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Lung cancer screening feasibility
in Australia

To the Editor:

The National Lung Screening Trial (NLST) reported a 20% relative reduction in lung cancer-specific
mortality using low-dose computed tomography (LDCT) screening [1]. US Preventative Services Task Force
modelling [2] illustrates the potentially large benefits of screening, yet nationwide population-based
screening has not been adopted. Controversial issues include high false positivity, and uncertain
cost-effectiveness and relative applicability to different settings and countries [3–6]. The Queensland Lung
Cancer Screening Study (QLCSS) is the first study to assess NLST screening protocol feasibility in Australia.

QLCSS applied the NLST protocol with two modifications: age eligibility was changed from 55–74 years to
60–74 years; and minimum lung function (forced expiratory volume in 1 s ⩾50% predicted) was required.
Smoking (⩾30 pack-years, current or quit within the past 15 years) and general health requirements were
identical [1, 7].

Volunteers received a baseline and two annual incidence scans (T0, T1 and T2, respectively). Baseline scans
were considered positive if one or more nodules ⩾4 mm diameter were detected; incidence scans were
considered positive if one or more new nodules of any size was detected, or a previously identified nodule
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demonstrated growth. Suspicious non-nodule findings also constituted a positive scan. Recruitment began in
December 2007; baseline scans were completed by December 2010. Participants were followed for 5 years;
the dataset was censored on September 18, 2014. Exact confidence intervals assumed a Poisson distribution.

256 (26.7%) out of 960 individuals enquiring about enrolment received baseline scans. Of those who did not
go on to enrol (i.e. receive a baseline computed tomography (CT) scan): 256 (36%) either failed to return the
initial paperwork or declined to enrol; 182 (26%) did not fulfil smoking eligibility criteria; 94 (13%) fell
outside the eligible age range (eligible age range was always mentioned in advertisements); 92 (13%) were
ineligible due to medical comorbidity; and 27 (4%) had had a CT of the chest within the prior 18 months.
Only four (0.6%) were ineligible because of poor spirometry. 46 (7%) were ineligible for other various
reasons and three (0.4%) had missing data. Baseline characteristics are detailed in table 1. 256 (100%), 239
(93%) and 233 (96%) eligible participants completed T0, T1 and T2, respectively. Four (1.6%) participants
without lung cancer died; 12 (4.7%) withdrew before the planned 5-year follow-up; 154 (60.2%) participants
completed follow-up; and 72 (28.1%) remain under active follow-up. 14 (5.5%) participants were diagnosed
with lung cancer. Median follow-up was 1825 days (5 years); total follow-up was 1159 person-years.

128 (50%), 88 (37%) and 99 (42%) participants had positive scans at T0, T1 and T2, respectively. Excluding
nodules <4 mm diameter, positive scans occurred in 128 (50%), 21 (9%) and 26 (11%), respectively. 17 (6.6%)
out of 256 participants had one or more invasive diagnostic procedures. 3.5% of positive scans resulted in CT
fine needle aspirate (FNA), or 151 procedures per 10000 scans (95% CI 75–270); 2.9% underwent
bronchoscopy, or 124 procedures per 10000 scans (95% CI 57–235). For benign disease, rates were 27 and
14 per 10000 scans respectively. There were no surgical procedures for benign disease. Two participants with
lung cancer suffered pneumothorax following CT-FNA; one required intercostal tube drainage.

Five (2.0%) cancers were diagnosed at T0, three (1.3%) at T1, four (1.7%) at T2 and two in the follow-up
(nonscreening) phase. All cancers were ⩾4 mm diameter when first detected. The proportion of true
positive scans was 3.9%, 3.4% and 4.0% at T0, T1 and T2, respectively. Lung cancer incidence was 121 per
10000 person-years follow-up (95% CI 66–203). 12 screen-detected cancers in 728 screening LDCTs
equates to 165 per 10000 scans (95% CI 85–288) or one cancer per 60 screening scans.

10 (83.3%) out of 12 screened cancers were adenocarcinoma, one was squamous cell carcinoma and one
non-small cell lung cancer not otherwise specified. One small cell lung cancer (stage IIIB) was diagnosed
18 months after a negative T2 scan and one adenocarcinoma (stage IA) was diagnosed from a ground-glass
opacity tracked for 5.6 years after baseline.

10 out of 12 screen-detected lung cancers were stage I–II. T0 yielded the highest proportion of stage IA
tumours (four out of five), whereas T1 and T2 scans had one stage IA tumour out of three and two stage

TABLE 1 Comparison of selected baseline characteristics in Queensland Lung Cancer
Screening Study (QLCSS) and National Lung Screening Trial (NLST)

Characteristic QLCSS NLST LDCT arm

Subjects n 256 26723
Males 171 (66.8) 15770 (59.0)
Age years median 64.5 60.0
55–59 years 1 (0.4) 11440 (42.8)
60–64 years 139 (54.3) 8170 (30.6)
65–69 years 90 (35.2) 4756 (17.8)
70–74 years 26 (10.2) 2352 (8.8)

Current smokers 121 (47.3)ƒ 12869 (48.2)
Smoking pack-years 55 (25–235) 48 (18–295)
Duration of smoking years 44 (23–59) 43 (12–69)
Airflow limitation on spirometry# 155 (60.5)
Airflow limitation mild¶ 102 (39.8)

Self-reported occupational asbestos exposure+ 31 (12.1) 1238 (4.6)
White/Caucasian ethnicity 254 (99.2) 24289 (90.9)
Received tertiary education 119 (46.5) 14695 (55.0)
Family history of lung cancer§ 46 (18.0) 5815 (21.8)

Data are presented as n (%) or median (range), unless otherwise stated. LDCT: low-dose computed
tomography. #: forced expiratory volume in 1 s (FEV1)/forced vital capacity ratio <70%; ¶: FEV1 ⩾80%
predicted; +: responded “yes” to the question “have you worked with asbestos for 1 year or more?”;
§: first-degree relative; ƒ: self-reported current smoker or quit <6 months prior to enrolment.
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IA tumours out of four, respectively. Nine participants underwent surgical resection and four received
concurrent chemoradiation; one with metastatic disease received palliative chemotherapy.

Screening sensitivity and negative predictive value (NPV) were 100% at each screening round. Specificity
was 51.0%, 64.0% and 58.5% at T0, T1 and T2, respectively. Positive predictive value (PPV) was 3.9%, 3.4%
and 4.0%, respectively. When nodules <4 mm size were excluded, sensitivity, specificity, PPV and NPV
improved: 100%, 51.0%, 3.9%, 100% at T0, respectively; 100%, 92.4%, 14.3%, 100% at T1, respectively;
100%, 90.4%, 15.4%, 100% at T2, respectively.

QLCSS recruited an older population with more men, heavier smokers and higher self-reported occupational
asbestos exposure than NLST [8] (table 1). This may explain the higher rate of lung cancer in QLCSS (121
versus 65 cases per 10000 person-years in NLST [1]). The rate of self-reported asbestos exposure is relatively
high, perhaps influenced by explicit mention of asbestos in our advertisements. However, it no doubt also
reflects historically high consumption of asbestos per capita in Australia [9], and extensive use of asbestos in
housing stock and public buildings [10]. Furthermore, Brisbane imported and exported asbestos through its
port, and two asbestos processing plants operated in Brisbane from the 1930s until 1984 [11].

Screening adherence was high. QLCSS positive scan rates were higher than NLST (27.3%, 27.9% and
16.8% at T0, T1 and T2, respectively [1]); false positive rates were >95% in both studies. This reflects
differences in definitions (e.g. new/growing nodules <4 mm considered positive findings on QLCSS
incidence scans). Restricting the definition to nodules ⩾4 mm results measures closer in accuracy to NLST
[12, 13]: sensitivity, specificity, PPV and NPV were 93.8%, 73.4%, 3.8%, 99.9% at T0, respectively; 94.4%,
72.6%, 2.4%, 99.9% at T1, respectively; 93.0%, 83.9%, 5.2%, 99.9% at T2, respectively. In contrast, a
volumetric nodule measurement strategy, as used in the NELSON study, may be able to substantially
reduce the false-positive scan rate and the mortality data from this study are eagerly anticipated [14].

Screen-detected cancer distribution by stage was similar to NLST (QLCSS: stage IA 58%, stage IV 8%;
NLST: 52% and 13%, respectively). Adenocarcinoma predominated. True-positive scan rates (3.8%, 2.4%
and 5.2% at T0, T1 and T2, respectively, in NLST [1]), and CT-FNA and bronchoscopy rates for positive
scans were similar (1.8% and 3.8%, respectively [1]). All participants with stage I cancer underwent
surgery, which is equivalent to the 92.5% reported in NLST LDCT arm [1].

The age-standardised incidence of lung cancer in Australia is lower than in the USA [15], yet we found
comparable, even slightly higher, rates of detection by increasing the minimum age by 5 years. Using risk
models to select individuals for screening may improve this further [16].

QLCSS demonstrated a degree of “volunteer bias”: 49% of the Australian general population aged
60–74 years are men and 37% have college education, and QLCSS volunteers were not representative of
the racial make-up of modern Australia. How this might influence screening outside a research setting is
uncertain, but experience from other cancer screening programmes suggests lower socioeconomic groups
and certain ethnic groups are harder to attract.

In conclusion, the QLCSS population demonstrated high rates of lung cancer and a high proportion of
false-positive scans reflecting the definition of “positivity”. We recognise that these pilot findings are
limited by sample size and that more robust estimates of benefits and harms requires a larger, multicentric
study. Nevertheless, the magnitude of benefit and harm is consistent with NLST, and we believe this study
demonstrates that an NLST-style LDCT screening protocol is feasible in Australia.
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Quadriceps muscle fibre dysfunction in
patients with pulmonary arterial
hypertension

To the Editor:

Despite improvements in disease targeted therapies, pulmonary arterial hypertension (PAH) is a
progressive disease and PAH patients remain symptomatic [1]. Exercise intolerance is one of the main
symptoms, which limit PAH patients in their daily life activities. Reduced exercise capacity is generally
attributed to right ventricular dysfunction [1]. However, as with other cardiac and pulmonary diseases,
PAH patients develop respiratory [2] and peripheral muscle [3, 4] weakness, which might also contribute
to exercise intolerance. Indeed, exercise training improves exercise capacity in PAH patients and maximal
oxygen consumption of PAH patients correlates with the functional decline of peripheral muscle strength
[5, 6]. The underlying cause of the reduction in muscle strength is unclear. Some studies have reported
muscle fibre atrophy and a shift towards more fast-twitch fatigable fibres in skeletal muscles of PAH
patients [3, 7]; however, these are not consistent findings [4, 8].

Recently, we have shown that weakness of the respiratory muscles in PAH patients [8] and in pulmonary
hypertension rats [9] is, at least partly, caused by impaired contractility of the sarcomeres, the smallest
contractile units in muscle. Whether sarcomere contractility is also affected in peripheral muscles of PAH
patients is yet unknown. Physical activity declines in PAH patients and muscle disuse is known to affect
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