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Key messages

►► How the CT positivity, lung cancer detection rate 
and false-positive rate in low-dose CT lung can-
cer screening varies in a population with a hetero-
geneous risk profile for lung cancer, according to 
National Lung Screening Trial (NLST) and PLCO

m2012 
eligibility criteria?

►► Screening low-risk individuals had lower CT positiv-
ity and lower lung cancer detection rate in compar-
ison with screening patients meeting NLST criteria 
and PLCO

m2012 high-risk individuals. Also, the false-
positive rate for PLCOm2012 criteria was lower than for 
NLST criteria.

►► Even though lung cancer can be found in low-risk 
individuals, screening high-risk patients (using NLST 
criteria and PLCOm2012 6-year lung cancer risk) ren-
dered higher diagnostic yield in our sample.

Abstract
Introduction  The improvement of low-dose CT (LDCT) 
lung cancer screening selection criteria could help to 
include more individuals who have lung cancer, or in 
whom lung cancer will develop, while avoiding significant 
cost increase. We evaluated baseline results of LDCT lung 
cancer screening in a population with a heterogeneous risk 
profile for lung cancer.
Methods  LDCT lung cancer screening was implemented 
alongside a preventive health programme in a private 
hospital in Brazil. Individuals older than 45 years, smokers 
and former smokers, regardless of tobacco exposure, were 
included. Patients were classified according to the National 
Lung Screening Trial (NLST) eligibility criteria and to 
PLCOm2012 6-year lung cancer risk. Patient characteristics, 
CT positivity rate, detection rate of lung cancer and false-
positive rate were assessed.
Results  LDCT scans of 472 patients were evaluated and 
three lung adenocarcinomas were diagnosed. CT positivity 
rate (Lung-RADS 3/4) was significantly higher (p=0.019) in 
the NLST group (10.1% (95% CI, 5.9% to 16.9%)) than in 
the non-NLST group (3.6% (95% CI, 2.62% to 4.83%)) and 
in the PLCOm2012 high-risk group (14.3% (95% CI, 6.8% to 
27.7%)) than in the PLCOm2012 low-risk group (3.7% (95% 
CI, 2.9% to 4.8%)) (p=0.016). Detection rate of lung cancer 
was also significantly higher (p=0.018) among PLCOm2012 
high-risk patients (5.7% (95% CI, 2.5% to 12.6%)) than 
in the PLCOm2012 low-risk individuals (0.2% (95% CI, 0.1% 
to 1.1%)). The false-positive rate for NLST criteria (16.4% 
(95% CI, 13.2% to 20.1%)) was higher (p<0.001) than for 
PLCOm2012 criteria (7.6 (95% CI, 5.3% to 10.5%)).
Discussion  Our study indicates a lower performance 
when screening low-risk individuals in comparison to 
screening patients meeting NLST criteria and PLCOm2012 
high-risk patients. Also, incorporating PLCOm2012 6-year 
lung cancer risk ≥0.0151 as an eligibility criterion seems 
to increase lung cancer screening effectiveness.

Introduction
The National Lung Screening Trial (NLST) 
demonstrated a 20% reduction in lung cancer 
mortality for screening with low-dose CT 
(LDCT) versus chest radiography using age 
and smoking exposure as selection criteria 
for lung cancer screening.1 However, only 

26.7% of all individuals currently being diag-
nosed with lung cancer in the USA meet the 
strict NLST eligibility criteria.2 Accordingly, 
there is a need to improve screening selec-
tion criteria in order to select more individ-
uals who have lung cancer, or in whom lung 
cancer will develop, while avoiding significant 
cost increase.

Some risk assessment models that incorpo-
rate additional risk factors have been devel-
oped and demonstrated to improve lung 
cancer screening efficiency in North America 
and the UK, including PLCOm2012 and Liver-
pool Lung Project Model.3 4 The performance 
of these models has been evaluated in several 
studies in the USA, UK, Canada, Germany 
and Australia, but have not been validated in 
South America.3–10

Also, LDCT positivity has been recently 
demonstrated as an independent risk factor 
for future lung cancer in high-risk individ-
uals. Having at least one positive screen is 
associated with increased PLCOm2012 risk and 
improved lung cancer risk prediction.11
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Table 1  Characteristics of individuals who attended the screening, stratified by NLST criteria

Variable NLST criteria non-NLST criteria All P value

No. of attendees (%) 79 (16.7) 393 (83.3) 472 (100.0) –

Mean age (±SD), y 60.6 (5.2) 48.7 (8.7) 50.6 (9.3) <0.001

Sex (%) 0.728*

 � Female 19 (24.1) 94 (23.9) 113 (23.9)

 � Male 60 (75.9) 299 (76.1) 359 (76.1)

Body mass index (mean±SD) 28.3 (5.1) 27.9 (4.1) 28.1 (4.3) 0.364

Smoking status (%) 0.22*

 � Former 36 (45.6) 153 (38.9) 189 (40.0)

 � Current 43 (54.4) 240 (61.1) 283 (60.0)

Pack-years (median; quartile) 40 (31; 60) 15 (7.5; 25) 20 (9; 30) <0.001†

Personal cancer 0.004‡

Negative 70 (88.6) 383 (97.4) 453 (96.0)

Positive 9 (11.4) 10 (2.6) 19 (4.0)

COPD, emphysema, bronchitis <0.001‡

Negative 41 (51.9) 347 (88.2) 388 (82.2)

Positive 38 (48.1) 46 (11.8) 84 (17.8)

Family history of lung cancer >0.999‡

 � Negative 78 (98.7) 387 (98.5) 465 (98.7)

 � Positive 1 (1.3) 6 (1.5) 7 (1.5)

Education (n=438) <0.001§

 � Less than high school 7 (9.9) 2 (0.5) 10 (2.1)

 � High school 16 (22.5) 35 (9.5) 57 (12.1)

 � College 29 (40.8) 129 (35.1) 169 (35.8)

 � Postgraduate 21 (26.8) 201 (54.8) 236 (50.0)

Race 0.700§

 � White 70 (88.6) 361 (91.9) 431 (91.3)

 � Black 5 (6.3) 12 (3.1) 17 (3.6)

 � Hispanic 0 (0.0) 4 (1.0) 4 (0.8)

 � Asian 4 (5.1) 16 (4.1) 20 (4.2)

T-test.
Bold values indicate statistical significance.
*χ2 test.
†Mann-Whitney U test.
‡Fisher’s exact test.
§Likelihood ratio test.
COPD, chronic obstructive pulmonary disease; NLST, National Lung Screening Trial.

We compared baseline results of LDCT lung cancer 
screening in a population with a heterogeneous risk 
profile for lung cancer in Brazil, according to NLST 
criteria and to PLCOm2012 6-year lung cancer risk.

Methods
LDCT lung cancer screening was implemented alongside 
a preventive health programme in a private hospital in 
Brazil, where cardiovascular risk and respiratory symp-
toms were assessed. After discussing harms and bene-
fits, individuals older than 45 years, smokers and former 

smokers, regardless of tobacco exposure, were offered 
participation in the screening.

Baseline LDCT scans performed from May 2015 to 
April 2016 were reviewed. CT scans were reported by 
board-certified thoracic radiologists and examinations 
were interpreted using Lung-RADS 1.0 classification. 
Patients with CT positive results (Lung-RADS 3 and 4) 
were referred to a pulmonologist. Patients with other 
potentially clinically significant findings (Lung-RADS S 
category) were referred to their clinicians. Lung cancer 
data were acquired from direct contact with patients, 
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Table 2  Characteristics of individuals, stratified by PLCOm2012 6-year lung cancer risk

Variable PLCO high risk PLCO low risk All P value

Number of attendees (%) 35 (8.0) 403 (92.0) 438 (100.0) –

Mean age (±SD), y 64.4 (6.1) 49.4 (8.5) 50.6 (9.3) <0.001

Sex (%) 0.339*

 � Female 6 (17.1) 98 (24.3) 104 (23.7)

 � Male 29 (82.9) 305 (75.7) 334 (76.3)

Body mass index (mean±SD) 27.3 (5.6) 28.1 (4.2) 28.1 (4.3) 0.286

Smoking status (%) 0.031*

 � Former 8 (22.9) 167 (41.4) 175 (40.0)

 � Current 27 (77.1) 236 (58.6) 263 (60.0)

Pack-years (median; quartile) 47 (34; 60) 17.5 (8; 30) 21 (9; 30) <0.001†

Personal cancer 0.009‡

Negative 29 (85.3) 391 (96.8) 420 (95.9)

Positive 5 (14.7) 13 (3.2) 18 (4.1)

COPD, emphysema, bronchitis <0.001‡

Negative 15 (44.1) 345 (85.4) 360 (82.2)

Positive 19 (55.9) 59 (14.6) 78 (17.8)

Family history of lung cancer 0.444‡

 � Negative 34 (97.1) 397 (98.5) 431 (98.4)

 � Positive 1 (2.9) 6 (1.5) 7 (1.6)

Education (n=438) <0.001§

 � Less than high school 5 (14.3) 4 (1.0) 9 (2.1)

 � High school 15 (42.9) 36 (8.9) 51 (11.6)

 � College 11 (31.4) 147 (36.5) 158 (36.1)

 � Postgraduate 4 (11.4) 216 (53.6) 220 (50.2)

Race 0.838§

 � White 33 (94.3) 371 (92.1) 404 (92.2)

 � Black 1 (2.9) 11 (2.7) 12 (2.7)

 � Hispanic 0 (0.0) 4 (1.0) 4 (0.9)

 � Asian 1 (2.9) 17 (4.2) 18 (4.1)

T-test.
*χ2 test.
†Mann-Whitney U test.
‡Fisher’s exact test.
§Likelihood ratio test.
COPD, chronic obstructive pulmonary disease; NLST, National Lung Screening Trial.

their families and physicians. The ongoing review was 
approved by the institutional review board.

Initially, patients were divided into two groups 
according to NLST eligibility criteria: NLST group (55–74 
years of age, ≥30 pack-years of smoking and <16 years 
since quitting)1 and non-NLST group. PLCOm2012 6-year 
lung cancer risk was calculated and patients with cancer 
risk ≥0.0151 were considered PLCOm2012 high risk.3 The 
PLCOm2012 low-risk group included patients with 6-year 
lung cancer risk <0.0151. Patient characteristics, CT posi-
tivity rate, detection rate of lung cancer and false-positive 
rate were also assessed.

Patient and public involvement
Patients or other external influences had no involvement 
in the design and conduct of this study, in the writing 
of the manuscript and in decision-making regarding 
publishing the article.

Results
The preventive health programme included 4911 
patients, 1165 (23.7%) of which were offered partici-
pation in the lung cancer screening programme; 472 
patients (40.5%) underwent LDCT scans. Baseline char-
acteristics according to NLST criteria are detailed in 
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Table 3  Risk profile of individuals according to NLST 
criteria and PLCOm2012 6-year lung cancer risk

Variable
PLCO 
high risk

PLCO low 
risk All P value

NLST <0.001

 � NLST criteria 29 (82.9) 42 (10.4) 71 (16.2)

 � Non-NLST criteria 6 (17.1) 361 (89.6) 367 (83.8)

Total 35 (100.0) 403 (100.0) 438 (100.0)

McNemar’s test (McNemar’s test is used to compare paired proportions).
NLST, National Lung Screening Trial.

Table 4  Lung-RADS classification of LDCT, according to 
NLST criteria

Variable
NLST 
criteria

non NLST 
criteria All P value

Lung-RADS 0.019

 � Positive 8 (10.1) 14 (3.6) 22 (4.7)

 � Negative 71 (89.9) 379 (96.4) 450 (95.3)

Total 79 (100.0) 393 (100.0) 472 (100.0)

Lung-RADS positive (categories 3 and 4), negative (categories 1 and 2).
Fisher’s exact test.
LDCT, low-dose CT; NLST, National Lung Screening Trial.

Table 5  Lung-RADS classification of LDCT, according to 
PLCOm2012 6-year lung cancer risk

Variable
PLCO high 
risk

PLCO low 
risk All P value

Lung-RADS 0.016

 � Positive 5 (14.3) 15 (3.7) 20 (4.6)

 � Negative 30 (85.7) 388 (96.3) 418 (95.4)

Total 35 (100.0) 403 (100.0) 438 (100.0)

Lung-RADS positive (categories 3 and 4), negative (categories 1 and 2).
Fisher’s exact test.
LDCT, low-dose CT.

table 1. Seventy-nine patients (16.7%) met NLST criteria 
(mean age: 60.6 years (±5.2); median tobacco exposure: 
40 pack-years (IQR 31–60) and 393 patients (83.3%) 
were included in the non-NLST group (mean age: 48.7 
years (±8.7); median tobacco exposure: 15 pack-years 
(IQR 7.5–25)).

There were no statistically significant differences 
between the groups regarding sex, race, smoking status 
and body mass index. Educational information was 
obtained from 438 patients (92.8%). The NLST group 
had a significantly lower educational level compared with 
the non-NLST group.

Thirty-five patients (8.0%) were included in the 
PLCOm2012 high-risk group and 403 patients (92.0%) were 
considered PLCOm2012 low-risk individuals. Baseline char-
acteristics stratified by PLCOm2012 6-year lung cancer risk 
are detailed in table 2. The correlation between groups 
according to NLST criteria and PLCOm2012 6-year lung 
cancer risk is described in table 3.

The CT positivity rate was 10.1% (95% CI: 5.9% to 
16.9%) in the NLST group, significantly higher (p=0.019) 
than in the non-NLST group (3.6% (95% CI: 2.62% to 
4.83%)) (table 4).

CT positivity rate was 14.3% (95% CI: 6.8% to 27.7%) 
in patients with PLCOm2012 high risk, also significantly 
higher (p=0.016) than in patients with PLCOm2012 low risk 
(3.7% (95% CI: 2.9% to 4.8%)) (table 5).

Three lung adenocarcinomas were diagnosed after 
baseline LDCT results (figure 1). The detection rate of 
lung cancer among NLST patients (2.5% (95% CI: 1.1% 
to 5.6%)) was higher than in non-NLST patients (0.3% 
(95% CI: 0.1% to 1.3%)), but not statistically significant 
(p=0.070) (table 6).

Detection rate of lung cancer in PLCOm2012 high-risk 
patients (5.7% (95% CI: 2.5% to 12.6%)) was signifi-
cantly higher (p=0.018) than in the PLCOm2012 low-risk 
group (0.2% (95% CI: 0.1% to 1.1%)) (table 7).

The false-positive rate for NLST criteria was 16.4% 
(95% CI: 13.2% to 20.1%), significantly higher (p<0.001) 
than for PLCOm2012 criteria (7.6% (95% CI: 5.3% to 
10.5%)).

Discussion
Our study compared LDCT screening in populations at 
different lung cancer risk and found low baseline detec-
tion rates of lung cancer in low-risk populations (0.3% in 
non-NLST individuals and 0.2% in the PLCOm2012 low-risk 
group). Only a few studies evaluated LDCT screening in 
populations at low risk for lung cancer, almost exclusively 
in Asia. A screening study in China that included never 
smokers (most of them women) found lung cancer detec-
tion rate among never smokers (0.34%) to be higher 
compared with the group of smokers (including second-
hand smokers and low-intensity smokers).12 The authors 
explain this because there are far more non-smokers 
female lung adenocarcinomas patients in East Asia than 
in Europe and the USA, often associated with EGFR gene 
mutations.

The baseline detection rate of lung cancer among 
individuals meeting NLST criteria in our study (2.5%) 
was higher than other studies, such as NLST (1.0%),1 
NELSON (0.9%)13 and BRELT1 (1.3%),14 the latter 
being the only CT screening study conducted in Brazil, 
which included patients meeting NLST criteria. One 
possible explanation for that may be related to the small 
number of patients at high risk in our study.

Our Lung-RADS CT positivity rate was 10.1% in the 
NLST group and 3.6% in the non-NLST population, 
14.3% in PLCOm2012 high-risk group and 3.7% in the 
PLCOm2012 low-risk group. Pinsky et al found a similar posi-
tivity rate in high-risk individuals applying Lung-RADS to 
the NLST population (13.6%).15 To our knowledge, no 
other study has evaluated CT screening positivity rate in 
low-risk individuals using the Lung-RADS classification.

The use of PLCOm2012 6-year lung cancer risk as an 
eligibility criterion demonstrated to improve lung cancer 
screening efficiency compared with NLST criteria in 
North America.3 Crosbie et al also used PLCOm2012 6-year 
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Figure 1  Baseline LDCT scans show nodules (arrows) diagnosed as lung cancers in the screening. (A) 57-year-old man, 
non-NLST criteria, subsolid nodule measuring 1.3 cm (solid component 0.8 cm)—Lung-RADS 4B; (B) 68-year-old man, NLST 
criteria, subsolid nodule measuring 1.3 cm (solid component <6 mm)—Lung-RADS 3; (C) 55-year-old man, NLST criteria, solid 
nodule measuring 0.8 cm—Lung-RADS 4A. LDCT, low-dose CT; NLST, NationalLung Screening Trial.

Table 6  Lung cancers stratified by NLST criteria

Variable
Lung 
cancer

No lung 
cancer All P value

NLST 0.070

 � NLST criteria 2 (66.7) 77 (16.4) 79 (16.7)

 � Non-NLST criteria 1 (33.3) 392 (83.6) 393 (83.3)

Total 3 (100.0) 469 (100.0) 472 (100.0)

Fisher’s exact test.
NLST, National Lung Screening Trial.

Table 7  Lung cancers stratified by PLCOm2012 6-year lung 
cancer risk

Variable
Lung 
cancer

No lung 
cancer All P value

PLCOm2012 0.018

 � PLCO high risk 2 (66.7) 33 (7.6) 35 (8.0)

 � PLCO low risk 1 (33.3) 402 (92.4) 403 (92.0)

Total 3 (100.0) 435 (100.0) 438 (100.0)

Fisher’s exact test.

lung cancer risk ≥0.0151 to target high-risk individuals 
in deprived areas of Manchester and found a high prev-
alence of lung cancer (3%).10 In our study, the use of 
PLCOm2012 6-year lung cancer risk for defining the high-
risk group has shown to increase CT positivity and lung 
cancer detection rate. Furthermore, the false-positive rate 
for PLCOm2012 criteria was lower than for NLST criteria, 
indicating an improvement of screening efficiency, even 
in a country with a high incidence of granulomatous 
disease as Brazil.

This study has limitations. First, it included a rela-
tively small screening population. Second, it included 
only baseline LDCT examinations. Therefore, it was not 

possible to evaluate interval lung cancer incidence or 
accurately assess false-negative results.

A number of factors need to be taken into consider-
ation in making decisions about implementing LDCT 
lung cancer screening in communities, including eligi-
bility criteria, CT positivity and false-positive results, which 
may have a great impact on the cost-effectiveness of the 
programme.16 Previous studies have shown that patients 
at higher risk for lung cancer achieve the greatest benefit 
of screening related to lung cancer mortality.3

Our study indicates that the screening yield of low-
risk individuals is lower in comparison with high-risk 
patients, as CT positivity and lung cancer detection rate 
were significantly lower in the low risk groups. As a result, 
screening low-risk patients could lead to a higher number 
of CT scans, due to its lower diagnostic yield, resulting 
in increased costs compared with screening a high-risk 
population. On the other side, incorporating PLCOm2012 
6-year lung cancer risk ≥0.0151 as an eligibility criterion 
seems to increase lung cancer screening effectiveness.
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