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Computed Tomographic Screening

for Lung Cancer

The Relationship of Disease Stage to Tumor Size

The International Early Lung Cancer Action Program Investigators®

Background: The relationship of lung cancer stage to
tumor diameter has been identified as a prognostic in-
dicator. We report on the stage-size relationship of these
asymptomatic, latent lung cancer cases diagnosed by com-
puted tomographic screening.

PAethods: Baseline and repeat screening of 28 689 people
{ollowing the International Farly Lung Cancer Action Pro-
gram regimen of screening has resulted in 464 diag-
noses of lung cancer. Fach case was characterized ac-
cording to tumer diameter, consistency (solid, part solid,
ot nonsolid), and the presence or absence of identifi-
able metastases (INO MO) at the time of diagnosis, regard-
less of whether it was delayed.

Resviis: For the 436 non—small cell carcinomas, the per-
centages of cases with no metastases (NQ MQ) were 91%,
83%, 68%, and 55% for the categories 15 mm or less, 16
to 25 mm, 26 to 35 mm, and 36 mm or greater, respec-

tively. The gradients in the successive percentages of NO
MO cases were significantly different (P=.02, 1-sided), ex-
cept between the last 2 categories, and held for solid nod-
ules, were suggestive for part-solid ones, but were not
suggestive for nonsolid ones. For the 28 small cell car-
cinomas, the percentages of NO MO cases were 67% and
23% (P=.01, 1-sided), respectively, for those 25 mm or
less compared with those greater than 25 mm.

Coneclusions: Lymph node status has a strong relation-
ship to tamor diameter for non—small cell and small cell
cancers. The percentages of NO MO cases in screen-
diagnosed lung cancers are much higher than previ-
ously reporied in the Surveillance, Epidemiology, and End
Results registry. These results provide direct evidence of
a stage-size relationship in a screened population.

Arch Intern Med. 2006;166:321-325
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OR STAGE I LUNG CANCER,
tamor size has been identi-
fied as a prognostic indica-
tor. It thus was incorpo-
rated into the International
System for Staging Lung Cancer’ classifi-
cation in 1986. Cases without identifi-
able lymph node metastases (stage [ cases)
were subdivided into stage 1A and stage
1B, according to the tumor being less or
more than 30 mm in diameter. This re-
finement in staging has been continued,*
but all were based on registries of cases.
Since 1986, remarkable advances have
occurred in computed tomography (CT)
scanners. Submillimeter slicing can now be
applied to the entire chest in a single breath-
hold; as a result, lung cancer is being de-
tected at a smaller size than in cases diag-
nosed before 1986. Further size-based
subdivisions of stage T cancer have been sug-
gested, also based on registry cases,*®
The introduction of CT screening leads
to consideration of the prognostic value
of tumor size in the context of diagnoses

of asymptomatic (thus latent) lung can-
cers. Until now, registry data have been
used to investigate disease stage in rela-
tion to tumor size for these smaller, la-
tent cancers.® Registry cases, however, do
not expressly reflect the stage-size rela-
tionship of asymptomatic cases; registry
cases typically come to medical attention
because of symptoms, possibly metasta-
sis induced, whereas latent cases are found
in asymptomatic people,

We report the stage-size relationship of
latent lung cancers diagnosed in our In-
ternational Early Lung Cancer Action Pro-
gram (I-ELCAP), which is dedicated to re-
search on CT screening for lung cancer.”
These data provide for the first time, to our
knowledge, direct evidence relevant to this
issue.

Following the I-ELCAP protocol ® 28 689
asymptomatic men and women were enrolled
and received baseline screening at 38 institu-
tions throughout the world; among them,
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Flgure 1. A computed tomegraphic image and biopsy specimen from a
72-year-ald woman. High-resolution computad tomegraphic image shows a
solid 7-mm left lower lobe nodute abutting the pleura (A). The diagnosis was
solid adenocarcinoma with mucin, Noguchi DS (hematoxylin-eosin, original
magnification x2) (B}, Magrified area shows that the tumor is composed of
sheets of pelygonal cefis with enlarged vesicular nuclei, prominent nucleoli,
and abundant eosinoph#ic cytoplasm. By definition, salid adenocarcinoma
with mucin lacks acini, tubules, 2nd papiliae {as sesn in this image} but
containg mucin in at least 5 tumer cells in each of 2 high-power fislds,
confirmed by histochemical stains for mucin (not seen in this image)
(hematoxylin-eosin, original magnification <40) (C).

22991 repeat sereenings have been performed. At enrollment,
the median age was 61 years, median pack-years ol smoking
was 30, and 58% of the siudy participanis were men. Baseline
screenings were conducted in 1993 to 2004 and repeal screen-
ings in 1994 to 2004. All participants gave informed consent
[or baseline and repeat screenings under instiwutional review
board-approved protocols.

The I-ELCAP protocol defined the initial low-dose, non-
contrast CT test and its positive result at both baseline and re-
peat screening. 1t also delined the recommended diagnostic
workup following a positive result. The actual workup, how-
ever, was lefl to the discretion of each participant and the re-
[erring physician, but it was documented in 1the Web-based
ELCAP Management Sysiem.’

All screen-diagnosed cases of lung cancer are included in
this report, They consist of cases in which the diagnostic workup
was prompted by a positive resuli of the initial CT test on either
the baseline or repeat screening, even if the interval 1o repeat
screening was more than 12 months or the diagnostic workup
was delayed, the latter by as much as 3 years. Thus, we ex-
cluded the interim-diagnosed cases, identified on the prompt-
ing ol symptoms emerging between screenings. We focused on
the first primary lung cancer that was diagnosed.

A total of 464 cases of lung cancer were screen diagnosed,
376 and 88 of the diagnoses prompted by a positive result of
the initial CT test at baseline and on repeat screening, respec-
tively. Each screen-diagnosed case of lung cancer was charac-
terized according to tumor diameter, consistency, and the pres-
ence or ahsence of identiliable lymph node or distant metastases
at the time of diagnosis by L of 3 experienced chest radiolo-
gists (C.LH,, D.F.Y., or Dorothy I. McCauley, MD) at the 1-
ELCAP Coordinating Center. Tumor diameter was derived as
the average of its length and width measured on the patho-
logic specimen, il available; otherwise, it was measured on the
CT images closest in time to diagnosis, Nodule consistency was
classified as solid, part solid, or nonsolid on the basis of these
same images.” It was defined as solid if the nodule obscured

the entire lung parenchyma within it (Figere 1) or subsolid
if it did not. We further subdivided subselid nodules into part
solid if it obscured part of the lung parenchyma within it
(Figure 2) and nonsolid if it obscured none of the paren-
chyma within it (Figure 3).

Biopsy specimens were submitted 1o experts for indepen-
dent reading: cytology specimens to an expert cytologist (Made-
line Vazquez, MD) and histologic specimens to our 5-member
Pathology Review Panel {Darry] Carter, MD, chair, Elizabeth
Brambilla, MD, Adi Gazdar, MD, Masayuki Noguchi, MD, and
William Travis, MD) for reading according to the I-ELCAP pa-
thology protocol.'® Histologic diagnosis superseded the cyto-
logic one when both were available. For purposes of this re-
port, we used the consensus diagnoses of these experts, following
the 2004 World Health Organization criteria.!' Among the 464
cases, there were 436 diagnoses of non—small cell carcinoma
and 28 diagnoses of small cell carcinoma.

Lymph node status was based on the surgical {indings when
available; otherwise, it was based on the CT {and positron emis-
sion tomography, il done) test performed closest in time to the
recommendation for biopsy, identical 10 the reporting in the
National Cancer Instituie—sponsored Surveillance, Epidemi-
ology, and End Results (SEER) registry. Hilar and mediastinal
lymph nodes were classified as metastatic if the short axis on
CT was greater than 10 mm or the positron emission tomo-
graphic scan showed any uptake. It was classified as N {no
metastases), N1 {only ipsitateral peribronchial, hilar, and/or in-
trapulmonary metastases), N2 (ipsilateral mediastinal and/or
subcarinal metastases, no contralateral}, or N3 (coniralateral
mediastinal and/or hilar, scalene, or supraclavicular melasta-
ses). Status of distant meiasiases was classilied as MO (absent)}
or M1 (present). Staging was based on the postsurgical find-
ings in 368 (84%) of the 426 cases of non—small cell carci-
noma and in 8 of the 28 cases of small cell careinoma. For these
376 resected cases, the presurgical and postsurgical stages were
identical lor 335 (89%) of them. Of the 41 cases in which there
was disagreement, 37 were presurgical NO but postsurgical N1
to N3, and 4 were presurgical N1 to N2 but postsurgical NO.

“We classified the tumors in the following categories of di-
ameter: 15 mm or smaller, 16 1o 25 mm, 26 to 35 mm, and 36
mim or greater. We {ocused principally on the [requency ol NO
MO status it these categories. Because il is well established that
the frequency of NO MO decreases with increasing tumor size,
we used the I-sided test [or assessing signilicant differences be-
tween the size categories. Statistical analyses were performed
using SAS statistical software (SAS Institute Inc, Cary, NC),

Table 1 gives lymph node status by tumor size for 436
diagnosed cases of non-small cell lung cancer. The pro-
portions of cases with no metastases (N0 MO) were 85%
overall and 91%, 83%, 68%, and 55% Jor the respective
size categories of 15 mm or smaller, 16 to 25 mm, 26 to
35 mm, and 36 mm or greater. The gradients in the suc-
cessive percentages of NO MO were significantly differ-
ent (P=.02, I-sided), except between the last 2 catego-
ries. Of the 370 cases classified as NO M0, 323 (87%) were
based on postsurgical staging.

Table 2, like Table 1, addresses lymph node status
in relation to tumor size in those 436 cases of non—
small cell lung cancer, but separately according to nod-
ule consistency. The declining trend in the frequency of
NQ MO status with increasing size of the tumor is evi-
dent for selid nodules, suggestive for part-solid ones, but
not suggestive for nonsolid ones. All non-small cell patho-
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Figure 2, A computed fomographic image and biopsy specimen from a 48-year-old man. The high-resolution computed tomagraphic image shows a part-solid
15-mm right upper Joba pulmoaary nodule; note the patert branchus in the center of the nodule (A). The diagrosis was aderocarcinoma, mixed subtype, Noguchi
G5 (8} (hematoxylin-eosin, original magnification < 2). Arrowheads indicate magrified areas, Magnified areas show the periphezal noninvasive broachitoalveolar
subtype {C) and the central invasive acinar subtype (D) (hematoxylin-gosin, original magnification > 40).

logic classifications were represented by the cancers pre-
senting in solid nodules, whereas only adenocarcinoma
(bronchioloalveolar or mixed subtype) was found in those
presenting as part-solid and nonselid nodules. For solid
nodules, the proportions of NQ M0 cases of adenocarci-
noma and squamous cell carcinoma were not signifi-
cantly different (81% vs 79%, respectively; P=.69).

For small cell lung cancers, all presenting as solid nod-
ules, the trend in the percentage of NO M0 status by tu-
mor size is strongly apparent (Talble 3). Because of the
small number of cases, we pooled the data and com-
pared only those 25 mm or less with those larger than
25 rmam. The proportions of NO MO cases were signifi-

cantly different: 67% (10/15) and 23% (3/13), respec-
tively (P=.01, 1-sided).

Among cases of non—small cell lung cancer diagnosed in
asymptomatic persons by CT screening, we find lymph
node status to have a strong relationship to tumor diam-
eter for cancers that present as solid nodules. Among the
few cases of small cell lung cancer, all presenting as solid
nodules, a relationship between lymph node status and
tumor diameter was also seen.

(REPRINTED} ARCH INTERN MED/VOL 168, FEB 13,
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Figure 3. Acomputed tomographic image and biopsy specimen from a
68-year-old woman. High-resolution computed tornographic image shows a
nansalid 5-mm right lower lobe nodule abutting the pleura {A), The
tdiagnasis was atenocarcinoma, nonmucinous brenchioloalveolar subtype,
Noguchi A® {hematoxylin-sosin, original magnification x2) (B). Magnified
area shows a classic lepidic growth pattern fining the alvealar septa
{hematoxylin-eosin, ariginat magnification x40) (C).

Table 1, Lymph Node. Slams of 436 Cases of Non—Small Cell
Lung Cam:er al DEagnnsns ny Tumur Dlameiex*

'n_lmnr-_l_'llamt}lr. mm

Lymph Nodet =15

1695 2695 =35  Am
SO 80 2} @ 7 1t 3
~N1'MO 5 9 5 4 23
N2 MO 19 1 5 4 41
. N3 Mo 0 1 0 1 2

Tatal (% of NO M6) 258 (91) 118 (83) 40 {68) 26 (55) 435 (85)

*Far tumor diameter =15 vs 16-25, P= 62; for 16-25 vs 26-36, P=.02;
and for 26-35 vs =36, P= _17.

TGancer stages are as follaws: NO M0, absence of identifiable metastases;
N1 MD, peribronchial or hifar [ymph nodes, no other metastases; N2 M0,
ipsilateral mediastinal lymph nodes, no other metastases; N3, M0/1,
contrafateral mediastinal lymph nodes, witheus or with other metastases.

The relationship of lymph node status to tumor size
was not apparent {or cancers that presented as nonsolid
nodules, whereas it was suggestive for those that pre-
sented as part-solid nodules. Cancers that presentas non-
solid nodules are noninvasive adenocarcinomas or ad-
enocarcinoma-mixed subtype with a small invasive
component and thus have not yet spread to the lymph
nodes, as demonstrated by Noguchi et al.*

The percentages of NO M0 cases specific to categories
of tumor diameter for non—small cell lung cancerin thisre-
port are much higher than those reported from the SEER
registry data, which were 54%, 46%, 34%, and 18%, respec-
tively (Figure 4).5 The trend, however, was evident in the
SEER data as well. It was not apparent in the analysis of a
much smaller registry' for reasons explained in subsequent
publications.'*!> Nevertheless, results from that same reg-
istry were used as part of the justification for performing a
large randomized controlled trial.'® We have now demon-
strated the prognostic significance of tumeor size directly.

Absence of identifiable metastases.

| f2§£ases of Small Cell
i Ti mur Dlameier

Table 3 I.ymph Nade : a
Lung Cancerai magnosls
(AII WIIh smm {:, sistency)

" “yumur Dlareter, min
.1.3",25 .

: My 1
Lymiphi Node =15.

2645 =36 Any
NO MO* R I 1 13
Other ) 3 2 -3 7 15
Tolal 6oINOMD) 8(67) G(67) 5(40) B(13) 28 (46)

Absence of identifiable metastases.

189 £18¢reening
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0.4 B '
0.7
0.6
0.5
0.4
0.3

Frequency of NG M0 Cases

0.2+
014

16-25
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Figure 4. Frequency distribution of cases with absence of identifiable
metastases {NO M0) specific to categories of tumor diameter {=15 mm,
16-25 mm, 26-35 mm, and =36 mm} for nen-small cell lung cancer
diagnosed as a result of screening and compared with the Surveillance,
Epidemiology, and End Resuits {SEER) registry data.

The pattern confirmed herein suggests the useful-
ness of finding latent cancers at small sizes. Most lung
cancers without evidence of lymph node metastases
are curable, with the curability rate being higher at
smaller sizes>® This suggests that tumor diameter also
serves as a prognostic indicator for curability, perhaps
even for micrometastases not detectable by our cur-
rent techniques.
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B ORIGINAL CONTRIBUTION

Women's Susceptibility to
Tobacco Carcinogens and Survival
After Diagnosis of Lung Cancer

International Early Lung Cancer
Action Program Investigators®

N 2006 N THE UNITED STATES, 1T

is estimated that lung cancer will

cause 73 020 deaths in women, pro-

portionately only slightly {ewer
than the estimated 90 470 deaths in
men.! Lung cancer now accounis for
more deaths in women than any other
cancer, more even than the second and
third cancer killers {(breast and colon
cancer) combined.

Research to quantify the benefit of
computed tomographic (CT) screen-
ing for lung cancer in preventing deaths
is ongoing. We previously reported on
the Early Lung Cancer Action Project
{(ELCAP) baseline screening study of
2490 high-risk persons, which indi-
cated that women have a higher abso-
lute risk for lung cancer than do men
of the same age with the same history
of smoking.* There have been other
studies indicating that women have a
higher relative risk of getting lung can-
cer than men®®; other studies dis-
agree,'®1? the issue being the smoker vs
nonsmoker risk ratio.

Sex differences in rates ol survival {ol-
lowing diagnosis of lung cancer have
also been reported. Women have been
reported to have higher survival rates
regardless of the stage of the disease at
diagnosis,”** the most recent evi-
dence in the United States derived from
the national Surveillance, Epidemiol-

For editorial comment see p 218.

180 JAMA, july 12, 2006—Vol 286, No. 2 (Reprinted)

Context [t has been hypothesized that women are more susceptible to tobacco car-
cinogens than men, but after diagnosis of lung cancer, they have betier survival rates
than men.

Objective To add to the evidence on the lung cancer risk of women who smoke
and their survival after diagnosis of lung cancer, conditionaf on other prognostic in-
dicators and compared with men of the same age who smoke.

Design, Setting, and Participants Nonexperimential, eticlogic study with pro-
spective collection of data based on baseline computed tomographic screening for lung
cancer and follow-up of diagnosed cases of lung cancer in North America in 1993-
2005. A total of 7498 women and 9427 men were screened, all of whom were
asymptomatic, aged at least 40 years, and had a history of cigarette smoking.

Main Qutcome Measures Comparing women with men, the prevalence odds ra-
tio (OR) for screen-detectable lung cancer (conditional on age and smoking history)
and the hazard ratio of fatal outcome of lung cancer (conditional on smoking history,
disease stage, tumor cell type, and resection}.

Results Lung cancer was diagnosed in 156 women and 113 men (rates of 2.1% and
1.2%, respectively). The prevalence OR comparing wornen with men was 1.9 (95%
confidence interval [CI}, 1.5-2.5). The hazard ratio of fatal outcome of lung cancer
comparing women with men was 0.48 (35% Cl, 0.25-0.89).

Conclusion Women appear to have increased susceptibility to tobacco carcinogens
but have a lower rate of fatal outcome of lung cancer compared with men.

JAMA, 2006:296:180-184 www.jama.com

METHODS

In our previous report, we addressed the
risk for lung cancer in 1202 women and
1288 men using New York City data
undergoing baseline screening at Joan

ogy, and End Results (SEER} data-
base® and a large cohort at the Mayo
Clinic.?

Since our previous report, screen-
ing has continued at the original ELCAP

institutions and has markedly ex-
panded the amount of poolable data by
institutions collaborating worldwide in
the International Early Lung Cancer Ac-
tion Project (I-EL.CAP).*? In this ar-
ticle, we again address the lung cancer
risk of women compared with men, ac-
counting for age and history of smok-
ing, but herein we also compare the rate
of fatal outcomes herween sexes.

and Sanford 1. Weill Medical College of
Cornell University in 1993-1999 (se-
ries 1).2 This report is based on a new

*Authors/Writing Committee and list of the Inter-
national Early Lung Cancer Actlon Program Investi-
gators appear at the end of this article.
Carvesponding Author: Claudia 1. Henschke, PhD, MD,
Department of Radiolegy, Joan and Sanford 1. Weill
Medical College of Cornell University, New York Pres-
byterian Hospital, 525 E 68th 5t, New York, NY 10021
(chensch@med.cornell.edu).
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series of 14 435 persons (6296 women
and 8139 men) undergoing baseline CT
screening for lung cancer in North
America in 1999-2003 (series 2), and
also on both series combined {7498
women and 9427 men). The compari-
son of women with men as to faial out-
come of cancer is based on cases from
both screening series combined.

All of the screenees were asymptom-
atic volunteers with no history of can-
cer {other than nonmelanotic skin can-
cer) and [it 10 undergo thoracic surgery,
were at least 40 years of age, and were
pasl or current cigaretie smokers. All
of the participants gave informed con-
sent [or baseline and repeat screen-
ings under institutional review board—
approved protocols. The colorts’
distributions by age and history of
simoking are shown in TABLE 1.

Information about smoking history
was recorded at the time of the initial
CT baseline screening. Participanis
were asked about the lollowing by an
interviewer: the age at which habiwal
smoking began and whether the habit
had continued to the last month; if
smoking had continued, the daily
number of cigarettes smoked in that
month; and if smeking had not con-
tinued, the typical number of ciga-
rettes smoked per day and the dura-
tion of the smoking history. Pack-
years of smoking was calculated as the
product of the number of cigarettes
smoked per day divided by 20 and the
number of vears of smoking,

The protocol specified a diagnostic
workup following a positive result of
the initiat low-dose CT, ie, the idenu-
fication of a specified pattern of non-
calcified nodules. Although updated
since our prior report, this workup has
remained essentially unchanged in its
indications for biopsy: demonstration
of tumor growth on the CT scan, posi-
tive positron emission tomographic
scan result, or CT 1 month alter the ini-
tial scan not showing resolution after
antibiotic treatment®; for nodules 15
mm or more in diameter, immediate bi-
opsy was an oplion. A nodule’s diam-
eter was calculated as the average of its
length and width in the image show-

©2006 American Medical Association. All rights reserved.

Table 1. Distribution of the 2 Series of Baseline Screenings by Age and History of Smoking

Series 1 Series 2 Combined
{n = 2490} (n=14435) {N = 16 925)
T 1 I ™ i 1
Characteristic Women Men Women Men Women Men
Age, y
Median 83 84 83 64 63 84
Mean 63 683 63 64 63 54
Pack-years of smoking, No.
Median 36 42 40 40 39 40
Mean 40 47 42 44 42 45
Age at starl of smoking, v
Median 17 17 17 17 17 17
Mean i8 17 18 i7 18 17

ing its largest cross-section in the CT
scan closest to the timme of diagnosis.
The consensus diagnoses by a panel
of 5 experts on hing pathology, follow-
ing the I-ELCAP pathology proto-
col™* based on the 2004 World Health
Organization criteria, are used in this
ariicle. For patients undergoing resec-
tion, diagnoses were based on the his-
wlogy of the surgical specimens; for
other patients, diagnoses were based on
the cytology of the biopsy specimens.
The women vs men incidence den-
sity ratio for lung cancer was the ratio
of the corresponding prevalence odds
ratio (OR) {cancer present vs cancer ab-
sent),” conditional on age and history
of smoking. In legistic regression analy-
sis (unconditional), with the depen-
dent variate an indicator of cancer
diagnosed {Y=1 if diagnosed, 0 other-
wise), we controlled {or possible con-
founding by age by means of a single
quantitative term, there being no ap-
parent actual confounding (Table 1); we
also used a single quantitative term for
pack-years of smolking, which indi-
cated a slight confounding (Table 1).
All cases of lung cancer diagnosed in
the combined series have been [ol-
lowed up. In cases ol known death, the
dare and cause of death were obiained
from the patient’s physician and/or fam-
ily members. I[ the patient died as a re-
sult of the lung cancer treatment, it was
also considered to be a lung cancer
death. Follow-up time from diagnosis
onward—to death from lung cancer,
last contact, or March 15, 2006, which-
ever came first—was calculated for each

(Reprinted) JAMA, July 12, 2006—Vol 286, No. 2

case; it ranged from 1 to 117 months
(median, 46 months).

The women vs men incidence den-
sity (hazard) ratio of [atal outcome of
lung cancer in the combined cohort was
addressed as the ratio of the respec-
tive risks, conditional on pack-vears of
smoking, disease stage, tumor cell type,
and resection. This was performed us-
ing multivariate Cox proportional haz-
ards regression analysis to test the in-
dependent effect of patient sex after
accounting for pack-years ol smoking
at timae of diagnosis, clinical stage of the
disease (1, 11+), cell type (adenocarci-
noma, other non-small cell, small/
large cell}, and resection (yes, no).

All statistical analyses were per-
formed using the SAS version 8.2
(SAS Institute Inc, Cary, NC) statisti-
cal package.

RESULTS

In the new series of 14435 baseline
screenings, lung cancer was diagnosed
in 111 of 6296 women and 93 of 8139
men, Thus, for the crude women vs men
prevalence OR, the point estimare was
1.6 (111/]6296 - 1111/193/8139-93)
P=.001, 1-sided). TABLE 2 shows the
corresponding result from the logistic re-
gression discrimination between the case
(N=204) and the noncase (N=14231
[14 435 - 2041) series, and also the re-
sult when controlling for age and pack-
years of cigarette smoking. The OR for
age and smoking was 1.7 (95% confi-
dence interval [Cl}, 1.3-2.3}. Combin-
ing the 2 series of baseline screenings,
lung cancer was diagnosed in 269 cases

181
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Table 2. Logistic Regression Analysis of 14 435 Baseline Screenings for Lung Cancer,

Prevalence Odds Ratio, Women vs Men by Conirolled Covariates

Odds Ratio (85% CI) P
Covariates Coefficient (SE}® Estimate Valuet
Nang .44 (0.14) 1.6(1.2-2.0) 002
Age and smoking (.54 (0.14) 1.7 (1.3-2.3) <.001

Abbreviation: Cl, confidence interval.
*Coefficient of sex indicatar: 1 i female, C otherwise.
TTwo-sided.

Table 3. Distributions of Women and Men
With Baseline Diagnosis of Lung Cancer
According to Age, History of Smoking at
Time of Diagnosis, Clinical Stage | of the
Disease, and Resection®

Waomen Men
n=156) {h=113)
87 (47-84) 68 (49-83)

47 (2-125) 64 (9-130)
median (range), No.

Stage | disease 139 (89) 90 (80)
Underwent resection 125 (80) 79 (88)

Characteristic

Age, madian {range), y
Pack-years of smoking,

women and men were 73% (114/156)
and 59% (67/113), respectively (P=.01,
1-sided).

The incidence density (hazard) ra-
tio of fatal cuicome of lung cancer,
women vs men, was 0.48 (93% CI, 0.25-
0.89) (TABLE 6) when controlling for
pack-years of smoking, disease stage,
tumor cell type, and resection.

“Data are reported as Ne. {96} of participants unless olher-
wige noted.

Table 4. Distributions of Cases of Baseline
Diagnosis of Lung Cancer by Tumor
Diameter

No. (%)
[ 3
Tumor Wamen Men
Diameter, mm (n=1586) n=113)
<10 17 (11) 101(8)
10-2¢ 103 (65) 69 (61}
>20 36 {23) 34 (30)

(156/7498 women and 113/3427 men).
The combined women vs men preva-
lence OR estimate, when controlling for
age and pack-years of cigarette smok-
ing, was 1.9 (95% CI, 1.5-2.5).

TABLE 3 shows that women diag-
nosed as having tung cancer were of a
similar age as the men (67 vs 68 years)
but had smoked considerably less (47
vs 64 pack-years, respectively). Also, the
women wele more frequently diag-
nosed as having clinical stage I disease
(89% vs B0%), but when diagnosed as
clinical stage 1, women underwent re-
section only slightly more often than
men (30% vs 88%). TABLE 4 shows ¢he
sex-speciflic frequency distribution of
the diagnosed cases of lung cancer by
tumor diameter to be quite similar.
TABLE 5 provides the cell type distri-
bution of the diagnosed cases. The pro-
portions of adenocarcinoma among the

182 JAMA, July 12, 2006--Vol 296, No. 2 (Reprinted)

COMMENT

Following up on our previous study,?
the findings reported herein again in-
dicate that the risk of lung cancer is
higher in women who smoke than in
men of the same age who smoke the
same amount,

The diagnoses were initially derived
in the institutions in which the seree-
nees were cared for, but in 222 of the
269 cases, the pathology specimens were
independently reviewed by an expert
panel of pulmonary pazhclogists. This
panel confirmed all of the 222 cases as
representing lung cancer, changing only
the cell-type particulars in some of them.
The low proportions of squamous and
small cell carcinomas among the diag-
nosed cases were to be expected, as base-
line screening less commonly leads to
the detection of relatively fast-growing
types, and also because there has been
ashift to adenocarcinomain cancer reg-
istry data in the United States and else-
where'9,13~]5.23-31

The results of our analysis do in-
volve some residual confounding by age
and/or smoking, despite the data in
Table 1, but this confounding is nega-
tive, resulting in a diluted association
(Table 2). As for potential confound-
ing by other airborne carcinogens, the
exposures presumably are more com-
mon and more pronounced among
men, with the consequent bias again di-

luting rather than accentuating the ap-
parent role of sex.

Our results also raise other gques-
tions, First, could the pursuit of ma-
tignancy diagnosis have been more vig-
orous with womten screenees? We sce
N0 reason to presume this: not only was
the diagnosiic protocol the same for the
2 sexes, butits recommendations were
followed equally. Had the reading of the
images been biased in favor of more
common nedule detection in the
women, this would have accentuated
the frequency of relatively smail tu-
mors among the diagnosed cases in the
women (being that relatively smatl nod-
ules are less readily detectable}, but the
proportions of tumors under 10 nmm in
diameter were quite similar for women
and men (0.11 [17/156] vs 0.09 [10/
113], respeciively).

Second, could women more com-
monty have presented themselves for
screening on the prompting not merely
of risk, but also the presence of cancer-
suggestive symptoms? Again, we see no
reason to presume this. Nevertheless,
il this was the case, the largest tumors
would have been relatively more com-
mon in the cases diagrnosed in the
women (as larger cancers are more
likely to be symptomaiic). But the pro-
poruon of tumors more than 20 mm in
diameter was actually lower in the
women than in the men (0.23 [36/
1561 vs 0.30 {34/1131, respectively).
Thus, insofar as some of the diag-
nosed cases actually were symptom-
atic and differentially so between the
sexes, this again more likely diluted
rather than accentuated the apparent
role of patient sex.

Third, could the higher prevalence
of detected cancer in women have re-
sulted from a generally lesser aggres-
siveness—lower rate of growth~—of the
women’s cancers compared with those
of the men? Referring 1o Table 5, we
note that for the slowest-growing ma-
lignancies, typical carcinoids and ad-
enccarcinomas of the bronchioloalveo-
lar subtype, the proportions in women’s
and men’s cases were 6% (9/156) and
40 (5/113), respectively. Also, for the
fastest-growing type, small cell carci-

©2006 American Medical Association. All rights reserved.
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nema, the corresponding propertions
were 3% (4/156) and 119 (12/113), re-
spectively. The degree of aggressive-
ness of the women’s cancers thus tended
to be slightly iower than that of the
men's. But if in 10% of the women’s
cases the growth rate was, for ex-
ample, one hall of that in the men’s
cases, this would have made the preva-
lence OR (incidence density) no higher
than 1.1. Table 5 clearly indicates that
insoflar as a given level of smoking
causes lung cancer more commonly in
women than in men, the excess cases
are principally adenocarcinomas, as has
been shown in other studies ™17

The hypothesis that women may be
more susceptible (o tobacco carcino-
gens is biologically plausible 3?3
While evidence from some epidemio-
logical cohort studies does not sub-
stantiate this idez,'™'? a subsequent
study based on the national SEER reg-
istry" again suggested the increased
susceptibility of women. I additionat
siudies add supporting evidence, the
notion of women's susceptibility to
wobacco carcinogens warrants serious
consideration.

If lung cancer tisk for women who
smoke isindeed higher than the risk for
men of the same age who smoke, as in-
dicated by the evidence presented heve,
this suggests that antismoking efforts
direcied toward girls and women need
10 be even more serious than those di-
rected toward boys and men. In the
same vein, insofar as screening for lung
cancer is practiced among smokers, fe-
male sex calls for screening at lower lev-
els of smoking history than the corre-
sponding indication thresheld in men.
Specifically, if men of a given age are
to be screened il the number of pack-
years of past smoking is at least X, the
regression analysis of the 2 screening
series combined suggests that the cor-
responding tlireshold for women would
be X-0.662/0.0138=X-48 pack-years,
where 0.662 and 0.0138 are the fitted
coefficients of the indicaior of female
sex and pack-years of smoking; that is,
that the screening threshold for women
of a given age should be 50 pack-years
lower than that for men of the same age.

@2006 American Medical Asseciation. All rights reserved.

Table 5. Cell Type Distribution of the Diagnosed Cases of Lung Cancer

No. (%)
-
Women Men Total
Cell Type {n = 156} {n=113) {N=269)
Carcinoid, lypical 6{4) 1(1) 7 (3
Adenocarcinoma (bronchicloalveolar) 3(2) 4[4 7(3)
Adenocarcinoma {other) 111 {71) 63 (56) 174 (64)
Squamous cell carcinoima 22 (14) 19(17) 41 (15)
Non-small ¢ell carcinoma, NOS 3{2) 6(5) (3}
Carcinoid, atypical 21 0 2 {1}
Large cell carcinoma 5{3) 4(3) (3
Small cell carcinarma 4 {3) 12(11) 16 (&)
Other 0 4{3) 42

Abbravigtion: NOS, not otherwise specified.

Table 6. Multivariate Cox Regression Analysis of 269 Baseline Diagnosed Cases of Lung

Cancer far the Hazard Ratio of Fatal Outcome, Women vs Men by Controlled Covariates®

Hazard Ralie {85%Cl) P
Covariates Coefficient (SE)* Estimate Valuet
None -1.12 (0.31) 0.33 (0.18-0.51) <.001
Smoking, stage. cell type, and resection -0.75(0.32) 0.8 (0.25 0.89) .02

Abbraviation: Cl. confidence mterat.
*Coeffictent of sex indicator: 1if female, C otherwise.
1Two-sided.

It is well-established by the evi-
dence accumulated over the past 20
years that women with lung cancer suz-
vive the disease better than men >3
and that this difference is more pro-
nounced when the cancer is diag-
nosed at an early stage."** Cancer stage
at diagnosis, cell type, or trearment do
nol appear io be entirely explanatory
of this difference.® As 85% (229/269)
of the cases considered here were ¢lini-
cal stage 1 at diagnosis, the {atality haz-
ard ratio in favor of women, condi-
tional for pack-years of smoking,
disease stage, tumor cell type, and re-
section was more pronounced than
those reported by others.?! Despite the
condirionality, it is not clear whether
this survival difference is because lung
cancer in wormen tends o be more com-
monly curable or less malignant. If lung
cancer is more commonly curable in
woinen, then the need 1o screen women
at a lower threshold than men is war-
ranted. If lung cancer is less malig-
nant in women, there may be less need
lo screen woumen at a lower threshold.
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ABSTRACT

BACKGROUND

The outcome among patients with clinical stage I cancer that is detected on annual
screening using spiral computed tomography (CT) is unknown.

METHODS

In a large collaborative study, we screened 31,567 asymptomatic persons at risk for
lung cancer using low-dose CT from 1993 through 2005, and from 1994 through
2005, 27,456 repeated screenings were performed 7 to 18 months after the previ-
ous screening. We estimated the 10-year lung-cancer—specific survival rate among
participants with clinical stage I lung cancer that was detected on CT screening and
diagnosed by biopsy, regardless of the type of treatment received, and among those
who underwent surgical resection of clinical stage 1 cancer within 1 month. A pathol-
ogy panel reviewed the surgical specimens obtained from participants who under-
went resection.

RESULTS

Screening resulted in a diagnosis of lung cancer in 484 participants. Of these par-
ticipants, 412 (85%) had clinical stage I lung cancer, and the estimated 10-year sur-
vival rate was 88% in this subgroup (95% confidence interval [CI], 84 to 91). Among
the 302 participants with clinical stage I cancer who underwent surgical resection
within 1 month afier diagnosis, the survival rate was 92% (95% CI, 88 to 95). The
8 participants with clinical stage I cancer who did not receive treatment died within
5 years after diagnosis.

CONCLUSIONS
Annual spiral CT screening can detect lung cancer that is curable.
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N 1993, THE EARLY LUNG CANCER ACTION
- Project {ELCAP) initiated a study of the early
diagnosis of lung cancer in cigarette smokers
with the use of annual screening with spiral com-
puted tomography (CT).42 The principal finding
was that more than 80% of persons given a diag-
nosis of lung cancer as a result of annual CT screen-
ing had clinical stage I cancer.® This result has
been confirmed by others* who have adopted the
updated protocol.>® The question remains, how-
ever, whether early intervention in such patients
is sufticiently effective to justify screening large
asymptomatic populations who are at risk for lung
cancer.™® We report the results of all patients in the
study with stage 1 lung cancer detected with the
use of spiral CT screening, including those who
underwent surgical resection.

METHODS

Screening was defined according to the Interna-
tional ELCAP (I-ELCAD) protocol® so that data
from participating institutions could be pooled.
Each institution was required to document the
initiation of screening in each participant and all
subsequent screenings of that participant for as
long as the screening continued, transmit the data
and images to the coordinating center at Weill
Medical College of Cornell University by means
of the study’s Weh-based management system for
CT screening for luang cancer,? submit pathologi-
cal specimens to the coordinating center, and fol-
low quality-assurance procedures specified by the
protocol. All participanits gave written informed
consent, and the institutional review board at
each participating institution approved the pro-
tocols (Fig. 1).

The protocol specified a comimon regimen of
screening but allowed each participating institu-
tion to specify its criteria for enroliment. The regi-
men included the technical variables for the initial
low-dose spiral CT scan, which were the same for
the baseline and annual screenings. However, the
definition of a positive result on the initial CT scan
and the diagnostic workup leading to a diagnosis
of lung cancer were different for the baseline
screening and annual screening.

For baseline screening, a positive result on the
initial low-dose CT scan was defined as the iden-
tification of at least one solid or partly solid non-
calcified pulmonary nodule 5 mim or more in diam-
eter, at [east one nonsolid noncalcified pulmonary

nodule 8 mm or more in diameter, or a solid en-
dobronchial nodule.® If none of the noncalcified
nodules identified met the study criteria for a posi-
tive result or if the test was negative, CT was re-
peated 12 months later. The diameter of the nodule
was defined as the average of the length and width
of the cross-sectional area of the largest nodule
in the CT images. The consistency of the nodule
was defined as solid if the nodule obscured the
entire lung parenchyma, partly solid if it ohscured
part of the lung parenchyma, and nonsolid if it
obscured none of the parenchyma . If the result
was positive, the type of workup depended on the
diameter of the largest nodule. For nodules 5 to
14 mm in diametez, the preferred option was to
petform another CT at 3 months; if the images
showed growth of the nodule,** then biopsy, ide-
ally by fine-needle aspiration, was to be performed,
whereas if there was no growth, the workup was
stopped. The other option was to perform posi-
tron-emission tomography (PET} immediately,
and if the results were positive, biopsy was to be
performed; otherwise, CT was to be performed
at 3 months. For nodules 15 nmun in diameter or
larger {whether solid, partly solid, or nonsolid),
immediate biopsy was an option in addition to the
options already specified for smaller nodules.
When infection was suspected, a 2-week course
of antibiotics foliowed 1 month later by CT was an
alternative to all the options mentioned,** and
if no resolution or growth was observed, biopsy
was to be performed; otherwise, the worlkup was
stopped. For all participants for whom the worlup
was stopped or for whom the biopsy did not lead
to a diagnosis of lung cancer, CT was to be re-
peated 12 months after the baseline CT.

For annual screenings, a positive result was
considered to be any newly identified noncalci-
fied nodule, regardless of size. If no new nodule
was identified, CT was to be repeated 12 months
later. If one or more new nodules were identified,
the workup depended on the diameter of the larg-
est nodule. If all nodules were less than 3.0 mm
in diameter, or if the largest nodule was more
than 3.0 mm but less than 5.0 mm in diameter, CT
6 or 3 months later, respectively, was to be per-
formed. If no growth was seen in any of the nod-
ules, the workup was stopped. If at least one of
the noncalcified nodules was 5.0 mm or larger in
diameter, then an immediate 2-week course of a
broad-spectrum antibiotic was prescribed, fuliowed
1 month later by CT. If the nodules showed no
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31,567 Asymptomatic participants
urderwent basefine screening

27,456 Annual screenings

4136 Had at least 1 solid or
partly solid nodule =5 mm
in diareter or had at least
1 nonsolid nodule 28 mm

27,321 Had no nodule
nadules not qualifying
a positive result

or

as 1460 Showed newly identified

noncalcified nodules

25,996 Showed no newly ideati-
fied noncalcified nodules

in diameter

Baseline management
algorithm initial CT prompted

by symptoms

Workup within 12 mo after

Annual management algorithm

| l

Workup withiz 12 mo after
previous CT prompted
by symptoms

405 Found to have lung

cancer on baseline CT of fung cancer

5 Received interim diagnosis

74 Showed lung cancer
an annual CT

None received interim diagnosis
of lung

Lancer

434 Received a diagnosis
of lung cancer

1

412 Had clinical stage |
lung cancer

Figure 1. Diagnoses of Lung Cancer Resulting from Baseline Screening and Annual Screening with CT.
A description of the I-ELCAP management algorithm for baseline CT and repeated CT screening is available in the study protocol.®

resolution or growth, biopsy was to be performed;
otherwise, the worlcup was stopped. PET was an
alternative to immediate biopsy; if the result was
positive, biopsy was to follow. If the result was
indeterminate or negative, CI'was to be performed
3 months later, and if the scans showed growth,
biopsy was to follow. Otherwise, the workup was
stopped. For all patients for whom the workup was
stopped or when biopsy did not result in a diag-
nosis of lung cancer, CT was to be repeated 12
months after the previous annual CT.

The protocol provided recommendations for
the diagnostic worlcup in participants with a pasi-
tive result on CT, with the decision regarding how
to proceed left to each participant and the refer-
ring physician. The FBLCAP protocol did not re-
quire that its recommendations for the workup
of a nodule be followed, but it did require a firmly
established final diagnosis of lung cancer and

N ENGL] MED 35517 WWW.NE|M.ORG

documentation of the workup in the management
system. After the diagnosis of lung cancer was
established, the type of intervention, if any, was
left to the discretion of the participant and the
physician. Documentation in the management
system of the timing and type of intervention, if
any, and follow-up with respect to manifestations
of spread or death up to 10 years after diagnosis,
wete required.

A total of 31,567 asymptomatic men and worm-
en underwent baseline screening between 1993
and 2005 {median, 2001}. The participants, who
were 40 years of age and older, were at risk for lung
cancer because of a history of cigarette smoking,
occupational exposure (to asbestos, beryllinm, ura-
niurn, or radon), or exposure to secondhand smoke
without having smoked themselves; in Azumi,
Japan, they participated as part of the annual
health screening program (Table 1). All partici-
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Table 1. [-ELCAP Participants, According to the Smoking Status, Exposure
to Secondhand Smoke, and Occupational Exposures.
Participanis
Program {N=31,567)
no. (%)
Azumi Health Care Program in japan
Current or former smokers 3,087 (10)
Persons who had never smoked with exposure 3,299 (10)
to secondhand smoke
Pragrams in the United States, Europe, Israel, and Chinz
Current or former smokers 23,052 (73}
Persons who had never smoked
Occupational exposure® 1,690 {5)
Exposure to secondhand smoke with or without 439 (1)
family history of lung cancer

* This category includes exposure to asbestos, beryllium, uranium, or radon.

1766

pants were considered fit to undergo thoracic
surgery. A total of 27,456 annual screenings were
conducted between 1994 and 2005 (median, 2002),
each of which was performed 7 to 18 months
after the previous screening. At baseline, the me-
dian age of the participants was 61 years (range,
40 to 85), and the median number of pack-years
of smoking was 30 (range, 0 to 141); on annual
CT, the median values were an age of 62 years
(range, 41 to 86) and 35 pack-years (range, 0 to
141). Among the participants, 13% 4186 of 31,567}
who underwent baseline CT and 5% (1460 of
27,456} who underwent annual CT had a positive
result that required immediate further workup.
A biopsy of a pulmonary nodule as recommended
in the protocol was performed in 535 of the par-
ticipants with a positive result on the baseline
or annual CT and led to a diagnosis of malignant
disease in 492 of the participants (lung cancer was
diagnosed in 479 and lymphoma or metastases
from cancers other than lung cancer in 13) and no
evidence of malignant disease in 43. The diagno-
sis was classified as having been identified dur-
ing baseline screening when the nodule was first
identified on the baseline CT, even for cases not
meeting the criteria for a positive result, regardiess
of when the diagnosis was made. When the nod-
ule was first identified on an annual CT, it was
attributed to the annual screening. If the result on
the baseline or annual CT was negative and a di-
agnostic workup was subsequently prompted by
suggestive symptoms {or incidental findings) be-
fore the next scheduled annual CT, the finding was
classified as an interim diagnosis. To fully docu-

ment interim diagnoses of lung cancer, the proto-
col required that each enrclled participant who
had not returned for the next scheduled screen-
ing be contacted 1 year after the previous screen-
ing. If contact could not be made either directly or
through relatives of the participant, the referring
physician was contacted to ascertain whether a
diagnosis of lung cancer had been made.

We determined the distribution of the base-
line and annual screenings and the resulting diag-
noses according to age and median packyears
of cigarette smoking (Table 2). Each diagnosis
of lung cancer was classified according to clinical
stage with the use of standard criteria based on
the clinical examination and the results of imag-
ing.** The presence or absence of lymph-node (N)
and distant metastases (M)} was assessed on the
most recent CT obtained before diagnosis and
from PET (performed in 166 of the 484 partici-
pants who received 4 diagnosis of lung cancer).
The cancer was classified as NOMO if on CT the
widths of all mediastinal lymph nodes were less
than 10 mm and no hilar lymph nodes or distant
metastases were identified (and PET, if performed,
showed no abnormal uptake}). For the purpose
of this study, stage I cancers included those clas-
sified as NOMO with more than 1 adenocarcinoma
so long as all adenocarcinomas were 30 mm or
less in diameter.®

The specimens obtained from participants who
underwent surgical resection were examined at
each institution according to the FELCAP pathol-
ogy protocol,*® which specified the preparation
of the specimen and the findings that were to be
documented by the pathologist at the hospital
where the resection was performed. The protocol
also specified the review process: a five-member
pathology-review panel consisting of expert pul-
monary pathologists was to reach a consensus
diagnosis for each case of cancer and identify
lymph-node involvement, additional cancers, and
pleural, lymphatic, vascular, bronchial, and base-
ment-membrane invasion by the cancer. For 22 of
the 411 participants who underwent resection
{5%), specimens could not be obtained from a non-
participating hospital, and the panel therefore re-
viewed the detailed surgical and pathological re-
ports for the relevant information.

All patients given a diagnosis of lung cancer
were followed annually by the principal investi-
gator and by the study coordinator at each partici-
pating institution, who submitted the information
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Diagnosis of Lung Cancer

no. (%)
1(<1)
7 (<1)
29 (<1)
33 (<l)
a(<)
74 (<1)

Table 2. Frequency Distribution of Lung-Cancer Diagnoses on Baseline and Annual CT Screening, According to Age and Median Pack-Years
of Cigarette Smoking.
Age Baseline Screening Annual Sereening
$moking History No. Screened  Diagnosis of Lung Cancer Smoking History No. Screened
median pack-yr no. (%) median pack-yr
40-49 yr 15 4,066 8 (<1) 20 1,324
50-59yr z8 9,948 57 (1) .30 6,678
60-60 yr 38 12,184 206 (2) 40 11,875
70-79 yr 1g 4,840 116 (2) 40 6,592
8036 yr 30 529 13 (2} 37 883
Total 30 31,567 210 (1)* 35 27,456

* The number includes five participants with interim diagnoses.

required by the protocol to the coordinating center.
When a participant was known to have died, the
date and cause were obtained from the participant’s
physician, family members, or both. Death result-
ing from treatment was considered to have been
caused by lung cancer, Follow-up from diagnosis
to death from lung cancer, the last contact, or May
30, 2006, whichever came first, was document-
ed for each participant. The duration of follow-
up ranged from 1 to 123 months (median, 40).
Kaplan-Meier curves were caleulated for lung-
cancer—specific survival as of the date of diagno-
sis, irrespective of the type of treatment, includ-
ing no treatment, for all participants with lung
cancer, irrespective of the stage of the cancer, and
for the subgroup with clinical stage I cancer. Sur
vival curves were also calculated for participants
who underwent resection of clinical stage 1 can-
cer within 1 month after diagnosis and those who
did not receive treatment. On the basis of these
curves, we estimated the 10-year survival rates.
The curves were constructed with the use of SAS
statistical software (version 8), which also pro-
duced the standard error for the estimates.

RESULTS

Baseline screening of 31,567 asymptomatic per-
sons who were at risk for lung cancer and annual
screening of 27,436 resulted in the diagnosis of
lung cancer in 405 and 74 participants, respec-
tively (Fig. 1). Another five participants received
interim diagnoses of lung cancer that were prompt-
ed by the development of symptoms within 12
months after the baseline screening. Of these

N ENGL ) MED 155317

484 participants given a diagnosis of lung cancer,
411 underwent resection; 57 received radiation,
chemotherapy, or both; and 16 received no treat-
ment. Because survival rates among the partici-
pants who underwent baseline screening and those
who underwent annual screening did not differ
significantly, Kapian-Meler estimates of lung-can-
cer—specific survival were calculated for all 484
participants (Fig. 2). The estimated 10-year sur-
vival rate for all participants, regardless of tumor
stage and treatment, was 80% (95% confidence
interval [CI3, 74 to 85) as of May 2006, 75 of the
484 participants had died of lung cancer, includ-
ing 2 who died within 4 weeks after surgery, vield-
ing an operative mortality rate of 0.5% (2 of 411
participants).

Of the 484 participants who received a di-
agnosis of lung ecancer, 412 (85%) had clinical
stage I lung cancer. In this subgroup, the esti-
mated 10-year survivai rate regardless of treat-
ment was 88% (95% CI, 84 to 91}; as of May 2006,
39 of these 412 patients had died of lung cancer.
Of these 4132 participants, 375 had undergone
surgical resection (284 lobectomy, 60 wedge re-
section, 21 segmentectomy, and 10 bilobectomy);
29 did not undergo resection but received che-
motherapy, radiation, or both; and the remaining
8 did not receive treatment. Figure 2 also shows
the lung-cancer—specific survival rate among the
302 participants who underwent resection with-
in 1 month after diagnosis, among whom the es-
timated 10-year survival rate was 92% (95% CI,
88 to 93). All eight untreated patients died within
5 years after diagnosis.

Among the 412 participants with clinical
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undergoing
resection

1004 Resected clinical stage | cancer, 9295 {95% Ci, §8--95)
%:N
80 All lung cancers, 80% (55% Ci, 74-85)
£ g
™
2
L 404
%)
204
e T T IA 3 E 1) T T [ T
0 12 24 36 485 60 72 84 96 108 120
Months
No. at Rigk
All participants 484 433 356 280 183 S0 50 28 16 9 2
Participants 302 280 242 191 120 59 34 18 1z 7 1

Figure 2. Kaplan—Meter Survival Curves for 484 Participants with Lung
Cancer and 302 Participants with Clinical Stage | Cancer Resected
within 1 Month after Diagnosis.

The diagnoses were made on the basis of CT screening at baseline com-
bined with cycles of annual CT.

Table 3. Types of Cancer among 412 Participants with Clinical Stage | Lung
Cancer Detected on Baseline or Annual CT Screening.

Type of Cancer

Adenocarcinoma

Bronchicloalveolar subtype 20 1

Other subtypes 243 30
Squamous cell 45 14
Adenosquamous 3 0
Non-small-cell* 5 2
Neurcendocrine

Atypical carcinoid 2 1

Large cell 15 8

Small cell 9 7
Other 6 1

Diagnosed on Baseline
Screening Annual Screening
(N=348) (N=64)

no. of participants

Diagnosed on

* If this cell type cannot be differentiated, the category is known as "not other-

wise spectfied.”
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stage I cancer, the distribution according to the
type of cell is shown in Table 3. The median tu-
mor diameter was 13 mm at baseline and 9 mm
on annual CT. The pathclogy-review panel con-
firmed the diagnosis of clinical stage I cancer in
the specimens obtained from the 375 participants

M ENGL] MED 35517 WWW.NE|M.ORG

who underwent resection according to World
Health Organization criteria of 2004.%¢ With re-
gard to spread or invasion (Table 4), the panel
identified lymph-node metastases (hilar or ipsi-
lateral mediastinal) in 28 participants (7%) and
more than one cancer, either in the same or in
different lobes, in another 35 (9%). Among the re-
maining participants, each with a solitary cancer,
the panel identified invasion of the pleura in 62
(17%); bronchial, vascular, or lymphatic invasion
or a combination in another 28 (7%); invasion of
the basement membrane alone in 203 (54%), and
1o invasion in the remaining 19 (S%). (Because of
rounding, percentages may not total 100.) Thus,
of the 375 participants who underwent resection,
347 had pathological stage I cancer, and their es-
timated 10-year survival rate was 94% (95% CI,
91 to 97).

DISCUSSION

In making decisions about instituting CT screen-
ing for lung cancer, a major consideration is the
outcome of treating a cancer detected on screen-
ing. In our study, the estimated 10-year lung-can-
cer—specific survival rate among the 484 partici-
pants with disease diagnosed on CT, regardless
of the stage at diagnosis or type of treatment (in-
cluding no treatment), was 80% (95% CI, 74 to 85)
(Fig. 2). Among the 412 participants with clini-
cal stage [ lung cancer — the only stage at which
cure by surgery is highly likely — the estimated
10-year survival rate was 88% (95% CI, 84 to 91),
and among those with clinical stage I lung cancer
who underwent surgical resection within 1 month
after the diagnosis, the rate was 92% (95% CI, 88
to 95). The diagnosis of lung cancer of one type
or another was verified by a panel of five expert
pulmonary pathelogists. In our series, the opera-
tive mortality rate was low — (0.5% —— and was less
than the 1.0% reported with lobectomy in a large
cooperative study.™’

Sobue et al.*® reported a S-year survival rate of
100% in their series of 29 patients who underwent
resection after pathological stage I cancer was
detected on CT. Before CT screening, reports based
on registries showed 10-year survival rares of 80%
among 17 patients with pathological stage I lung
cancer 20 mm or less in diameter® and 93% among
35 patients with pathological stage I cancer less
than 10 mm in diameter.2® The National Cancer
Institute’s Surveillance, Epidemiology, and End
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Table 4, Extent of Spread of Cancer in 375 Participants Who Underwent Resection of Clinical Stage | Lung Cancer
According to Whether Cancer was Detected on Baseline or Annual CT Screening.
Diagnosed on Diagnosed on
Baseline Screening  Annual Screening
Extent of Spread (N=320} {(MN=55)
no. of participants
Metastases to lymph nodes 22 6
No metastases to lymph nodes
More than 1 cancer 29 6
Solitary cancer with invasion
Pleural invasion 53 11
No pleural invasion but lymphatic, vascular, or bronchial spread 24 4
{or a combination)
Basement membrane only 175 28
Solitary cancer without invasion 19 0

Results (SEER) registry, the largest U.S. cancer
registry, reported an 8-year survival rate of 75%
among patients with pathological stage I cancer
with nodules less than 15 mm in diameter who had
undergone resection.® Although the lung cancers
in these three series were not detected on CT
screening, most were presumably incidentally de-
tected on imaging performed for other reasons
in people who had no symptoms of lung cancer.

CT screening according to the J-ELCAP regimen
can detect clinical stage I lung cancer in a high
proportion of persons when it is curable by surgery.
In a population at risk for lung cancer, such screen-
ing could prevent some 80% of deaths from lung
cancer. In comparisox, in the United States at pres-
ent, annually approximately 173,000 persons are
diagnosed with lung cancer and 164,000 deaths
are attributed to this disease,®* so that approxi-
mately 95% of those who are diagnosed with lung
cancer die from it.

Are these results sufficiently effective to justify
screening people who are at risk of lung cancer?
As compared with mammographic screening for
breast cancer, for lung cancer the rates of detec-
tion among the participants in this study who
were 40 years of age and older were 1.3% on base-
line CT screening and 0.3% on annual screening
(Table 2), values that were slightly higher than
those for the detection of breast cancer (0.6 to
1.0% on baseline screening) and similar to those
for annual screening (0.2 o 0.4%) among wom-
en 40 years of age and older.? The rate of cancer
detection depends on the risk profile of those un-
dergoing screening; the higher the risk, the more

productive the screening. Thus, as expected, CT
screening of the original participants in ELCAP,
who were former and current smokers 60 years
of age and older,* was more productive in detect-
ing lung cancer (detection rates, 2.7% on baseline
screening and $.6% on annual screening) than
among participants in the expanded study. The
cost of low-dose CT is below $200,232¢ and sur-
gery for stage I lung cancer is less than half the
cost of late-stage treatment.?®?? Using the origi-
nal ELCAP data and the actual hospital costs for
the workup, we found CT screening for lung can-
cer to be highly costeffective.?® Other estimates
of the cost-effectiveness of CT screening for lung
cancer for various risk profiles+2528 are similar
to that for mammography screening.?®3°
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ARPENDIX
The following investigators participated in I-ELCAP: Joan and Sanford I Weill Medital College of Cornell University, New York: C.1. Henschke
{principal investigator), D.F. Yanikelevitz, D.I McCauley; Azumi Gereral Hospital, Nagane, Japar: S. Sone, T. Hanraoka; Center for the Biclogy of
Natural Systems, City University of New York ot Queens College, Quens: S, Mazkowitz, A, Miller; LungenZentrum Hirslanden, Zurich: X. Klingter, T.
Scherer, R. Inderbitzi; Clirica Universitaria de Nevarre, Pamplona, Spain: §. Zulueza, L. Montuenga, G. Bastarrika; National Coneer Instinute Re-
gina Elenta, Rome: S, Giunts, M. Crecco, P, Pugliese; H. Lee Moffitr Cancer Center and Resenrch Tnstitute, Tampa, FL: M. Tockman; Hadassah Medical
Crganization, Jerusalem, Israel: D. Shaham; Swedish Medical Center, Seattfe: K. Rice, R. Aye; University of Toronto, Princess Margaret Hospital, Toronte:
H. Roberts, 13. Fatsios; Christiong Core Helen F. Grahamn Cancer Center, Newark, DE: T, Bauer, ). Ladly; Columbia University Medical Center, New York:
J.H.M. Austin, G.D.N. Pearson; New York University Medical Center, New York: D. Naidich, G. McGuinness; State University of New York at Stony
Brook, Stony Brook: M. Rifkin, E. Flore; Maimonides Medical Center, Brooklyn, NY: 8. Kopel; Roswell Park Cancer Institute, Buffalo, NY: D. Klippen-
sicin, A. Litwin, PLA. Loud; State University of New York Upstate Medical University, Syracuse: L.J. Kohman, E.M. Scalzett; North Shore—Lorg Island
Jewish Heelth Systen:, Nerw Hyde Park, NY: A. Khan, R. Shab; Georgia Institute for Lung Concer Research, Atlanta: M.V, Smith, H.T. Williams, L.
Lovett: Mount Sinai School of Medicine, New York: .S, Mendelson; Jackson Memorial Hospital, University of Miomi, Miomi: R. Thurer; Memorial
Sloan-Kettering Concer Center, New York: R.T. Heelan, M.8. Ginsberg; Holy Cross Hospite! Cancer Institute, Silver Spring, MD: F. Suilivan, M. Ot-
tinger; Eisenhower Lucy Curci Cancer Center, Rancho Mirage, CA: D, Vafai; New York Medica! College, Valhallp: T.A.8. Matzalon; Mount Sinai Compre-
hensfue Canter Conter, Miami Beach, FL: 8.-L. Odzor; Fifth Affilicted Hospital (Zhuhai Hospitaly, of Sun Yat-Sen University, Zinchai, China: X. Liu; Dorothy
E. Seimzider Cancer Center, Mills-Peninsuln Health Services, Sen Mateo, CA: B, Sheppard; St. Agnes Cancer Cemter, Baltimore: E. Cole; Our Ledy of Mercy
Medital Center, Bronx, NY: P.H. Wicrnik; Evanston Northwestern Healthcare Medical Group, Evanston, Ii: D. Ray; Karmanos Cancer nstitute, Detroit: H.
Pass, C. Endress; Greenwich Hospital, Greemeich, CT: D, Mutleny; Sharp Memerial Hospital, San Diego, CA: M. Kalafer; City of Hope National Medical
Center, Duarte, CA: F. Granais, A. Rotter; ProHealth Care Regionnl Cancer Center, Waukesha and Oconsmowar Memarial Hospitals, Qrenomowoc, WI:
M.K. Thorsen, R, Hansen: Comprehensive Caneer Center, Desert Regional Medica! Center, Palm Springs, CA: E, Camacho; St. Josep Health Center, St.
Chazles, MO: D. Luedke; Coordinating Center: C.1. Hensehke, M. Altorki, A. Farooqi, J. Hess, D. Libby, D.1 McCaulcy, 0.8, Mictzinen, J.
Ostroff, MW, Pasmantier, A.P. Reeves, LD, Simith, M. Vazquez, D.F. Yankclevitz, R. Yip, L. Zhang, K. Agncllo; Pathology Review Panel:

D. Carter, E. Brambilla, A- Gazdar, M. Noguchi, W.D. Travis.
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