control Clin Trials. Dec 2000;21(6 Suppl):273S-309S.

11. Smith RA, von Eschenbach AC, Wender R, et al. American Cancer Society guidelines for the early
detection of cancer: update of early detection guidelines for prostate, colorectal, and endometrial
cancers. Also: update 2001--testing for early lung cancer detection. CA Cancer J Clin. Jan-Feb
2001;51(1):38-75; quiz 77-80.

12. Kakinuma R, Ohmatsu H, Kaneko M, et al. Detection failures in spiral CT screening for lung
cancer: analysis of CT findings. Radiology. Jul 1999;212(1):61-66.

13. Kaneko M, Eguchi K, Ohmatsu H, et al. Peripheral lung cancer: screening and detection with low-
dose spiral CT versus radiography. Radiology. Dec 1996;201(3):798-802.

14. ltoh S, Ikeda M, Isomura T, et al. Screening helical CT for mass screening of lung cancer:
application of low-dose and single-breath-hold scanning. Radiat Med. Mar-Apr 1998;16(2):75-83.

15. Henschke Cl, McCauley DI, Yankelevitz DF, et al. Early Lung Cancer Action Project: overall design
and findings from baseline screening. Lancet. Jul 10 1999;354(9173):99-105.

16. Aberle DR, Adams AM, Berg CD, et al. Reduced lung-cancer mortality with low-dose computed
tomographic screening. N Engl J Med. Aug 4 2011;365(5):395-409.

17. Cagnon CH, Cody DD, McNitt-Gray MF, Seibert JA, Judy PF, Aberle DR. Description and
implementation of a quality control program in an imaging-based clinical trial. Acad Radiol. Nov
2006;13(11):1431-1441.

18. Gierada DS, Garg K, Nath H, Strollo DC, Fagerstrom RM, Ford MB. CT quality assurance in the

lung screening study component of the National Lung Screening Trial: implications for multicenter
imaging trials. AUR Am J Roentgenol. Aug 2009;193(2):419-424.

Page 23 of 25



19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32,
33.

34.

35.

36.

37.

38.

AT AALEF

CALIFORNIA TECHNOLOGY ASSESSMENT FORUM™

Aberle DR, Berg CD, Black WC, et al. The National Lung Screening Trial: overview and study
design. Radiology. Jan 2011;258(1):243-253.

Mori K, Tominaga K, Hirose T, Sasagawa M, Yokoyama K, Moriyama N. Utility of low-dose helical
CT as a second step after plain chest radiography for mass screening for lung cancer. J Thorac
Imaging. Jul 1997;12(3):173-180.

Diederich S, Wormanns D, Semik M, et al. Screening for early lung cancer with low-dose spiral CT:
prevalence in 817 asymptomatic smokers. Radiology. Mar 2002;222(3):773-781.

Henschke Cl, Yankelevitz DF, Libby DM, Pasmantier MW, Smith JP, Miettinen OS. Survival of
patients with stage | lung cancer detected on CT screening. N Engl J Med. Oct 26
2006;355(17):1763-1771.

Nawa T, Nakagawa T, Kusano S, Kawasaki Y, Sugawara Y, Nakata H. Lung cancer screening
using low-dose spiral CT: results of baseline and 1-year follow-up studies. Chest. Jul
2002;122(1):15-20.

Sobue T, Moriyama N, Kaneko M, et al. Screening for lung cancer with low-dose helical computed
tomography: anti-lung cancer association project. J Clin Oncol. Feb 15 2002;20(4):911-920.

Sone S, Li F, Yang ZG, et al. Results of three-year mass screening programme for lung cancer
using mobile low-dose spiral computed tomography scanner. Br J Cancer. Jan 5 2001;84(1):25-32.
Swensen SJ, Jett JR, Hartman TE, et al. CT screening for lung cancer: five-year prospective
experience. Radiology. Apr 2005;235(1):259-265.

Gohagan JK, Marcus PM, Fagerstrom RM, et al. Final results of the Lung Screening Study, a
randomized feasibility study of spiral CT versus chest X-ray screening for lung cancer. Lung
Cancer. Jan 2005;47(1):9-15.

Gohagan J, Marcus P, Fagerstrom R, Pinsky P, Kramer B, Prorok P. Baseline findings of a
randomized feasibility trial of lung cancer screening with spiral CT scan vs chest radiograph: the
Lung Screening Study of the National Cancer Institute. Chest. Jul 2004;126(1):114-121.

ACS. Cancer Facts & Figures 2007. Atlanta: American Cancer Society;2007.

Henschke ClI, Yankelevitz DF, Smith JP, Miettinen OS. Screening for lung cancer: the early lung
cancer action approach. Lung Cancer. Feb 2002;35(2):143-148.

Kramer B, Gohagan J, Prorok P. Basic Principles of Screening. Cancer Screening: Theory and
Practice; Marcel Decker; 1999.

Szklo M, Nieto FJ. Understanding Lack of Validity: Bias. Epidemiology: Aspen Publishers; 2000.
Warner EE, Mulshine JL. Lung cancer screening with spiral CT: toward a working strategy.
Oncology (Williston Park). May 2004;18(5):564-575, discussion 578, 583-564, 587.

Asamura H. Detection of lung cancer by helical CT scan: a new method of mass screening. Jon J
Clin Oncol. Feb 1999;29(2):113.

Brenner DJ. Radiation Risks Potentially Associated with Low-Dose CT Screening of Adult Smokers
for Lung Cancer. Radiology. 2004;231:440-445.

Berrington de Gonzalez A, Kim KP, Berg CD. Low-dose lung computed tomography screening
before age 55: estimates of the mortality reduction required to outweigh the radiation-induced
cancer risk. J Med Screen. 2008;15(3):153-158.

Sone S, Takashima S, Li F, et al. Mass screening for lung cancer with mobile spiral computed
tomography scanner. Lancet. Apr 25 1998;351(9111):1242-1245.

Swensen SJ, Jett JR, Hartman TE, et al. Lung cancer screening with CT: Mayo Clinic experience.
Radiology. Mar 2003;226(3):756-761.

Page 24 of 25



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

AT AALEF

CALIFORNIA TECHNOLOGY ASSESSMENT FORUM™

Swensen SJ, Jett JR, Sloan JA, et al. Screening for lung cancer with low-dose spiral computed
tomography. Am J Respir Crit Care Med. Feb 15 2002;165(4):508-513.

Henschke ClI, Naidich DP, Yankelevitz DF, et al. Early lung cancer action project: initial findings on
repeat screenings. Cancer. Jul 1 2001;92(1):153-159.

NCI. National Lung Screening Trial. 2006; www.cancer.gov/nlst/what-is-nist/print?page-&keyword=.
Accessed January 22, 2007.

Garg K, Keith RL, Byers T, et al. Randomized controlled trial with low-dose spiral CT for lung
cancer screening: feasibility study and preliminary results. Radiology. Nov 2002;225(2):506-510.
Lopes Pegna A, Picozzi G, Mascalchi M, et al. Design, recruitment and baseline results of the
ITALUNG trial for lung cancer screening with low-dose CT. Lung Cancer. Apr 2009;64(1):34-40.
Infante M, Lutman FR, Cavuto S, et al. Lung cancer screening with spiral CT: baseline results of
the randomized DANTE trial. Lung Cancer. Mar 2008;59(3):355-363.

Pedersen JH, Ashraf H, Dirksen A, et al. The Danish randomized lung cancer CT screening trial--
overall design and results of the prevalence round. J Thorac Oncol. May 2009;4(5):608-614.

Clark KW, Gierada DS, Marquez G, et al. Collecting 48,000 CT exams for the lung screening study
of the National Lung Screening Trial. J Digit Imaging. Dec 2009;22(6):667-680.

Blanchon T, Brechot JM, Grenier PA, et al. Baseline results of the Depiscan study: a French
randomized pilot trial of lung cancer screening comparing low dose CT scan (LDCT) and chest X-
ray (CXR). Lung Cancer. Oct 2007;58(1):50-58.

Gopal M, Abdullah SE, Grady JJ, Goodwin JS. Screening for lung cancer with low-dose computed
tomography: a systematic review and meta-analysis of the baseline findings of randomized
controlled trials. J Thorac Oncol. Aug 2010;5(8):1233-1239.

Page 25 of 25


http://www.cancer.gov/nlst/what-is-nlst/print?page-&keyword=

