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women than in men, the excess cases
are principally adenocarcinomas, as has
been shown in other studies,*!31

The hypothesis that women may be
more susceptible to wobacco carcino-
gens is biologically plausible.??*3
While evidence from some epidemio-
logical cohort studies does not sub-
stantiate this idea,'™'? a subsequent
study based on the national SEER reg-
isiry” again suggested the increased
susceptibility of women. If additional
studies add supporting evidence, the
notion of women's susceptibility to
lobacco carcinogens warrants serious
consideration.

If lung cancer risk for women who
smalee is indeed higher than the risk (or
men of the same age who smoke, as in-
dicated by the evidence presented here,
this suggests that antismoking eflorts
directed toward girls and women need
1o 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 threshold in men.
Specifically, if men of a given age are
to be screened if 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 threshold 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 indicator 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.
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Abbreviation: NOS, not othenwise specified,

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

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

Hazard Ratio (95%Cl) P
Covariates Coefficient {SE)* Estimate Valuet
None -1.12 (0.31) 0.33 (0.18-0.561) .00
Smoking, stage, cell type, and resection -0.75 {0.32) 0.48 [0.25 0.89) .02

Abbreviation: Cl. confidence interal.
*Coefficient of sex indicater: 1 if female, O otherwize.,
1Two-sicled.

1t is well-established by the evi-
dence accumulated over the past 20
years that women with lung cancer sur-
vive the disease better than men 122
and that this difference is more pro-
nounced when the cancer is diag-
nosed atan eatly stage."* Cancer stage
at diagneosis, ceil type, or treatment do
not appear o be entirely explanatory
of this difference.® As 85% {229/269)
of the cases considered here were clini-
cal stage Tat 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
conditionality, it is not clear whether
this survival difference is because lung
cancer in women tends to be more com-
monly curable or less malignant. If lung
cancer is more commonly curable in
woimnen, then the need to 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
to screen women at a lower threshold.

Author/Writing Committee Affiliations; Department
of Radiology (Dr Henschke and Ms Yip), Department
of Medicine (Dr Miettinen), Joan and Sanford I. Weill
Medical Coilege of Cornell University, New York, NY;

(Reprinted) JAMA, July 12, 2006—Vel 206, No. 2

Departmment of Epidemiology and Biostatistics and De-
partment of Medicine, Faculty of Medicine, MeGill Uni-
versity, Maontreal, Quebec {Or Miettinen).

Author Contributions: Dr Henschice had fulf access to
allof the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.

Study concept and design: Henschke, Miettinen.
Acquisition of data: Henschke.

Analysis and interpretation of data: Henschke,
Miettinen, Yip.

Drafting of the manuscript: Henschiee, Miettinen, Yip.
Critical revision of the manuscript for important in-
tellectual content: Henschice, Miettinen.

Statistical analysis: Henschke, Miettinen, Yip.
Adrninistrative, technical, or material support: Henschke,
Study supervision: Henschke.

Financial Disclosures: None reported.

The I-ELCAP Investigators: Joan & Sanford | Weill
Medical College of Cornell Universily, New York, NY:
Claudia I. Henschke, Principal Investigator, David F.
Yankelevitz, Dorothy | McCauley; Azumi General Hos-
pital, Nagano, Japan: Shusuke Sone, Takaomi Hanaoka;
CBNS, City University of New York at Queens Col-
fege, Queens, NY: Steven Markowitz, Albert Miller;
LungenZentrum Hirstanden, Zurich, Switzerland: Karl
Klingler, Thomas Scherer, Rolf Inderbitzi; Clinica Uni-
versitaria de Navarra, Pamplona, Spain: Javier Zulueta,
Gorka Bastarrika, Maria D, Lozano: National Cancer
instituie Regina Elena, Rome, faly: Salvatore Giunta,
Marcello Crecco, Patrizia Pugliese; H. Lee Moffitt Can-
cer Center & Research Institute, Tampa, Fila: Melvyn
Tockmarn; Hadassah Medical Organization, Jerusa-
lern, fsrael: Dorith Shaham; Swedish Medical Center,
Seattle, Wash: Kim Rice, Ralph Aye; University of Tor-
onto, Princess Margaret Hospital, Toronto, Canada:
HeidiRoberts, Demetris Patsias; Christiana Care, Helen
F. Graham Cancer Center, Newark, Del: Thomas Sauer,
James Lally; Colurnbia University Medical Center, New
York, NY: John H.M, Austin, Gregory D. N, Pearson;
New York University Medical Center, New York, NY:
David Maidich, Georgeann McGuinness; State Uni-
versity of New York at Stany Brook, Stony Brook, NY:

183

Downtoaded from www.jama.com at OSAKA-FURITSU SEIJINBYO CENTER, on March 19, 2007

310



WOMEN'S SUSCEPTIBILITY TO TOBACCO CARCINOGENS AND SURVIVAL AFTER LUNG CANCER DIAGNOSIS

Matthew Rifkin, Edward Fiore; Maimonides Medical
Center, Brooklyn, NY: SamuelKopel, Roswell Park Can-
cer institute, Buffalo, NY: Donald Klippenstein, Alan
Litwin, Peter A. Loud; 5tate University of New York,
Upstate Medical University, Syracuse, NY: Leslie ).
Kohman, Ernest M. Scalzetti; North Shore-Long Island
Jewish Health System, New Hyde Park, NY: Arfa Khan,
Rakesh Shah; Georgia institute for Lung Cancer
Research, Atfanta, Ga: Michael V. Smith, Hadyn T, Wil-
liarns, Louis Lovett; Mount Sinai School of Medicine,
New York, NY: David 5. Mendelson; Jackson Memo-
rigl Hospital, Universify of Miami, Miami, Fla: Rich-
ard Thurer; Memorfal Sloan-Keftering Cancer Cen-
ter, New York, NY: Robert T. Heelan, Michelle S.
Ginsberg; Holy Cross Hospital Cancer Institute, Sil-
ver Spring, MD: Frank Sullivan, Marlara Ottinger;
Eisenhower Lucy Curci Cancer Center, Rancho Mirage,
Calif: Davood Vafai; New York Medical College, Val-
halla, NY: Terence A.5. Matalon; Mount Sinai Com-
prehensive Cancer Center, Miami Beach, Fla: Shadi-
Lynn Qdzer; The 5th Affitiated Hospital of Sun Yat-

Sen University, Zhuhai, China: Xueguo Liu; Dorothy
E. Schneider Cancer Center, Mills-Peninsula Health
Services, San Mateo, Calif: Barry Sheppard; S5t Agnes
Cancer Center, Baltimore, MD: Enser Cale; Cur Lady
of Mercy Medical Center, Bronx, NY: Peter H. Wiernik;
Evanston Northwestern Healthcare Medical Group,
Evanston, ill: Daniel Ray; Karmanos Cancer Institute,
Detroil, Mich: Harvey Pass, Carmen Endress; Greeri-
wich Hospital, Greenwich, Conn: David Mullen; Sharp
Memorial Hospital, San Diego, Calif: Michael Kalafer;
City of Hope National Medical Center, Duarte, Calif:
Fred Grannis, Arnold Rotter, ProHealth Care Regional
Cancer Center, Waukesha & Ciconomowoe Memo-
rial Haspitals, Oconomowoc, Wis: M. Kristin Thorsen,
Richard Hansen; Comprehensive Cancer Center, Desert
Regienal Medical Center, Palm Springs, Calif: Elber
Camacho; St Joseph Health Center, 5t Charles, Mo:
Dan Luedke.

Coerdinating Center, Joan and Sanford 1. Weill
Medical College of Cornell University: Claudia 1.
Henschke, PhD, MD, Principal investigator; Nasser

Altorki, MD, All Farooai, MD, Jennifer Hess, MBA,
Daniel Libby, MD, Dorathy |. McCauley, MD, Clli 5.
Miettinen, MD, PhD {also McGill University, Mont-
real, Canada), Jamie Ostroff, PhD (Memorial Sloan-
Kettering Cancer Center}, Mark W. Pasmantier, MD,
Anthony P. Reeves, PhD {also Cornell University),
James P. Smith, MD, Madeline Vazquez, MD, David
F. Yankelevitz, MD, Rowena Yip, MPH, Kimberly
Agnello, BS, Arin Kramer BS.

Pathology Review Panel: Darryl Carter, MD, Chair-
man, Department of Pathology, Yale University School
of Medicine, New Haven, Conn; Elizabeth Brambilia,
MD, Department of Pathology, Centre Hospitalier Uni-
versitaire, Grenoble, France; Adi Gazdar, MD, De-
partment of Pathology, Unwersity of Texas South-
western Medical Center, Dallas; Masayuki Noguchs,
MD, Department of Pathclogy, Institute of Basic Medi-
cal Sciences, Graduate School of Comprehensive Hu-
man Sciences, University of Tsukuba, fapan; William
D. Travis, MD, Department of Pathology, Memorial
Slzan-Kettering Cancer Center, New York, NY.

REFERENCES

1. American Cancer Society, Statistics for 2006: Can-
cer Facts & Figures 2006. hitp://www.cancer.org
/docroct/STT/stt_0.asp. Accessibility verified June 13,
2006.

2. Henschke Cl, Miettinen OS. Women's susceptibil-
ity to tobacco carcinogens. Lung Cancer, 2004;43:1-5.
3. Brownsan RC, Chang !C, Davis JR. Gender and his-
tologic type variations in smoking-refated risk of lung
cancer. Epiderniology. 1992,3:61-64.

4. pMeDuffie B, Klaassen D), Dosman JA, Female-
male differences in patients with primary lung cancer.
Cancer. 1987;59:1825-1830.

5. Harris RE, Zang EA, Anderson I, Wynder EI. Race
and sex differences in fung cancer risk associated with
cigarette smoking. Int J Epidemiol. 1993;22:592-5%9.
&. Risch HA, Howe GR, Jain M, Burch JD, Holowaty
BJ, Miller AB. Are female smokers at higher risk for lung
cancer than male smokers? a case-control analysis by
histologic type. Am J Epidemiol, 1993,138:281-293,
7. Osann KE, Anton-Culver H, Kurosaki R, Taylor T.
Sex differences ir lung-cancer risk associated with ciga-
rette smoking. frit } Cancer. 1993;54:44-48.

8. Zang EA, Wynder EL. Differences in lung cancer
risk bebween men and women: examination of the
evidence, J Naff Cancer Inst. 1996;88:183-192.

8. Fu JB, Kau 'Y, Severson RI, Kalemberian GP. Lung
cancer in women: analysis of the national Surveii-
lance, Epidemiology, and End Results databasa_ {hest,
2005;127:768-777.

10. Kreuzer M, Boffetta P, Whitley E, et al. Gender
differences in lung cancer risk by smoking: a muiti-
centre case-contro! study in Germany and Kaly. 8r J
Cancer. 2000;82:227-233.

14, Thun MJ, Henley SJ, Calle £E. Tobacco use and
cancer: an epidemiologic perspective for geneticists.
Oncogene, 2002;21:7307-7325.

12. United States Public Health Service. Reducing the
Health Conseguences of Smoking: 25 Years of
Progress: A Report of the Surgeon General Office on
Smoking and Health. Washington, DC: US Public
Health Service; 1989.

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

13. Ferguson MK, Skusey C, Hoffman PC, Galomb
HM. Sex-associated differences in presentation, and
survival in patients with lung cancer. J Clin Oncol.
1990;8:1402-1407.

14. Minami H, Yoshimura M, Tsubota N, et al, Lung
cancer in women: sex-associated differences in sur-
vival of patients undergoing resection for lung cancer.
Chest. 2000;118:1603-1509.

15. Radzikowska E, Glaz P, Roszkowski K. Lung can-
cer in women: age, smoking, histofogy, performance
status, stage initial treatment and survival: population-
hased study of 20,561 cases. Ann Oncof. 2002,13:
1087-1093,

16. Quellette D, Desbiens G, Emand C, Beauchamp
G. Lung cancer in wornen compared with men: stage,
treatment, and survival, Ann Thorac Surg. 1998:66:
1140-1144,

17. Ferguson MK, Wang J, Hoffman PC, et al. Sex-
associated differences in survival of patients under-
going resection for lung cancer. Ann Thorac Surg. 2000;
68:245-250.

48. de Perrot M, Licker M, Spiliopoulous A, etal. Sex
differences in presentation, management and prog-
nosis of patients with non-small cell lung carcinoma.
J Tharac Cardigvasc Surg. 2000,119:21-25,

19. Alexicu C, Onyeaka CV, Beggs D, et al. Do women
five longer following lung resection for carcinoma? Eur
J Cardiothorac Surg. 2002;21:319-325.

20. Yoshine §, Baba H, Kukuyama§, et al, Atime trend
of profile and surgical results in 1123 patients with
non-small-cell lung cancer. Surgery. 2002;131:5242-
5248.

21. Visbat AL, Williams BA, Nichols MC, et al. Gen-
der differences in non-small-cef} fung cancer survival:
an analysis of 4,618 patients diagnosed between
1897 and 2002, Ann Thorac Surg. 2004;78:209-
215,

22, Henschke ClI, Yankelevitz DF, Smith JP, Miet-
tiner: OS. Screening for lung cancer: the Early Lung
Cancer Action approach. Lung Cancer. 2002;35:143-
148,

23. International Early Lung Cancer Action Program
protocol. www JELCAP.org. Accessibility verified June
13, 2006.

24. Vazquez M, Fieder D, Travis W, et al. Early Lung
Cancer Action Project pathology protocol, Lung Cancer,
2003;39:231-232.

25, Vazquez M, Flieder D, Travis W, et al. Early Lung
Cancer Action Project Pathology Protocol. http:/ /v
Jdelcap.org/pathology_protocol.pdf. Accessibility veri-
fied June 13, 2006.

26, Travis WD, Brambilla E, Muller-Hermelinic HK, Har-
ris CC. World Health Crganization Classification of
Tumours: Pathology and Genetics of Tumours of the
Lung, Pleura, Thymus and Heart, Lyon, France: IARC
Prass; 2004.

27. Miettinen O. Estimability and estimation in case-
referent studies. Am J Epidemiol. 1976;103:226-235.
28. LeviF, Franceschi 5, La Vecchia C, Randimbison
L, Te V. Lung carcinoma trends by histologic type in
Vaud and Neuchatet, Switzerland, 1974-1994. Cancer.
1997,79:906-914,

29. Lubin JH, Blot W), Assessment of lung cancer risk
factors by histologic category, / Nati Cancer inst. 1984;
73:383-389.

30. Beard CM, Jedd MB, Woolner L8, Richardscn RL,
Bergstralh EJ, Mefton L lI1. Fifty-year trend in inci-
dence rates of bronchogenic carcinoma by cell type 1,
Olmsted County, Minnesota. J Nat! Cancer Inst. 1988,
80:1404-1407,

31. Koyi H, Hillerdal G, Branden E. A prospective study
of a total material of lung cancer from a county in Swe-
den 1997-1998: gender, symptoms, type, stage, and
smoking habiis. Lung Cancer. 2002,36:9-14.

32. Wei Q, Lie C, Amos CJ, et al. Repair of tobacce
carcinogen-induced DNA adducts and {ung cancer risk:
a motecular epidemiclogic study. J Nat! Cancer Inst.
2000,92:1764-1772.

33. Shriver SP, Bourdeau 1A, Gubish CT, et al. Sex-
specific expression of gastrin-releasing peptide recep-
tor: relationship to smoking history and risk of lung
cancer. J Natl Cancer Inst. 2000;92:24-33.

©2006 American Medical Association, All rights reserved.

Downloaded from www.jama.com at OSAKA-FURITSU SEIJINBYO CENTER, on March 19, 2007

311



The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 OCTOBER 206, 20006

VOL. 355 NO. 17

Survival of Patients with Stage I Lung Cancer

Detected on CT Screening

The International Early Lung Cancer Action Program investigators®

ABSTRACT

BACKGROUND
The outcome among patients with clinical stage [ 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 I 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 1 hing 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 after 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
S years after diagnosis.

CONCLUSIONS
Annual spiral CT screening can detect Jung cancer that is curable.

N ENGLJ MED 355;17 WWW.NEJM.ORG OCTOBER 26, 2006
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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 con-
puted tomography (CT).>* 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.5¢ The question remains, how-
ever, whether early intervention in such patients
is sufficiently 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 1lung 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-ELCAP) 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 Coillege of Cornell University by means
of the study’s Web-based management system for
CT screening for lung cancer,® submit pathologi-
cal specimens to the coordinating center, and fol-
low quality-assurance procedures specified by the
protocol, All participants gave written informed
consent, and the institutional review board at
each participating institution approved the pro-
tocols (Fig. 1).

The protoco! specified 2 common regimen of
screening but allowed each participating institu-
tion to specify its criteria for enrollment. 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 putmonary nodule 5 mm or more in diam-
eter, at least 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 obscured
part of tite lung parenchyma, and nonsolid if it
obscured none of the parenchyma.it If the result
wag positive, the type of workup depended on the
diameter of the largest nodule. For nodules 5 to
14 mm in diameter, the preferred option was to
perform 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 worlaup 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 mm in diameter or
[arger (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 followed 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 worlaup was
stopped. For all participants for whom the workup
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 noduies was 5.0 mm or larger in
diameter, then an immediate 2-week course of a
broad-spectrum antibiotic was prescribed, followed
1 month later by CT. If the nodules showed no
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STAGE I LUNG CANCER DETECTED ON CT SCREENING

31,567 Asymptamatic panticipants
underwent baseline screening

+

|

27,456 Annual screenings

¥

4186 Had at least 1 selid or
partly sclid nodule 25 mm
in diameter or had at least
1 nonsolid nodule 28 mm

27,381 Had no nodule
nodules ot qualifying
a positive result

or
as

1460 Showed newly identified
nonealeified nodules

25,956 Showed no newly identi-
fied noncalcified nodules

in diarmeter

L Y

Baseline management
algorithm initial CT prompted

by symptoms

Waorkup within 12 mo after

Annual management algorithm

i

Workup within 12 mo afler
previous CT prompted
by symptomsz

l

405 Found to have lung
cancer on baseline CT

of lung cancer

5 Received intenm diagnosis

74 Showed

on annual CT

lung cancer

Mone received interim diagnosis
of lung cancer

484 Received a diagnosis
of lung cancer

412 Had clinical stage |
lung cancer

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

resolution or growth, biopsy was to be performed;
otherwise, the workup 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, CT was to be performed
3 months Jater, 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 workup in participants with a posi-
tive result on CT, with the decision regarding how
to proceed left to each participant and the refer-
ring physician. The I-ELCAP protocol did not re-
quire that its recommendations for the workup
of a nodule be followed, but it did require a fizmly
established final diagnosis of lung cancer and

N ENGL | MED 355,17 WWW.NEJM.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,
were required.

A total of 31,567 asymptomatic men and wom-
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, beryllium, ura-
nium, or radon), or exposure to secondhand smoke
without having smoked themselves; in Azumi,
Japan, they participated as part of the annual
health screening program (Tabie 1). All partici-
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Table 1, I-ELCAP Participants, According to the Smoking Status, Exposure
to Secondhand Smoke, and Occupational Exposures.

Participants
Program (N=31,567)
no. (%)
Azumi Health Care Program in Japan
Current or former smokers 3,087 (10}
Persons who had never smoeked with exposure 3,299 (10}
to secondhand smoke
Programs in the United States, Europe, Fsrael, and China
Current or former smokers 23,052 (73}
Persans whao had never smoked
Occupational exposure™ 1,690 (5)
Exposure to seconchand smeke with or without 439 (1)

family history of lung cancer

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

1766
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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 Gl 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 ro 86) and 35 paclk-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 w 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, regardless
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 enrolled 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 pack-years
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 iymph-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 a 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 nedes 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 I-ELCAP 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
Iymph-node involvement, additional cancers, and
plearal, lymphatic, vascular, bronchial, and base-
ment-membrane invasion by the cancer. For 22 of
the 411 participants who underwent resection
(5%), specimens couid 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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no. (%)

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 Screening
Smoking History Mo. Screened  Diagnosis of Lung Cancer Smoking History No.Screened  Diagnosis of Lung Cancer
median pack-yr no. (%) median pack-yr
40-49 yr 15 4,066 8 (<¥) 20 1,324
50-59 yr 28 9,948 67 (1) 30 6,678
60-69 yr 38 12,184 206 {2) 40 11,879
70-79 yr 38 4,840 115 (2) 40 6,692
80-86 yr 30 529 13 (2) 37 883
Total 30 31,567 410 (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 resule
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, 20006, 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 calculated 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 fung
caneer, 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 I 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 27,456 resulted in the diagnosis of
lung cancer in 405 and 74 participants, respec-
tively (Big. 1). Another five participants received
interim diagnoses of lung cancer thatwere prompt-
ed by the development of symptoms within 12
months after the baseline screening. Of these

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, Kaplan-Meier 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 [CL], 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, yield-
ing an operative mortality rate of 0.5% (2 of 411
participants).

Of the 484 participants who received a di-
agnosis of lung cancer, 412 (85%) had clinical
stage I lung cancer. In this subgroup, the esti-
mated 10-year survival rate regardless of treat-
ment was 88% (95% Cl, 84 to 91); as of May 2006,
39 of these 412 patients had died of lung cancer.
Of these 412 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 jung-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% Cl,
88 to 95). All eight untreated patients died within
5 years after diagnosis.

Among the 412 participants with clinical
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& g
w®
=
g 404
]
20
0 T T T T T T T T T
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Months
No. at Risk
All participants 484 433 356 280 183 90 50 28 16 9 2
Participants 302 280 242 191 120 59 34 13 12 7 1
undergoing

Figure 2. Kaplan-Meier Survival Curves for 434 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

Squamous cefl

Large cell
Small cell

Other

Adenocarcinoma
Bronchiocloalveolar subtype

Cther subtypes

Adenosquamous
Nan-small-cell*
Neuroendocrine

Atypical carcinoid

Diagnosed on Baseline
Screening Annual Screening
{N=343) (N =64}

no. of participants

Diagnosed on

20 1
243 30
45 14
3 0

5
2 1
15 8
9 7
6 1

* 1f this cell type cannot be differentiated, the category is known as “not other-

wise specified.”

1768

318

stage 1 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 pathology-review panel con-
firmed the diagnosis of clinical stage I cancer in
the specimens obtained from the 375 participants

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 thilar 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 patticipants, 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
no invasion in the remaining 19 {5%). (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 z 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 I 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 pathologists. In our series, the opera-
tive mortality rate was low — 0.5% — and was less
than the 1.0% reported with lobectomy in a farge
cooperative study.’”

Sobue et al.*® reported 2 5-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 rates of 80%
among 17 patienis 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.?® 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) {(N=55)
na. of participants
Metastases to lymph nedes 22 6
No metastases to lymph nodes
More than 1 cancer 19 &
Solitary cancer with invasion
Pleural invasion 51 11
No pleural invasion but lymphatic, vascular, ar bronchial spread 24 4
(or a combination)
Basement mernbrane only 175 28
Solitary cancer without invasion 19 0

Results (SEER) registry, the largest U.S. cancer
registry, reported an 3-year survival rate of 75%
among patients with pathological stage 1 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 FELCAP regimen
can detect clinical stage [ 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 comparison, 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 hung
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 to 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 0.6% on annual screening} than
among participants in the expanded study. The
cost of low-dose CT is below $200,2%2¢ and sur-
gery for stage 1 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 costeffectiveness of CT screening for lung
cancer for various risk profiles?+2628 are similar
to that for mammography screening.?®3°
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APPENDIX

The following investigators participated in I-ELCA®: Jon and Sanford L Weill Medical Cotlege of Cornell University, New Yotk: C.I. Henschke
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Netural Systerns, City University of New York at Queens College, Queens: S, Markowitz, A, Miller; LimgenZentruin Hirslanden, Zurick: K. Klingler, T.
Scherer, R. Inderbitzi; Clinica Universitaria de Navaita, Pamplona, Spain: J. Zulueta, L. Montuenga, G. Bastarrika; Natienal Cancer Institute Re-
gina Elena, Reme: S. Giunta, M. Crecco, P. Paglicsc; H. Lee Maffitt Cencer Center and Research Institute, Tompa, FL: M. Tockman; Hadassak Medical
Organization, Jerusalem, Istael: D, Shaham.: Suedish Medical Center, Seattle: K. Rice, R. Aye; University of Toronto, Princess Margaret Hospital, Toronto:
H. Roberts, D. Patsios; Christiena Care Helen F. Graham Cancer Center, Newark, DE: T. Baue, J. Lally; Columbia University Medical Center, New York:
J.H.M. Austin, G.D.N. Pearson; New York Unfversity Medical Center, New York: D, Naidich, G. McGuinness; State University of New York et Stony
Brook, Stony Brook: M. Rifkin, E. Fiore; Maimanides Medical Center, Brooklyn. NY: §. Koepel; Roswell Park Cancer Institute, Buffaio, NY: D. Klippen-
stein, A. Litwin, D.A. Loud; State University of New York Upstate Medical University, Syracuse: L.J, Kohman, E.M. Scalzetti; North Shore—Long Istand
Jewish Health System, New Hyde Pask, NY: A, Khan, R. Shal; Georgia Institite for Lung Cancer Research, Atlanta; M.V, Smith, FLT. Williams, L.
Lovetr: Mount Sinai Schoot of Medicine, New York: D.S. Mendelson: Jacksan Memorial Hospital, University of Miami, Miami: R. Thurey; Memorial
Sloan-Kettering Cancer Center, New York: R.T. Heelan, M.S. Ginsberg; Holy Cross Hospital Cancer Institute, Silver Spring, MD: F. Sullivar, M. Ot-
tinger; Eivenhower Lucy Curi Cancer Center, Rancho Mirage, CA: D. Vafai; New Vork Medical College, Valnlla: T.A.S. Matalon; Mount Sinai Compre-
henisive Contoer Certter, Miami Beach, FL: S.-L. Odzex; Fifth Affiliated Hospital (Zihai Hospital], of Sun Yat-Sen University, Zhuhat, China: X. Liu; Dorothy
E. Schmeider Cancer Center, Mills-Pertinsula Health Services, San Mateo, CA: B. Sheppard; St. Agnes Cancer Center, Baitimore: E. Cole; Qur Lady of Mery
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iImproving Radiologists’ Recommendations With
Computer-Aided Diagnosis for Management
of Small Nodules Detected by CT'

Feng Li, Qiang Li, Roger Engelmann, Masahito Aoyama, Shusuke Sone, Heber MacMahon, Kunio Doi

Rationale and Objectives. To evaluate how computer-aided diagnosis (CAD) can improve radiologists’ recommendations
for management of possible early lung cancers on CT.

Materials and Metheds. Twenty-eight Tung cancers and 28 benign lesions were employed. Each group of 28 lesions was
classificd into subgroups of two sizes (9 between 6 and 10 mm and 9 between 11 and 20 mm) and 1hree patlerns (8 with
pure ground glass opacity [GGO], 12 with mixed GGO and 8 solid lesions). Sixteen radiologists participated in the ob-
server study, first without and then with CAD. Radiologists’ recommendations, including {1) follow-up in 12 months. (2)
in 6 months, (3) in 3 months, or (4) biopsy, were compared at three levels of their malignancy probability ratings (low:
196—33%; medium: 34%--66%; high: 67%-99%) for 896 observations (56 lesions by the 16 radiologists) in the two size
subgroups and three patterns.

Resulis. The number of recommendations changed by radiologists by use of CAD was 163 (18%) among all 896 observa-
tions. Among these changed recommendations. the fraction showing a beneficial effect from CAD was 68% (111/163).
and the fraction showing a beneficial effect regarding bivpsy recommendations was 699 (48/70). Wilth CAD. the radiolo-
gists’ performance regarding biopsy recommendations was significantly improved for 43 lung cancers (31 changed Lo bi-
opsy versus 12 changed away from biopsy; P = .003) and was also improved for 27 benign lesions (10 changed to biopsy
versus 17 changed away from biopsy; P = .18). Most of the cancers with improved recommendations were solid lesions
or mixed GGO and relatively large.

Conclusion. CAD has the potential to improve the appropriateness of radiologists” recommendations for small malignant
and benign lesions on CT scans.

Key Words. Lung neoplasms, CT; Computer diagnostic aid; Lung, module.
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Among diagnostic imaging modalities, computed tomog-
raphy (CT) has the highest sensitivity for detection of
small pulmonary lesions. However, il is difficult for radi-
ologists to correctly distinguish cancers from noncancer-
ous lesions (false positives) and to make appropriate and
consistent recommendations management of patients with
suspicious lesions, On the one hand, a large number of
false positives will lead to unnecessary patient anxiety
and will increase the increased economic costs and radia-
tion exposure. A high rate of false positives can also lead
to unnecessary investigation such as CT scans, biopsy,
and even surgery. On the other hand, in the case of lung
cancers (true positives), if radiologists fail to make an
appropriate recormmendation such as biopsy or surgery,
the patients may miss an opportunity for cure.

The Food and Drug Administration has approved the
clinical use of some computer-aided diagnosis (CAD)
detection systems in screening for clinical use, especially
for breast cancer screening on mammography in the
United States. Gur et al (1) reported that the introduction
of detection CAD into a large clinical practice (115,571
screening mammograms) was not associated with stati-
cally significant changes in both recall and breast cancer
detection rates. Commercially available detection CAD
systems show marks, including true positives (cancers)
and false positives (noncancerous lesions also anatomic
structures), on each whole image (1-3). Recently, auto-
matic classification CAD schemes for distinction of ma-
lignant and benign lesions have been developed in some
universities (4—8) that show an estimated likelihood of
malignancy for each segmented lesion based on its image
features. Some observer studies using mammograms re-
ported that classification CAD had a beneficial effect for
radiologists’ diagnostic accuracy for classifying malignant
and benign breast masses and their recommendations re-
garding biopsy (5,6).

It is important that a larger database, including large
number of lesions and a variety of lesion patterns, be
used for developing classification CAD. The thin-section
CT daabase for developing our classification CAD
scheme used in this study comprised follow-up exams
obtained from a 3-year CT lung cancer screening program
{17,892 examinations). The database included 61 primary
lung cancers (size range 619 mm; mean 12 mm) and
183 benign nodules (size range 3-20 mm; mean 7 mm)
with three different patterns (8,9). We have reported (8)
that our CAD scheme has the potential to improve radiol-
ogists’ diagnoslic accuracy for lesion classification and
also to improve radiologists’ recommendations in an ob-
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server study. The data analysis in the previous report (8)
was independently calculated for 16 observers, and the
radiologists’ recommendations were improved by increas-
ing the number of biopsy recommendations for actual
carly cancers (statistically significant) and by reducing the
number for actual benign ones (not significant) in an ob-
server study. The current study used the same data from
the same observer test as used previously (8). Cur pur-
pose in this study was to evaluate further how CAD can
assist radiologists in their recommendation management
of possible early lung cancers that have different sizes
and patterns.

Institutional review board approval and informed ob-
server consent were obtained.

Database

Our database was obtained as part of an annual 3-year
CT screening for lung cancer in a general population in
Nagano, Japan (8,9), which included 59 patients (27 men,
32 women, mean age 64.6 years) with 61 primary small
lung cancers (mean size 12.3 mm; size range 6-20 mm;
18 nodules with pure ground glass opacity {GGO]; 28
with mixed GGO; and 15 with solid opacity), and 169
patients (29 men, 70 women, mean age 61.6 years) with
183 benign lesions (mean size 7.2 mm; size range 3-20
mm; 12 with pure GGO, 30 with mixed GGO, and 141
with solid opacity). All patients gave informed consent.
Al cancers were confirmed by surgery, and bhenign le-
sions were confirmed by surgery or follow-up (resolved
or no change for 2 years or more). The mean size (aver-
age length and width) of each nodule was recorded by
one radiologist (F.I..). The three types of patterns of these
lesions, including pure GGO, mixed GGO, and solid
opacity, were viewed independently and grouped by three
radiologists {F.L, among them) without knowledge of the
final diagnosis, and then a consensus was reached through
discussion. Thin-section CT scans were performed on a
helical scanner (CT HiSpeed Advantage, GE, Milwaukee,
WI) with a standard tube current (200 mA) to cover the
entire lesion, with 1-mm collimation and a bone recon-
struction algorithm with a 0.5-mum interval.

CAD
With our CAD scheme, the nodules were segmented
automatically by use a dynamic programming technique.



The technique has been described in detail elsewhere (7).
A total of 41 and 15 image features based on two-dimen-
sional and three-dimensional volume data, respectively,
were determined from quantitative analysis of the nodule
outline and pixel values. Linear discriminant analysis was
employed for distinguishing benign from malignant nod-
ules. The performance of this CAD scheme was evaluated
based on a “leave-one-out” testing method by use of 61
malignant and 183 benign nodules. For the input of the
linear discriminant analysis, we selected many combina-
tions from 56 features and two clinical parameters (age
and gender). The final features included effective diame-
ter, contrast, margin or edge, shape, attenuation, and in-
ternal homogeneity of the segmented nodules.

Our computerized classification method outputs a per-
centage (1%-99%) indicating the likelihood of malig-
nancy, The performance of the classification scheme
yielded an A, value of 0.937 (0.934 for lesions at 610
mm, 0.855 for lesions at 11-20 mm, 0.919 for nodules
with pure GGO, 0.852 for nodules with mixed GGO, and
0.957 for solid nodules) for distinction between 61 hung
cancers and 183 benign nodules,

Case Selection

Twenty-eight patients (mean age 63.4 years; 14 men
and 14 women) with lung cancers and 28 patients {mean
age 64.2 years; 17 men and 11 women) with benign le-
sions on thin-section CT were included in this observer
study. The 28 malignant lesions were randomly selected
from 61 lung cancers, and the 28 benign Iesions were
selected by matching of their size and pattern to the can-
cers from 183 benign lesions among our database. For
both cancers and benign lesions, 9 lesions were in the
range of 6—10 mm and 19 lesions in the range of 11-20
mm; the lesion patterns were 8 pure GGO, 12 mixed
GGO, and 8 solid opacity. The performance of the classi-
fication scheme yielded an A, value of 0.831 (0.842 for
lesions at 610 mm, 0.870 for lesions at 11--20 mm,
0.910 for nodules with pure GGO, 0.814 for nodules with
mixed GGO, and 0.783 for solid nodules) for the 28 lung
cancers and 28 benign nodules. The 56 lesions used in
this observer study were the largest number of lesions
that could be matched in size and pattern between the 183
benign lesions and the 61 lung cancers in our database.

The 28 cancers included 19 weli-differentiated adeno-
carcinomas, 5 other adenocarcinomas, 2 squamous cell
carcinomas, and 2 localized small-cell carcinomas.
Among the 28 benign lesions, 2 (inflammatory pseudo-
tumor and sclerosing hemangioma) were confirmed by

surgery, 19 had resolved on follow-up examination, and 7
had not changed for 2 years or more.

Observer Study

Sixteen radiologists (H.M. among them) participated in
this observer study. The 16 radiologists, including 7 chest
radiologists and 9 general radiologists, have a mean of 14
years of experience (range 7-26 years), Consecutive re-
gion of interest images for each lesion on thin-section CT
were presented for interpretation by use of a cine-type
display on a high-resolution CRT monitor. The window-
ing was nitially set at 1 width of 1500 Hounsfield units
and a level of =550 Hounsfield units, but could be ad-
justed by the observer, In addition, zooming capability
wasg provided. Two clinical parameters (age and gender)
were provided to the observers on the monitor.

It was explained to the observers that the purpose of
this study was to assist radiologists in distinguishing be-
nign from malignant lesions on thin-section CT by use of
a CAD scheme. The observers were informed that the
lesions used in this study were obtained from an annual
3-year CT screening for lung cancer in a general popula-
tion in Japan. The instructions for the observers included
(a) the role of CAD output as a “second opinion;” (b} 28
malignant (6—10 mm: 9 cases; 11-20 mm: 19 cases; and
pure GGO: 8 cases, mixed GGO: 12 cases, and solid
opacity: 8 cases) and 28 benign lesions {matched to the
cancers in size and pattern) are included in this study; {(c)
the sensitivity and specificity of our CAD scheme, for a
threshold of 50% likelihood of malignancy, are 80% and
75%, respectively; (d) click on a bar (left: benignancy,
right: malignancy) on the screen by using a mouse to in-
dicate your confidence level regarding the likelihood of
malignancy (from 1% to 99%) of a lesion first without
and then with computer output; and (e) after indicating
your confidence (without and witli CAD), click on one of
four recommendations: (1) return to annual screening, in
12 months; (2) follow-up in 6 months; (3) follow-up in 3
months; or (4) biopsy/surgery.

For a training session before the test, we provided five
different cases so that the observers could learn how to
operate the cine mode interface and how to take into ac-
count the computer output in their decision, There was no
pretest training regarding interpretative guidelines for rec-
ommendations to radiologists. Radiologists’ recommenda-
tions without and with CAD were freely decided by each
of the observers in this observer study. The reading time
was not limited. The average reading time for 56 test
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cases by 16 radiologists was 46 minutes (range 28-100
minutes; 0.82 minute per case).

Data Analysis

The radiologists’ recommendations without and with
CAD were analyzed for 896 observations (56 lesions by
the 16 radiologists) and were compared at three levels of
malignancy (low: 1%~33%; medium: 34%-66%; and
high: 67%—99%) for malignant and benign lesions. The
test for proportion was used for comparison of the differ-
ence in changes on recommendations between those hav-
ing a heneficial and those have # detrimental elifect rom
CAD for malignant and benign lesions. A chi-square test
for independence was used for comparison of the differ-
ence in the proportions between radiologists’ biopsy rec-
ommendations without and with CAD. The recommenda-
tons were further classified as “biopsy™ and “other” for
highly suspicious lesions for which the radiologists indi-
cated their confidence ratings to be 67%—99%. The chi-
square test (including a multiple-group test) was used in-
dependently for comparison of the difference between (1)
lesion sizes {lesions at 6—10 mm and those at 11-20 mm)}
and (2) lesion patterns (pure GGO, mixed GGO, and solid
opacity) for biopsy recommendations on these highly sus-
picious lesions, without and with CAD.

Figure 1 shows the correlation between computer out-
put and change in the 16 radiologists’ recommendations
for 896 observations. With CAD, the fraction by which
the radiologists changed their recommendations was 18%
(163/896), including 18% (80/448) for cancers and 19%
(83/448) for benign lesions. Among these changed recom-
mendations, the fraction having a beneficial effect {malig-
nant: step up; benign: step down) was 68% (111/163},
and the fraction having a detrimental effect (malignant:
step down; benign: step up) was 32% (52/163) because of
CAD (test for proportion, P << ,001). The fractions hav-
ing a beneficial effect from CAD were 78% (62/80} and
59 % (49/83) for cancers and benign lesions, respectively.

Among the 62 observations for cancers with a benefi-
cial effect, 31 (50%) were changed from follow-up to a
biopsy recommendation by 11 radiologists. Among the 49
observations for benign lesions with a beneficial effect,
17 (35%) were changed from biopsy recommendation to
follow-up by 9 radiologists. Figure 2a shows a cancer in
which the CAD helped four radiologists to improve their
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Figure 1. Graphs show the correlation between computer out-
put and change in recommendations for 448 observations (28
cancers by 16 radiclogists) (a) and 448 observations (28 benign
lesions by 16 radioegists) {b). The four reccmmendation steps
are (1) follow-up in 12 months, {2) follow-up in & months, {3} fol-
low-up in 3 months, and {4) biopsy. The numbers on the Y axis
show the differences in recornmendation indices between the
without computer-aided diagnaosis (CAD) and with CAD condi-
tions: no change (0), step up (1, 2, and 3}, and step down {-1, -2,
and -3). The number of recommendations changed by radiolo-
gists by use of CAD was 163 (18%) for all 896 observations.
Among these changed recommendations, the fraction toward a
beneficial effect {malignant: step up; benign: step down) because
of CAD was 68% (111/163} {P < .001).

recomnmendation from follow-up to biopsy. Figure 2b
shows a benign lesion in which the CAD helped four ra-
diologists to impprove their recommendation from biopsy
to follow-up.

Table 1 lists the number of lesions grouped based on
radiologists’ confidence ratings at three levels and recom-
mendations in four steps for 896 observations (448 malig-
nant and 448 benign) without and with CAD. There
was no statistical significance in the biopsy recommen-
dations between radiologists without and with CAD for
cancers (38% = 170/448 versus 42% = 189/448; P =
.22}, although the number was increased from 170 to
189. For benign lesions, there was also no statistical
significance in biopsy recommendations (13% = 57/
448 versus 11% = 50/448; P = .54). The results indi-
cate that the effect was not significant in the total pro-
portion of radiologists’ recommendations regarding bi-
opsy by use of CAD.



b.

Figure 2. Thin-section computed tomegraphy imagas in two pa-
tients. (a8) Computer-aided diagnosis (CAD) (iikelihood of malig-
nancy: 71%) helped four radiologisis to alter their recommenda-
tion from follow-up to biopsy for a 47-year-old man with a squa-
mous cell carcinoma. (b} CAD {likellhood of malignancy: 5%)
helped four radiclogists to alter their recommendation from bi-
opsy to follow-up for a 63-year-old man with a benign lesion (no
change for more than 3 years).

Table 2 shows the distribution of size and pattern of
lesions for which radiclogists made biopsy recommenda-
tions without and with CAD. The difference was statisti-
cally significant between a heneficial effect (henign: ve-
moved from biopsy; malignant: added to biopsy) and a
detrimental effect (benign: added to biopsy; malignant:
removed from biopsy) because of CAD (69% = 48/70
versus 31% = 22/70; test for proportion, P = .002). The
difference was statistically significant between a beneficial
effect and a detrimental effect with CAD for cancers
(72% = 31/43 versus 28% = 12/43; P = .003), but the
difference was not statistically significant between them
with CAD for benign lesions (63% = 17/27 versus
37% = 1027, P = .18). The results indicate that the
changes regarding biopsy recommendations from CAD
occurred less frequently for small lesions and lesions with
pure GGO.

Table 3 shows the propartion of high confidence rat-
ings (67%~99%) and recommendations for all lesions
(malignant and benign) in three subgroups. The difference
was stalistically significant in the fraction of biopsy rec-
ommendations without CAD between lesions at 610 mm
and lesions at 11-20 mm (32% = 10/31 versus 77% =
158/204; P < .001), The difference also was statistically
significant for the fraction of biopsy recommendations
with CAD between the 6- to 10-mm lesions (31% = 11/
35) and the 11- 20-mm lesions (73% = 1853/252) (P <
.001). The difference was statistically significant in the
fraction of biopsy recommendations without CAD within
three patterns (pure GGOs: 27% = 12/44; mixed GGOs:
81% = 81/100; and solid lesions: 82% = 75/91; multi-
ple-group test P < .001). Further, the difference was sta-
tistically significant for the fraction of biopsy recommen-
dations without CAD between pure GGOs and mixed
GGOs (P < 001) or solid lesions (P < .001). There was
no statistically significant difference between the mixed
GGOs and solid lesions without CAD (P = .95). The
difference also was stalistically significant for the fraction
of biopsy recommendations with CAD within pure GGOs
(26% = 16/62), mixed GGOs (78% = 92/118), and solid
lesions (82% = 88/107) (P < .001), and between pure
GGOs and mixed GGOs (P < .001) or solid lesions (P <
001). There was no statistically significant difference be-
tween the mixed GGOs and solid lesions with CAD (P =
.53). The results indicate that radiologists also did not
often recommend biopsy for the lesions between 6 and 10
mm and pure GGO lesions even when they indicated a
high level of suspicion for cancer, regardless of CAD.
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Tahie 1

Number of Lesions Grouped Based on Three Levels of Radiologists’ Confidence and Four Different Recommendations for

Lesions Without and With Computer-Aided Diagnosis {CAD)

Ceonfidence Levels Without CAD

Confidence Levels With CAD

1%-33% 34%-66% 67 %~-99% 19%-33% 34%-66% 67 %-09%

Recommendations Malignant/Benign Total Malignant/Benign Total

Biopsy 1/0 32/26 137/31 170/57 1/0 22/20 166/30 189/50
Other 79/269 1417113 58/9 278/3 63/287 118/38 78/13 259/398

Follow-up in 12 months 15/98 5/7 0/0 20/105 7/94 3/5 0/0 10/69
Follow-up In 6 months 39/92 48/27 7 94/120 29/110 41/28 9N 79/139
Follow-up in 3 months 25/79 BB/79 51/8 164/166 27/83 74/65 69712 1707164
Total 80/269 173/139 185/40 448/448 64/287 140/118 244/43 448/448

Data are total 896 observaticns {56 lesions by 16 radiologists), including 448 observations with cancers (28 lesions by 16 radiologists)
and 488 observations with benign nodules {28 lesions by 16 radiologists). There was no statistical significance in the biopsy recommen-
dations between radiologists without and with CAD for both cancers (38% = 170/448 versus 42% = 189/448; P = .22} and benign le-

sions (13% = 57/448 versus 11% = 50/448; P = ,54).

Table 2
Distribution of Lesion Sizes and Patterns for which Radiologists Made Biopsy Recommendations for Lesions Without and
With CAD
Biopsy Recommendations Biopsy Recommendations Number (n = 70) With Beneficial
Without CAD With CAD (Detrimental} Effect Fram CAD
Malignant/Benign Malignant/Benign « Malignant [» = 43)/Benign (n = 27)

Total 170/57 189/50 31 (1217 (10}
Size

8- to 10-mm lesicn i2/5 131 324 (0)

11- to 20-mm lasion 158/52 176/4% 28 (1013 (10)
Pattern

Pure GGO 14/3 15/4 4 (3)/0 (1)

Mixed GGO 82/20 89/11 13 (610 (1)

Solid 74/34 85/35 14 (37 (8)

CAD, computer-aided diagnosis; GGO, ground glass opacity.

The difference was statistically significant between beneficial effect {malignant: 31 added to biopsy; benign: 17 removed from hiopsy)
and detrimental effect (malignant: 12 removed from bicpsy; benign: 10 added to biopsy) with CAD (69% = 31 + 17/70 versus 31% =
124-10/70; P < .002). The difference was statistically significant between a beneficial effect and a delrimental effect with CAD for can-
cers {72% = 31/43 versus 28% = 12/43; P = .003), but the difference was not statistically significant between them with CAD {for be-
nign lesions (83% = 17/27 versus 37% = 10/27; P = .18). Also the results indicate that the changes regarding biopsy recommendations
due to CAD were less occurred for small lesions and lesions with pure GGO.

Radiologists’ recommendations with use of CAD have
been investigated in several observer studies (3,5,6). Some
studies showed that there was a significant beneficial effect
resulting from classification CAD by increasing biopsy rec-
ommendations for breast cancers (5,6) with reduction (6) or
no significant change in biopsy recommendations (5) for
benign masses. In these studies, no further details were
given for the effect of CAD on radiologists’ recommenda-
tions—for example, how CAD affected radiologists’ recom-
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mendations concerning different lesion sizes or patterns and
why radiologists changed their recommendations for some
lesions, but not others.

Observer studies with pulmonary nodules indicated
similar results for the improvement of radiologists” per-
formance in detecting lesions and distinguishing benign
from malignant lesions on chest radiographs (10-12)
and on chest CT scans (§,13-16). In our recent CT
studies, we also asked radiologists to indicate their rec-
ommendations after they detected suspicious lung le-
sions (16) or after they had classified small lesions as



Tahle 3

Proportion of High Confidence Ratings (67%—09%) and
Recommendations for All Lesions [Malignant and Benign)
in Three Subgroups

Biopsy Biopsy
Recommendations Recommendations
Without CAD With CAD
Size
6- 0 16-mm
lesion 32% (10/31) 31% (11/35)
11- to 20-mm
[esicn 77% (158/204) 73% (185/252)
Pattern:
Pure GGO 27% (12/44) 28% (16/62)
Mixed GGO 81% (81/100) 78% (92/118)
Solid lesion 82% (75/91) 82% {B8/107}

CAD, computer-aided diagnosis; GGO, ground glass opacity.

The difference was statistically significant regarding the fraction
of biopsy recommendations between the 6- to 10-mm lesions and
the 11- to 20-mm lesions without (32% versus 77%; P < .001)
and with (31% versus 73%; P < .001) CAD, and between pure
GGOs and mixed GGOs or solid lesions without (27% versus
B1% or B2%,; P < .001) and with {26% versus 78% or 82%; P <
.001} CAD. The results indicate that radiologists did not often rec-
ommend bicpsy for small lesions and lesions with pure GGO,
even when their tevel of suspicion for cancer was high, regardiess
of CAD.

malignant or benign (8). The results indicated that our
detection CAD scheme significantly improved radialo-
gists’ recommendations for small-cell lung cancers with-
out any significant detrimental effect for false positives on
thick-section CT (16). Our classification CAD scheme
also significantly improved radiologists’ recommendations
for early lung cancers, without any significant detrimental
effect for small benign lesions on thin-section CT (8).
Our purpose in this study was to further evaluate how
classification CAD can assist radiologists in improving
their recommendations for two sizes (6—10 mm and
11-20 mmy} and three patterns (pure GGO, mixed GGO,
and solid lesion) of early lung cancers compared with
benign lesions.

The findings in the previous work indicated that the
improvements in radiologists’ confidence ratings resulting
from CAD were relatively uniform; the average A, value
was improved from 0.785 to 0.833 for all lesions, includ-
ing from 0.812 to 0.892 for nodules with pure GGO;
from 0.819 to 0.863 for nodules with mixed GGO; and
from 0.784 to 0.844 for solid nodules (8). However, the
results of the current study indicated that the improve-
ment of radiologists’ biopsy recommendations resulting
from CAD occurred mostly for larger lesions (11-20 mm)

and lesions with mixed GGO or solid opacity. In other
words, the current study indicated that the changes in bi-
opsy recommendations were often dependent on lesion
sizes or patterns. Radiologists’ recommendations regard-
ing biopsy were not often changed for smaller lesions or
lesions with pure GGO resulting from CAD although the
performance of CAD was also good for classification of
these lesions.

We did not give any pretest training regarding inter-
pretative guidelines for recommendations to radiologists
in this observer study. However, several CT studies re-
garding the frequency of malignancy in different sizes
and patterns, and regarding the growth rates of the can-
cers in different patterns, have been published previously
(17-26). In the past decade, CT has been applied widely
for early lung cancer screening (17-25), and radiologists
have learned how lesion size and pattern relate to the
probability of malignancy, and how histology affects tu-
mor morphology. For example, the frequency of malig-
nancy was very low for lesion sizes smaller than 10 mm
in diameter in a screening program (23), and also in a
clinical study (26). GGO lesions are more likely to be
malignant than are solid ones in CT screening programs
for lung cancer (9,24). In Hasegawa’s series, almost all of
the GGO lesions were slowly growing lung adenocarcino-
mas and the mean volume-doubling time of tumors with
pure GGO was very long (more than 800 days) (25). Re-
cently, guidelines for management of small pulmonary
nodules detected on CT scans have been published (27).
In the statement from the Fleischner Society (27), biopsy
recommendations are only suggested as an option for le-
sions larger than 8 mm, whereas long follow-up intervals
are appropriate for pure GGOs or very small opacities.
These data help explain why radiologists in our study did
not often recommend biopsy, even when their level of
confidence for cancer was high, regardless of CAD, for
the smaller and nonsolid lesions. We believe that radiolo-
gists’ propensity to recommend biopsy may depend on
their perception as to whether the lesion, if cancerous, is
likely to grow quickly.

The limitations in this study include the small numbers
of malignant and benign lesions. However, the dataset
was obtained from a lung cancer CT screening program,
which included three different CT patterns for both malig-
nant and benign lesions. We believe that it is more diffi-
cult for to distinguish small benign lesions from early
lung cancers in similar pattemns, especially when distin-
guishing those lesions with GGO. Therefore, we used a
special case subset, which included the most difficult
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cases in differentiating benign from malignant lesions, in
this observer study. There was no case bias for malignant
lesions becaunse the 28 lung cancers used in this observer
study were selected randomly among our database, and
only the 28 benign lesions were selected by matching
their patterns and sizes to the cancers. Importantly, with
our CAD scheme, the radiclogists’ performance was im-
proved regarding biopsy recommendations for solid le-
sions or lesions with mixed GGO at relatively larger
sizes. CAD has the potential to be useful for improving
management of patients with small lung lesions on CT in
clinical practice or in lung cancer screening programs.
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