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Psychological outcomes of low-dose CT lung cancer
screening in a multisite demonstration screening
pilot: the Lung Screen Uptake Trial (LSUT)
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Samuel M Janes @ ° Samantha L Quaife

ABSTRACT

Background Previous studies of psychological burden
in low-dose CT (LDCT) lung cancer screening trials may
lack generalisability due to participation bias and control
arms having elevated distress.

Methods Current and former smokers (n=787, aged
60-75) within a real-world screening demonstration
pilot completed measures of lung cancer worry at

three time points (T : appointment, T.: next day, T.: 3
months) and anxiety and depression at two time points
(T,and T)). A 'screening unaware” community sample
(n=383) with the same age and smoking characteristics
completed these measures once (T ). Mean scores were
compared by sample type and LDCT result.

Results Compared with the community sample (T),
mean scores were higher in the screening sample, and
statistically significantly increased in adjusted analyses,
for lung cancer worry at T,and T, (mean (M): 9.32;

95% C18.96 t0 9.69 vs M: 11.34; 11.09 to 11.59 and
M: 11.88; 11.49 to 12.27), for anxiety at T and T, (M:
3.32;2.94103.70 vs M: 4.73; 4.42 t0 5.04 and M: 5.78;
5.33 t0 6.23) and depression at T, (M: 3.85; 3.44 to
4.27 vs M: 4.15; 3.76 to 4.55). Scores were highest for
those with indeterminate (eg, T, anxiety M: 6.93; 5.65
to 8.21) and incidental findings (primary care follow-up
M: 5.34; 4.67 t0 6.02) and those ineligible for screening
(M:6.51; 5.25 to 7.77). Being female, younger, not in
paid employment, not married/cohabiting with a partner
and lower education predicted poorer psychological
outcomes at T, but not T, after adjusting for baseline
scores. Mean scores remained within ‘normal’ clinical
ranges.

Conclusion Psychological distress was raised among
high-risk individuals undergoing LDCT screening in a
real-world setting, but overall differences were unlikely
to be clinically meaningful. It will be critical to monitor
the psychological impact of services longitudinally across
diverse settings, including subgroups vulnerable to
clinically elevated distress.

Trial registration The Lung Screen Uptake Trial was
registered prospectively with the International Standard
Registered Clinical/soCial sTudy (ISRCTN) (Number:
ISRCTN21774741) on 23 September 2015 and the
National Institutes of Health ClinicalTrials.gov database
(NCT02558101) on 22 September 2015.

INTRODUCTION
Lung cancer leads cancer-related mortality world-
wide, with 35 148 deaths recorded in the UK in
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What is the key question?

» Is there a clinically significant psychological
impact of lung cancer screening when offered
in a real-world setting and compared with
‘screening unaware' individuals?

What is the bottom line?

» Psychological distress was raised among
high-risk individuals undergoing low-dose CT
screening in a real-world setting, particularly
those with abnormal results or who were
ineligible, but differences were unlikely to be
clinically meaningful.

Why read on?

» This study reports the first real-word data
on psychological outcomes from lung cancer
screening using a sample representative
of high-risk individuals; evidence crucial to
informing decision-making about implementing
lung cancer screening internationally.

2017," of which most patients were diagnosed with
late-stage disease (Il or IV).? Achieving earlier diag-
nosis is critical to reducing lung cancer mortality,
because survival from early stage disease is mark-
edly higher (82% 5-year survival for stage IA non-
small cell).” The US National Lung Screening Trial
and the Dutch-Belgian Nederlands-Leuvens Long-
kanker Screenings Onderzoek (NELSON) trial
have shown that screening high-risk, asymptomatic
adults for early stage lung cancer using low-dose
CT (LDCT) reduces the relative risk of lung cancer
mortality by 20% and 249%, respectively.** Conse-
quently, LDCT screening is recommended in the
USA, some regions of China, Korea and Croatia
and the UK’s National Screening Committee are
reviewing the recently published NELSON trial
results.

Central to policy decision-making about popula-
tion screening programmes is ensuring the benefit
of screening for the few (ie, averted cancer deaths)
outweighs any potential harm caused to the whole
screened population.® This includes psychological
harm, which may be especially likely among those
receiving abnormal results. Some earlier LDCT
screening trials found a relatively high rate of
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Lung cancer

false positive and incidental results, with one review estimating
an average pulmonary nodule detection rate of 20% (range
39%-51%).” However, changes to the way nodules are catego-
rised mean the NELSON trial’s false-positive rate was substan-
tially reduced to 1.2%.°

Nevertheless, research has sought to determine whether
LDCT screening and the different types of screening result cause
psychological morbidity. In the short term, participants with
abnormal findings reported lower health-related quality of life
(HRQoL) in the NELSON trial® and increased psychological
distress in the UK Lung Screening (UKLS) trial,” when compared
with participants receiving negative results. However, with the
exception of individuals who received a lung cancer diagnosis,
no clinically significant consequences for psychological well-
being or HRQoL were observed in the long-term across USA and
European screening trials when compared with the control trial
arms.'® ! While reassuring, evidence suggests a minority experi-
ence clinically significant increases in anxiety'? and that partic-
ular characteristics could confer greater propensity for distress.
In the UKLS trial, female gender, younger age (<65 years), study
site (relatively deprived vs affluent) and current smoking status
were associated with increased distress in both the screening and
control arms.” This potential association of current smoking
status and deprivation with increased distress is important
because these same characteristics predict lower uptake of LDCT
screening trials,*™" meaning these characteristics are relatively
underrepresented in studies to date. Furthermore, the finding
that distress was elevated among these subgroups even within
the ‘unscreened’ control arm is similar to that of the Danish
Lung Screening Trial, which observed negative psychological
outcomes in both trial arms.'® Control arm trial participants
are told they are at high enough risk to enrol, yet not offered
screening. They may therefore be more distressed than those
who are screening naive, making them an inappropriate compar-
ison group and potentially underestimating screening-induced
distress.

The external validity of psychological outcome data from
LDCT screening trials may therefore be limited due both to
low participation by those subgroups reporting higher distress
and to elevated distress within the ‘no screen’ control arm
with which screening participants’ psychological outcomes are
often compared. Ours is the first study to compare psycholog-
ical outcomes among individuals who had undergone LDCT
screening in a real-world demonstration pilot, with a commu-
nity comparison sample who had never been offered LDCT
screening. The specific aims were to (1) investigate the sociode-
mographic and smoking-related characteristics associated with
psychological outcomes following screening and (2) compare the
immediate and short-term psychological outcomes of screened
individuals with those of the screening unaware community
comparison sample both overall and by LDCT screening result.

METHODS

Screening cohort sample

Recruitment was nested within the Lung Screen Uptake Trial
(LSUT'” '%); a real-world demonstration pilot of LDCT screening
across two diverse London sites, which aimed to improve uptake
and reduce socioeconomic and smoking-related inequalities in
participation. Potentially eligible individuals were invited to
attend a prescheduled Lung Health Check (LHC) appointment
via postal invitation letters from their general practitioner (see
Quaife et al'” for detailed invitation methods). One thousand
and five current and former smokers (quit <7 years), aged

60-75, underwent a LHC hospital appointment at which LDCT
screening was offered to those eligible (n=845) on the same day.
Regardless of LDCT eligibility, all participants were asked to
self-complete paper questionnaires containing validated psycho-
logical instruments at three time points: their LHC appoint-
ment (T ), the next day (T,) and at 3 month follow-up (T,). The
latter time point was chosen both because all participants would
have received their LDCT results and because any participant
requiring a follow-up appointment would have had this within
3 months of their appointment. Part way through the study,
reminder letters and a prize draw were introduced to improve
response rate at T,.

Community comparison sample

Four hundred participants who had not been invited to screening,
but shared the same age (60-75 years) and smoking character-
istics (current or former smoker quit <7 years) as the screening
sample, were recruited via the Smoking Toolkit Study (STS)."
The STS collects monthly national data on smoking behaviour
of current and former smokers in England within Ipsos MORI’s
(market & opinion research international) face-to-face Omnibus
survey. Ipsos MORI uses a nationally representative random
location sampling design and home-based computer-assisted
interviewing. Participants self-completed the psychological
outcome measures at one time point (T) using an electronic
tablet. LDCT screening was not mentioned.

MEASURES
Psychological outcomes
Anxiety and depression were measured using the Hospital
Anxiety and Depression Scale (HADS).? Participants were asked
to indicate how they felt during the last week on a 14-item scale
with four response options (scored 0-3). Scores for the anxiety
and depression scales were summed separately (range 0-21) and
interpreted using clinical thresholds: normal (range 0-7), mild
(range 8-10) moderate (range 11-14) and severe (range 15-21).%°
Lung cancer worry was measured using an adapted version
of the Cancer Worry Scale.”! This included seven items with
4-point or 5-point response scales. Total scores were summed
(range: 7-29), with higher scores representing higher worry.
Aggregate mean scores for cancer worry, anxiety and depres-
sion were then computed at each respective time point.

Sociodemographic and smoking-related characteristics
For the screening sample, current smoking status, age, gender,
ethnicity, marital status, employment status and highest level of
education were collected during the LHC appointment. For the
community sample, these data were obtained via the STS.

LDCT screening results

LDCT results for the screening sample (from clinical records)
were categorised as ‘negative’ (no signs of lung cancer/abnor-
malities), ‘indeterminate pulmonary nodule’ (requiring 3-month
follow-up scan), ‘suspicious thoracic lesion’ (requiring 2-week
wait referral), ‘incidental finding requiring general practi-
tioner (GP) follow-up’ or ‘incidental finding requiring hospital
follow-up’. There was also a ‘no LDCT scan’ group who were
not eligible for LDCT screening.

Statistical analysis

Analyses of psychological outcomes within the screening sample
were prespecified within a prospectively registered statistical
analysis plan (https://osf.io/hkemm). This was followed except

2

Kummer S, et al. Thorax 2020;0:1-9. doi:10.1136/thoraxjnl-2020-215054

yBLAdoo Ag pa1dalold 'se9IARS Arelqi] 1ON 1 0202 22 1800190 uo jwod g xeloyy/:dny woly papeojumod "0Z0z 1800190 TZ U0 $S0STZ-0202-ulxeloyyosTT 0T Se paysignd 1siy :xeioy L


https://osf.io/hkemm
http://thorax.bmj.com/

Lung cancer

for analysis by LSUT arm, because there was no overall effect
of the intervention on uptake. Further funding was awarded to
collect additional data from a community comparison sample.
Analyses were prespecified within the funding application, but
were not openly registered.

Descriptive analyses compared the sociodemographic charac-
teristics and smoking status of the two samples and those within
the screening sample who completed the questionnaire measures
and those who did not. The latter comparison also included
LDCT result. Independent sample t tests and ” tests explored
potential differences.

Analyses tested for differences in mean scores for cancer
worry, anxiety and depression by sociodemographic character-
istics and smoking status, using analysis of variance (ANOVA)
and independent sample t tests. The screening sample’s overall
mean scores on each psychological outcome at each time point
(T, T, and T,) were then compared with those of the commu-
nity sample (T ) using ANOVA. These analyses were repeated to
explore differences in mean scores by LDCT result specifically,
with Tukey post hoc comparisons. Multivariable linear regres-
sion analyses then tested whether sample type and LDCT result
predicted each of the psychological outcomes independent of
sociodemographic characteristics and smoking status.

Additional analyses (not in the prespecified plan and reported
in online supplemental tables) determined the proportion of
participants who scored above the clinical thresholds (>11) for
moderate/severe anxiety and depression (vs below this threshold,
that is, mild/normal) on the HADS measure. We examined these
proportions within each sociodemographic and LDCT screening
result subgroup and conducted multivariable logistic regression
models to test the independence of these associations when
adjusted for sociodemographic characteristics and smoking
status.

All analyses were performed in SPSS (V.25) using a complete-
case approach. All multivariable analyses of T, and T, outcomes
were adjusted for T scores. Due to multiple testing, a more strin-
gent alpha level of 0.01 was used. Sensitivity analyses excluded
participants who had completed the questionnaire outside the
expected timeframes (T =same day, T,=<2 weeks, T,=3-5
months). Cognisant of the fact that psychological scores can
have skewed distributions, distributions were checked, and posi-
tive skewness was found in the cancer worry, anxiety and depres-
sion scores at T . Multivariable regression analyses were carried
out on the log-transformed scores, which found qualitatively the
same results. The results are presented in the original scale, as
the differences these describe are more readily interpretable.

Statistical power

We anticipated a priori that 700 screening participants would
complete the baseline measure and 45% (n=315) would return
the follow-up measures based on previous research.”* A quota of
400 participants was set for the community comparison sample,
in that, 315 screening participants and 400 community controls
provide >80% statistical power to detect small between-group
and within-group differences (d=0.2) using two-tailed tests and
including eight predictors in multivariable regression modelling
(£=0.05).

RESULTS

Sample characteristics

At T, both samples had a similar proportion of men (54%) and
average age of 66 years (see table 1). Relative to the community
sample, the screening sample was more ethnically diverse, more

frequently retired, more commonly married/cohabiting and
reported lower education (all p’s<0.01). A smaller proportion
of the screening sample was current smokers (69% vs 81% in
community sample, p<0.001).

Response rates

Response rates were unknown for the community comparison
sample but missing data among respondents were low (1.0%,
n=17).

For the screening sample, 82.5% (n=829) completed the
questionnaire at T, 51.6% at T, (n=519) and 43.1% at T,
(n=433) out of the 1005 LSUT participants attending the LHC.
Of those completing the questionnaires, an average of 94.2%
had complete data across time points. Table 2 shows the base-
line (T)) characteristics of ‘completers’ (completing every
item) and ‘non-completers’ (including both non-responders
and responders who had incomplete/missing data on >1 item)
for each psychological outcome measure. Compared with
completers, a higher proportion of non-completers had a lower
level of education, were unmarried/not cohabiting, were of a
black, asian or minority ethnic background and were current
(rather than former) smokers (all p’s<0.01, except for response
by ethnicity for cancer worry). Non-completers of the cancer
worry and anxiety measures were also older on average than
completers (~1 year), more frequently ineligible for LDCT
screening and less frequently received a negative or indetermi-
nate result (p<0.001). Similar differences were observed at T,
and T, (data not reported).

The majority of respondents completed their T survey on the
same day as their appointment (85.8%), their T, survey within 2
weeks of their appointment (90.5%) and their T, survey within
3-5 months of their appointment (91.8%).

Sociodemographic and smoking-related differences in
psychological outcomes within the screening sample

There were few statistically significant differences in baseline
psychological outcomes by sociodemographic characteristics,
none by smoking status, and none at T, or T, after adjusting for
sociodemographic factors and baseline psychological outcome
score (table 3).

For cancer worry, women had a higher mean score (mean (M):
11.795 95% CI 11.40 to 12.18) than men (M: 10.95; 10.63 to
11.27 p<0.01) at T, in unadjusted and adjusted analyses, but the
absolute difference was small.

For anxiety, women again reported higher mean levels
compared with men at both T, (M: 5.61; 5.12 to 6.10 vs M:
3.95; 3.56 to 4.33, respectively, p<0.001) and T, (M: 6.40;
5.71 to 7.10 vs M: 5.25; 4.66 to 5.83, p<0.01) in unadjusted
analyses. Women were also more likely to score above the
threshold for moderate/severe anxiety at T, than men (adjusted
OR (aOR): 2.83; 1.70 to 4.71, p<0.001, see online supple-
mental table 1). The mean scores for both men and women
remained within the ‘normal’ clinical range and differences
were no longer statistically significant at T, in adjusted analyses
of both mean scores and dichotomised scores (normal/mild vs
moderate/severe). Younger age was also associated with higher
anxiety at both these time points (T, B:—0.11;—0.18 to —0.03,
T, B:—0.22;-0.32 to —0.11, p’s<0.01) in unadjusted analyses,
as was employment status. For example, participants, who were
unemployed/disabled/homemakers, had significantly higher
mean anxiety scores at T, (M: 7.92; 5.97 to 9.87) than those
who were employed (M: 5.07; 4.31 to 5.84) or retired (M: 5.98;
5.40 to 6.55, p<0.001). In this instance, these differences were
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Table 1
(T,) and the community sample

Comparison of sociodemographic characteristics between those completing each psychological outcome measure in the screening sample

Cancer worry Anxiety Depression
Community  Screening Community  Screening Comparison  Screening
sample sample sample sample sample sample
(n=383) (n=787) P value (n=376) (n=744) Pvalue (n=384) (n=755) P value
Gender, n (%)
Female 176 (46.0) 362 (46.0) 0.99* 172 (44.8) 351 (47.2) 0.45* 174 (45.3) 349 (46.2) 0.77*
Male 207 (54.0) 425 (54.0) 212 (55.2) 393 (52.8) 210 (54.7) 406 (53.8)
Age, mean (SD) 66.24 (4.18) 65.75 (4.01) 0.061 66.69 (4.42) 65.75 (4.05) 0.05t 66.47 (4.46) 65.83 (4.06) <0.05t
Ethnicity, n (%)
White 367 (96.3) 660 (84.1) <0.001* 366 (95.8) 632(85.2)  <0.001* 367 (96.1) 640 (84.9)  <0.001*
Minority ethnic group 14(10.1) 125 (15.9) 16 (4.2) 110 (14.8) 15 (3.9) 114 (15.1)
Education, n (%)
Finished school <age of 15 119 (31.3) 387 (49.2) <0.001* 121 (31.5) 363 (48.9)  <0.01* 120 (31.3) 361(47.9)  <0.001*
Completed CSEs/O levels 108 (28.2) 83 (10.5) 107 (27.9) 78 (10.5) 106 (27.6) 78 (10.3)
Completed A levels/further/other 95 (24.8) 138 (17.5) 97 (25.3) 130 (17.5) 96 (25.0) 138(18.3)
Completed university degree 61(15.9) 179 (22.7) 59 (15.4) 172 (23.1) 62 (16.1) 177 (23.5)
Employment status, n (%)
Retired 265 (69.2) 481 (62.7) <0.01* 268 (69.8) 453 (62.7)  <0.001* 268 (69.8) 460 (62.8)  <0.01*
Employed 78 (20.4) 226 (29.5) 75 (19.5) 217 (30.0) 76 (19.8) 220 (30.0)
Unemployed/disabled/homemaker/other 40 (10.4) 60 (7.8) 41(10.7) 53(7.3) 40 (10.4) 53(7.2)
Marital status, n (%)
Married/cohabiting 203 (53.1) 355 (45.2) <0.01* 208 (54.3) 329 (44.3) <0.01* 205 (53.5) 338 (44.9) <0.01*
Not married/cohabiting 179 (46.9) 431 (54.8) 175 (45.7) 413 (55.7) 178 (46.5) 415 (55.1)
Smoking status, n (%)
Current smoker (including occasional) 308 (80.8) 538 (68.6) <0.001* 308 (80.6) 511 (68.9) <0.001* 308 (80.6) 515 (68.5) <0.001*
Former smoker 72 (19.2) 246 (31.4) 74 (19.4) 231 (31.1) 74 (19.4) 237 (31.5)

Ns may vary in each cell due to missing data.

*xz test (categorical variables).

tIndependent samples t-test (continuous variables).
CSE, Certificate of Secondary Education.

clinically meaningful, because those in the unemployed/disabled/
homemaker group had a mean anxiety score within the ‘mild’
clinical range. However, in the adjusted analyses, the differences
by age and employment were no longer statistically significant at
T, and in multivariable logistic regression analyses, these groups
were no more likely to score above the cut-off for moderate/
severe anxiety at either T or T, (online supplemental table 1).
For depression, the pattern by employment status was similar
to that of anxiety. At T,, those who reported being unemployed/
disabled/homemakers had a statistically significantly higher mean
depression score (M: 5.96; 4.15 to 7.78) in unadjusted analyses
compared with those who were employed (M: 2.73; 2.14 to
3.31) or retired (M: 4.62; 4.10 to 5.14, p<0.01). Further anal-
yses (online supplemental table 2) also showed that an ‘unem-
ployed/disabled/homemaker’ status (vs retired) increased the
odds of scoring above the threshold for moderate/severe depres-
sion at T, (aOR: 3.19; 1.39 to 7.35, p<0.01) while older age
reduced the odds (aOR: 0.86; 0.78 to 0.96, p<0.01). Having
less education was also associated with higher depression scores
at both time points in unadjusted analyses (eg, left school <15
T, M: 5.02; 4.41 to 5.64 vs university degree T, M: 3.04; 2.32
to 3.75, p<0.01). In addition, those who were married/cohab-
iting reported lower depression scores at T, (M: 2.86; 2.49 to
3.23) and T, (M: 3.33; 2.81 to 3.84) than those who were not
married/cohabiting (M: 3.68; 3.33 to 4.03 and M: 4.82; 4.25
to 5.40 at T and T, respectively). Despite these differences, all

mean scores for depression remained within the ‘normal’ clinical
range. Furthermore, in adjusted analyses, these differences and
associations were no longer statistically significant at T,.

Overall differences in psychological outcomes between the
screening and community samples

In unadjusted analyses, the screening sample had statistically
significantly higher mean cancer worry scores at all time points
(T, M: 11.34; 11.09 to 11.59; T, M: 10.97; 10.66 to 11.28; T,
M: 11.88; 11.49 to 12.27) than the community sample at T (M:
9.32; 8.96 t0 9.69, all p’s<0.001), although absolute differences
were small (~2; table 4). In analyses adjusted for sociodemo-
graphic characteristics, smoking status and baseline (T,) cancer
worry score, this association was no longer significantly higher
atT,.

The screening sample also had higher mean anxiety scores
at T, (M: 4.73; 4.42 t0 5.04) and T, (M: 5.78; 5.33 to 6.23)
than the community sample at T, (M: 3.32; 2.94 to 3.70), in
unadjusted and adjusted analyses (all p’s<0.001). Again, abso-
lute differences were small (~2) and scores remained with the
‘normal’ clinical range for anxiety. For depression, a statistically
significant difference between samples was only observed in
adjusted analyses at T, (M: 4.15; 3.76 to 4.55 vs M: 3.85; 3.44
to 4.27, p<0.001) and not T,. The absolute difference was 0.3
and all scores were within the ‘normal’ clinical range.
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Table 2 Comparison of T, completers and non-completers of each psychological outcome in the screening sample

Cancer worry Anxiety Depression
T, non- T, non- T, non-
T, completers  completers T, completers  completers T, completers completers
(n=787) (n=218) P value (n=744) (n=261) P value (n=755) (n=250) P value
Gender, n (%)
Female 362 (46.0) 94 (43.1) 0.45t 351 (47.2) 105 (40.2) 0.05t 349 (46.2) 107 (42.8) 0.35t
Male 425 (54.0) 124 (56.9) 393 (52.8) 156 (59.8) 406 (53.8) 143 (57.2)
Age, mean (SD) 65.67 (4.01) 66.83 (4.60) <0.01% 65.75 (4.05) 66.69 (4.42) <0.01% 65.83 (4.06) 66.47 (4.46) 0.05%
Ethnicity, n (%)
White 660 (84.1) 168 (77.4) 0.02t 632 (85.2) 196 (75.4) <0.0011 640 (84.9) 188 (75.8) <0.011
Minority ethnic group 125 (15.9) 49 (22.6) 110 (14.8) 64 (24.6) 114 (15.1) 60 (24.2)
Education status, n (%)
Finished school <age of 15 387 (49.2) 136 (63.0) <0.01t 363 (48.9) 160 (61.5) <0.01t 361 (47.9) 162 (65.1) <0.001t
Completed CSEs/O levels 83(10.5) 2109.7) 78 (10.5) 26 (10.0) 78(10.3) 26 (10.4)
Completed A-levels/further/other 138 (17.5) 27 (12.5) 130 (17.5) 35 (13.5) 138(18.3) 27 (10.8)
Completed university degree 179 (22.7) 32 (14.8) 172 (23.1) 39 (15.0) 177 (23.5) 34 (13.7)
Employment status, n (%)
Retired 481 (62.7) 140 (68.0) 0.36t 453 (62.7) 168 (67.2) 0.18t 460 (62.8) 161 (67.1) 0.14t
Employed 226 (29.5) 51(24.8) 217 (30.0) 60 (24.0) 220 (30.0) 57 (23.8)
Unemployed/disabled/homemaker/other 60 (7.8%) 15 (7.3%) 53(7.3) 22 (8.8) 53(7.2) 22(9.2)
Marital status, n (%)
Married/cohabiting 355 (45.2) 73 (33.8) <0.01t 329 (44.3) 99 (38.1) 0.08t 338 (44.9) 90 (36.1) 0.02t
Not married/cohabiting 431 (54.8) 143 (66.2) 413 (55.7) 161 (61.9) 415 (55.1) 159 (63.9)
Smoking status, n (%)
Current smoker (including occasional) 538 (68.6) 171 (79.2) <0.01t 511 (68.9) 198 (76.7) 0.02t 515 (68.5) 194 (78.2) <0.01t
Former smoker 246 (31.4) 45 (20.8) 231 (31.1) 60 (23.3) 237 (31.5) 54 (21.8)
LDCT scan result, n (%)
No LDCT scan 156 (19.8) 79 (36.2) <0.0011 142 (19.1) 93 (35.6) <0.0011 150 (19.9) 85 (34.0) <0.0011
Negative LDCT scan 196 (24.9) 41(18.8) 187 (25.1) 50(19.2) 189 (25.0) 48(19.2)
Indeterminate pulmonary nodule 104 (13.2) 23 (10.6) 107 (14.4) 20(7.7) 105 (13.9) 22 (8.8)
Suspicious thoracic lesion 27 (3.4) 6(2.8) 23(3.1) 10 (3.8) 27 (3.6) 6(2.4)
Incidental finding (GP follow-up) 268 (34.1) 60 (27.5) 251(33.7) 77 (29.5) 250 (33.1) 78 (31.2)
Incidental finding (hospital follow-up) 36 (4.6) 9(4.1) 34 (4.6) 11 (4.2) 11 (4.4)

Ns may vary in each cell due to missing data.

*x? test (categorical variables)

tIndependent samples t test (continuous variables)

CSE, Certificate of Secondary Education; GP, General Practitioner; LDCT, low-dose CT.

Differences in psychological outcomes between the screening
and community samples by LDCT result
Mean scores for cancer worry at T, among the screening sample
were significantly higher for all but one (incidental findings
requiring hospital follow-up) of the LDCT result subgroups at
T, when compared with the community sample at T, (table 5).
Except for those receiving a negative LDCT result, cancer worry
scores were highest at T, and significantly higher across all the
screening subgroups compared with the community sample
at T, including those who had not been screened (M: 12.03;
10.70 to 13.36 vs M: 9.32; 8.96 to 9.69, p<0.001). In analyses
adjusted for sociodemographic characteristics, smoking status
and T, worry score, receiving an indeterminate result (B: 2.06;
1.37 to 2.76), an incidental finding (GP (B: 0.82; 0.32 to 1.33)
and hospital (B: 2.41; 1.15 to 3.66) follow-up) or not being
screened (B: 1.31; 0.62 to 2.00) were associated with statisti-
cally significantly higher cancer worry scores at T, relative to the
community sample at T (p<0.01; table 6).

For anxiety, participants with a negative LDCT result, an
incidental finding requiring GP follow-up or who had not

been screened had significantly higher mean scores at T, and
T, compared with the community sample in unadjusted and
adjusted analyses. Participants found to have an indeterminate
pulmonary nodule also had statistically significantly higher
anxiety at T, than those in the community sample (M: 6.93; 5.65
to 8.21 vs M: 3.32; 2.94 to 3.70, p<0.001), but not at T. There
were no statistically significant differences in anxiety at either
T, or T, for those with a suspicious thoracic lesion or an inci-
dental finding needing hospital follow-up. As with cancer worry,
mean anxiety scores were highest at T, for all screening result
subgroups except those with a negative LDCT result. However,
all mean scores remained within the ‘normal’ clinical range.

In unadjusted analyses, there were no statistically significant
differences in either T, or T, mean depression scores when
comparing each of the screening result subgroups with the
community comparison sample at T. However, in adjusted anal-
yses, having an indeterminate pulmonary nodule (B: 1.02; 0.42
to 1.62), an incidental finding requiring GP follow-up (B: 0.59;
0.15 to 1.03) or not being screened (B: 1.57; 0.95 to 2.19) were
associated with higher depression scores at T, (all p’s<0.01)

Kummer S, et al. Thorax 2020;0:1-9. doi:10.1136/thoraxjnl-2020-215054
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Table 4 Multivariable linear regression predicting psychological outcomes for the screening sample compared with the community sample

Community sample

Screening sample

Estimate (unadjusted)

Estimate (adjusted)*

Mean (95% Cl) Mean (95% Cl) P value Beta (95% ClI) P value

Cancer worry T 9.32 (8.96 t0 9.69) 11.34 (11.09 to 11.59) <0.001 1.99 (1.51 to 2.64) <0.001
Cancer worry T, 10.97 (10.66 to 11.28) <0.001 0.08 (-0.19 t0 0.34) 0.56

Cancer worry T, 11.88 (11.49 to 12.27) <0.001 0.87 (0.49 t0 1.25) <0.001
Anxiety T, 3.32(2.94 10 3.70) 4.73 (4.42 t0 5.04) <0.001 1.38(0.85t0 1.92) <0.001
Anxiety T, 5.78 (5.33 t0 6.23) <0.001 1.33(0.99 to 1.68) <0.001
Depression T, 3.85(3.44 10 4.27) 3.32 (3.06 t0 3.57) 0.02 -0.51 (-0.99 t0 -0.03) 0.04

Depression T, 4.15 (3.76 to 4.55) 0.30 0.64 (-0.32 to 0.95) <0.001

Score ranges for each psychological outcome measure are: cancer worry (7-29), anxiety (0-21), depression (0-21); models adjusted for gender, age, ethnicity, education,
employment status, marital status and smoking status. For psychological outcomes at T, and T,, the models were also adjusted for T outcomes.

relative to the community sample at T ;. Mean scores for each
subgroup remained within clinically normally ranges; however,
further analyses showed that those with a suspicious thoracic
lesion were significantly more likely to report moderate/severe
depression at T, (aOR: 17.61; 2.26 to 137.00, p<0.01, see
online supplemental table 3).

DISCUSSION

This is the first study to investigate psychological outcomes
among LDCT screening participants in a real-world demon-
stration pilot service. We compared scores for anxiety, depres-
sion and cancer worry with those of a community sample of
‘screening unaware’ individuals; thus, eliminating any potential
psychological impact of screening invitation within the compar-
ison group. There was no evidence that screening participation
had a clinically significant impact on psychological well-being.
Nevertheless, differences by type of screening result, eligibility
status and sociodemographic factors suggest potential risk
factors for psychological distress.

While within the normal clinical range, mean psychological
outcome scores were highest at 3 months follow-up and for
those with indeterminate or incidental results. These higher
scores were expected given previous research showing similar
short-term distress responses to these types of abnormal result.®’
Without any long-term follow-up, it is unknown whether these

responses would have decreased over time, but existing research
suggests that any adverse impact is likely to be transient.”!
Previous studies have demonstrated the importance of patient-
centred and evidence-based communication in minimising
surveillance-related anxiety among individuals diagnosed with
incidental pulmonary nodules.”> Pre-emptively implementing
such strategies could minimise any potential for psychological
distress and prepare participants psychologically for abnormal
screening results. While mean psychological outcomes were not
statistically significantly elevated among those with a suspicious
thoracic lesion in adjusted analyses, binary logistic regression
analyses showed that this group was more likely to report clin-
ically significant moderate/severe depression at T,. The smaller
number of cases within the abnormal results subgroups at T,,
and the binary approach to analysis, reduced statistical power
meaning we cannot be confident these groups did not experience
significantly elevated psychological distress. Further research
using real-world data is needed to understand psychological
outcomes among screening participants routed through surveil-
lance and urgent referral pathways.

Interestingly, the psychological outcomes of those who received
a negative LDCT result were relatively unchanged at 3 months
follow-up, whereas the subgroup within the screening sample
who were not screened had increased cancer worry, anxiety and
depression relative to the community sample. Previous research

Table 5 Differences in mean scores on psychological outcomes between the screening and community comparison sample by type of LDCT result

LSUT sample by screening result

Community Negative LDCT Indeterminate Suspicious thoracic Incidental finding Incidental finding
sample (ref) scan pulmonary nodule lesion GP follow-up hospital follow-up  No LDCT scan P value
Cancer worry T, mean (95% Cl) ~ 9.32 11.81** 11.04** 12.11* 11.25** 10.86 11.06** <0.001
(8.96 t0 9.69) (11.27 to0 12.35) (10.36 to 11.71) (10.71 to 13.51) (10.86 to 11.65) (9.80t0 11.93) (10.45 to 11.68)
Cancer worry T,, mean (95% Cl) 11.37** 11.00* 11.42 10.84** 11.20 10.14 <0.001
(10.77 t0 11.98) (10.28 t0 11.72) (9.58 t0 13.26) (10.31t0 11.38) (9.35 t0 13.05) (9.32 t0 10.96)
Cancer worry T,, mean (95% Cl) 11.24** 12.97** 12.95* 11.52** 13.05* 12.03** <0.001
(10.59 to 11.89) (11.96 to 13.98) (11.03 to 14.87) (10.92 t0 12.12) (10.80 to 15.30) (10.70 to 13.36)
Anxiety T, mean (95% Cl) 3.32 5.25%* 4.37 5.17 4.49* 3.47 4.96* <0.001
(2.94 t0 3.70) (4.54 t0 5.96) (3.56 t0 5.19) (3.79 to 6.56) (3.97 t0 5.01) (2.31t04.63) (4.24 10 5.68)
Anxiety T,, mean (95% Cl) 5.29** 6.93** 6.39 5.34** 4.94 6.51** <0.001
(4.38 10 6.21) (5.65 t0 8.21) (4.04 to 8.74) (4.67 t0 6.02) (2.93 t0 6.95) (5.251t07.77)
Depression T, mean (95% Cl) 3.85 3.58 3.21 3.89 3.28 2.65 3.15 0.23
(3.44 10 4.27) (3.04t04.12) (2.51t03.91) (2.42 t0 5.36) (2.85103.72) (1.63 to 3.66) (2.58 10 3.73)
Depression T, mean (95% CI) 3.25 4.81 5.28 3.93 3.33 538 0.01
(2.49 t0 4.02) (3.67 t0 5.96) (2.71 t0 7.84) (3.35t0 4.51) (1.73 10 4.93) (4.2510 6.51)

Score ranges for each psychological outcome measure are: cancer worry (7-29), anxiety (0-21), depression (0-21).
*p<0.01 for Tukey HSD posthoc test, **p<0.001 for Tukey HSD posthoc test.

GP, General Practitioner; HSD, honest significant difference; LDCT, low-dose CT.
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Table 6 Multivariable linear regression predicting psychological outcomes following LDCT screening for the screening sample compared with the

community sample

Community Negative LDCT Suspicious thoracic Incidental finding Incidental finding

sample scan Indeterminate nodule lesion (GP) (hospital) No LDCT scan

Beta (95% Cl)  Beta (95% ClI) Beta (95% CI) Beta (95% Cl) Beta (95% Cl) Beta (95% Cl) Beta (95% Cl)
Cancer worry T, Ref -0.21 2.06** 1.26 0.82* 2.41%* 1.31**
(n=748) (~0.75 to 0.34) (1.37 t0 2.76) (0.06 to 2.46) (0.32 t0 1.33) (1.15 to 3.66) (0.62 to 2.00)
Anxiety T, Ref 0.75* 1.87** 1.15 1.32%* 1.36 2.05**
(n=706) (0.23 to 1.26) (1.23 t0 2.51) (-0.06 to0 2.37) (0.84 t0 1.79) (0.13 t0 2.59) (1.35t0 2.75)
Depression T, Ref 0.09 1.02* 0.60 0.59* 0.04 1.57**
(n=706) (-0.39 to 0.56) (0.42 t0 1.62) (-0.44 to 1.64) (0.15 to 1.03) (=1.05 to 1.14) (0.95 t0 2.19)

Score ranges for each psychological outcome measure are: cancer worry (7-29), anxiety (0-21), depression (0-21); models adjusted for gender, age, ethnicity, education,

employment status, marital status, smoking status and T, psychological outcome scores.

*p<0.01, **p<0.001.
GP, General Practitioner; LDCT, low-dose CT.

has shown negative psychosocial consequences of allocation to ‘no
screen’ control arms of LDCT screening trials'® > but unlike these
participants, those not screened in the present screening sample
were predominantly ineligible for screening due to their lower
risk of lung cancer. An individual’s perceived personal risk of lung
cancer may differ from their objective clinical risk, and this finding
suggests that being ineligible could cause a small degree of psycho-
logical distress among those with a smoking history who perceive
their risk of lung cancer to be high. This is important considering
that an individual’s eligibility status can change over time and
suggests that LDCT screening eligibility needs careful communica-
tion at both the population and individual level.

Unlike previous research, smoking status did not differentiate
psychological responses to LDCT screening, although former
smokers in this study had quit more recently (<7 years) than in
LDCT screening trials (<15 years). However, some of the same
sociodemographic predictors of higher short-term psycholog-
ical distress” were observed at T,. These included female gender
and younger age, which were associated not only with increased
cancer worry and anxiety but also with lower education, and not
being employed or married/cohabiting, which were associated with
higher depression (and anxiety in the case of education). However,
these differences were not statistically significant at 3 months
after adjusting for T scores. This could suggest that sociodemo-
graphic differences are present from the outset when individuals
first approach and undergo screening, rather than there being
differences in the degree of psychological response to screening.
Perhaps the prospect and process of screening evoke more adverse
psychological reactions in these groups. Alternatively, this may
reflect more widely observed differences in psychological distress
and morbidity. Previous research has shown women and lower
socioeconomic position (SEP) individuals report higher cancer
worry,” that younger age is associated with higher anxiety among
patients with cancer,” that education level is inversely associated
with anxiety and depression?” and that non-married/cohabiting
status predicts increased depression.”® While no clinically mean-
ingful differences were observed here, further research is needed
to establish the origins of poorer psychological outcomes among
these subgroups and how these can be improved.

Two important strengths of this study are its external validity
and the blinding of the comparison sample to the lung cancer
screening context of the study; intended to prevent any poten-
tial impact of screening awareness on psychological outcomes.
The screening cohort was nested within a screening demonstra-
tion pilot across two sites, which aimed to improve uptake and
reduce inequalities in participation. This ultimately achieved a
sample representative of lower SEP current smokers,'® which

is important given that these may be risk factors for screening-
induced distress.” ** Nevertheless, the present study may still
be subject to participation bias. While the aim was to recruit
participants with similar demographic and smoking characteris-
tics in both the screening and community comparison samples,
their compositions differed on all characteristics except gender
and age. These differences were adjusted for statistically and
it is reassuring that no clinically meaningful differences were
observed despite the comparison sample having characteristics
that would be expected to make them more psychologically
robust. However, we do not know the relative distribution of
lung cancer worry among those in our broader screening-invited
population, for those who attended compared with those who
did not attend. Worry about risk could have motivated atten-
dance leading to higher reported distress in the screening
sample, although evidence-to-date suggests worry about lung
cancer risk may actually deter participation so lung cancer worry
could be higher among non-attenders.”’ There were also differ-
ences between questionnaire completers and non-completers
in the screening sample by ethnicity, education, smoking status
and LDCT scan eligibility that may have biased findings. While
the absolute amount of missing data was small (~5%), this does
further limit the study. Additional limitations are that psycholog-
ical outcomes were only assessed in the short-term and following
a single screen. Participation in a regular screening programme
could have a cumulative impact on psychological outcomes that
should be studied prospectively and longitudinally in the real-
world setting. Finally, response rates to the follow-up surveys (T
and T,) were significantly lower than for baseline, which limits
the interpretation of the longitudinal analysis.

This study found no clinically significant adverse psycholog-
ical impact of LDCT screening for lung cancer overall, extending
this prior observation from the trial setting to the health service
context as well as to a sample predominantly comprised of lower
SEP current smokers. In the event of screening implementation,
the longitudinal impact of a repeat screening programme across
diverse populations and regions within the health service context
needs to be researched, as do the differences in psychological
response by LDCT result, ineligibility and sociodemographic
factors. It is critical that any potential risk factors for distress
are better understood and managed pre-emptively through
evidence-based, patient-centred communication and screening
practice.

Twitter Jo Waller @Jo_WallerKCL, Mamta Ruparel @mamta_ruparel, Samuel M
Janes @sammjanes68 and Samantha L Quaife @QuaifeS
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Supplementary Table 1 Frequencies and multivariable logistic regression for scoring above threshold for moderate/severe anxiety among screening sample

Anxiety T, Anxiety T,
%(n) %(n) aOR (95% Cl) %(n) %(n) aOR (95% Cl)
Normal/Mild Moderate/Severe Normal/ Mild Moderate/Severe

Gender

Male 93.6 (368) 6.4 (25) 1.00 88.2 (194) 11.8 (26) 1.00

Female 82.6 (290) 17.4 (61) 2.83 (1.70,4.71)** | 79.8 (150) 20.2 (38) 2.23(0.97,5.12)
Age - 0.92 (0.86,0.99) - - 0.90 (0.79,1.01)
Ethnicity

White 88.6 (560) 11.4 (72) 1.00 83.7 (313) 16.3 (61) 1.00

Minority ethnic group  87.3 (96) 12.7 (14) 1.23 (0.63,2.41) 90.9 (30) 9.1(3) 0.20 (0.04,1.09)
Education

Left school < age 15 88.2 (320) 11.8 (43) 1.00 81.7 (138) 18.3(31) 1.00

CSEs/O levels 89.7 (70) 10.3 (8) 0.61 (0.25,1.45) 83.0 (39) 17.0 (8) 2.34 (0.68,8.08)

A levels/Further/Other  84.6 (110) 15.4 (20) 1.28 (0.69,2.38) 81.7 (67) 18.3 (15) 0.99 (0.36,2.74)

University degree 91.3 (157) 8.7 (15) 0.81(0.42,1.56) 90.9 (100) 9.1 (10) 0.32(0.10,1.06)
Employment status

Retired 87.6 (397) 12.4 (56) 1.00 82.6 (218) 17.4 (46) 1.00

Employed 93.5 (203) 6.5 (14) 0.42(0.22,0.81) | 89.9(98) 10.1 (11) 0.58 (0.21,1.57)

Unemployed/Disabled/  75.5 (40) 24.5 (13) 1.53 (0.71,3.27) 76.9 (20) 23.1(6) 0.31(0.05,1.82)

Homemaker/Other
Marital status

Married/cohabiting 89.4 (294) 10.6 (35) 1.00 87.8 (158) 12.2 (22) 1.00

Not married/cohabiting  87.7 (362) 12.3 (51) 1.04 (0.64,1.69) 81.5 (185) 18.5 (42) 1.72 (0.75,3.91)
Smoking status

Current smoker 88.5 (452) 11.5 (59) 1.00 83.6 (219) 16.4 (43) 1.00

Former smoker 88.7 (205) 11.3 (26) 1.12 (0.67,1.87) 85.5 (124) 14.5 (21) 1.14 (0.50,2.61)

NOTE: aOR = adjusted odds ratio; 95% Cl =

psychological outcome scores.

95% Confidence Intervals; * p <.01, ** p <.001; Models adjusted for gender, age, ethnicity, education, employment status, marital status, smoking status, and T

Kummer S, et al. Thorax 2020;0:1-9. doi: 10.1136/thoraxjnl-2020-215054
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Supplementary Table 2 Frequencies and multivariable logistic regression for scoring above threshold for moderate/severe depression among screening

sample
Depression T, Depression T,
%(n) %(n) aOR (95% Cl) aOoR (95% Cl)
Normal/ Mild Moderate/Severe Normal/ Mild Moderate/Severe

Gender

Male 94.6 (384) 5.4 (22) 1.00 93.4 (211) 6.6 (15) 1.00

Female 93.7 (327) 6.3 (22) 0.89 (0.46,1.71) 93.0 (173) 7.0(12) 0.78 (0.26,2.34)
Age - - 0.86 (0.78,0.96)* - - 1.01 (0.86,1.19)
Ethnicity

White 93.8 (600) 6.3 (40) 1.00 93.4 (351) 6.6 (25) 1.00

Minority ethnic group 96.5(110) 3.5(4) 0.47 (0.16,1.42) 91.4 (32) 8.6 (3) 1.11 (0.20,6.07)
Education

Left school < age 15 95.3 (344) 4.7 (17) 1.00 91.5 (162) 8.5 (15) 1.00

CSEs/O levels 89.7 (70) 10.3 (8) 1.67 (0.63,4.39) 87.0 (40) 13.0 (6) 1.50 (0.31,7.20)

A levels/Further/Other 93.5(129) 6.5(9) 1.35(0.56,3.25) 96.2 (76) 3.8(3) 0.23 (0.04,1.44)

University degree 94.4 (167) 5.6 (10) 1.54 (0.65,3.61) 96.4 (106) 3.6 (4) 0.25 (0.04,1.47)
Employment status

Retired 94.6 (435) 5.4 (25) 1.00 91.6 (240) 8.4 (22) 1.00

Employed 97.7 (215) 2.3(5) 0.26 (0.10,0.72) 98.2 (108) 1.8(2) 1.00 (0.18,5.60)

Unemployed/Disabled/ 75.5 (40) 24.6 (13) 3.19 (1.39,7.35)* 85.7 (24) 14.3 (4) 1.98 (0.31,12.80)

Homemaker/Other
Marital status

Married/cohabiting 95.0(321) 5.0(17) 1.00 95.6 (175) 4.4 (8) 1.00

Not married/cohabiting | 93.5 (388) 6.5 (27) 1.24 (0.64,2.40) 91.2 (208) 8.8 (20) 1.34 (0.42,4.25)
Smoking status

Current smoker 93.6 (482) 6.4 (33) 1.00 91.6 (240) 8.4(22) 1.00

Former smoker 95.4 (226) 4.6(11) 0.76 (0.36,1.61) 96.0 (143) 4.0 (6) 0.75 (0.22,2.55)

NOTE: aOR = adjusted odds ratio; 95% Cl =

psychological outcome scores.

95% Confidence Intervals; *

p <.01, ** p <.001; Models adjusted for gender, age, ethnicity, education, employment status, marital status, smoking status, and T

Kummer S, et al. Thorax 2020;0:1-9. doi: 10.1136/thoraxjnl-2020-215054
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Supplementary Table 3 Frequencies and multivariable logistic regression for scoring above threshold for moderate/severe anxiety and depression

Community Negative LDCT Indeterminate Suspicious Incidental Incidental No LDCT scan
sample scan Nodule Thoracic Lesion  finding (GP) finding
(Hospital)
Anxiety T,
Normal/Mild, % (n) 94.3 (362) 83.5(81) 73.3 (44) 77.8 (14) 90.0 (126) 100.0 (16) 81.5(53)
Moderate/Severe, % (n) 5.7 (22) 16.5 (18) 26.7 (16) 22.2 (4) 10.0 (14) 0.0 (0) 18.5(12)
Moderate/Severe, aOR  1.00 2.55 3.31 6.80 2.07 - 6.26
(95% Cl) (0.80 to 8.09) (1.01 to0 10.78) (0.80t0 57.67) (0.71t0 6.02) - (1.54 to 25.43)
Depression T,
Normal/Mild, % (n) 91.9 (353) 94.4 (101) 91.5 (54) 77.8 (14) 95.8 (136) 100.0 (18) 89.7 (81)
Moderate/Severe, % (n) 8.1 (31) 5.6 (6) 8.5 (5) 22.2 (4) 4.2 (6) 0.0 (0) 10.3 (7)
Moderate/Severe, aOR  1.00 1.77 0.43 17.61* 1.08 - 3.06

(95% CI)

(0.38 to 8.19)

(0.05 to 3.46)

(2.26 to 137.00)

(0.27 to 4.22)

(0.49 to 19.11)

NOTE: aOR = adjusted odds ratio; 95% Cl = 95% Confidence Intervals; *

psychological outcome scores.

p <.01, ** p <.001; Models adjusted for gender, age, ethnicity, education, employment status, marital status, smoking status, and T

Kummer S, et al. Thorax 2020;0:1-9. doi: 10.1136/thoraxjnl-2020-215054
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