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Abstract
Lung cancer is the major cause of cancer mortality. One of the aims of the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial (PLCO) was to determine if annual screening
chest radiographs reduce lung cancer mortality. We enrolled 154,900 individuals, aged 55–74
years; 77,445 were randomized to the intervention arm and received an annual chest radiograph
for 3 or 4 years. Participants with a positive screen underwent diagnostic evaluation under
guidance of their primary physician. Methods of diagnosis or exclusion of cancer, interval from
screen to diagnosis, and factors predicting diagnostic testing were evaluated. One or more positive
screens occurred in 17% of participants. Positive screens resulted in biopsy in 3%, with 54%
positive for cancer. Biopsy likelihood was associated with a mass, smoking, age, and family
history of lung cancer. Diagnostic testing stopped after a chest radiograph or computed
tomography/magnetic resonance imaging in over half. After a second or subsequent positive
screen, evaluation stopped after comparison to prior radiographs in over half. Of 308 screen-
detected cancers, the diagnosis was established by thoracotomy/thoracoscopy in 47.7%, needle
biopsy in 27.6%, bronchoscopy in 20.1% and mediastinoscopy in 2.9%. Eighty-four percent of
screen-detected lung cancers were diagnosed within 6 months. Diagnostic evaluations following a
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positive screen were conducted in a timely fashion. Lung cancer was diagnosed by tissue biopsy
or cytology in all cases. Lung cancer was excluded during evaluation of positive screening
examinations by clinical or radiographic evaluation in all but 1.4% who required a tissue biopsy.
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Lung Neoplasms/mortality; Radiography/screening/methods; Risk factors

1. Introduction
Lung cancer accounts for 13% of all cancers and causes an estimated 1.4 million deaths
annually worldwide[1]. When diagnosed at an early stage, 5-year survival is as high as
60%– 70%[2,3], but only 30% of clinically detected lung cancers are potentially resectable
at the time of diagnosis, and approximately 85% of lung cancer patients die from the
disease[4].

Early trials of screening high-risk populations by chest radiography alone or with sputum
cytology[5-9] did not demonstrate reduction in lung cancer mortality. In 1993, the National
Cancer Institute (NCI) initiated the Prostate, Lung, Colorectal, and Ovarian Cancer
Screening Trial (PLCO)[10] to determine whether screening programs would reduce
mortality from these four cancers. Screening results for the lung cancer intervention arm of
this trial have been previously published[11], and comparison to the control arm
demonstrated no mortality benefit from screening[12].

The goal of this study was to evaluate the diagnostic approach following a positive lung
screening examination in PLCO. We were particularly interested in how the diagnosis of
lung cancer was established or excluded, what factors influenced the diagnostic approach,
and the outcome when a positive screen was followed by a negative diagnostic evaluation
for cancer.

2. Methods
2.1. Ethics statement

Ethical approval was obtained by both the NCI and local institutional review boards (see
appendix). All participants signed informed consent documents prior to enrollment.

2.2. Study design
Details of the PLCO design and operations have been previously reported[10]. Individuals
between the ages of 55 and 74 were eligible. Between November 8, 1993 and July 2, 2001, a
total of 154,900 participants were enrolled. Randomization and screening were carried out at
ten screening centers[10].

The screening evaluation for lung cancer was a single view posterior-anterior chest
radiograph (CXR). Current or former smokers underwent initial screening at baseline (T0),
followed by three annual screens (T1-T3). Never-smokers initially followed the same
protocol, but an amendment effective December 7, 1998 changed eligibility for the T3 CXR
to current or former smokers only. Radiographs were defined as positive when the
radiologist identified a mass (> 3 cm), nodule (< 3 cm), infiltrate, or other abnormality
(atelectasis, pleural, hilar or mediastinal mass) that could represent cancer. Each screening
radiograph was initially interpreted in isolation to determine positivity, but subsequently
compared to previous CXR when available.
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PLCO required that the participants and their primary care providers (PCPs) receive
notification of results within 3 weeks. Participants were referred to their PCPs for
management, and no standard diagnostic algorithm was recommended. Medical records
were obtained to document follow-up. For the purpose of this analysis, a hierarchy of
diagnostic procedures ranging from non-invasive to minimally invasive to major invasive
was utilized (Table I). The method of establishing a diagnosis of lung cancer was inferred
from procedures performed on the date of cancer diagnosis.

Screen-detected cancers were defined as those diagnosed within a window extending 9
months from a positive screen or from a diagnostic test linked to a positive screen. Other
cancers were classified as either interval, if the participant had one or more screening
examinations but the cancer was diagnosed outside of the screen-detected window, or post-
screening if a lung cancer was diagnosed more than 12 months after screening ended.

Diagnosis of screen-detected lung cancer was considered an indicator of effectiveness of the
diagnostic evaluation. Since the effectiveness of a negative diagnostic evaluation can only
be determined by absence of a subsequent lung cancer diagnosis, the diagnosis of lung
cancers within 3 years after a negative diagnostic evaluation was used as an indicator of
possible false negative diagnostic evaluation.

Lung cancer pathology was obtained from pathology reports. Cancers were classified as
non-small cell lung cancer (NSCLC), small cell, or carcinoid tumors. Carcinoids were
excluded from this analysis.

2.3. Statistical analysis
Descriptive statistics were prepared with contingency table analysis and chi-squared test or
Fisher’s exact test when cell counts were small. Logistic regression analysis was employed
to evaluate predictor variable associations with positive screen and highest diagnostic
evaluation. Multivariable logistic regression models were used to estimate odds ratios (OR)
and 95% confidence intervals (CI). Predictor variables that were evaluated included age,
sex, race/ethnicity, education, family history of lung cancer, emphysema, chronic bronchitis,
smoking status, pack-years smoked, and radiographic characteristics. Predictor variables that
had a p-value of <0.15 in univariate analysis were considered in multivariable models.
Backward stepwise selection was used to remove variables from the model using a
significance cutpoint of p <0.05. Nonlinear effects in continuous variables were evaluated
using lowess plots and restricted cubic splines. Selected interactions of variables in final
models were evaluated by including main effects and interaction terms. Significance of the
interaction terms was assessed by the likelihood ratio test. To control for clustering of data
in study centers, centers were included in models with indicator variables (fixed effects).
Clustering of repeat measures within individuals (more than one positive screen) was
adjusted for by using Huber and White robust “sandwich” variance estimator[13].

Model fit and ability to predict were assessed by pseudo-R2, the Hosmer-Lemeshow
goodness-of-fit test, and receiver operator characteristic area under the curve[14]. All
reported p-values are two-sided. Models and statistics were prepared using Stata/MP 12.1
(StataCorp; College Station, TX).

3. Results
3.1. Enrollment and baseline demographic features

PLCO randomized 77,445 participants to the intervention arm with nearly equal numbers of
men and women. Table II shows baseline features of all participants and those with one or
more positive screens versus no positive screen. A multivariable analysis demonstrated that
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factors associated with a positive screen were age, male gender, family history of lung
cancer, emphysema, being a current or former smoker, and pack-years smoked. A
significant interaction existed between age and sex, indicating that the probability of positive
screen increases with age more sharply for men than for women.

3.2. Screen results and diagnostic evaluation following a positive screen
There were 13,038 (16.8%) individuals with one or more positive screens and 17,645 total
positive screens. There were 9,774 participants with one (75.0%), 2203 with two (16.9%),
779 with three (6.0%), and 282 with four (2.2%) positive screens. Data on the diagnostic
evaluation is available on 16,361 (92.7%) of the positive screens (Table III). After a first
positive screen the biopsy rate was 3.3% with 55.6% positive for cancer. After a second or
subsequent positive screen, the biopsy rate was 2.4%, with 59.1% positivity.

Table IV shows the relationship of radiographic abnormalities and subsequent diagnostic
evaluation after a first positive screen. Thoracotomy was performed most frequently after
finding a mass, but overall was performed in only 1.2% of first positive screens. Overall,
1.6% underwent a major diagnostic procedure and 2.1% a minimally invasive procedure.
Diagnostic evaluation was completed by an imaging study or lower procedure in 96.3%.
Among participants not diagnosed with cancer, 0.7% underwent a major diagnostic
procedure.

Fluordeoxyglucose (FDG)-positron-emission tomography (PET) scans were performed
during diagnostic evaluations in 59 participants after a positive screen (0.3%) and in 16 of
308 participants (5.2%) later diagnosed with cancer. From 1993 to 1996, only one PET scan
was performed. There were 19 (0.2% of positive screens) from 1997 to 2000, and 39 (1.3%)
from 2001 to 2005, a significant increasing trend (p<0.0001). A PET scan was the highest
diagnostic procedure in only 0.2% of all initial positive screens. After a PET scan was
performed, the frequency of thoracotomy or thoracoscopy was 28.8%, versus 1.3% with no
PET scan. In participants diagnosed with lung cancer who did not have a PET scan, 46.6%
had a thoracotomy or thoracoscopy, and 28.8% had a needle biopsy; in those who had a PET
scan, 68.8% had a thoracotomy or thoracoscopy, and only 6.3% underwent needle biopsy.

There were 308 screen-detected lung cancers, resulting in an overall positive predictive
value (PPV) of 1.7%. Characteristics of these lung cancers have been reported[11]. Table V
shows the diagnostic evaluation for participants with or without subsequently diagnosed
lung cancer. All cancer diagnoses were based on histology or cytology. Bronchoscopic
diagnoses include brushings, washings, and transbronchial biopsy. Biopsy to exclude lung
cancer was required in only 1.4% of participants.

A multivariable model predicting the likelihood of having chest imaging after a positive
screening exam shows female gender, family history of lung cancer, smoking exposure, and
a mass on screening exam predict a higher likelihood and abnormalities other than a mass or
nodule and multiple positive screens predict a lower likelihood of chest imaging (Table VI).
Significant predictors for a biopsy included age, family history of lung cancer, being a
current or former smoker, smoking exposure, having a mass, and having fewer preceding
positive screens (Table VI).

For screen-detected lung cancers, the interval from a positive screen to diagnosis was <3
months in 61.0%, 3–6 months in 22.7%, 6–9 months in 8.4%, 9–12 months in 4.9%, and
>12 months in 2.9%. Among 242 participants with screen-detected lung cancer and a single
positive screen, the median time from screen to diagnosis was 2.0 months (range 0–17). For
the 66 with two or more positive screens, the median time from first screen to diagnosis was
25.5 months (range 11–52), and from the last screen 3.0 months (range 0–18). Among
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12,730 participants with a positive screen who were not diagnosed with a screen-detected
lung cancer, there were 349 non-screen-detected lung cancers. Of these, 280 occurred more
than 3 years after the last screen, with median time to diagnosis 87.5 months (range 36–153)
after the first and 81.5 months (range 36-153) after the last positive screen. There were 69
non-screen-detected cancers diagnosed less than 3 years from the last positive screen. Of
these, 38 were interval cancers. For these 69 cancers the median time to diagnosis was 26.0
months (range 9–64) from the first and 21 months (range 9–35) after the last positive screen.

4. Discussion
The National Lung Screening Trial (NLST) demonstrated that screening a high-risk
population for lung cancer reduces mortality by 20%[15]. In PLCO, screening with chest
radiograph did not result in mortality reduction[12]. This study examines the diagnostic
approach taken after a positive screen, which could potentially impact the effectiveness of
the screening program. In addition, these results are useful in considering the diagnostic
approach to a CXR abnormality suspicious for lung cancer.

These results reflect the practice patterns at the screening centers and their surrounding
medical communities. Nearly 17% of participants had one or more positive screens, and the
biopsy rate after a positive screen was approximately 3%, of which over 55% were positive.
A positive screen led to a diagnosis of cancer in 1.7%. The screen positivity rate in PLCO is
substantially higher than that in earlier lung screening trials[5-7]. However, in these trials
there was a 12%–15% “indeterminate” CXR interpretation, which led to further diagnostic
evaluation of these participants to exclude cancer. The PPV in our trial is lower than in
previous trials, probably due to inclusion of 46% never-smokers in PLCO[11].

Among the 308 screen-detected cancers, tissue diagnosis was established most frequently by
thoracotomy, followed by needle biopsy, bronchoscopy, thoracoscopy, and
mediastinoscopy. In a logistic model of PLCO participants with a first positive screen for
lung cancer, independent risk factors for lung cancer included age >65 years, lower
education, pack-years and duration of smoking, body mass index <30, family history of lung
cancer, and radiographic findings of a mass, nodule, unilateral hilar or mediastinal
adenopathy, lung infiltrate, or an upper to mid-chest lesion[16]. A logistic model utilizing
clinical and radiographic features of solitary pulmonary nodules showed clinical factors
associated with malignancy were age >65, smoking history, and personal history of cancer 5
or more years previously[17]. In a subsequent study, this model did not perform better than
physician judgment in predicting malignancy, although physicians tended to overestimate
the risk of cancer in low-risk nodules[18]. In our study, age, family history of lung cancer,
smoking history, and presence of a mass were associated with higher likelihood of biopsy,
suggesting that clinicians utilize these factors in the decision process.

PET scanning first became widely available for diagnostic and staging evaluation around the
year 2000 and was only utilized toward the end of the follow-up window in PLCO. PET/CT
imaging has recently been shown to improve discrimination of benign from malignant
pulmonary nodules[19] and may be particularly useful when combined with a clinical
prediction model[20]. There were 43 diagnostic PET scans performed in our cohort, with no
diagnosis of lung cancer, but PET scan was the highest diagnostic procedure in only 0.2%.
While PET scan usage was relatively limited, there was a >10-fold increase from early to
later trial years. In our study, patients diagnosed with lung cancer who received a PET scan
were more likely to have a thoracotomy or thoracoscopy and less likely to have a needle
biopsy than those not having a PET scan, suggesting that a PET scan may have led more
directly to a definitive surgical procedure.

Hocking et al. Page 5

Lung Cancer. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Of the 13,038 participants with at least one positive screen, 12,730 did not have a diagnosis
of lung cancer during the screening interval, indicating that 97.6% were false positive.
Diagnostic evaluation stopped after comparison of the screening radiograph with a prior
CXR in about one-third. A diagnostic CXR completed the evaluation in just under one-third
and cross-sectional imaging in one-fifth, while only 1.4% underwent a tissue biopsy to
exclude cancer. Despite this low rate of biopsy, 121 patients without cancer underwent
invasive surgical procedures (Table V). In participants with more than one positive screen,
the diagnostic evaluation was completed after comparison with previous CXRs in just over
half, reflecting clinical judgment in evaluating a suspicious but stable radiographic finding.

One indication of diagnostic efficiency is the interval from a positive screen to diagnosis of
lung cancer, which was within 3 months in over 60% and 6 months in over 80% of screen-
detected cancers. The median time to diagnosis after one positive screen was 2 months, and
after two or more positive screens 3 months from the last positive screen; whereas the
interval after the last screen was 9–153 months for non-screen-detected cancers. Eighty
percent of the non-screen-detected cancers occurred more than 3 years after the last positive
screen. This long interval suggests these cancers were unlikely to have been present and
missed on the screening radiographs, and for the most part represented post-screening
cancers. Furthermore, nearly 60% of NSCLCs detected by screening were stage I-II,
compared with 33% of interval cancers[11]. A recent study in a clinical, non-screening
setting demonstrated the interval from suspicious CXR to diagnosis was 3-98 days[21].
While various groups have recommended specific intervals between initial suspicious
radiograph and diagnosis or treatment, the effect of delay in diagnosis on prognosis remains
unclear[22,23].

Our data set does not include nodule diameter, so it is not possible to compare the diagnostic
evaluation precisely with American College of Chest Physicians (ACCP) guidelines[24] that
are based, in part, on nodule diameter and growth rate. These guidelines emphasize the
importance of comparison to prior radiographs, which was a major component of the
diagnostic evaluation for PLCO participants, particularly after the baseline year. The
approach to diagnostic evaluation for PLCO participants appears to be generally consistent
with ACCP guidelines published in 2013, despite the fact that PLCO screening started in
1993.

5. Conclusion
In summary, a positive lung screen resulted in an appropriate and timely diagnostic
evaluation, even prior to the availability of PET scanning. Participants diagnosed with
cancer underwent a sequential diagnostic approach that resulted in a tissue diagnosis. Those
who were not diagnosed with cancer usually underwent a more limited diagnostic
evaluation, often terminated after comparison of the screening examination with prior
radiographs or additional chest imaging, and invasive diagnostic procedures were
infrequent.
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University of Pittsburgh IRB #9262115
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Table I

Diagnostic testing hierarchy

Invasiveness of
Procedure Condensed Hierarchy Extended Hierarchy

Major Tissue biopsy

Thoracotomy

Thoracoscopy

Mediastinoscopy

Needle Biopsy

Bronchoscopy with biopsy

Minimal

Cytology Thoracentesis

Cytology (sputum, bronchial
washings)

Bronchoscopy Bronchoscopy without biopsy

Non-Invasive

Imaging PET Scan

Chest CT/MRI

Chest X-ray Chest X-ray

Comparison Comparison

Clinical exam Clinical Exam

Other procedure Other – no biopsy

No procedure None – no procedures done

None – missing data

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography
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Table V

Highest follow-up by cancer diagnosis

Cancer All

Invasiveness of All
Procedure

No Yes

Highest Follow-up Level N % N % N %

Major

 Thoracotomy 76 0.4 131 42.5 207 1.2

 Thoracoscopy 31 0.2 16 5.2 47 0.3

 Mediastinoscopy 14 0.1 9 2.9 23 0.1

Subtotal 121 0.7 156 50.6 277 1.6

Minimally

 Needle Biopsy 67 0.4 85 27.6 152 0.9

 Bronchoscopy with biopsy 47 0.3 62 20.1 109 0.6

 Thoracentesis 6 0.0 1 0.3 7 0.0

 Cytology 49 0.3 2 0.6 51 0.3

 Bronchoscopy w/o biopsy 10 0.1 . . 10 0.1

Subtotal 179 1.1 150 48.6 329 2.1

Non-invasive

 PET Scan 31 0.2 . . 31 0.2

 Chest CT/MRI 3019 17.4 . . 3019 17.1

 Chest X-ray 5470 31.6 . . 5470 31.0

 Comparison 5646 32.6 1 0.3 5647 32.0

 Clinical Exam 830 4.8 1 0.3 831 4.7

 Other 9 0.1 . . 9 0.1

Subtotal 15005 86.5 2 0.6 15007 84.9

 None 2032 11.7 . . 2032 11.5

 All 17337 100.0 308 100.0 17645 100.0

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography
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Table VI

Multivariable logistic regression models* predicting PLCO participants with an abnormal suspicious lung
screens receiving imaging (model 1) and biopsy (model 2)

Model 1
Outcome: Imaging

Model 2
Outcome: Biopsy

Variable Odds ratio (95% CI; p-value)

Age (per 10 years NS 1.388 (1.162-1.657; p < 0.001)

Sex (male vs. female) 0.798 (0.736-0.865; p < 0.001) NS

Family history of lung cancer 1.140 (1.011-1.284; p = 0.032) 1.462 (1.145-1.867; p = 0.002)

Smoking status (current vs. former;
former vs. never) NS 1.540 (1.306-1.817; p < 0.001)

Pack-years smoked (per 20 PKYR) 1.084 (1.057-1.111; p < 0.001) 1.201 (1.139-1.266; p < 0.001)

Abnormality Type

  Mass 1.541 (1.337-1.775; p < 0.001) 4.873 (3.860-6.153; p < 0.001)

  Nodule Referent group Referent group

  Pleural mass 0.822 (0.644-1.048; p = 0.113) 0.955 (0.553-1.744; p = 0.880)

  Infiltrate 0.566 (0.483-0.662; p < 0.001) 1.104 (0.793-1.536; p = 0.559)

  Atelectasis 0.480 (0.258-0.894; p = 0.021) 0.388 (0.055-2.748; p = 0.343)

  Hilar lymphadenopathy 0.924 (0.772-1.107; p = 0.394) 1.339 (0.881-2.035; p = 0.172)

Number of positive screens 0.550 (0.506-0.599; p < 0.001) 0.758 (0.636-0.904; p = 0.002)

Model performance

  Pseudo-R2 0.065 0.099

  Hosmer-Lemeshow test p = 0.752 p = 0.413

  ROC AUC 0.677 0.739

*
These models are adjusted for screening variables, including randomization year, study year of positivity, and study center; and also have

variances adjusted for repeat measures in the same individual using the Huber and White robust “sandwich” variance estimator

Abbreviations: NS, not significant; PKYR, pack-years smoked; ROC AUC, receiver operator characteristic area under the curve

Lung Cancer. Author manuscript; available in PMC 2014 November 01.


