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Summary

Background Lung cancer is a major health problem. CT lung screening can reduce lung cancer mortality through
early diagnosis by at least 20%. Screening high-risk individuals is most effective. Retrospective analyses suggest that
identifying individuals for screening by accurate prediction models is more efficient than using categorical age-
smoking criteria, such as the US Preventive Services Task Force (USPSTF) criteria. This study prospectively compared
the effectiveness of the USPSTF2013 and PLCOm2012 model eligibility criteria.

Methods In this prospective cohort study, participants from the International Lung Screening Trial (ILST), aged
55-80 years, who were current or former smokers (ie, had =30 pack-years smoking history or <15 quit-years since
last permanently quitting), and who met USPSTF2013 criteria or a PLCOm2012 risk threshold of at least 1-51%
within 6 years of screening, were recruited from nine screening sites in Canada, Australia, Hong Kong, and the UK.
After enrolment, patients were assessed with the USPSTF2013 criteria and the PLCOm2012 risk model with a
threshold of at least 1-70% at 6 years. Data were collected locally and centralised. Main outcomes were the
comparison of lung cancer detection rates and cumulative life expectancies in patients with lung cancer between
USPSTF2013 criteria and the PLCOm2012 model. In this Article, we present data from an interim analysis. To
estimate the incidence of lung cancers in individuals who were USPSTF2013-negative and had PLCOm2012 of less
than 1-51% at 6 years, ever-smokers in the Prostate Lung Colorectal and Ovarian Cancer Screening Trial (PLCO)
who met these criteria and their lung cancer incidence were applied to the ILST sample size for the mean follow-up
occurring in the ILST. This trial is registered at ClinicalTrials.gov, NCT02871856. Study enrolment is almost
complete.

Findings Between June 17, 2015, and Dec 29, 2020, 5819 participants from the International Lung Screening Trial
(ILST) were enrolled on the basis of meeting USPSTF2013 criteria or the PLCOm2012 risk threshold of at least 1-51%
at 6 years. The same number of individuals was selected for the PLCOm2012 model as for the USPSTF2013 criteria
(4540 [78%)] of 5819). After a mean follow-up of 2-3 years (SD 1-0), 135 lung cancers occurred in 4540 USPSTF2013-
positive participants and 162 in 4540 participants included in the PLCOm2012 of at least 1-70% at 6 years group
(cancer sensitivity difference 15-8%, 95% CI 10-7-22-1%; absolute odds ratio 4-00, 95% CI 1-89-9-44; p<0-0001).
Compared to USPSTF2013-positive individuals, PLCOm2012-selected participants were older (mean age
65-7 years [SD 5-9] vs 63-3 years [5-7]; p<0-0001), had more comorbidities (median 2 [IQR 1-3] vs 1[1-2]; p<0-0001),
and shorter life expectancy (13-9 years [95% CI 12-8-14-9] vs 14-8 [13-6-16-0] years). Model-based difference in
cumulative life expectancies for those diagnosed with lung cancer were higher in those who had PLCOm2012 risk of
at least 1-70% at 6 years than individuals who were USPSTF2013-positive (2248 -6 years [95% CI 2089-6-2425-9] vs
2000-7 years [1841-2-2160- 3[; difference 247 -9 years, p=0-015).

Interpretation PLCOm2012 appears to be more efficient than the USPSTF2013 criteria for selecting individuals to
enrol into lung cancer screening programmes and should be used for identifying high-risk individuals who benefit
from the inclusion in these programmes.

Funding Terry Fox Research Institute, The UBC-VGH Hospital Foundation and the BC Cancer Foundation, the
Alberta Cancer Foundation, the Australian National Health and Medical Research Council, Cancer Research UK

and a consortium of funders, and the Roy Castle Lung Cancer Foundation for the UK Lung Screen Uptake Trial.
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4.0 license.

www.thelancet.com/oncology Vol 23 January 2022


http://crossmark.crossref.org/dialog/?doi=10.1016/S1470-2045(21)00590-8&domain=pdf

Articles

Research in context

Evidence before this study

Lung cancer screening reduces lung cancer mortality through
early detection and is most effective when applied to high-
risk individuals. Past guidelines have recommended that
screening eligibility should be based on categorisations of
age, pack-years (number of pack of cigarettes smoked per day
multiplied by number of years smoked), and years since last
permanently quitting smoking. For example, the US
Preventive Services Task Force 2013 (USPSTF2013) guideline
defines eligible individuals for screening as those aged

55-80 years, who smoked 30 or more pack-years, and had

15 quit-years or less. Several studies have found that accurate
risk prediction models of lung cancer, such as the
PLCOM2012, are more sensitive at identifying individuals
who develop lung cancer than using categorical age-smoking
criteria. However, studies have argued that risk prediction
models identify individuals who are older, have more
comorbidities, and shorter life expectancies than categorical
eligibility approaches, such as the USPSTF criteria, and thus
might not optimise life-years gained. Most evidence so far
has come from retrospective analyses of trial or survey data
and microsimulation modelling, and not from prospective
studies.

We searched PubMed for studies published in English
between Jan 1, 2004, and Dec 31, 2020, related to eligible
patients of lung cancer screening, PLCOmM2012, and USPSTF,
using search terms including “lung cancer screening

Introduction
Lung cancer is the leading cause of cancer mortality in
the world.! Although 5-year relative survival in the USA
has improved from 10-7% in 1973 to 19-8% in 2010,
survival generally remains poor.? Randomised controlled
trials have shown that lung cancer screening of high-risk
individuals with low-dose CT can reduce lung cancer
mortality by at least 20%.** Lung cancer screening is
most effective when applied to high-risk individuals.*®
A major issue remains how to best select these
individuals for lung cancer screening. Many trials have
used, and guidelines recommend using, non-quantitative
approaches based on categorical age, pack-years (number
of pack of cigarettes smoked per day multiplied by
number of years smoked), and years since last
permanently quitting smoking, for which risk is not
estimated. Examples include the National Lung
Screening Trial (NLST) and the Dutch-Belgian NELSON
trial eligibility criteria,** and the US Preventive Services
Task Force (USPSTF) and Centers for Medicaid and
Medicare Services guidelines.”®

Retrospective and cost-effectiveness analyses have
shown that selecting participants by an accurate risk
prediction model identifies individuals who develop lung
cancer at a significantly higher sensitivity, averts more
lung cancer deaths, has smaller number needed to
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eligibility”, “lung cancer screening criteria”, “lung cancer
screening guidelines”, “lung cancer screening PLCOM2012”,
“PLCOM2012", and “lung cancer screening USPSTF”. All
information from peer-reviewed articles, reference lists,
books, and websites was considered. In addition, data were
retrieved and analysed from datasets (Prostate, Lung,
Colorectal and Ovarian Cancer Screening Trial, National Lung
Screening Trial, and Pan-Canadian Early Detection of Lung
Cancer Study).

Added value of this study

This study provides prospective evidence based on a large
multinational trial that shows that the PLCOM2012 model is
significantly more sensitive at identifying those who will be
diagnosed with lung cancer than the USPSTF2013 criteria and
demonstrates that the cumulative potential life-years gained in
individuals diagnosed with lung cancer was significantly greater
in the group assigned to PLCOM2012 threshold of at least
1.70% at 6 years than in the group assigned to USPSTF2013
criteria. In addition, PLCOM2012 identified significantly more
lung cancers in women than in men.

Implications of all the available evidence

This new evidence is consistent and supportive of past
retrospective and microsimulation studies. These data provide
support for continual use and for new uptake of PLCOM2012
for lung cancer screening selection in lung cancer screening
programmes.

screen to avert one lung cancer death, and is more cost-
effective than categorical approaches.®*" PLCOm2012 is
one of these available risk prediction models.” The
PLCOmM2012 model predicts incident lung cancers within
6 years of screening using 11 predictors: age, race or
ethnicity, education, body-mass index, history of chronic
obstructive pulmonary disease, personal history of
cancer, family history of lung cancer, and smoking status,
and intensity (mean number of cigarettes smoked per
day), duration, and quit-years in patients who used to
smoke. A PLCOm2012 calculator with model parameters
can be found online. The PLCOm2012 model has been
validated by different research teams in the USA,
Germany, Australia, the UK, Canada, Brazil, Poland, and
in multiple other countries.”*”** However, no large
multinational prospective study to date has compared the
effectiveness of a standard categorical criteria versus an
accurate risk prediction model for enrolling individuals
into lung cancer screening.

In the USA, public health policy decisions regarding
selection of screened participants (ie, USPSTF guidelines)
have been developed on the basis of Cancer Intervention
and Surveillance Modeling Network (CISNET) micro-
simulation modelling that makes assumptions, such as
participants of the modelling cohorts enter screening as
soon as they reach the eligible age and that these cohorts
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have 100% participation and adherence.” Such modelling
might not reflect real-world screening practice. The
USPSTF has been reluctant to recommend risk models
for patient selection because they argue that risk models
enrol individuals with shorter life expectancies, which
might lead to fewer life-years gained, and evidence
supporting risk models have not been based on
prospective data.”

The International Lung Screening Trial (ILST) aimed
to compare the effectiveness of the USPSTF2013 criteria
with that of the PLCOm2012 model by comparing the
proportions of lung cancers detected and cumulative life
expectancies from study entry of those diagnosed with
lung cancer had they not developed lung cancer.

Methods
Study design and participants
This prospective cohort study included participants
aged 55-80 years, who were current or former smokers
(ie, had =30 pack-years smoking history and <15 quit-
years since last permanently quitting), and who met
USPSTF2013 criteria or a PLCOm2012 risk threshold of
at least 1-51% within 6 years of baseline screening. A
previous study indicated that a PLCOm2012 risk
threshold of at least 1-51% within 6 years was a suitable
threshold because in the NLST, lung cancer mortality
rates in the low-dose CT and chest x-ray comparison
group consistently diverged above this threshold.t
Participants were excluded if they had symptoms of lung
cancer, lung cancer history, or any serious life-threatening
conditions (eg, heart disease). A full list of inclusion and
exclusion criteria is available in the protocol.” Partici-
pants were recruited from nine screening sites in
four countries: Australia (Brisbane, Sydney, two sites in
Melbourne, and Perth), Canada (Vancouver and Alberta),
Hong Kong, and the UK. Enrolment characteristics,
including number of participants, follow-up time, and
dates of enrolment, for each site are described in the
appendix (p 2). Alberta (NCT02431962)* and the UK*
had launched their studies independently and their study
protocols differ in some respects from the original ILST
protocol, but their enrolment criteria were the same as at
other sites.

Written informed consent was obtained from each
participant and research ethics board approval was
obtained at each site.

Procedures
Initial contact for enrolment was made using the
following methods in decreasing order of frequency:
social media, contact with primary care provider,
advertisement in newspaper or TV, mailings using
government or electoral lists, recommendation by friend
or family, advertisement through radio or poster, contact
with previous study participants, or emails.

At initial encounter, potential participants were risk
assessed and questions regarding the following were

asked: current age, smoking status, average number of
cigarettes smoked per day when smoking, duration of
smoking in years, years since quitting in former
smokers, height, weight, race or ethnicity, level of
education, history of chronic obstructive pulmonary
disease, family history of lung cancer, and personal
history of cancer. The first five items of information
were used to determine eligibility by the USPSTF2013
criteria and all items of information were put into a
spreadsheet calculator to determine PLCOm2012 risk
score and determine eligibility. Adaption of the
PLCOmM2012 model for use in different settings is
discussed in the appendix (p 3). To allow fair comparison
of sensitivities or cancer detection rates while holding
specificities similar in both groups, for analysis the
PLCOmM2012 threshold for eligibility was set at a level
that resulted in the same number of individuals being
selected for screening as for the USPSTF criteria. This
number could not be known and preset a priori. In the
analysis, the PLCOm2012 risk threshold of atleast 1-70%
at 6 years was used because a published CISNET report
had demonstrated the equivalence of this threshold and
USPSTF 2013 and had been previously used in other
studies.”*? The PLCOm2012 threshold of at least 1-70%
at 6 years is approximately in between existing lung
cancer screening programme thresholds; for example,
the UK NHS Targeted Lung Health Checks uses a
PLCOmM2012 threshold of at least 1-51% at 6 years and
the Ontario Lung Screening Program uses a PLCOm2012
threshold of at least 2-0% at 6 years.”” In addition to
comparative sensitivities, the PLCOm2012 threshold of
at least 1-70% at 6 years produces conservative results
compared with the PLCOm2012 at least 1-51% at 6 years
threshold.

Following baseline scans, individuals entered a
pathway leading to a 2-year follow-up planned low-dose
CT scan, or a 3-month or 12-month surveillance scan for
suspicious nodules, or were sent directly to detailed
diagnostic evaluation, depending on the level of
malignancy risk determined by the PanCan model
estimated risk score.”

Not all sites followed up ineligible individuals to
determine their lung cancer outcomes. To estimate the
incidence of lung cancers in individuals who were
USPSTF2013-negative and had PLCOm2012 of less
than 1-51% at 6 years , ever-smokers in the Prostate Lung
Colorectal and Ovarian Cancer Screening Trial (PLCO)
who met these criteria and their lung cancer incidence
were applied to the ILST sample size for the mean follow-
up occurring in the ILST. These data allowed estimation
of criteria sensitivities at the population level.

Lung cancer histology was classified according to the
2015 WHO Classification of Lung Tumors and staging
was by the seventh or eighth editions of Lung Cancer
Stage Classification.”*

Sociodemographic, medical, including comorbidity,
exposure, and outcome data were collected.
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Outcomes

The main outcomes of interest in this study were incident
lung cancer and estimated life expectancies given
baseline participant characteristics, which allowed
calculation of criteria sensitivities and cumulative
potential life-years gainable in those diagnosed with lung
cancer. ILST study objective two is a prospective
evaluation of the PanCan or Brock model-based PanCan
nodule management protocol.” The theme of that study
is distinct from the current study and will be presented
in a separate paper.

Statistical analysis

The original planned sample size was 4000 individuals
and the sample size calculations have been detailed
elsewhere.” However, the model threshold for
comparison changed from at least 1-51% at 6 years to
1-70% at 6 years, making the selected comparison group
smaller and thus requiring a larger sample size, and to
obtain more precise estimates for study aim 2 (PanCan
Protocol evaluation) we expanded recruitment to
6000 individuals.

In this Article, we present an interim analysis of the
ILST. Descriptive statistics describing sociodemographic
and exposure characteristics of the study sample were
prepared using contingency table analysis for categorical
data and applying Fisher's exact test. 95% CIs for
proportions were estimated using the binomial exact
method. Comparisons of skewed continuous data used
non-parametric test of trend and for approximately
normally distributed continuous data used Student’s
t-test not assuming equal variance.

Comorbidity count was missing for 2735 (47%) of
5819 participants and smoking intensity was missing for
805 (14%) of 5819. All other covariates were non-missing
or missing only small amounts (<2%). Missing data were
handled by multiple imputations using 20 imputed
datasets using the mi suite of commands by STATA
(version 16.1). The rule of Rubin was used to produce
pooled estimates from imputed datasets.” PLCOm2012
risk scores and USPSTF2013 status data were complete
as they were collected for all participants at initial risk
assessment to determine entry into the study. For
analysis, one site did not provide smoking intensity data,
which are required to estimate life expectancies. Multiple
imputations allowed estimation of life expectancies in
the full dataset.

Differences in the proportions of lung cancers detected
by the two eligibility criteria in the analytic sample
(comprised of participants USPSTF2013 positive or
PLCOmM2012 risk threshold =1-70% at 6 years) were done
by applying McNemar’s test comparing marginal
proportions and discordant pair odds ratios (OR), along
with 95% ClIs and p values, as the comparison groups
were not mutually exclusive. As part of study aim 1,
prespecified comparisons of criteria test accuracies were
planned, and included sensitivity, specificity, positive and
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negative predictive values, and false-negative proportions.
Although we did not prespecify stratified analyses by sex,
it became evident from study findings published
subsequent to our protocol development that evaluation
of screening differences by sex could be important.
Consequently, in the current analysis, we present some
results for aim 1 stratified by sex.

Life expectancies of individuals in the ILST cohort
from baseline scan were estimated using a parametric
Weibull  accelerated failure-time survival model
predicting all-cause death, which was developed in PLCO
data. Predictors include age, sex, body-mass index,
comorbidity count, smoking status, smoking intensity,
smoking duration, and quit-years in those who used to
smoke. The comorbidity score was 1if present and zero if
absent for heart disease, stroke, hypertension, chronic
obstructive pulmonary disease, diabetes, cancer,
gastrointestinal disease, liver disease, arthritis, and
osteoporosis or osteopenia. Details of the all-cause death
survival model are presented in the appendix (p 6). Life
expectancy calculations aimed to assess the maximum
potential life-years that could be saved by screening. The
actual life-years saved is also a function of the probability
that screening results in reduction of lung cancer
mortality, which depends on stage-shift due to screening
and administration of effective treatments.

Statistical analyses were done using STATA MP
(version 16.1). All p values are two-sided. When p values
were used for hypothesis testing, an o error of less
than 0-05 was applied. This is the case for the prespecified
tests of whether cancer detection rates or cumulative life
expectancies at baseline for those diagnosed with lung
cancer differed by eligibility criteria.

This trial is registered at Clinical Trials.gov, NCT02871856.
Study enrolment is almost complete.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

Between June 17, 2015, and Dec 29, 2020, 5819 participants
from the ILST were enrolled who were USPSTF2013
positive or met the PLCOm2012 threshold of atleast 1-51%
at 6 years, or both. At a risk threshold of at least 1-70% at
6 years, the same number of individuals was selected for
the PLCOm2012 model as for the USPSTF2013 criteria
(4540 [78%)] of 5819). To make fair comparisons, we
compared individuals who met the PLCOm2012 risk
threshold of at least 1-70% at 6 years with those who met
USPSTF2013 criteria (analytic sample).

Participant and tumour characteristics are summarised
in table 1. Mean age was 63-3 years (SD 5-7) for the
USPSTF2013-positive group and 65-7 years (SD 5-9) for
the PLCOm2012 risk of at least 1-70% at 6 years group
(p<0-0001). Compared with the USPSTF2013-positive
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group, the PLCOmM2012 risk of at least 1-70% at 6 years
group had a smaller proportion who completed
high school education or beyond (2211 [48-7%)] of
4540 participants vs 2428 [53-5%)] of 4439 participants;
p<0-0001), lower mean body-mass index (26-9 kg/m?
[SD 4-8] vs 27-6 kg/m2 [SD 5-3]; p<0-0001), a greater
incidence of history of coronary obstructive pulmonary
disease (1307 [28-8%)] vs 1071 [23-6%]; p<0-0001), higher
incidence of personal history of cancer (492 [14-7%)] vs
342 [10-0%)]; p<0-0001), a greater incidence of family
history of lung cancer (1310 [28-9%] vs 990 [21-8%];
p<0-0001), and a higher median of comorbidities
(2 [IQR 1-3] vs 1 [1-2]; p<0-0001). Comorbidity distri-
butions by criteria are in the appendix (p 5). Individuals
meeting PLCOmM2012 risk threshold at least 1-70% at
6 years had a similar average smoking intensity to the

USPSTF2013-positive group (22-7 [SD 10-3] cigarettes
per day vs 23-1[8- 8] cigarettes per day; p=0-13). However,
patients in the PLCOm2012 risk of at least 1-70% at
6 years group had a longer smoking duration
(43-4 [SD 8-0] years vs 43-0 [7-4] years; p=0-049) and
longer mean quit-years (median 8 [IQR 3-16] vs 6 [2-10];
p<0-0001) than those in the USPSTF2013-positive group.
Furthermore, participants in the PLCOm2012 of at
least 1-70% at 6 years group had a higher median
PLCOmM2012 risk score than the USPSTF2013 group
(35 [IQR 2-5-5-8] vs 3-1[1-8-5-5], p<0-0001).

Mean follow-up was 2- 3 years (SD 1-0). In the complete
cohort of 5819 individuals, 177 lung cancers were
diagnosed. Six of these 177 lung cancers were detected in
248 individuals who were in groups PLCOm2012 less
than 1.70% at 6 years and USPSTF2013-negative. Of

USPSTF2013 eligible PLCOM2012 =1-70% at p value* Lung cancer cases in the
(n=4540) 6 years (n=4540) analytic sample (n=171)
Sociodemographic
Age 633(57) 657 (59) p<0-0001 67:3(56)
Sex Peaa=0-17
Female 2046 (45-1%) [3-1%] 2112 (46-5%) [4-0%] 98 (57:3%)
Male 2494 (54-9%) [2-5%] 2428 (53-5%) [2-7%] B 73 (42:7%)
Ethnicity - - Peua=0-66T
White 2989 (65-8%) [2-4%] 3009 (66-3%) [2-8%] 100 (58-5%)
East Asian 271 (6-0%) [2:6%] 203 (4-5%) [3-9%] 8 (47%)
Other 144 (3-2%) [1-4%) 144 (3-2%) [1-4%) 3(17%)
Missing 1136 (25:0%) [4-0%] 1184 (26-1%) [4-7%] 60 (35:1%)
Education - - p<0-0001
High school completed or less 2111 (46-5%) [3-6%] 2329 (51-3%) [43%] 101 (59-1%)
Beyond high school 2428 (53-5%) [2:0%] 2211 (487%) [2-4%] 70 (40-9%)
Medical history
Body-mass index (kg/m?) 27:6 (5-3) 269 (4-8) p<0-0001 26-4 (47)
COPD Poue<0-0001
No 3469 (76-4%) [2-5%] 3233 (71-2%) [3-3%] 124 (72:5%)
Yes 1071 (23-6%) [3-5%] 1307 (28-8%) [3-4%] 47 (27:5%)
Personal history of cancer Plu<0-0001
No 3062 (89:9%) [2-4%] 2864 (85:3%) [3-0%] 100 (90-1%)
Yes 342 (10-0%) [21%] 492 (147%) [2-0%%] 11(9-9%)
Family history of lung cancer - Plu<0-0001 .
No 3550 (78-2%) [2:6%] 3230 (71-1%) [33%] 118 (69-0%)
Yes 990 (21-8%) [3-3%] 1310 (28-9%) [3-4%] 53 (31-0%)
Comorbidity counts 1(1-2) 2(1-3) Prprena<0-0001§ 2(1-2)
Exposures
Smoking status . Poui=0-63 .
Former 2004 (44-1%) [2:5%] 1981 (43-6%) [3-1%] 79 (46-2%)
Current 2536 (55-9%) [3-0%] 2559 (56-4%) [3-5%] 92 (53-8%)
Smoking intensity, average cigarettes 231(8:8) 22.7(10-3) p=0-13 22:6 (9-6)
smoked per day
Smoking duration, years 43-0 (7-4) 43-4(8-0) p=0-049 45-4(8-4)
Quit-years in those who used to smoke 6 (2-10; n=2004) 8 (3-16; n=1981) p<0-0001 3(8-14)
Pack-years 488 (183) 47-8 (20-2) p=0-013 49-7 (20-1)
PLCOM2012 score 3-1(1-8-5'5) 3-5(2:5-5-8) p<0-00019 4-8 (2:7-7-9)
(Table 1 continues on next page)
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USPSTF2013 eligible PLCOM2012 =1-70% at p value* Lung cancer cases in the
(n=4540) 6 years (n=4540) analytic sample (n=171)
(Continued from previous page)
Cancer characteristics
Stage NSCLC Poua=0-59
Early (I, 1) 104/129 (80-6%) 122/156 (78-2%)
Late (11l V) 25/129 (19-4%) 34/156 (21-8%)
Histology - Pewa<1-00
Adenocarcinoma 86/135 (63-7%) 108/162 (66-7%)
Squamous cell 23/135 (17-0%) 25/162 (15-4%)
Large cell 3/135 (2:2%) 3/162 (1-9%)
Mixed 4/135 (3:0%) 6/162 (3.7%)
NSCLC not otherwise specified 7/135 (5-2%) 7/162 (4-3%)
SCLC 9/135 (6-7%) 9/162 (5-6%)
Carcinoid 2/135 (1-5%) 3/162 (1-9%)
Unknown 1/135 (0-7%) 1/162 (0-6%)
Follow-up characteristics
Survival data
Follow-up, years 2-1(1-6-2:9) 2-1(1-6-2:9) 1-2 (0-2-2:6)
Incident lung cancers/cumulative 135/10 445 162/10 561 171/281
follow-up, years||
Data are mean (SD), n (%), median (IQR), or n/N (%), unless stated otherwise. Percentages in square brackets represent the proportion of lung cancers found in individuals in
the group in that cell. NSCLC=non-small-cell lung cancer. SCLC=small cell lung cancer. USPSTF=US Preventive Services Task Force. *p value testing if the distribution of
variable levels differs between criteria. tEthnicity distribution difference was tested as Whites versus all other categories pooled- $Excludes Alberta site. SPerformed on
existing data on ten comorbidities (appendix p 5). €It test performed on natural log transformed PLCOM2012 scores. Three limited-stage and two extensive-stage SCLCs were
excluded from these stage calculations. ||Used to calculate incidence rate.
Table 1: Participant and cancer characteristics, overall and by USPSTF and PLCOM2012 criteria positivity

5571 individuals who were in the USPSTF2013-positive
group, in the PLCOm2012 of at least 1-70% at 6 years
group, or both (analytic sample), 135 lung cancers were
detected in 4540 individuals who were USPSTF2013-
positive, 162 in 4540 who had PLCOm?2012 risk of at least
1-70% at 6 years, and 126 in 3509 individuals who met
both these criteria (figure, table 2). In the analytic sample,
the PLCOmM2012 threshold of at least 1-70% at 6 years
model detected 27 more lung cancers than did USPSTF
criteria (162 [94:7%; 95% CI 90-2-97-6] of 171 s
135 [78-9%; 95% CI 72-1-84-8] of 171; p=0-0001; table 3).
This PLCOm2012 threshold gave higher overall cancer
detection (15-8% [95% CI 10-7-22-1%]; OR 4.00
[95% CI 1-89-9-44]; p<0-0001).

Many study sites did not collect outcome data on lung
cancer for individuals who were excluded because they
did not meet either eligibility criteria. To estimate the
number of individuals and lung cancers occurring in
this group, we applied statistics obtained from PLCO
data. We applied the incidence of lung cancer in
participants who were USPSTF negative and met
PLCOmM2012 threshold of less than 1-51% at 6 years to
the ILST study. 7106 individuals and 13 lung cancers in
2-3 years of follow-up were expected in those who were
both USPSTF-negative and had PLCOm2021 risks of
less than 1-51% at 6 years. These incorporations were in
addition to the six lung cancers observed in
248 individuals who were USPSTF-negative and met

McNemar’s
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162 lung cancers detected
in 4540 participants in the
PLCOM2012 =1-7% at

135 lung cancer detected
in 4540 participants
in the USPSTF-positive

6 years group group

36 lung
cancers
(n=1031)

126 lung
cancers
(n=3509)

Nine lung
cancers
(n=1031)

171 lung cancers detected in
5571 participants who were in the
USPSTF2013-positive group, in the PLCOmM2012 of
at least 1.70% at 6 years group, or both

Figure: Venn diagram describing the distribution of individuals and lung
cancer cases by criteria (USPSTF2013 positivity and PLCOmM2012

=1.7% at 6 years status)

27 (15-8% [95% C1 10-7-22:1%]; p<0-0001) of 171 more lung cancers were detected
by PLCOM2012 than USPSTF criteria. The figure excludes six lung cancers detected
in 248 individuals who were USPSTF-negative but were enrolled because they had
PLCOM2012 risks at least 1-5% at 6 years and less than 1.70% at 6 years.

PLCOmM2012 threshold of at least 1-51% at 6 years and
less than 1-70% at 6 years. Thus, the adjusted number of
lung cancers expected overall was 190 in an estimated
12925 individuals (table 2). For this quasi-population-
estimated sample, the sensitivities (ie, cancer detection
rate) of USPSTF2013 criteria and PLCOm2012 threshold
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USPSTF2013-negative USPSTF2013-positive  Total
ILST data only
PLCOM2012 <1:70% at 6 years  6/248 (2-4%) 9/1031 (0-9%) 15/1279 (1-2%)
PLCOM2012 >1:70% at 6 years  36/1031 (3-5%) 126/3509 (3-6%) 162/4540 (3-6%)
Total 42/1279 (3-3%) 135/4540 (3-0%) 177/5819 (3-0%)
ILST data supplemented with PLCO data
PLCOM2012 ineligible *PLCOM2012 >1-51% to 9/1031 (0-9%) 28/8385 (0-3%)
<1.70% at 6 years: 6/248
(2-4%); TPLCOM2012 <1-51%
at 6 years: 13/7106 (0-2%);
total 19/7354 (0-3%)
PLCOM2012 >1.70% at 6years  36/1031 (3-5%) 126/3509 (3-6%) 162/4540 (3:6%)
Total 55/8385 (0-7%) 135/4540 (3-0%) 190/12925
(1:5%)

Data are n/N (%). In the PLCO trial, of 74 207 individuals who had ever smoked, 40 800 (55-0%) individuals were
USPSTF2013 negative and had PLCOM2012 risk of less than 1-51% at 6 years. In this group, 189 lung cancers were
observed in 6 years of follow-up (0-46% at 6 years). If this proportion and lung cancer rate are applied to the ILST
sample, 7106 individuals would be added to the group of patients with USPSTF-negative and PLCOm2012 of less than
1.51% at 6 years and 13 more lung cancers would be expected in them in 2-3 years of follow-up. Supplemented data
are PLCOM2012 risk threshold of at least 1-5% to less than 1-70% at 6 years (6/248) from observed ILST data and data
estimates of PLCOM2012 less than 1-51% at 6 years (13/7106) from PLCO data. PLCO=Prostate Lung Colorectal and
Ovarian Cancer Screening Trial. USPSTF=US Preventive Services Task Force. *Observed ILST data. tData estimated from
PLCO trial. ILST=International Lung Screening Trial.

Table 2: Distribution of individuals and lung cancer cases by eligibility criteria status observed in ILST
data without and with supplementation of PLCO data

USPSTF eligible

PLCOM2012 =1-70% at 6 years  p value

ILST data

Cancer detection
rate*

Cancer detection
ratet

Positive predictive
valuet

False-negative
proportiont

Negative
predictive value

Supplemented ILST data%

Cancer detection

predictive value

135/177 (76:3% [69-:3-82:3])

135/171 (78-9% [72-1-84-8])

135/4540 (2-97% [2:90-3-51])
42/1279 (3-28% [2-38-4-41])

96-72%

135/190 (71-1% [64-0-77-4])

ratet

Specificityt 8330/12735 (65-4% [64-5-66-2])  8357/12735 (65:6% [64-7-66-4]) p=0-72
False-negative 55/8385 (0-66% [0-49-0-85]) 28/8385 (0-33% [0-22-0-48]) p=0-0030
proportiont

Negative 99-34% 99-67%

Data are n/N (% [95% Cl]), unless otherwise specified. ILST=International Lung Screening Trial. PLCO=Prostate Lung
Colorectal and Ovarian Cancer Screening Trial. USPSTF=US Preventive Services Task Force. *Eligible PLCOM2012 risk
threshold of at least 1-51% at 6 years. tEligible by USPSTF or PLCOM2012 threshold of at least 1.70% at 6 years.
#Statistics partly use data supplemented by PLCO trial estimates with PLCO data for USPSTF-negative and PLCOmM2012
risk threshold less than 1-51% at 6 years.

162/177 (91-5% [86-4-95-2]) Prueniemar=0-0001

162/171(947%[902-976])  Phaeru=0-0001
162/4540 (3.57% [3-05-4-15)) p=0-11
15/1279 (1-17% [0-66-1-93]) p=0-0003

98-83%

162/190 (85:3% [79-4-90-0])  Pyeens=0-0001

Table 3: Accuracy statistics for individuals selected for screening in the ILST by USPSTF2013 criteria and
PLCOmM2012 risk threshold of at least 1.70% at 6 years
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of at least 1-70% at 6 years model were 135 (71-1%
[95% CI 64-0-77-4]) of 190 individuals and 162 (85-3%
[79-4-90-0]; p=0-0001) of 190 individuals, and the
specificities were 8330 (65-4% [64-5-66-2]) of

12735 individuals and 8357 (65-6% [64-7—66-4]; p=0-72;
table 3) of 12735, respectively.

In the analytic sample (n=5571), lung cancer was
diagnosed in 98 (3-8%) of 2596 women and 73 (2-5%) of
2975 men (p=0-0050). Of 73 men diagnosed with lung
cancer in the analysis sample, 63 (86.3% [95% CI
76-2-93-2%) met USPSTF2013 criteria and 68 (93-2%
[95% CI 84-7-97-7%]) met the PLCOm2012 of at least
1.70% at 6 years threshold (ORqem 2:00 [95% CI
0-62-7-46]; p=0-30). Of 98 women diagnosed with lung
cancer in the analysis sample, 72 (73-5% [63-6-81-9)
were USPSTF2013-positive, and 94 (95-9% [89-9-98-9])
met the PLCOmM2012 of at least 1-70% at 6 years threshold
(ORyxum 650 [2-26-25 - 63]; p<0-0001). The PLCOM2012
at least 1-70% at 6 years threshold was more sensitive at
selecting women with lung cancer than the USPSTF2013
criteria.

Histological type distributions were similar between
eligibility criteria (p<1-00; table 1). Overall, the most
common histological type was adenocarcinoma, followed
by squamous cell carcinoma, and small cell lung cancer.
The proportion of non-small-cell lung cancers that were
early stage (I, II) versus late stage (III, IV) did not differ
by eligibility criteria (p=0-59).

In individuals diagnosed with lung cancer the mean
life expectancy at study entry was higher in women than
in men (16-8 years [95% CI 15-3-18-7] vs 11-7 years
[10-6 -13-0]; p<0-0001). For individuals who were
diagnosed with lung cancer and who were USPSTF2013-
positive, the mean life expectancy at baseline was
14-8 years (13-6-16-0) and for individuals who had
PLCOmM?2012 risk of 1-70% at 6 years or more it was
13-9 years (12-8-14.9). Cumulative estimated life
expectancies from baseline for those subsequently
diagnosed with lung cancer had they not developed lung
cancer were higher in those who had PLCOm2012 risk of
at least 1-70% at 6 years than individuals who were
USPSTF2013-positive (2248-6 years [2089-6-2425-9] vs
2000-7 years [1841-2-2160-3]; difference 247-9 years,
p=0-015).

Discussion

When the PLCOm2012 threshold was set to find the
same number of individuals eligible as the USPSTF2013
criteria, cancer detection was significantly higher for
PLCOmM2012 than USPSTF2013 criteria (162 [94-7%] of
171 individuals vs 135 [78-9%)] individuals; p=0-0001).
When the ILST sample was supplemented to reflect
population estimates of lung cancer rates in individuals
who did not meet enrolment criteria, the sensitivity
(cancer detection rate) of the USPSTF2013 criteria and
the PLCOm2012 threshold of at least 1-70% at 6 years
were 71-1% and 85-3%, respectively. It is important to
note that the sample and lung cancers added to both the
USPSTF2013-negative and PLCOm2012-negative group
from estimates made using PLCO trial data do not affect
criteria comparisons and conclusions. Study conclusions
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are based on the findings of the ILST sample alone.
These data are presented only to provide magnitude
estimates reflective of complete population-based
sampling. The CREST study also compared the sensitivity
of the two models in a large community-based clinical
case series of lung cancers in Chicago (n=883).* The
USPSTF2013 criteria was less sensitive than the
PLCOmM?2012 threshold of more than 1-70% at 6 years
(52-3% vs 66-1%; p<0-0001). However, the absolute
values of sensitivities are higher in ILST, which is a
screening sample.

Although PLCOm?2012 criteria detected significantly
more lung cancers than did USPSTF criteria, this
criterion also selected individuals who were slightly older
and had more comorbidities. Consequently, the life
expectancies of PLCOm2012 eligible individuals were
shorter than USPSTF eligible individuals. Despite the
shorter life expectancies in PLCOm2012-positive people,
the excess number of lung cancers occurring in
PLCOmM2012-positive people led to significantly greater
cumulative life expectancies in those diagnosed with
lung cancer who were PLCOm2012-positive than in those
diagnosed with lung cancer who were USPSTE-positive.
Life expectancies were estimated using a model that
incorporated important study variables of interest in the
current study, such as age, sex, and comorbidities, as well
as other important predictors.

Comparison of screening effectiveness by sex was not a
prespecified hypothesis. However, USPSTF-associated
sex disparities in eligibility have been identified.” This
study found that the PLCOm2012 threshold of at least
1-70% at 6 years identified more lung cancers in women
than did the USPSTF2013 criteria. This observation is
important because the NLST, NELSON, and LUSI trials
suggest that women could benefit more from screening
than men.***

Pilot studies, such as the Manchester Lung Health
Check and the Ontario Health—Cancer Care Ontario
pilot, have prospectively recruited individuals for
screening using the PLCOm2012 model.*” Eligibility
criteria were successful because cancer detection rates
were significantly higher than in the NLST or NELSON
trials. However, these pilots did not make prospective
comparisons with the USPSTF2013 criteria, nor did they
compare life expectancies. The Yorkshire Lung Screening
Trial”® is an ongoing large (n=62980) randomised trial
investigating the performances of PLCOm2012 (thres-
hold =1-51%), Liverpool Lung Project (threshold =5%),
and USPSTF2013 eligibility criteria for selection of
screened participants. The trial will provide additional
comparative assessment of the Liverpool Lung Project
model that the ILST did not do.

Recently, USPSTF provided updated 2021 guidelines,
which have lowered the eligibility age to 50 years and
pack-years to at least 20 pack-years and maintained quit-
years in those who used to smoke to 15 years or less. Our
analysis is still relevant because other jurisdictions are
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using or considering using categorical age-smoking
criteria similar to the USPSTF2013 criteria (eg, the
European Union 4-in-the-Lung-Run study and the
Korean lung cancer screening programme). In addition,
the CREST study analysis of USPSTF2021 versus
PLCOmM2012 threshold of at least 1-0% at 6 years
(equivalent threshold) found that sensitivity differences
remained (68-6% vs 79-1%; p<0-0001).*** Expanding
the USPSTF criteria by lowering age and pack-year entry
thresholds is unlikely to overcome categoirical eligibility
design limitations.

ILST recruitment was limited to the USPSTF2013 age
criteria of 55-80 years. The PLCOm2012 criteria can
additionally identify high-risk individuals and lung
cancers outside this age range. The CREST study found
that an additional 57 (6-5%) of 883 lung cancers that
were USPSTF2013 ineligible because individuals were
younger than 55 or older than 80 years would have
qualified according to PLCOm2012 threshold of at least
1-70% at 6 years.” Thus, the differential cancer detection
rate presented in this Article might be an underestimate.

Compared with USPSTF criteria, the PLCOm2012
model with equivalent threshold has been shown to
reduce Black versus White race disparities in lung cancer
participant selection.* In this study, the number of
minority race groups was too small to analyse separately.

This analysis reflects 2-3 years mean follow-up, not
6 years of follow-up for determining lung cancer risk. It
is unlikely that with extended follow-up the conclusions
would be reversed. Moreover, it has been argued that
evaluating criteria differences after 2-3 years of follow-up
better represents true differences than evaluation after a
longer period of follow-up. The deterioration of
prediction with time from predictor measurement occurs
because after 6 years of follow-up, important baseline
predictor values, such as smoking duration or quit-years,
can be out of date, whereas in lung cancer screening
programmes, risk assessments can be updated
periodically to maintain risk estimate accuracy. In
addition, within 2-3 years of enrolment into a screening
programme, new information, such as screening results
data, can augment risk prediction, thus making 6-year
fixed baseline predictions out of date.**

Follow-up data were collected for lung cancer outcomes
in ineligible individuals only in some ILST sites. This
information would have allowed population-based
estimates of criteria sensitivities. To overcome this
deficit, we applied statistics from the US multicentred
quasi-population-based PLCO trial to estimate missing
statistics in the ILST.

To our knowledge, this study is the first large,
multinational trial to prospectively compare USPSTF2013
and PLCOm2012 criteria. Most previous studies have
been retrospective, model-based, or microsimulation
analyses. The prospective study design allowed for
accurate and complete collection of risk model predictor
data, which are commonly missing in retrospective
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studies. This design also enabled real-world collection of
ages and comorbidities and thus potentially provided
more valid estimates of life expectancies than might have
been obtained using other approaches. We found that the
mean age of entry into screening for USPSTF2013
eligible individuals was 63-3 years, not 55-6 years as
reported for CISNET modelling.” The younger age
for those who are USPSTF eligible in CISNET is a
consequence of using a single US birth cohort and
individuals becoming eligible for screening from age
55 years onwards provided they met eligibility criteria at
that age. Microsimulation analysis considering multiple
birth cohorts that start screening in a single calendar
year is expected to find average age of entry into screening
to be similar to that observed in the ILST. Other studies,
especially those promoting selection based on a life-years
gained strategy, have estimated median or mean ages for
those who are risk-model eligible to be substantially
older, reducing their estimated life expectancies much
further than observed in the ILST. For example, in the
study by Cheung and colleagues,* the mean age for those
who were selected for screening by the risk-based strategy
was 75 years. Interpretation of results coming from such
studies and planning of future modelling studies should
take into consideration ILST findings.

Our study findings indicate that selecting individuals
for lung cancer screening on the basis of an accurate
lung cancer risk prediction model, PLCOm2012, is
superior to using USPSTF2013 criteria. The PLCOm2012
model has been adopted for use in the UK NHS Lung
Health Check Programme and is in use or planned for
use in multiple Canadian provincial programmes and
projects (Ontario, Quebec, and British Columbia); it is
recommended for an Australian lung cancer screening
programme and is being studied for use in the EU
4-in-the-Lung-Run Study.*** The USPSTF has been
reluctant to adopt lung cancer risk prediction models,
arguing that there is insufficient evidence to support
their use; this study might provide such evidence.

A common argument against using the PLCOm2012
model or a similar risk prediction model for determining
screening eligibility is that it is too onerous to
implement. A Health Technology Assessment” carried
out by Ontario Health-Cancer Care Ontario found that
conducting a high-quality quantitative risk assessment
took only slightly longer than NLST-like categorical
criteria, and multiple focus groups found that physicians
overwhelmingly preferred navigators to conduct risk
assessments as well as risk-benefits discussions.” Many
reviewers of the evidence accept that high-quality
risk prediction models are superior at identifying
high-risk individuals compared with simple categorical
age-smoking approaches. Future research should focus
efforts on improving such models. Priorities are to
develop models that predict risk accurately in
Indigenous peoples, Hispanics, and Asians, and in East
Asian individuals who have never smoked. Models are

currently being developed that include occupation and
biomarkers.

Instead of a PLCOm2012 threshold of at least 1-70% at
6 years, a threshold of at least 1-51% at 6 years might be
considered for widespread public health screening
practice for several reasons: mortality benefits can occur
at this level;” the USPSTF guidelines are shifting to a
much more liberal threshold than what is equivalent to
the PLCOm2012 threshold of at least 1-51% at 6 years;"”
broadening eligibility criteria might improve screening
uptake; and screening healthier individuals might
increase beneficial outcomes (comorbidities increase
and life expectancies decrease with higher scores of
PLCOmM2012).

Compared with the USPSTF2013 criteria, the
PLCOmM2012 risk prediction model at equivalent threshold
(=1-70% at 6 years) selected significantly more individuals
for screening who were diagnosed with lung cancers and
who had significantly more cumulative life expectancy
from baseline. For selecting individuals to enrol into lung
cancer screening programmes, from a public health and
clinical perspective, using the PLCOm2012 model appears
to be an evidence-based preferred option.
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