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      ARTICLES   Baseline Chest Radiograph for Lung Cancer Detection 
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Ovarian Cancer Screening Trial 
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  Hocking   ,    Paul A.     Kvale   ,    Jill     Cordes   ,    Thomas L.     Riley   ,    Stephen D.     Winslow   , 
   Steven     Peace   ,    David L.     Levin   ,    Philip C.     Prorok   ,    John K.     Gohagan    for the 
PLCO Project Team  

    Background:   The Prostate, Lung, Colorectal and Ovarian 
(PLCO) Cancer Screening Trial was initiated in 1992 to 
examine cause-specifi c mortality reduction from screening 
for these four cancers in men and women. We report lung 
cancer detection results of the baseline screening round. 
  Methods:   Of the 154 942 participants enrolled, who were aged 
55 – 74 years with no history of PLCO cancers, 77 465 were 
randomly assigned to the intervention arm. Current or 
 former smokers and never smokers in this arm received 
an initial single-view posterior-anterior chest radiograph. 
  Results:   In the initial screen, 5991 (8.9%, 95% confi dence 
interval [CI] = 8.7% to 9.2%) of radiographs were suspicious 
for lung cancer: 8.2% (95% CI = 7.9% to 8.5%) for women 
and 9.6% (95% CI = 9.3% to 10.0%) for men. Rates were 
highest for older age groups and for smokers. Among those 
5991 participants with a positive screen, 206 (3.4%, 95% 
CI = 3.0% to 3.9%) underwent biopsy examination, 126 
(61.2%, 95% CI = 54.5% to 67.8%) of whom were diagnosed 
with lung cancer within 12 months of the screen (59 in women 
and 67 in men). The positive predictive value was 2.1% (95% 
CI = 1.7% to 2.5%), and 1.9 lung cancers were detected per 
1000 screens. Among these cancers, 44% (95% CI = 35% to 
52%) were stage I non – small-cell lung cancer. High rates of 
lung cancer were found in current smokers (6.3 per 1000 
screens) and in former smokers who had smoked within the 
past 15 years (4.9 per 1000 screens). The lung cancer detec-
tion rate among never smokers was 0.4 per 1000 screens; this 
group accounted for 11% (95% CI = 5.6% to 16.6%) of the 
cancers identifi ed.   Conclusions:   In the baseline screen, nearly 
half the cancers were stage I. Whether this experience results 
in a reduction in lung cancer mortality is yet to be seen.   
[J Natl Cancer Inst 2005;97:1832 – 9]   

  Lung cancer is a worldwide problem, estimated to cause 
nearly one million deaths annually  ( 1 ).  In the United States alone, 
lung cancer is the most common cause of cancer death in both 
men and women. By the time lung cancer produces symptoms, 
the disease is usually advanced and incurable. At present, treat-
ment for advanced lung cancer is unsatisfactory, and nearly 90% 
of the approximately 170 000 patients newly diagnosed each year 
will die within 2 years  ( 2 ).  However, if the disease is diagnosed 
in its early stages, a time when it can still be treated with surgery, 
the 5-year survival rate is 70%  ( 3 ) . It is therefore possible that an 
improvement in the detection of lung cancer at an early stage 
when it can be resected might reduce the mortality rate from this 
disease. 

 Chest radiograph and sputum cytology have been the most 
common screens for lung cancer. These two methods are cur-
rently the only screening procedures that have been evaluated in 
controlled trials for the detection of early-stage asymptomatic 
lung cancer that used disease-specifi c reduction in mortality as 
the endpoint. Several studies of screening for lung cancer by 
chest radiograph with or without sputum cytology were con-
ducted in both the United States and the United Kingdom in 
the 1950s and 1960s, but none found a reduction in lung cancer 
mortality rate  ( 4  –  10 ).  

 The effi cacy of screening for lung cancer has also been evalu-
ated in four randomized controlled trials  ( 11  –  15 ) , three of which 
 ( 11 , 13  –  15 )  were sponsored by the National Cancer Institute as 
part of the Cooperative Early Lung Cancer Detection Program 
 ( 16 ) . All enrolled male smokers only, and all had a primary end-
point of mortality from lung cancer. Two of these studies  ( 11 , 12 )  
compared periodic chest radiographs done at regular intervals 
with  “ no screening, ”  which, in practice, actually consisted of less 
frequent radiographs. In the other two studies  ( 14 , 15 ) , all partici-
pants received an annual chest radiograph, but the intervention 
arm participants also received sputum cytologic examinations 
every 4 months. The Mayo Lung Project  ( 11 , 17  –  19 ) , the most 
infl uential of these four studies, prevalence-screened 10 933 men 
ages 45 years or older who were current smokers of at least one 
pack per day and then enrolled and randomly assigned the 9211 
who did not have lung cancer or other exclusionary conditions. 
Participants in the intervention arm received a chest radiograph 
and sputum cytologic examination every 4 months for 6 years; 
participants in the control arm received no additional study ex-
ams but, at trial entry, did receive standard Mayo advice to obtain 
annual chest radiographs and sputum cytologic examination for 
screening. In fact, approximately 50% of the men in the control 
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arm received a chest radiograph in the fi nal year of the study 
 ( 19 ) . At the conclusion of the study in 1983, 13 years after the 
fi rst participant and 7.5 years after the last participant were ran-
domly assigned to a study arm, 206 lung cancers had been diag-
nosed in the screening group, and 160 lung cancers had been 
diagnosed in the control group. There was no difference in 
 mortality rates between the two groups, even on reanalysis with 
a median follow-up of 20.5 years  ( 20 ) . For comparison, the 
Czechoslovakia lung cancer screening study enrolled a total of 
6346 male smokers aged 40 – 64 years  ( 12 ) . Participants in the 
screened arm were evaluated every 6 months for 3 years with a 
chest radiograph and sputum cytologic examination. They were 
compared with a no-screen control arm after a baseline preva-
lence screen in all participants. Control subjects received a chest 
radiograph during the third study year, and all participants (inter-
vention and control) received annual chest radiographs for an 
 additional 3 years. In the fi nal report  ( 12 )  at the end of the 6-year 
screening period, there were 108 lung cancers and 85 deaths in 
the screening group and 82 lung cancers and 67 deaths in the 
control group, but there was no statistically signifi cant difference 
in mortality. The Johns Hopkins and Memorial Sloan-Kettering 
Lung Projects together enrolled more than 20 000 male smokers 
older than 45 years  ( 13  –  15 ) . All participants in these studies 
 received an annual chest radiograph and were randomly assigned 
to receive either sputum cytologic examination every 4 months 
or no sputum examination. The studies are therefore usually 
viewed as having assessed the usefulness of sputum cytologic 
examination. Neither study showed a reduction in lung cancer 
mortality. 

 The lack of an observed benefi t in these trials led to the cur-
rent belief that lung cancer screening by chest radiograph with or 
without sputum cytologic examination is ineffective for reducing 
lung cancer mortality. Nevertheless, screening with chest radio-
graphs does detect more stage I cancers than are expected in the 
absence of screening  ( 13  –  15 ) . Longer survival of screened pa-
tients, compared with that of patients diagnosed through usual 
care, is observed as well, but lead time and overdiagnosis ex-
plain, at least in part, these apparent benefi ts  ( 20 ) . Because the 
chest radiograph is simple, widely available, noninvasive, and 
relatively inexpensive, it continues to be used as a screening mo-
dality, even in the absence of evidence demonstrating a defi nitive 
benefi t. 

 Concern about insuffi cient size of previous studies  ( 11  –  19 ) , as 
well as diffi culties in the interpretation of results of completed 
studies, raised the possibility that a small but important benefi t 
from annual chest radiograph could have been missed  ( 20 ) . In 
1992, the National Cancer Institute initiated the Prostate, Lung, 
Colorectal and Ovarian (PLCO) Cancer Screening Trial, the larg-
est and most ambitious cancer screening trial undertaken in the 
United States  ( 21 ) . This trial differed from the Mayo Lung Proj-
ect in several key respects. The most important difference was 
that the Mayo Lung Project was limited to men only, whereas the 
PLCO included men and women in nearly equal numbers. Fur-
thermore, the PLCO randomly assigned nearly 155   000 partici-
pants to a screening group or a control group and was, therefore, 
able to detect smaller, yet clinically meaningful, lung cancer 
mortality differences than these prior studies. In contrast to the 
Mayo Lung Project, there was also no prevalence or baseline 
screen for control subjects in the PLCO, and control subjects 
were not instructed at trial entry to obtain chest radiographs 
 outside the study. 

 We report the results of the initial lung cancer screening round 
for the intervention arm of the PLCO Trial. The PLCO Trial is 
unique in that it presents the largest prevalence screen for lung 
cancer, one that was conducted in a population with a mixture of 
participants of different sexes, races, and smoking histories. The 
comparison of data across arms, including lung cancer mortality, 
will be reported at a later date. 

  P ARTICIPANTS AND  M ETHODS  

  Design Summary and Participants 

 The components of the PLCO Cancer Screening Trial, includ-
ing a detailed description of the trial’s design and operations, 
have been described elsewhere  ( 21 ) . The main objective of the 
study is to determine whether a screening program for prostate, 
lung, colorectal, or ovarian cancer in healthy subjects can reduce 
mortality from these diseases. 

 The study was open to persons between the ages of 55 and 74 
years. Study participants could not have been diagnosed with 
prostate, lung, colorectal, or ovarian cancer at any time or be un-
dergoing treatment for any cancer other than basal cell or squa-
mous cell skin cancer. Exclusions included anyone participating 
in another cancer screening or primary prevention trial, men who 
had taken fi nasteride (Proscar) in the 6 months before entry or 
who had had more than one prostate-specifi c antigen blood test in 
the past 3 years, and individuals who had had colonoscopy, sig-
moidoscopy, or a barium enema examination in the past 3 years. 
Individuals with previous surgical removal of the entire prostate, 
one lung, or the entire colon were also excluded from the study. 
Women with prior removal of both ovaries were initially 
 excluded; however, as of 1996, they were allowed to enroll. 
 Recruitment was directed toward volunteers in the general popu-
lation, and direct mail was used primarily as the recruitment 
strategy. Enhanced recruitment methods were used to target 
 minority populations. All participants signed informed consent 
documents approved by both the National Cancer Institute and 
their local institutional review board. 

 On entry in the study, subjects were given a self-administered 
baseline questionnaire that included questions about personal 
 sociodemographic characteristics (age, race, sex, marital status, 
and education), family history of cancer, personal medical his-
tory, cigarette smoking history (status, age started and stopped, 
and amount smoked), and cancer screening history in the 3 years 
before entry. The questionnaire covered topics believed to be 
 relevant to risk factors for the PLCO Trial cancers. 

 The PLCO was designed as a two-armed randomized trial with 
a target enrollment of 37   000 women and 37   000 men, aged 55 – 74 
years at entry, in the screened arm and equal numbers of women 
and men enrolled in the control arm. The fl ow of parti cipants 
 into the trial is outlined in      Fig. 1 . A total of 154   942  parti cipants 
have been enrolled, with 77   477 assigned to the  control group and 
77   465 assigned to the intervention group.  Randomization and 
screening were carried out at the following 10 screening centers: 
University of Colorado Health Sciences Center, Denver, CO; 
Lombardi Cancer Research Center of Georgetown University, 
Washington, DC; Pacifi c Health Research Institute, Honolulu, HI; 
Henry Ford Health System, Detroit, MI; University of Minnesota 
School of Public Health, Minneapolis, MN; Washington  University 
School of Medicine, St. Louis, MO; University of Pittsburgh/
Pittsburgh Cancer  Institute/Magee-Women’s Hospital, Pittsburgh, 
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PA; University of Utah School of Medicine, Salt Lake City, UT; 
Marshfi eld Clinical Research Foundation, Marshfi eld, WI; and 
the University of Alabama at Birmingham, Birmingham, AL. 
Trial participants are to be followed for at least 13 years from 
 entry. 

 The screening evaluation for lung cancer is a single-view 
posterior-anterior chest radiograph. Men and women who were 
current or former smokers (as defi ned in the baseline question-
naire) underwent an initial chest radiograph screening for lung 
cancer that was followed by three annual screens. Never smokers 
had an initial screening chest radiograph followed by two annual 
screens. Radiographs were defi ned as positive (i.e., suspicious 
for cancer) when the participating radiologist identifi ed a nodule, 
infi ltrate, or other abnormality that possibly could represent 
 cancer. Cancers included in this analysis were diagnosed in par-
ticipants in the screening arm within 12 months of a positive 
baseline screen. 

 When participants received a positive screen result, they were 
referred to their primary health care provider who then directed 
the follow-up and evaluation. Medical records were obtained to 
document follow-up activity.  

  Statistical Analyses 

 We used proportions to measure screen positivity, lung can-
cer detection, and positive predictive value. Chi-square tests of 
independence (SAS Systems for Windows release 8.01, SAS, 
Cary, NC) were used to evaluate the statistical signifi cance 
of differences in proportions. A normal approximation to the 
binomial distribution  ( 22 )  was used to calculate 95% confi -
dence intervals [CIs] for proportions. All statistical tests were 
two-sided.   

  R ESULTS  

  Enrollment 

 The PLCO study randomly assigned 154   942 participants from 
November 8, 1993, through July 2, 2001 (as noted in      Fig. 1 ), to 
intervention and control arms. Approximately half of the partici-

pants, 77   465, were randomly assigned to the intervention arm 
and were scheduled for an initial screening chest radiograph. 
Similar numbers of men and women were entered in the study. 
Consequently, this is also the largest randomized, controlled trial 
of screening for lung cancer in women, enrolling 78   234 and ran-
domly assigning 39   115 female participants to the intervention 
(screening) arm. 

 The characteristics of the intervention arm participants are 
presented in      Table 1 . Sixty-four percent of the participants were 
55 – 64 years old at enrollment, and 36% were 65 years or older. 
Most participants who enrolled in this study were white, with 
blacks accounting for only 5.1% of participants, despite a con-
certed effort to recruit individuals from minority populations. Other 
minority populations, including Hispanic, Asian, Pacifi c  Islander, 
and Native American, accounted for 6.4% of participants.   

 At study entry, among participants who answered the baseline 
questionnaire, 46.8% classifi ed themselves as never smokers,    Fig. 1.     Flow of participants in the Prostate, Lung, Colorectal and Ovarian Cancer 

Screening Trial.     

  Table 1.       Baseline characteristics of participants in the Prostate, Lung, 
Colorectal and Ovarian (PLCO) Cancer Screening Trial randomly assigned 
to the intervention arm ( n  = 77   465)  

Characteristic No. (% of specifi ed)

Age group
            55 – 59 y 25   840 (33.4)
            60 – 64 y 23   797 (30.7)
            65 – 69 y 17   472 (22.6)
            70 – 74 y 10   356 (13.4)
Sex
            Female 39   115 (50.5)
            Male 38   350 (49.5)
Race
            White, non-Hispanic 66   871 (88.5)
            Black, non-Hispanic 3883 (5.1)
            Hispanic 1421 (1.9)
            Asian 2793 (3.7)
            Other 605 (0.8)
            Not specifi ed 1892 ( — )
Education
             ≤ 11 y 5620 (7.4)
            Completed high school 17   270 (22.9)
            Post-high school 9373 (12.4)
            Some college 16   549 (21.9)
            Graduated college 12   864 (17.0)
            Postgraduate 13   796 (18.3)
            Not specifi ed 1993 ( — )
Smoking status * 
            Never smoker 35   018 (46.8)
            Former smoker 32   392 (43.2)
                         ≥ 15 y/<20 pk-y 13   946 (18.6)
                         ≥ 15 y/20 – 29 pk-y 2866 (3.8)
                         ≥ 15 y/ ≥ 30 pk-y 3421 (4.6)
                         ≥ 15 y/not specifi ed 107 ( — )
                        <15 y/<20 pk-y 2641 (3.5)
                        <15 y/20 – 29 pk-y 2309 (3.1)
                        <15 y/ ≥ 30 pk-y 6542 (8.7)
                        <15 y/not specifi ed 19 ( — )
                        Not specifi ed/<20 pk-y 357 ( — )
                        Not specifi ed/20–29 pk-y 95 ( — )
                        Not specifi ed/ ≥ 30 pk-y 73 ( — )
                        Not specifi ed/not specifi ed 16 ( — )
            Current smoker 8181 (10.9)
                        <20 pk-y 1865 (2.5)
                        20 – 29 pk-y 913 (1.2)
                         ≥ 30 pk-y 5381 (7.2)
                        Not specifi ed 22 ( — )
                       Not specifi ed 1874 ( — )

  *  Former smokers are divided into groups who last smoked  ≥ 15 years and who 
last smoked <15 years before randomization. Smoking status is shown as the 
number of years since last smoked/number of pack-years (pk-y).  
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and 43.2% classifi ed themselves as former smokers. Only 10.9% 
of participants reported that they were current smokers, com-
pared with 22.5% smokers in the general population in 2002 
 ( 23 ) . Sixty-four percent of men and 45% of women in the trial 
were current or former smokers. Twenty-nine percent of enroll-
ees had a smoking history of at least 20 pack-years (38% for 
men and 20% for women). A family history of lung cancer in 
one or more fi rst-degree relatives was self-reported by 10.5% of 
participants.  

  Compliance 

 A total of 10   427 trial participants randomly assigned to the 
screening arm did not receive their initial chest radiograph. 
Overall compliance for the fi rst chest radiograph was 86.5% 
(89.0% for men and 84.1% for women). There was no strong 
association of age with compliance in this study, although the 
rate was lowest (84.1%) in subjects aged 70 – 74 years. Compli-
ance was slightly lower among current smokers (84.0%) and 
among heavy smokers (85.9%) than among other enrolled par-
ticipants, but overall a compliance rate of more than 85% was 
generally maintained, as assumed in the original study design 
and statistical power calculations  ( 21 ) .  

  Screening Results 

 The rate of positive results for initial chest radiographs was 
8.9% (95% CI = 8.7% to 9.2%). The rate was statistically sig-
nifi cantly higher ( P <.001) in men (9.6%, 95% CI = 9.3% to 
10.0%) than in women (8.2%, 95% CI = 7.9% to 8.5%)  (     Table 2 ). 
The rate of a positive screen result increased with age for both 
sexes. Men had a higher rate of positive screen results than 
women in each age group and for each smoking status (data not 
shown). The rate of positive screen results was different 
( P <.001) for the various smoking status categories, from never 
smoker (8.0%, 95% CI = 7.6% to 8.2%), to former smoker 
(9.5%, 95% CI = 9.2% to 9.9%), to current smoker (11.0%, 95% 
CI = 10.3% to 11.8%). Never smokers account for 46.8% of the 
study population and 46.6% of the subjects screened. Their pos-
itivity rate of 8.0% is surprisingly high when compared with 
that of current smokers of at least 30 pack-years (11.6%, 95% 
CI = 10.7 to 12.6).   

 Of those 5991 subjects with an initial positive screen, 4754 
(79%) subsequently received some diagnostic evaluation. This 
evaluation included a repeat chest radiograph for 3187 (53%) 
participants, a comparison of the screening fi lm with previous 
fi lms for 1061 (18%), and a more detailed clinical evaluation for 
2203 (37%); 1375 (23%) of the participants with an initial posi-
tive screen went on to have a computed tomography scan of the 
chest, and 190 (14%) of these participants then went on to a 
 biopsy examination. Overall, 206 (3.4%, 95% CI = 3.0% to 3.9%) 
subjects with a positive screen went on to receive a biopsy 
 examination (     Table 3 ); 126 participants (61%, 95% CI = 54.4% 
to 67.8%) had biopsies that were positive for lung cancer (59 in 
women and 67 in men).   

 Women with a positive initial screen result were slightly more 
likely than men to have a computed tomography scan (25.5% vs. 
21.3%) or a biopsy examination (3.7% vs. 3.2%). There was no 
consistent variation in follow-up with age, but the two oldest age 
groups (65 – 69 years and 70 – 74 years) had the highest biopsy 
rates (each of 4.0%). Never smokers had the lowest biopsy rates 

(2.1%), compared with current smokers (7.0%) or smokers who 
smoked 30 pack-years or more (6.3%). 

 Among those 5991 participants with a positive initial screen, 
we detected 126 lung cancers within 12 months of the initial 
chest radiograph (47% in women and 53% in men). Thus, the 
positive predictive value observed for chest radiograph was 
2.1%; i.e., 2.1% (95% CI = 1.7% to 2.5%) of positive screens 
led to a diagnosis of lung cancer, with a total of 1.9 lung cancers 
detected for every 1000 initial screening chest radiographs. 
 Despite an apparent sex-related difference in the radiograph 
 positivity rate (     Table 2 ), men and women had similar rates of 
lung cancer diagnosis, similar positive predictive values, and 
similar numbers of lung cancers diagnosed per 1000 screens 
(     Table 3 ). 

  Table 2.       Results of baseline chest radiograph screen by participant 
characteristics in the Prostate, Lung, Colorectal and Ovarian (PLCO) 
Cancer Screening Trial  

Group No. screened No. positive % positive

All participants 67   038 5991 8.9
Sex
            Female 32   899 2700 8.2
            Male 34   139 3291 9.6
Age group
            55 – 59 y 22   458 1668 7.4
            60 – 64 y 20   777 1816 8.7
            65 – 69 y 15   089 1494 9.9
            70 – 74 y 8714 1013 11.6
Smoking status * 
            Never smoker 31   257 2485 8.0
            Former smoker  †  28   771 2741 9.5
                         ≥ 15 y/<20 pk-y 12   573 1080 8.6
                         ≥ 15 y/20 – 29 pk-y 2591 269 10.4
                         ≥ 15 y/ ≥ 30 pk-y 3076 313 10.2
                        <15 y/<20 pk-y 2286 194 8.5
                        <15 y/20 – 29 pk-y 2066 182 8.8
                        <15 y/ ≥ 30 pk-y 5630 643 11.4
            Current smoker  †  6876 758 11.0
                        <20 pk-y 1580 166 10.5
                        20 – 29 pk-y 788 67 8.5
             ≥ 30 pk-y 4493 522 11.6
            Partially or not specifi ed 698 70 10.0

  *  Former smokers are divided into groups who last smoked  ≥ 15 years and who 
last smoked <15 years before randomization. Smoking status is shown as the 
number of years since last smoked/number of pack-years (pk-y).  

   †   Summary categories for smokers include subjects without information on 
pack-years smoked and years since quitting (former smoker only).  

  Table 3.       Evaluation and diagnostic outcome of positive screens by sex  

   Baseline screening chest radiograph

Result  All  Women  Men

No. screened  67   038  32   899  34   139
No. positive screens  5991  2700  3291
% positive of total screened  8.9  8.2  9.6
No. patients examined by biopsy  206  100  106
% of positive screens examined by 
 biopsy

 3.4  3.7  3.2

No. lung cancers diagnosed  126  59  67
PPV of screening test, % 
 (95% CI for PPV) * 

 2.1 
 (1.7 to 2.5)

 2.2 
 (1.6 to 2.7)

 2.0 
 (1.6 to 2.5)

% of biopsy examinations positive  61.2  59.0  63.2
No. lung cancers per 1000 screens  1.9  1.8  2.0

  *  PPV = positive predictive value (i.e., cancer diagnoses as a percentage of 
positive screens); CI = confi dence interval.  
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 Among current smokers, lung cancer was diagnosed in 6.3 
participants per 1000 screens (     Table 4 ). Former smokers had 4.9 
and 1.1 cancers per 1000 screens, respectively, depending on 
whether they did or did not smoke within the prior 15 years. 
Fourteen (11.1%, 95% CI = 5.6% to 16.6%) of the 126 cancers 
were diagnosed in the never smoker population, all but two of 
which were found in women. Among the 31   257 never smokers, 
the positive predictive value for a positive chest radiograph was 
only 0.6% (95% CI = 0.3% to 0.9%), and the lung cancer detec-
tion rate was only 0.4 per 1000 screens. There was a pattern of 
more frequent lung cancer diagnosis among men who were cur-
rent smokers (8.0 cancers per 1000 screens) than among women 
who were current smokers (4.0 cancers per 1000 screens) (     Table 5 ). 
This pattern was not observed in former or never smokers.     

 An analysis of the effect of smoking cessation over time (i.e., 
years since quitting smoking) on the likelihood of detecting lung 
cancer in the baseline screen is presented in      Table 6 . Fifty-one 
percent of the lung cancers detected at baseline were identifi ed in 
never smokers or former smokers who reported that they quit 
smoking 5 years or more before enrollment. Among current 
smokers and those who reported quitting less than 2 years before 

  Table 4.       Baseline screening results by smoking status at entry  

Smoking status * 
 No. 
screened

% positive 
 screens

% of positive screens 
 examined by biopsy

No. cancers 
 diagnosed

 PPV 
 (95% CI)  †  

No. cancers diagnosed 
per 1000 screens

Never smoker 31   257 8.0 2.1 14 0.6 (0.3 to 0.9) 0.4
Former smoker  ‡  28   771 9.5 3.7 69 2.5 (1.9 to 3.1) 2.4
             ≥ 15 y/<20 pk-y 12   573 8.6 1.8 6 0.6 (0.1 to 1.0) 0.5
             ≥ 15 y/20 – 29 pk-y 2591 10.4 4.5 8 3.0 (0.9 to 5.0) 3.1
             ≥ 15 y/ ≥ 30 pk-y 3076 10.2 3.2 6 1.9 (0.4 to 3.4) 2.0
            <15 y/<20 pk-y 2286 8.5 3.6 6 3.1 (0.7 to 5.5) 2.6
            <15 y/20 – 29 pk-y 2066 8.8 5.5 7 3.8 (1.1 to 6.6) 3.4
            <15 y/ ≥ 30 pk-y 5630 11.4 6.8 36 5.6 (3.8 to 7.4) 6.4
Current smoker  ‡  6876 11.0 7.0 43 5.7 (4.0 to 7.3) 6.3
            <20 pk-y 1580 10.5 6.6 9 5.4 (2.0 to 8.9) 5.7
            20 – 29 pk-y 788 8.5 4.5 3 4.5 (0.0 to 9.4) 3.8
             ≥ 30 pk-y 4493 11.6 7.5 31 5.9 (3.9 to 8.0) 6.9

  *  Former smokers are divided into groups who last smoked  ≥ 15 years and who last smoked <15 years before randomization. Smoking status is shown as the number 
of years since last smoked/number of pack-years (pk-y).   

  †   PPV = positive predictive value (i.e., cancer diagnoses as a % of positive screens).  
   ‡   Summary categories for smokers include subjects without information on years since quitting (former smokers only) and pack-years smoked.  

enrollment, the number of cancer diagnoses per 1000 screens 
was 5.9 for women and 7.3 for men. Thus, the number of cancers 
detected per 1000 chest radiograph screens remained at more 
than 4.0 for up to 10 years after smoking cessation and remained 
more than threefold that of never smokers (0.5%) thereafter.   

 Histopathologic data are presented in      Tables 7  and      8 . For our 
tabulation of these data, we combined adenocarcinoma and its 
variants (acinar adenocarcinoma, bronchoalveolar carcinoma, and 
adenosquamous carcinoma) into one group,  “ adenocarcinoma, ”  
which accounts for 57% of all cancer diagnoses. Women were 
more likely than men to have adenocarcinoma (68% vs. 48%, 
 respectively) (     Table 7 ). All other histologic types were observed 
equally in both sexes or were more prevalent in men than in 
women. Overall, 86% of the lung cancers detected after a positive 
baseline screen were non – small-cell lung cancers. Of the 14 can-
cers diagnosed in never smokers, 12 were adenocarcinoma and 
two were malignant carcinoid tumors. Small-cell, squamous cell, 
and large-cell undifferentiated carcinoma types were found only 
in current or former smokers. Fifty-fi ve (52%) of the 107 non –
 small-cell lung cancers or 44% (95% CI = 35% to 52%) of all 126 
lung cancers diagnosed presented as stage I disease (     Table 8 ).       

  Table 5.       Baseline screening diagnosis of lung cancer by sex and smoking status at entry  

    Women   Men

Smoking status * 
 No. 
screened

No. cancers 
 diagnosed

No. cancers diagnosed 
 per 1000 screens

 No. 
 screened

No. cancers 
 diagnosed

No. cancers diagnosed 
 per 1000 screens

Never smoker 18   559 12 0.6 12   698 2 0.2
Former smoker  †  11   255 35 3.1 17   516 34 1.9
             ≥ 15 y/<20 pk-y 5407 2 0.4 7166 4 0.6
             ≥ 15 y/20 – 29 pk-y 722 6 8.3 1869 2 1.1
             ≥ 15 y/ ≥ 30 pk-y 654 2 3.1 2422 4 1.7
            <15 y/<20 pk-y 1426 4 2.8 860 2 2.3
            <15 y/20 – 29 pk-y 952 5 5.3 1114 2 1.8
            <15 y/ ≥ 30 pk-y 1861 16 8.6 3769 20 5.3
Current smoker  †  3022 12 4.0 3854 31 8.0
            <20 pk-y 928 5 5.4 652 4 6.1
            20 – 29 pk-y 418 1 2.4 370 2 5.4
             ≥ 30 pk-y 1669 6 3.6 2824 25 8.9

  *  Former smokers are divided into groups who last smoked  ≥ 15 years and who last smoked <15 years before randomization. Smoking status is shown as the number 
of years since last smoked/number of pack-years (pk-y).  

   †   Summary categories for smokers include subjects without information on pack-years smoked and years since quitting (former smoker only).  
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  Table 6.       Baseline lung cancer incidence by sex and time since cessation of smoking  

    Former smoker: time since cessation*

 Current      Incomplete 
Characteristic smoker <2 y 2 – 5 y 5 – 10 y  ≥ 10 y Never smoker history

Female
            No. screened 3022 516 722 1443 8385 18   559 252
            % positive screens 10.3 11.0 8.6 9.4 8.1 7.7 9.5
            No. cancers diagnosed 12 9 3 8 15 12 0
            No. cancers per 1000 screens 4.0 17.4 4.2 5.5 1.8 0.6 0
Male
            No. screened 3854 649 949 1826 13   828 12   698 335
            % positive screens 11.6 12.8 11.1 12.4 9.7 8.3 9.9
            No. cancers diagnosed 31 2 5 8 19 2 0
            No. cancers per 1000 screens 8.0 3.1 5.3 4.4 1.4 0.2 0
All participants
            No. screened 6876 1165 1671 3269 22   213 31   257 587
            % positive screens 11.0 12.0 10.0 11.1 9.1 8.0 9.7
            No. cancers diagnosed 43 11 8 16 34 14 0
            No. cancers per 1000 screens 6.3 9.4 4.8 4.9 1.5 0.4 0

  *  Excludes former smokers with no information on time since quit.  

  D ISCUSSION  

 We enrolled 154   942 participants in this study, 77   465 of whom 
were randomly assigned to the intervention arm and 67   038 of 
whom received their initial baseline radiograph screening exam. At 
the initial screening, 5991 (8.9%) of these chest radiographs were 
positive and required additional evaluation. Although this addi-
tional evaluation was frequently limited to a standard chest radio-
graph and its comparison to previous radiographs, 1375 (23%) of 
those participants with positive screens went on to  receive a com-
puted tomography scan of the chest. Overall, 126 (2.1%) of the 
5991 participants with a positive baseline screen were found to 
have cancer in the 12 months after their baseline screen. The num-
ber of cancers found among men and among women was compa-
rable, and there was a high rate of adenocarcinoma, especially in 
women. In this screened population, 44% of lung cancers were di-
agnosed as stage I, and 12% were diagnosed as stage IV. Although 
such a distribution could be indicative of a stage shift compared 
with an unscreened population, it is possible that characteristics of 
the participants, such as healthier lifestyles or attentiveness to med-
ical concerns, could be responsible. Therefore, the meaning of the 
apparently high proportion of early-stage cancers will not be fully 
understood until further data become available. 

 The rate of lung cancer detection in the initial PLCO screen 
was similar to that in the prevalence screen of the Mayo Lung 
Project. The PLCO detected 8.0 lung cancers per 1000 baseline 
screens of male smokers, compared with 8.3 in the Mayo Lung 
Project  ( 11 ) . 

 We detected a high rate of cancer in former smokers but an 
extremely low rate in never smokers, even though the never 
smoker group accounted for 41.5% of the positive screens found 
at baseline. The concerns raised by positive interpretations of 
screening chest radiographs in never smokers will have to be re-
solved by additional studies if screening were to become widely 
practiced. 

 One premise of any screening effort is that it will lead to ear-
lier detection of cancer so that the cancer can be diagnosed and 
treated at an earlier, more curable stage. It is well documented 
 ( 24  –  26 )  that the 5-year survival rate in stage I non – small-cell 
lung cancer is 50%-70%, which is considerably higher than the 
rate in stage II non – small-cell lung cancer. These more advanced 

lung cancers are usually fatal within 2 years of diagnosis. If a 
benefi cial stage shift does occur, it would be refl ected in the cen-
tral analysis in this trial, the comparison of lung cancer mortality 
among participants in the screening arm with that among partici-
pants in the control arm. These data will be reported at a later 
date when suffi ciently mature. 

 An important feature of this study is that 39   115 women were 
accrued and randomly assigned to the intervention arm. The 
PLCO is the fi rst major controlled study to evaluate screening 
for lung cancer in women. It was therefore important, in this 
preliminary analysis, to compare the results among women with 
those among men. We found that the incidence of positive 
screens was lower among women (8.2%) than among men 
(9.6%). This trend was found in every age group, in current and 
former smokers, in never smokers, and in smokers with a smok-
ing history of less than 30 pack-years or of 30 or more pack-
years. In an analysis of the relationship of sex and smoking 
status with lung cancer detection among all groups, we found a 
somewhat higher incidence of lung cancer among men (2.0 lung 
cancers per 1000 screens) than among women (1.8 lung cancers 
per 1000 screens). By smoking category, it was only among cur-
rent smokers that we found a lower incidence of lung cancer 
among women (4.0 per 1000 screens) than among men (8.0 per 
1000 screens) (     Table 5 ). This result may merely refl ect a dose 
difference per category, as suggested by the fact that women 
represent 59% of the group of current smokers with a smoking 

  Table 7.       Histologically confi rmed cancers after a positive baseline screen  

Histologic type  Total Women  Men

Total No. (%) 126 (100) 59 (100) 67 (100)
Non – small-cell 108 (86) 51 (86) 57 (85)
 Adenocarcinoma * 72 (57) 40 (68) 32 (48)
 Squamous cell 20 (16) 5 (8) 15 (22)
 Large-cell undifferentiated 9 (7) 3 (5) 6 (9)
 Other non – small-cell 7 (6) 3 (5) 4 (6)
Small cell 9 (7) 3 (5) 6 (9)
Carcinoid 7 (6) 4 (7) 3 (4)
Carcinoma, not otherwise specifi ed 2 (2) 1 (2) 1 (1)

  *  Includes acinar adenocarcinoma, bronchoalveolar carcinoma, and adenosqua-
mous carcinoma.  



1838 ARTICLES Journal of the National Cancer Institute, Vol. 97, No. 24, December 21, 2005

history of less than 30 pack-years and only 37% of the group of 
current smokers with a smoking history of 30 pack-years or 
more. The observation that 12 of the 14 lung cancers among 
nonsmokers were found in women could also refl ect exposure to 
passive smoking or other risk factors more prevalent among 
women. This speculation, however, needs to be substantiated in 
additional studies. 

 The histologic type of cancer most frequently identifi ed was 
adenocarcinoma, which was found in 68% of women and in 48% 
of men diagnosed with lung cancer. These values are in keeping 
with prior observations of a temporal shift in the histologic 
 distribution of non – small-cell lung cancer, with increased preva-
lence of lung adenocarcinoma in women and with an increase in 
the proportion of adenocarcinoma in both sexes accompanied by 
a gradual decrease in the proportion of squamous cell carcinoma 
 ( 27 , 28 ) . The tendency of adenocarcinoma to present as a periph-
eral lesion suggests the possibility that these cancers might be 
more readily detected on a chest radiograph than the more cen-
trally located squamous cell carcinomas. 

 Epidemiologic data support the conclusion that smoking causes 
lung cancer, accounting for nearly 90% of lung cancer cases diag-
nosed in the United States and other countries in which cigarette 
smoking is common  ( 29  –  31 ) . This observation is refl ected in the 
current study, in which 89% of the lung cancers found in the fi rst 
12 months after a positive screen occurred in smokers. Lung can-
cer risk among cigarette smokers increases with the number of 
cigarettes smoked per day and with the duration of smoking  ( 32 ) . 
In one study, models were derived to estimate the quantitative risk 
as a function of the number of cigarettes smoked, the duration of 
smoking, and the age of the smoker  ( 32 ) . According to these mod-
els, smoking duration appears to be a greater risk factor than the 
number of cigarettes smoked per day  ( 32 ) . 

 Conversely, smoking cessation is likely to reduce the risk of 
developing lung cancer, regardless of the age at which the smoker 
quits. A longer duration of smoking cessation is associated with a 
reduced risk of developing lung cancer  ( 33 ) . The data in      Table 6  
therefore are of interest. Current smokers and former smokers 
who smoked within the past 2 years had an incidence of 6.7 lung 
cancers per 1000 screens. Former smokers who quit 2 – 10 years 
earlier had an incidence of 4.9 cancers per 1000 screens. Among 
former smokers who quit more than 10 years earlier, the incidence 
dropped to 1.5 per 1000 screens. This incidence is still more than 
triple that identifi ed in never smokers (0.4 cancer per 1000 
screens). It has been, however, well documented by others  ( 34 )  
that, even 40 years after smoking cessation, former smokers have 
a higher risk of developing lung cancer than never  smokers. 

  Table 8.       Stage of non – small-cell (NSC) lung cancers after a positive 
baseline screen  

Stage No.
 % of NSC 
 lung cancers

  % of all 
 cancers * 

IA 34 32 27
IB 21 20 17
II 13 12 10
III 24 22 19
IV 15 14 12
Unavailable 1  —  — 
Total No. 108 100 85

  *  The one participant with NSC lung cancer and unavailable stage was excluded 
from percentage calculations.  

 The question of whether screening by chest radiograph re-
duces mortality from lung cancer awaits the analysis and com-
parison of both randomization arms of the PLCO Screening 
Trial. The National Lung Screening Trial (NLST), which is 
comparing low-dose computed tomography scans with chest ra-
diographs, builds in part on the experience of the PLCO Trial for 
generating and managing a very large accrual. It will offer a rel-
evant comparison, regardless of whether the fi nal results of the 
PLCO Trial support chest radiography as an effective screening 
modality. 

 In summary, our results from the baseline lung cancer screen-
ing round of the PLCO Trial demonstrate that massive participant 
accrual can be accomplished in a multi-institutional program 
with good compliance. Two limitations of the study are the 
disproportionate numbers of minority participants and never 
smokers as compared with the U.S. population. Nevertheless, the 
data suggest a high rate of early detection and possibly important 
differences between screening for lung cancer in women and in 
men. The answer to the important question of reduction in lung 
cancer mortality must await analysis of the two study arms as 
these data mature.    
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