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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 1o
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,

Metheods: Baseline and repeat screening of 28 689 people
following the International Early Lung Cancer Action Pro-
gram regimen of screening has resulted in 464 diag-
noses of lung cancer. Each case was characterized ac-
cording ta tumor diameter, consistency (solid, part solid,
or nonsolid), and the presence or absence of identifi-
able metastases (N0 MO) at the time of diagnosis, regard-
less of whether it was delayed.

Reszulds: For the 436 non—small cell carcinomas, the per-
centages of cases with no metastases (NO MO) were 1%,
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 significandy 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.

Conclusions: Lymph node status has a strong relation-
ship to tumor 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 reported 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

*Authors: The Writing
Commitiee members for the
Internationai Early Lung Cancer
Action Program (I-ELCAP) are
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OR STAGE | LUNG CANCER,
wmor size has been identi-
fied as a prognostic indica-
tor. It thus was incorpo-
rated into the International
System [or Staging Lung Cancer' classifi-
cation in 1986. Cases without identifi-
able lymph node metastases (stage 1 cases)
were subdivided into stage 1A and stage
IB, according to the tumor being less or
mere than 30 mm in diameter. This re-
finement in staging has been continued,?
but ali 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 1 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-
sisinduced, 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 protwocol,? 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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Figure 1. A computed tomographic image and biopsy specimen from a
72-year-cld woman. High-resolution computed tomegraphic image shows a
solid 7-mm left Jower lobe nodule abutting the pleura {A). The dizgnosis was
solid adenccarcinoma with mucin, Noguchi D° (hematoxylin-gosin, original
magnification »x2) (B}. Magnified area shows that the tumor is composed of
sheets of polygonal cells with enlarged vesicular nuclei, prominant nucleoli,
and abundant eosinophilic cytoplasm. By definition, solfd adenocarcinoma
with mucin lacks acini, tubules, and papitlae (2s saen in this image) but
containg mucin in at least 5 tumar cells in each of 2 high-power fislds,
confirmed by histochemical stzins for mucin (not seen in this image)
{hematoxylin-eosin, original magnification <40} (C}.

22991 repeal screenings have been performed. At enrolbment,
the median age was 61 years, median pack-years of smoking
was 30, and 58% of the study parlicipanis were men. Bascline
screenings were conducied in 1993 1o 2004 and repeat screen-
ings in 1994 to 2004. All participants gave infonmed consent
for baseline and repeat screenings under institutional review
board-approved protocols.

The I-ELCAP prolocal deflined the initial low-dose, non-
contrast CT test and its positive resull at both baseline and re-
peat screening. It also delined the recommended diagnostic
workup following a positive result. The actual workup, how-
ever, was lell 10 the discretion of each participant and the re-
ferring physician, but it was documented in the 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 resull of the initial CT test on either
the baseline or repeat screening, even il the interval o repeat
screening was more than 12 months or the diagnostic workup
was delayed, the latier by as much as 3 years. Thus, we ex-
cluded the interim-diagnosed cases, identified on the prompt-
ing ol symptoms emerging belween screenings. We [ocused on
the first primary lung cancer thai was diagnosed.

A otal 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 al baseline and on repeat screening, respec-
lively. Each screen-diagnosed case of lung cancer was charac-
terized according to tumor diameter, consisiency, and the pres-
ence or absence of iderifiable lymph node or distant metasiases
at the time of diagnosis by 1 of 3 experienced chest radiolo-
gists {(C.LH., D.FY,, or Dorothy 1. McCauley, MD) at the I-
ELCAF 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 1ime to diagnosis. Nodule consistency was
classified as solid, part solid, or nonsolid on the basis of these
same images.” It was delined as solid il the nodule obscured

the entire lung parenchyrna within it (Figure 1) or subsolid
il it did not. We [urther subdivided subsolid nodules into part
solid il it obscured part of the lung parenchyma within i
{Figure 2) and nonsolid il it obscured none of the paren-
chyma within i1 (Figure 3).

Biopsy specimens were submilted to experts [or indepen-
dent reading; cytology specimens 1o an expert cytologist (Made-
line Vazquez, MD) and histologic specimens 10 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 1o the I-ELCAP pa-
thology protocol.'® Histolegic diagnosis superseded Lhe cyto-
logic one when both were available. For purposes of this re-
port, we used the consensus diagnoses of these experts, lollowing
the 2004 World Health Organization criteria.”! Among the 464
cases, there were 436 diagnoses of non-small cell carcinoma
and 28 diagnoses ol small cell carcinoma.

Lymph nede status was based on the surgical {indings when
avaifable; otherwise, it was based on the CT (and positron emis-
sion tomography, il done) test perflormed closest in time to the
recommendation for biopsy, identical to the reporiing in the
National Cancer Institute—sponsored Surveillance, Epidemi-
ology, and End Resulis (SEER) regisiry. Hilar and mediastinal
lymph nodes were classilied as metastatic if the short axis on
CT was greater than 10 mm or the posiwron emission tomo-
graphic scan showed any uptake. It was classified as NG {no
metasiases), N1 (only ipsitateral peribronehial, hilar, and/er in-
trapulmonary metasiases), N2 (ipsilateral mediastinal and/or
subcarinal melaslases, no coniralateral), or N3 (contralateral
mediastinal and/or hilar, scalene, or supraclavicular metasta-
ses). Stalus of disiant metastases was classified as MG {(absent)
or M1 (present}. Staging was based on the postsurgical {ind-
ings in 368 (84%) of the 426 cases of non—-small cell carci-
noma and in 8 of the 28 cases of small cell carcinoma, For these
376 resecled cases, the presurgical and postsurgical stages were
identical for 335 (89%) of them. O[ the 41 cases in which there
was disagreement, 37 were presurgical NO but postsurgical N1
to N3, and 4 were presurgical NI 1o N2 but postsurgical NO.

We classilied the wimors in the [ollowing categories of di-
ameler: i5 mm or smaller, 16 to 23 mm, 26 (0 35 mm, and 36
mm or greater. We focused principally on the [requency ol NO
MO status in these categories. Because it is well established that
the frequency of NO MO decreases with increasing tumor size,
we used the I-sided iest [or assessing signilicant dillerences be-
Lween the size categories. Statistical analyses were performed
using SAS statistica sofiware (SAS Institute Ine, 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 {NO M0) were 85%
overall and 91%, 83%, 68%, and 55% for the respective
size categories of 15 mun 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, 1-sided), except between the last 2 catego-
ries. Of the 370 cases classified as NO MO0, 323 (87%) were
based on postsurgical staging.

Table 2, like Table 1, addresses lymph node staus
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
NO MO0 status with increasing size of the tumor is evi-
dent for solid nodules, suggestive for pari-solid ones, but
not suggestive for nonsolid ones. All non—smal] cell patho-

(REPRINTED)} ARCH INTERN MED/VOL 166, FEB 13, 2006

322

WWW ARCHINTERNMED.COM

Downloaded from www.archinternmed.com by KeijiHaia, on March 8, 2007
©2006 American Medical Association. All vights reserved.



Figute 2. A computed tomographic image and biopsy specimen from a 48-year-old man. The high-resolution computed tomographic image shows a part-solid
15-mm right upper lehe pulmonary nodule; note the patent bronchus in the center of the nodule (A). The diagnosis was adenccarcinoma, mixed subtype, Noguchi
C* (B) {hematoxylin-gosin, original magnification <2}, Arrowheads indicate magnified areas. Magnifted areas show the peripheral noninvasive breachioloalveolar
subtype (C) and the central invasive acinar subtype {0) (hematoxylin-eosin, original magnitication »40).

logic classifications were represented by the cancers pre-
senting in solid nodules, whereas only adenocarcinoma
(bronchicloalveolar or mixed subtype) was found in those
presenting as part-solid and nonsolid nodules. For solid
nodules, the proportions of NO MO 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 MO status by tu-
mor size is strongly apparent (Yable 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 mm. 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 selid
nodules, a relationship between lymph node status and
tumor diameter was also seen.
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Table 2 Lymph Nnde S “"!us nt 435 Gases af Nnn——SmaE! cell
agio

Tutal (% of No MD)
" Nonsalid ey

Tnial(%pluumn) ip (100) 14 (100) 4 (100} 8 (100) 58 (100)

Figure 3. A compuled tomegraphic image and biopsy specimen froma
66-year-old woman. High-resolution computed tomographic image shows a
noasolid 5-mm right lowsr lobe nodule abutting the pleura (A). The
diagnosis was adenocarcinama, nonmucinous brorchioloalveolar subtype,
Naguchi A (hematoxylin-gosin, original magnification x2) (B). Magnified
arez shows a classic lepidic growth patieen lining the alveolar septa
{hemataxylin-eosin, eriginal magnification x40) (C).

Table 1. Lymph Node Status of 436 Cases of Non-Small Cefl
Lung Cancer at Biagnosis by Tumor Biameter*

Tumar Diameter, mm

Lymph Nodet I =15 1626 26-35 =36 Any
NO MO 234 98 27 1 370
N1 MO 5 9 5 4 23
N2 MO 19 10 8 4 41
N3 MOMt 0 1 0 1 2

Total (% of NO MO} 258 (94) 118 {83) 40 (68) 20 (55) 436 (85)

*Far tumor diameter <15 vs 16-25, P=.02; for 16-25 vs 26-36, P= .02,
and tor 26-35 vs =36, P=.17,

TCancer stages are as follows: NO M0, absence of idantifizbie matastases;
N1 MO, peribronchial ar hitar lymph nodes, no other metastases; N2 MD,
ipsilateral mediastinal lymph nodes, ng oiher metastases; N3, MO/M1,
contralateral mediastinal lymph nodes, without or with other metastases.

The relationship of lymph node status to tumor size
was not apparent for cancers that presented as nonsolid
nodules, whereas it was suggestive for those that pre-
sented as part-solid nodules. Cancers that present as nen-
solid nodules are noninvasive adenocarcinomas or ad-
enocarcinoma-mixed subtype with a small invasive
componeit 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 (Figuere 4).° The trend, however, was evident in the
SEER data as well. It was not apparent in the analysis of a
muchsmaller 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 tumor size directly.

Absence of identifiable metastases,

Table 3 Lvmph Nude Slaius of 28 Cases of Smail Cell
Lung Cancer al Diagriosis by Tumur D!ameler
(AII Wilh Solid Bnnsistenny}

- Tumnr Diameter, mm

Lymph Node "=15 1625 2635 =36  Any

i

NQ MO* & 4 2 1 13
Other 3 2 3 7 15

Totai (%o oI NO MDY 9(67) 6(67) &(40) 8 (13) 2B (46}

Absence of identifizble metastases.

1.0+ [

F‘Screnmng—!
a8 [ ‘msER |

0.84
0.7
0.6+
0.5
0.4
0.3+
0.2

Frequency of NO MO €ases

_
|
|
I

0.1+

16-25 25-35
Tumor Size, mm

Figure 4. Frequeancy distribution of cases with absence of identifiable
metastases (NG MO} specific to categories of mor diameter {<15 mm,
16-25 mim, 26-35 mm, and =36 mm)} for nen-smal cell lung canger
diagnosed s a result of sereening and compared with the Survaillance,
Epidemialogy, and End Results {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-
Tent techniques.
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B ORIGINAL CONTRIBUTION

'omen’s Susceptibility to

Tobacco Carcinogens and Survival
After Diagnosis of Lung Cancer

International Early Lung Cancer
Action Program Investigators™

| N 2006 IN THE UNITED STATES, 1T
is estimated that lung cancer will
cause 73 020 deaths in women, pro-
portionately only slightly fewer
than the esiimated 90470 deaths in
men.! Lung cancer now accounts [or
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 reporied 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,'®'? the issue being the smoker vs
nonsmoker risk ratio.

Sex differences in rates of 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 detived from
the national Surveillance, Epidemiol-

For editorial comment see p 218.
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Context 11 has been hypothesized that wormen are more susceptible to tobacco car-
cinogens than men, but after diagnosis of lung cancer, they have better 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, conditional on other prognostic in-
dicators and compared with men of the same age who smoke.

Design, Setting, and Participants Nonexperimental, etiologic 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 cigareite smoking.

Main Quicome Measures Comparing women with men, the prevalence cdds 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 women with men was 1.9 {85%
confidence interval [Cl], 1.5-2.5). The hazard ratio of fatal outcome of lung cancer
comparing women with men was 0.48 (95% (!, 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. 2006,296:780-184 WWW.jama.com

ogy, and End Results (SEER) data-
base® and a large cohort at the Mayo

METHODS
In our previous report, we addressed the

Clinic.®

Since our previous report, screen-
ing has continued at the original ELCAP
insritutions and has markedly ex-
panded the amount of poolable data by
institutions collaborating worldwide in
the International Early Lung Cancer Ac-
tion Project (I-ELCAP).*? 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 between sexes.

risk for lung cancer in 1202 women and
1288 men using New York City data
undergoing baseline screening at Joan
and Sanford 1. Weill Medical College of
Cornell University in 1993-1999 (se-
ries 1).? This report is based on a new

*Authors/Writing Committee and list of the inter-
national Early Lung Cancer Action Program Investi-
gators appear at the end of this article.
Coresponding Author: Claudia I Henschke, PhD, MD,
Department of Radiology, Joan and Sanford f. 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 14435 persons (6296 women
and 8139 men) undergoing baseline CT
screening for lung cancer in North
America in 1999-2005 (series 2), and
also on both series combined (7498
women and 9427 men). The compazi-
son of woinen with men as to fatal out-
come of cancey is based on cases from
both screening series combined.

All of the screenees were asympiom-
atic volunteers with no history of can-
cer (other than nonmelanotic skin can-
cer) and {it to undergo thoracic surgery,
were at least 40 years of age, and were
past or current cigarette smokers. All
of the participants gave informed con-
sent {or bascline and repeat screen-
ings under institutional review board—
approved protocols. The cohorts’
distributions by age and history of
smoking are shown in TABLE 1.

Information about smoking history
was recorded at the time of the inidal
CT baseline screening, Participants
were asked about the following by an
interviewer: the age at which habitual
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 smoking had not con-
tinued, the typical number of ciga-
rettes smoked per day and the dura-
tion ol the smoking history. Pack-
years of smoking was calculated as the
product of the number of cigareties
smolked per day divided by 20 and the
nwmber of years of smoking,.

The protocol specified a diagnostic
workup following a positive resuli of
the initial low-dose CT, ie, the identi-
fication of a specified patiern 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 tesult, or CT 1 month after the ini-
tial scan not showing resolution after
antibiotic treatment®; for nodules 15
mm or more in diameter, immediate bi-
opsy was an option. 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 = 2430) [n=14435) (N = 16 925)
I | I 1 I 1
Characteristic Women Men ‘Women Men Women Men
Age, y
Median 83 64 83 64 63 64
Mean B3 63 53 64 63 64
Pack-years of smoking, No.
Madian 35 42 40 40 38 40
Mean 40 47 42 44 42 45
Age at start of smoking, y
Median 17 17 17 17 17
Maan 18 18 17 18 17

ing its Jargest cross-section in the CT
scan closest to the time of diagnosis.
The consensus diagnoses by a panel
of 5 experis on lung pathology, lollow-
ing the I-ELCAP pathology proto-
col?** based on the 2004 World Health
Organization criteria,*® are used in this
article. For patients undergoing resec-
tton, diagnoses were based on the his-
tology 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
ol the corresponding prevalence odds
ratio (OR} (cancer present vs cancer ab-
sent),” conditional on age and history
of smoking, In logistic regression analy-
sts (unconditional}, with the depen-
dent variate an indicaior of cancer
diagnosed (Y=1 if diagnosed, 0 other-
wige), we controlled for possible con-
[ounding by age by means of a single
quantitative term, there being no ap-
parentactual confounding (Table 1); we
also used a singte quantitative term for
pack-years of smoking, which indi-
cated a slight confounding (Tabie 1).
All cases of lung cancer diagnosed in
the combined series have been fol-
lowed up. In cases of known death, the
date and cause of death were obtained
from the patient’s physician and/or fam-
ily members. Il the patient died as a re-
salt of the lung cancer treatument, 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, 2008, which-
ever came first—was calculated for each

{Reprinted) JAMA, July 12, 2006—Vol 296, No. 2

case; it ranged from 1 to 117 months
{inedian, 46 months).

The women vs men incidence den-
sity (hazard) ratio of fatal outcome of
lung cancer in the combined cohort was
addressed as the ratio of the respec-
tive risks, conditional on pack-years 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 alter
accounting for pack-years of smoking
at lime ol diagnosis, clinical stage of the
disease (I, [F-+), cell type (adenocarci-
noma, other non—-small cell, smatl/
large cell), and resection (yes, no).

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

RESULTS

In the new series of 14 435 baseline
screenings, lung cancer was diagnosed
in 111 of 6296 women and 93 of 8139
men. Thus, for the ¢rude women vs men
prevalence OR, the point estimate 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
[14435 - 204]) series, and also the re-
sult when controlling for age and pack-
years of cigaretie smoking. The OR for
age and smoking was 1.7 (95% confi-
dence interval [CI}, 1.3-2.3}. Combin-
ing the 2 series of baseline screenings,
lung cancer was diagnosed in 269 cases
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Table 2. Logistic Regression Analysis of 14 435 Baseline Screenings for Lung Cancer,

Prevalence Odds Ratio, Women vs Men by Controlled Covariates

Cdds Ratio (95% CH P
Covariates Coefficient (SE)* Estimate Valuet
None 0.44 (0.14) 1.6(1.2-2.0) .0c2
Age and smoking 0.54 (0.14) 1.7 (1.3-2.3) <.001

Abbreviation: Gi. confidence intervat.
*Coefficiant of sex ingicator: 1 if female, 0 otherwise.
FTwo-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™®
Waornen Men
=156 (n=119)
67 (47-84) €8 (49-83)
47 (2-125) 64 (8-130)
median {range}, No.

Stage 1 disease 139 (89 90 {80}
Underwent resection 125 (20} 79 {68}

Characteristic

Age, median {range), ¥
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 outcome of lung cancer,
women vs men, was 048 (95% C1,0.25-
0.89} (TABLE 6) when controlling for
pack-years of smoking, disease stage,
tumor cell type, and resection.

*Data are reported as No. (2 of participants unless other-
wise noted,

Table 4, Distributions of Cases of Baseline
Diagniosis of Lung Cancer by Tumor
Diameter

No. (%)
I 1
Tumor Women Men
Diameter, mm {n=156) (n=113)
<10 17 (11) 10 (8)
10-20 103 (66) B3 (81
»>20 36 (23) 34 (30}

(156/7498 women and 113/9427 men),
The combined women vs men preva-
lence OR estimate, when controlling for
age and pack-years of cigarette smok-
ing, was 1.9 (93% CI, 1.5-2.5).

TABLE 3 shows that women diag-
nosed as having lung cancer were of a
similar age as the men (67 vs 68 years)
but had smoked considerably less (47
vs 64 pack-vears, respectively). Also, the
women were more frequently diag-
nosed as having clinical stage I disease
(89% vs 80%), but when diagnosed as
clinical stage I, women underwent re-
section only slightly more often than
men (90% vs 88%). TABLE 4 shows the
sex-specific 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 scree-
nees were cared for, but in 222 of the
269 cases, the pathology specimens were
independently reviewed by an expert
panel of pulmonary pathologists. 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
simall 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
ashilt to adenocarcinoma in cancer reg-
istry data in the United States and else-
Where-Q,B-}i.Eﬂ-Sl

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

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

QOur results also raise other ques-
tions. First, counld the pursuit of ma-
lignancy diagnosis have been more vig-
orous with women screenees? We see
no reason to presume this: not only was
the diagnostic 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 ncodule detection in the
women, this would have acceniuated
the frequency of relatively small tu-
mors among the diagnosed cases in the
women (being that velatively small nod-
ules are less readily detectable), but the
proportions of tumers under 10 mi in
diameter were quite similar for women
and men (0.11 {17/156] vs .09 [10/
113], respectively).

Second, could women more com-
monly have presented themselves for
screening on the prompting notnerely
of risk, but zlso the presence of cancer-
suggestive symptoms? Again, we see no
reason to presume this. Nevertheless,
if this was the case, the largest tumors
would have been relatively more com-
mon in the cases diagnosed in the
women (as larger cancers are more
likely to be symptomatic). But the pro-
portion of tumors more than 20 mm in
diameter was actually lower in the
women than in the men (0.23 [36/
156} vs 0.30 [34/113], 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
rote of patient sex.

Third, could the higher prevalence
of detected cancer in women have re-
sulted from a generally lesser aggres-
siveness—Ilower rate of growth—of the
wornern's cancers compared with those
of the nten? Referring to Table 5, we
note that for the slowest-growing ma-
lignancies, typical carcinoids and ad-
enocarcinomas of the bronchioloalveo-
lar subtype, the proportions in women's
and men's cases were 6% (9/156) and
4% (5/113), respectively. Also, for the
fastest-growing type, small cell carci-
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