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ABSTRACT

Background: The Early CDT
®

-Lung antibody blood test plus serial computed tomography scans for test-positives (TPGs) reduces late-stage

lung cancer presentation. This study assessed the psychological outcomes of this approach.

Methods: Randomized controlled trial (n = 12 208) comparing psychological outcomes 1–12 months post-recruitment in a subsample

(n = 1032) of TPG, test-negative (TNG) and control groups (CG).

Results: Compared to TNG, TPG had lower positive affect (difference between means (DBM), 3 months (3m: −1.49 (−2.65, − 0.33)), greater

impact of worries (DBM 1m: 0.26 (0.05, 0.47); 3m: 0.28 (0.07, 0.50)), screening distress (DBM 1m: 3.59 (2.28, 4.90); 3m: 2.29 (0.97, 3.61);

6m: 1.94 (0.61, 3.27)), worry about tests (odds ratio (OR) 1m: 5.79 (2.66, 12.63) and more frequent lung cancer worry (OR 1m: 2.52 (1.31,

4.83); 3m: 2.43 (1.26, 4.68); 6m: 2.87 (1.48, 5.60)). Compared to CG, TPG had greater worry about tests (OR 1m: 3.40 (1.69, 6.84)). TNG had

lower negative affect (log-transformed DBM 3m: −0.08 (−0.13, −0.02)), higher positive affect (DBM 1m: 1.52 (0.43, 2.61); 3m: 1.43 (0.33,

2.53); 6m: 1.27 (0.17, 2.37)), less impact of worries (DBM 3m: −0.27 (−0.48, −0.07)) and less-frequent lung cancer worry (OR 3m: 0.49

(0.26, 0.92)).

Conclusions: Negative psychological effects in TPG and positive effects in TNG were short-lived and most differences were small.

Keywords behavioural medicine, early detection of cancer, lung neoplasms, psychology, screening

Background

Lung cancer is the leading cause of cancer-related deaths
worldwide1 and accounts for around 35 000 deaths annually
in the UK.2 Serial computed tomography (CT) screening

has been shown to reduce lung cancer mortality by 16%.3

CT screening is resource-intensive and results in radiation
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exposure, a high false positive rate, over-diagnosis, anxiety
and distress.4,5 There is currently no national screening pro-
gramme for lung cancer in the UK, although a targeted Lung
Health Check programme, including a risk assessment and
CT scan, for those at increased risk of lung cancer is offered
in some areas and is currently undergoing evaluation. The
limitations of CT screening have fuelled interest in other
approaches, including biomarker blood tests to identify those
who may benefit from CT screening. The EarlyCDT-Lung

®

blood test measures antibodies to a panel of lung cancer
antigens and has been shown to reduce late-stage presentation
of lung cancer by 36%.6 This paper reports the psychological
impact of using this novel approach, prior to imaging (chest
x-ray (CXR) and CT) for those with a positive blood test.

Systematic reviews report CT screening (without use of
biomarkers) is associated with increased anxiety and cancer-
specific distress for those with true positive results.7,8 The
National Lung Screening Trial (NLST) and UK Lung Cancer
Screening (UKLS) trial found higher-state anxiety in those
with true positive than negative results.9,10 The UKLS also
found higher levels of cancer distress 2 weeks post-scan for
those with true positive than negative results.10

The psychological impact on those with false positive,
incidental findings or negative results is less clear. The NLST
found no differences between these three groups in state
anxiety at 1 or 6 months post-screening.9 The Dutch–Belgian
Randomised Lung Cancer Screening Trial (NELSON) found
short-term increases in state anxiety and cancer-specific dis-
tress 2 months post-screening in participants with indetermi-
nate results.11

Most studies do not report adverse psychological impacts
of lung cancer CT screening beyond 6 months post-
screening.7,8 The NELSON trial reported no differences
between groups in cancer distress at 1.5 years12 and the
UKLS trial reported clinically unimportant higher levels of
anxiety and depression in the control group (CG) than the
screened group up to 2 years post-screening.10 By contrast,
the Danish Lung Cancer Screening Trial (DLCST) reported
greater negative impact of annual CT screening (e.g. higher
levels of anxiety and feelings of dejection) in the CG
compared to the screened group at 1, 2 and 4 years,13,14

possibly due to reassurance from the negative results in those
screened. Given that most people screened receive negative
results, this may indicate psychological benefits of screening.
Previous lung cancer screening research has only measured
negative psychological outcomes; hence, it is unclear whether
screening results in positive psychological outcomes (e.g.
positive affect). This paper compares the psychological impact
of EarlyCDT-Lung

®
screening, followed by imaging for those

with positive blood tests, between test-positive, test-negative

and CG participants in the short (≤6 months) and longer
term (>6 months).

Method

Trial design

Parallel group randomized controlled trial, with participants
allocated in a 1:1 ratio to intervention (blood test, followed by
imaging for those with a positive blood test) and control (no
blood test) groups.

Participants

Participants were recruited in the Greater Glasgow and Clyde,
Tayside and Lanarkshire Scottish National Health Service
regions, predominantly from general practices and also by
self-referral. Inclusion criteria were: aged 50–75 years, cur-
rent or ex-smokers, smoking history of ≥20 pack years or
first-degree relative with lung cancer, Eastern Cooperative
Oncology Group performance status of 0–2 and able to give
informed consent. Exclusion criteria were: history of any
cancer (excluding non-melanomatous skin cancer, cervical
cancer in situ), symptoms suggestive of lung cancer within the
last 6 months, terminal disease, >3 months of continuous use
of cyclophosphamide or if their General Practitioner felt trial
invitation would cause undue distress.15

A subsample of trial participants from Greater Glasgow
and Clyde and Tayside were invited, by mail, to complete
questionnaires assessing psychological responses to lung can-
cer screening from January 2014 to May 2015. All positive
test participants were invited. Random samples of 21 indi-
viduals per week from each of the negative test and CGs
were invited (all were invited, where <21 per week). Partic-
ipants completed questionnaires at 1, 3, 6 and 12 months
post-trial recruitment, receiving £5 gift vouchers for ques-
tionnaire completion. On completing the 1-month question-
naire, all participants would have been aware of their Early
CDT

®
-Lung test result, but most positive result participants

would have been unaware of their CT scan result.16 Test-
positive participants also completed questionnaires at 18 and
24 months. Participants were withdrawn from the subsample
on diagnosis of cancer, non-response to two consecutive
follow-up questionnaires, on request or on trial withdrawal.
Participants were included in the psychological outcomes
analysis if they completed a 1- or 3-month questionnaire and
until the point of withdrawal.

Interventions

Blood samples were taken from all participants. The
EarlyCDT

®
-Lung test was performed on intervention group
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samples. Participants with positive tests were invited to
discuss their result with a research nurse and were told that the
test detected 40/100 cases of lung cancer and that eight out
of nine people testing positive do not have lung cancer. They
received a CXR and low-dose CT scan followed by 6-monthly
CT scans up to 2 years post-randomization. They were told
the CT scan could reveal pulmonary nodules which are usually
benign. CT scans were reviewed by a panel of experienced
radiologists and respiratory physicians. Participants were
followed up within the trial or in the National Health Service
(NHS) care pathway as required.

Negative test participants were notified via letter, stating
98 to 99 out of 100 people with a negative test do not have
lung cancer at the time of the test. They had no further trial
investigations, received standard NHS care and were advised
to seek medical attention for lung cancer symptoms.

Outcomes

Data on age, gender, smoking history, lung cancer family
history and Scottish Index of Multiple Deprivation was col-
lected at trial recruitment. Data on education, marital status,
employment and ethnic group was collected on the baseline
questionnaire.

Affect was measured using the 20-item Positive and Nega-
tive Affect Schedule (PANAS).17 Emotional distress specific
to lung cancer risk was assessed using the four-item Cancer
Worry Scale (CWS) adapted for lung cancer.18 These were
measured in all groups at baseline, 1, 3, 6 and 12 months
and in the positive test group at 18 and 24 months. The
Impact of Events scale (IES) assessed lung cancer screening
distress,19 measured at 1, 3, 6 and 12 months in the positive
and negative test groups only. Total IES score cut-off points
for clinical levels of concern are: low < 8.5; medium: 8.6–19.0
and high > 19.20 Supplementary Table 1 provides details of
the measures used.

Sample size

Two hundred participants per group (positive test, negative
test and control) would enable the detection of a difference in
means in the IES between groups of 4.2 (standard deviation
(SD): 15.04, which is based on unpublished data from the
ProtecT prostate cancer study).21 To allow for attrition, we
aimed to recruit 300 participants per group.

Randomization

ECLS trial participants were randomized to intervention or
CGs using the web-based Tayside Randomisation System
(TRuST). Randomization was stratified by study site and was
minimized by age, gender and smoking history.

Blinding

Participants were not blinded to treatment group allocation.

Statistical methods

Data analysis used Stata Statistical Software version 16.22

Continuous data were described using means and stan-
dard deviations (SDs) or medians and interquartile ranges
(IQRs).Categorical variables were described using frequencies
and percentages. As participants were a subsample of trial
participants self-selecting to provide psychological outcomes’
data, baseline characteristics were compared between groups
using Kruskal-Wallis tests for continuous data and Pearson’s
chi-squared test for categorical data.

Multi-level regression compared outcomes between groups
(positive, negative and control) at 1, 3, 6 and 12 months post-
randomization by taking into account multiple observations
per participant. Linear models were used for continuous vari-
ables and logistic models for categorical variables, adjusting
for stratification and minimization variables and baseline val-
ues where measured. Model assumptions were checked by
examining residuals plots. Outcome data were transformed to
a logarithmic scale as necessary, with means (SDs) presented
on original and logarithmic scales for ease of interpretation.
Sensitivity analyses excluded observations with large residual
values.

Ethics approval

East of Scotland Research Ethics Committee (REC Number
13/ES/0024).

Trial registration

ClinicalTrials.gov: NCT01925625.

Results

Of 12 208 ECLS trial participants, 1079 were invited to pro-
vide psychological outcomes data. The final sample included
in the analysis consisted of 1032 participants (95.6% follow-
up rate; Supplementary Fig. 1). Groups were similar at base-
line except that the negative test group had a higher pro-
portion of males (54.6%) than the positive test (43.6%) and
control (48.3%) groups (Table 1).

Boxplots for psychological outcomes are shown in Sup-
plementary Fig. 2. Comparisons of psychological outcomes
between positive and negative test groups, up to 12 months,
are shown in Table 2. Unless stated otherwise, effect sizes for
scores are differences between means. Total IES scores are
described below, but not subscale scores, as findings were
similar to total IES scores.
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Table 1 Baseline characteristics of study participants

Characteristic (N, % unless stated otherwise) Control (n = 350) Test-positive (n = 321) Test-negative (n = 361) Comparison between groups

Study centre χ2(2) = 1.23, P = 0.54
Glasgow 255 (72.9) 235 (73.2) 275 (76.2)
Tayside 95 (27.1) 86 (26.8) 86 (23.8)

Age
50–54 years 76 (21.7) 62 (19.3) 88 (24.4) χ2(8) = 6.11, P = 0.64
55–59 years 87 (24.9) 83 (25.9) 97 (26.9)
60–64 years 80 (22.9) 62 (19.3) 72 (19.9)
65–69 years 71 (20.3) 77 (24.0) 71 (19.7)
70–75 years 36 (10.3) 37 (11.5) 33 (9.1)

Gender χ2(2) = 8.28, P = 0.02
Male 169 (48.3) 140 (43.6) 197 (54.6)
Female 181 (51.7) 181 (56.4) 164 (45.4)

Ethnic origin [0] [5] [3] χ2(2) = 0.30, P = 0.88
White British 344 (98.3) 309 (97.8) 350 (97.8)
Other 6 (1.7) 7 (2.2) 8 (2.2)

Marital status [5] [4] [6] χ2(6) = 5.36, P = 0.50
Single 43 (12.5) 25 (7.9) 38 (10.7)
In a relationship 23 (6.7) 28 (8.8) 32 (9.0)
Married/civil partnership 175 (50.7) 172 (54.3) 183 (51.5)
Other 104 (30.1) 92 (29.0) 102 (28.7)

Scottish Index of Multiple Deprivation [4] [0] [0] χ2(8) = 9.40, P = 0.31
1 (most deprived) 152 (43.9) 124 (38.6) 154 (42.7)
2 60 (17.3) 82 (25.5) 64 (17.7)
3 49 (14.2) 45 (14.0) 57 (15.8)
4 48 (13.9) 41 (12.8) 50 (13.9)
5 (least deprived 37 (10.7) 29 (9.0) 36 (10.0)

Age on leaving full-time education (years) [9] [10] [9] χ2(2) = 0.43, P = 0.81
Median (IQR) 16.00 (1) 16.00 (1) 16.00 (1)

Employment status [7] [6] [6] χ2(6) = 5.78, P = 0.45
Paid employment 115 (33.5) 119 (37.8) 144 (40.6)
Unable to work due to illness/disability 54 (15.7) 46 (14.6) 52 (14.6)
Unemployed and looking for work 16 (4.7) 10 (3.2) 18 (5.1)
Other 158 (46.1) 140 (44.4) 141 (39.7)

Smoking status χ2(2) = 4.49, P = 0.11
Smoker 189 (54.0) 165 (51.4) 214 (59.3)
Ex-smoker 161 (46.0) 156 (48.6) 147 (40.7)

Pack year history—median (IQR) 35.00 (21) 33.00 (23) 35.00 (22) χ2(2) = 1.36, P = 0.51
First-degree relative with lung cancer χ2(2) = 2.25, P = 0.33

Yes 87 (24.9) 95 (29.6) 92 (25.5)
No 263 (75.1) 226 (70.4) 269 (74.5)

PANAS positive [31] [33] [40] χ2(2) = 2.39, P = 0.30
Median (IQR) 34.00 (11) 35.00 (13) 34.00 (10)

PANAS negative [25] [23] [22] χ2(2) = 0.66, P = 0.72
Median (IQR) 13.00 (7) 13.00 (6) 14.00 (7)

LCWS—frequency of worry [1] [4] [1] χ2(2) = 2.63, P = 0.27
Not worried 131 (37.5) 138 (43.5) 150 (41.7)
Worried 218 (62.5) 179 (55.8) 210 (58.3)

LCWS—impact of worry [4] [4] [3] χ2(2) = 2.76, P = 0.25
Median (IQR) 2.00 (1) 2.00 (1) 3.00 (1)

LCWS—worry about tests [3] [4] [0] χ2(2) = 1.95, P = 0.38
Not anxious 314 (90.5) 291 (91.8) 320 (88.6)
Anxious 33 (9.5) 26 (8.2) 41 (11.4)

[] missing values. IQR = interquartile range.
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Comparing positive and negative test groups

The positive test group had lower positive affect scores at 3
months (−1.49, 95% confidence interval (CI): −2.65, −0.33),
reported greater impact of worries on daily functioning at 1
month (0.26, 95% CI: 0.05, 0.47) and 3 months (0.28, 95%
CI: 0.07, 0.50) and greater lung cancer screening distress at 1
month (3.59, 95% CI: 2.28, 4.90), 3 months (2.29, 95% CI:
0.97, 3.61) and 6 months (1.94, 95% CI: 0.61, 3.27) compared
to the negative test group. The positive test groups were
also more likely to frequently worry about lung cancer at 1
month (odds ratio (OR): 2.52, 95% CI: 1.31, 4.83), 3 months
(OR: 2.43, 95% CI: 1.26, 4.68) and 6 months (OR: 2.87,
95% CI: 1.48, 5.60) and have greater worry about tests at
1 month (OR: 5.79, 95% CI: 2.66, 12.63). Outcomes varied
over time between groups for lung cancer screening distress
(P < 0.001), reducing over time in the positive test group but
remaining stable in the negative test group. Worry about tests
reduced over time in the positive test group and increased over
time in the negative test group (P < 0.001). The percentage
of participants with IES total scores >19 in the positive test
group reduced from 49 to 28% between 1 and 12 months
and remained stable in the negative test group (30 and 29%
respectively).

Comparing positive test and CGs

Comparisons of psychological outcomes between positive
test and CGs are shown in Table 3. The only difference
between the groups was that the positive test group were more
likely to worry about tests at 1 month (OR: 3.40, 95% CI: 1.69,
6.84). Worry about tests reduced over time in the positive test
group and increased over time in the CG (P = 0.002).

Comparing negative test and CGs

Comparisons of psychological outcomes between the neg-
ative test and CGs are shown in Table 4. The negative test
group had lower negative affect scores at 3 months (log-
transformed: −0.08, 95% CI: −0.13, −0.02), higher positive
affect scores at 1 month (1.52, 95% CI: 0.43, 2.61), 3 months
(1.43, 95% CI: 0.33, 2.53) and 6 months (1.27, 95% CI: 0.17,
2.37). The negative test group also reported less impact of
worries on daily functioning at 3 months (−0.27, 95% CI:
−0.48, −0.07) and were less likely to frequently worry about
lung cancer at 3 months (OR: 0.49, 95% CI: 0.26, 0.92).
None of the outcome measures varied significantly over time
between the negative test and CGs.

Psychological outcome measures at 18 and 24 months in
the test-positive group were similar to those at 12 months
(Supplementary Table 2). A small number of findings (4 out

of 90) were not robust to excluding observations with large
residual values (Supplementary Table 3).

Discussion

Main findings

This is the first trial to report psychological outcomes follow-
ing a novel tumour antibody blood test for lung cancer prior to
CT scanning for those with a positive test. We found negative
psychological effects in those with a positive test and positive
effects in those with a negative test up to 6 months post-
screening. However, differences in most outcomes were small
and were unlikely to be clinically important. Overall, there
was no long-term psychological impact for the majority of
those screened, with the exception of lung cancer screening
distress for which potentially clinically concerning scores were
reported by 28% of the test-positive and 29% of the test-
negative groups 12 months post-screening.

What is already known on this topic

Similar to our findings, trials report greater psychological
burden (e.g. higher state anxiety and distress) up to 6 months
post-screening in those with positive compared to those with
negative screening results,6–9 with distress reducing to similar
levels as the test-negative group by 12 months.6,7 However,
our finding of potentially concerning levels of lung cancer
screening distress in almost one third of those screened at
12 months differs from the NELSON trial that found much
lower levels of distress using the IES.10,11 Our trial popu-
lation was similar to the NELSON trial, and although our
trial included more investigations (blood test, then CXR and
serial CT scans for those with positive tests), this is unlikely
to explain the differences in distress levels, as those with a
negative test had only one investigation. One possible expla-
nation is that the NELSON trial tailored the IES questions
to lung cancer distress while we tailored ours to lung cancer
‘screening’ distress.

Unlike previous trials, we included a positive psychological
outcome measure, showing greater short-term positive affect
in the negative test group than either comparison group. We
also found a short-term reduction in negative affect in the
negative test group compared to the CG, which is similar
to the NELSON trial finding of short-term decreases in
distress in those with a negative screening result.10 Reassur-
ance provided by a negative test may possibly explain these
findings.

The DLCST and UKLS found less favourable psycho-
logical outcomes for the CG. DLCST CG participants
experienced higher anxiety, self-blame and dejection than the
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CT screening group.13 UKLS trial CG participants reported
higher levels of anxiety and depression than the screened
group up to 2 years post-CT scan; however, similar to our
trial, differences were small and clinically unimportant.9 It
is possible that participants in these trials have a heightened
awareness of lung cancer risk, and CG participants may be
disappointed by not gaining reassurance from screening. By
contrast, the NELSON trial found no difference between
screened and CGs in quality of life, anxiety and lung cancer-
specific distress 1.5 years following screening.11

What this study adds

Most individuals will not experience negative psychological
outcomes after a novel antibody blood test followed by imag-
ing, although some with a positive blood test may do so
up to 6 months post-screening. Our study was the first to
measure lung cancer screening distress, and we found that
almost one third of those screened, regardless of their blood
test result, may experience lung cancer screening distress up to
1 year post-screening. If lung cancer screening using the Early
CDT

®
-Lung test is implemented in the UK, consideration

should be given to identifying psychological distress related
to screening and providing psychological support if required.

Limitations of this study

We used several psychological measures resulting in numer-
ous statistical tests with potential for Type 1 error; hence,
findings must be interpreted with this in mind. Lung cancer
screening distress could only be measured in those screened
(i.e. received the blood test); hence, we do not have scores
prior to screening or for a CG for comparison. In our trial,
the test-negative and CGs only completed measures up to 12
months post-screening, so longer-term impacts are unknown.
Further research is required to confirm our findings regarding
lung cancer screening distress, both in trials using biomarkers
and in trials of CT screening without the use of biomarkers.
Further research is also required to measure longer-term
positive and negative psychological outcomes in screened and
unscreened participants.

In conclusion, screening for lung cancer using a novel
tumour antibody blood test followed by a CT scan for those
testing positive does not appear to have long-term adverse
psychological impacts for most of those screened. This
approach may have advantages over CT screening in terms
of radiation exposure, costs and ease of administration and
may therefore be particularly useful in settings where health
care services are more poorly resourced and/or access to CT
scanning is limited.
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