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Executive Summary
The Liverpool Healthy Lung Programme (LHLP) is an initiative of the Liverpool Clinical Commissioning
Group, aimed at improving respiratory health and diagnosing lung disease at a more treatable stage.
The programme had 2 sequential phases. The first organised focused public engagement events
throughout the city and was independently evaluated by Research Works Ltd. The second phase
(commencing April 2016 and still ongoing) is a programme of individual lung health consultations,
risk assessment and referral for CT scans for those estimated to be at more than 5% risk of lung
cancer in the next five years.
Eligible subjects are ever-smokers or persons with chronic obstructive pulmonary disease (COPD).
The age group targeted was 58-70 in the initial period, extended to 58-75 in April 2017.
Subjects are invited by their general practice for a lung health check appointment with a respiratory
nurse in a community health hub setting. At the appointment, a detailed risk assessment is
conducted. Histories and risk factor information are taken, including: previous or current respiratory
disease, exposure to asbestos, family history of lung cancer, history of malignancy and smoking
duration. Height and weight are measured to calculate the body mass index (BMI). Those without a
pre-existing diagnosis of COPD undergo spirometry. Those with abnormal lung function on
spirometry are referred for further investigation. Smoking-related and other lifestyle advice is
offered, along with referrals to smoking cessation clinics and other services, for example pulmonary
rehabilitation for people with COPD.
Five-year risk of lung cancer is estimated using the MyLungRisk calculator. Those with five-year lung
cancer risk of 5% or more are offered a referral for a low-dose CT scan.
Between April 2016 and March 2020, 44,282 persons were invited to a lung health check
appointment. Invitees received an invitation letter. Non-respondents to this received a second
invitation letter. Non-respondents to the second letter were contacted by telephone. Of the 44,282
invitees, 17,373 (39%) attended.
The analysis team had limited processed data on all participants, plus detailed data, which had been
cleaned and had undergone substantial checking, on 5,234 of the 5,251 (99.7%) subjects attending a
lung health check between April 2016 and August 2019, and giving explicit consent to data sharing.

Major findings included:
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•

Overall, 39% of those invited participated. Both male and female participation rates reflect
this with 39% participation for each. There was a gradient of increasing participation with
decreasing deprivation scores. The majority of those invited (65.9%), participating (67.4%)
and consenting (79.7%) were in the most deprived quintile.

•

Mean age of participants was 68.3 (SD 4.6).

•
•

Just over half of the participants were male (52.2%).
Overall, 5022 (95.9%) of 5,234 subjects were ever smokers. Those in the most deprived
quintile were more likely to be smokers (96.4% vs 94.3%, p=0.003), and to have a longer
duration of smoking (mean 36 vs 30 years, p<0.001).
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•

Of the 1403 current smokers, 954 (68%) agreed to have smoking cessation advice and 176
(13%) were referred to smoking cessation services.

•

Of the 5234 subjects on whom we had detailed data, 2281 (43.5%) were recommended for a
scan, and 2139 (40.8%) of them received scans. Of those who were scanned, 398 (18.6%)
required further investigation and 59 (2.8%) were diagnosed with lung cancer. The positive
predictive value of the CT scan was therefore 14.8% (59/398).

•

From predicted survival based on the stage of lung cancers diagnosed, it was estimated that
there would be a 30% reduction in lung cancer deaths as a result of the intervention using
the 126 cancers diagnosed in the entire participant population, and a 22% reduction based
on the 5,234 subjects on whom we had detailed data. This amounted to one life saved per
194 initial CT scans.

•

In the total participant population, 10.2% were referred to Liverpool Heart and Chest
Hospital with suspected COPD. Of these, 61.5% were diagnosed with COPD.

•

There were 902 significant incidental findings from the CT scans, in the 5,234 subjects on
whom we had detailed data (17.2%).

•

Patient satisfaction with the programme remains very high, with more than 95% of subjects
reporting themselves as very satisfied with the Lung health Checks.

Some recommendations arise as a result of the findings:
1. The programme is on target to save significant numbers of lives from lung cancer and shows
high levels of patient satisfaction, and therefore should continue.
2. It would be of value to audit the false positives from the CT scans with a view to reducing
their number in the future.
3. It would be worthwhile to follow up the participants for lung cancers diagnosed outwith the
programme, to obtain a fuller estimate of the public health impact of the programme.
4. Smoking cessation referrals could be increased, and detailed follow-up of subjects for future
smoking behaviour would be of value.
5. It would be worth exploring alternative database and information systems. Although the
quality of the data available for analysis was much improved on that available for previous
reports, this is due to considerable effort on behalf of staff in Liverpool. A bespoke database
would render evaluation more efficient and more complete.
6. The future Liverpool programme should endeavour to ensure that participants provide
consent to share their data for Evaluation. The detailed analysis of all participants is
necessary to enable both NHS England and the UK National Screening Committee in their
decision making to implement a national lung cancer CT screening programme.
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Introduction
Survival from lung cancer is generally poor and improvements have come slowly, partly because it is
usually diagnosed at a late stage [1]. Typically, in the UK, 5-year survival is 16%, and the proportion
of patients diagnosed at stages III and IV is 75% [2]. When it is diagnosed at stage I, however, 5-year
survival is 57% [2]. It has been shown that early detection of asymptomatic lung cancer by low dose
CT scanning can reduce mortality from the disease [3]. Screening is used to identify diseases before
symptoms appear. Lung cancer screening trials were initiated in the 1970’s based on Chest X rays
and sputum analysis, however, there was no evidence of any mortality advantage. In the late 20th
century, low dose CT (LDCT) screening became available, with its promise of greater sensitivity to
early stage cancers. Two large LDCT screening trials have provided evidence of a significant 20%
reduction in lung cancer mortality in the individuals invited in the low dose CT screening arm [4,5]. In
the US, lung cancer screening has been recommended by the United States Preventive Services Task
Force (USPSTF) [6-8]. Five LDCT screening trials in Europe have already published their mortality data
[9-13], as well as programmes in Canada [14] Japan [15] and Korea [16].
Liverpool has particularly high rates of lung cancer [17]. While the major tactic for control of lung
cancer must be to reduce tobacco smoking, screening programmes have been introduced to aid
detection and treatment. One of these is the Liverpool Healthy Lung Programme (LHLP) which is an
initiative aimed at improving respiratory health and diagnosing respiratory disease at a more
treatable stage, taken by the Liverpool Clinical Commissioning Group (CCG) working with
communities across Liverpool [18]. Liverpool has one of the highest respiratory morbidity rates in
England, with double the national lung cancer incidence, particularly in lower socioeconomic groups.
The Liverpool Healthy Lung Programme was initiated in response to both the clinical problem and
the health inequality.
Liverpool has developed a ‘Neighbourhood’ model to curb the incidence and sequelae of lung
cancer. Groups of General Practices work together around a community, and collaborate with
community health, mental health, local authority and voluntary services. A Neighbourhood will
commonly serve a population of approximately 30-50,000. The Liverpool Healthy Lung Programme
(LHLP) is an ongoing programme working through the Neighbourhoods. The programme started in
the Neighbourhoods with higher incidence and mortality from lung cancer.
The programme has had two sequential phases. The first was a series of co-ordinated focused public
engagement events throughout the city, starting in areas with the highest lung cancer incidence. The
aims were to promote positive messages around lung health, and address the attitudes of fear and
fatalism around lung cancer. These events ran for 1 year from February 2016. These events were
independently evaluated by Research Works Ltd [19].
The second phase (still ongoing) was a programme of individual lung health consultations, risk
assessment and referral for CT scans for those at more than 5% risk of lung cancer in the next five
years.

The Liverpool Healthy Lung Programme intervention
Neighbourhood by neighbourhood, GP practices target ever-smokers (people who have smoked at
least once) as well as people with COPD within the ages of 58 and 75, although persons outwith this
5
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age range are not refused access to the programme. When the programme started, the target age
range was 58-70, but the upper limit was increased to 75 in April 2017. Eligible patients are invited
for a 30-45-minute lung health check appointment
A detailed health check is conducted investigating various demographic and medical history
characteristics such as age, sex, smoking history family history of lung cancer, asbestos exposure,
non lung malignancy, history of lung diseases including pneumonia, emphysema, tuberculosis,
bronchitis. In those without a pre-existing diagnosis of COPD, spirometry is used to assess lung
function (FVC and FEV1 are measured and the ratio FEV1/FVC calculated). Those with abnormal lung
function on spirometry are referred for further investigation, and potentially a definitive diagnosis of
COPD. In addition, smoking cessation advice and referrals to smoking cessation clinics or other
services as necessary (e.g. pulmonary rehabilitation for those with COPD), are offered.
The MyLungRisk calculator is used to calculate 5-year risk of lung cancer based on the Liverpool Lung
Project risk model version 2 (LLPv2). Those with five-year lung cancer risk of 5% or more are offered
a referral for a low-dose CT scan. For those referred and attending for a scan, those with signs of
lung cancer or nodules of maximum diameter 10 mm or greater are referred to cancer services.
Those with non-calcified nodules of maximum diameter 6.1-9.9 mm are recommended to have a
follow-up scan at 3 months. Those with non-calcified nodules of maximum diameter 5-6 mm are
recommended to have a follow-up scan at 12 months (however, all sub-solid nodules of diameter
greater than 5 mm have a repeat scan at 3 months). No further action is taken for calcified benign
nodules and non-calcified nodules of maximum diameter less than 5 mm.
An evaluation of this programme was performed and published in 2019 [19]. This reported on 3591
subjects attending the LHLP lung health check appointment between April 2016 and January 2018,
and consenting to data sharing for evaluation. More than 80% of the patients were in the most
deprived quintile of the index of multiple deprivation. Of those attending, 63% underwent
spirometry and 43% were recommended for a CT scan. A total of 25 cancers were diagnosed, of
which 16 (64%) were stage I. Comparison with the national stage distribution implied that the
programme was reducing lung cancer mortality by 22% [19]. However, the study and program are
ongoing and it is clearly worthwhile to carry out further evaluation based on extended data from a
longer period of observation.

Data and Methods
Between April 2016 and March 2020, 44,282 persons were invited to a lung health check
appointment. Invitees received an invitation letter. Non-respondents to this received a second
invitation letter. Non-respondents to the second letter were contacted by telephone. Of the 44,282
invitees, 17,373 (39%) attended.
Data were recorded in an Egton Medical Information Systems (EMIS) database, and were
downloaded and transferred to the analysis team in Excel format. All statistical analyses took place
using STATA version 16.1.
We had limited processed data on all participants and detailed data, which had been cleaned and
had undergone substantial checking, on 5234 of the 5251 (99.7%) subjects attending a lung health
check between April 2016 and August 2019, and giving explicit consent to data sharing.
6

Liverpool Healthy Lung Programme Report December 2020

We calculated rates of participation by age, sex and IMD quintile, and calculated descriptive
statistics with respect to demographic and health factors of the participants. Associations with
participation status were assessed for significance using logistic regression. We also investigated the
role of second letter and third (telephone) contact.
In addition, we calculated the cascade from attendance through referral for CT scan and eventual
diagnosis, stratified by neighbourhood, age and sex. We estimated the likely effect on lung cancer
mortality by applying 5-year national stage specific fatality rates to the cancers diagnosed in the
LHLP and comparing the expected number of deaths to the mortality expected from the national
distribution of stage at diagnosis of lung cancers.
We also investigated temporal trends by splitting the data at the median date of attendance and
comparing results before and after this median.
Associations among categorical factors (for example, smoking status and deprivation quintile) were
assessed for statistical significance using chi-squared tests. We carried out linear regression of
percentage risk of lung cancer in the next five years on demographic factors, with specific interest in
age, sex, neighbourhood and IMD quintile. In addition, associations of demographic factors with IMD
score were assessed using linear regression.
Neighbourhood was defined on the basis of general practice. We augmented analyses by
neighbourhood with analyses based on the postcode area of the participants. All analyses were
completed using Stata version 16.1.

Results
1. Participation
Table 1 shows participation and consent by age, sex and IMD quintile. Overall, 39% of those invited
participated. Both male and female participation rates reflect this with 39% participation. There was
a gradient of increasing participation with decreasing deprivation scores. The majority of those
invited (65.9%), participating (67.4%) and consenting (79.7%) were in the most deprived quintile.
Table 1. Complete cohort: Recruitment numbers and percentages by age sex and Index of Multiple
Deprivation (IMD) score
Category/Quantity

Invited

Total
Age - Mean (SD)
Male
Female
1 (most deprived)
2
3
4
5 (least deprived)

44282
65.8 (5.2)
22635 (51.1)
21647 (48.9)
29163 (65.9)
6607 (14.9)
3967 (9.0)
4074 (9.2)
448 (1.0)
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NonParticipants
26909
65.5 (5.2)
13781 (51.2)
13128 (48.8)
18145 (67.4)
3928 (14.6)
2254 (8.4)
2317 (8.6)
256 (1)

Participants

Non-Consenters

Consenters

17373
66.3 (5.0)
8854 (51.0)
8519 (49.0)
11018 (63.4)
2679 (15.4)
1713 (9.9)
1757 (10.1)
192 (1.1)

12122
66.7 (5.1)
6113 (50.4)
6009 (49.6)
6833 (56.4)
2186 (18)
1345 (11.1)
1570 (13)
177 (1.5)

5251
65.4 (4.6)
2741 (52.2)
2510 (47.8)
4185 (79.7)
493 (9.4)
368 (7)
187 (3.6)
15 (0.3)
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Logistic regression revealed no significant differences between men and women (p=0.6) in terms of
participation. Although the age difference was small, there was a significant association between age
and participation, with participants significantly older than non-participants (p<0.001). There were
significant differences between IMD quintiles (p<0.001): in the most deprived population quintile,
only 38% (11,018/29,163) of those invited actually participated, whereas in the least deprived group,
participation was 43% (192/448).
IMD score was missing in 23 (0.05%) of invited subjects, 14 (0.08%) of participants and 3 (0.06%) of
consenters.
As noted above, detailed analyses were limited to the 5234 of 5251 consenting subjects on whom
we had data. Table 2 shows the numbers coded as receiving second and third contacts by
neighbourhood, with dates of lung health check appointments for those neighbourhoods. For four
neighbourhoods (Kensington, Aintree, Belle Vale and West Derby), almost no second letters are
recorded. For three of these (Aintree, Belle Vale and West Derby) the appointments were almost all
within three months of the latest appointment date of 18th August 2019. Therefore, for these we
may only have data for those who attended after the first invitation. For Kensington, where the
appointments are all prior to 2019, it is not clear why no second or third appointments were
recorded. One neighbourhood, WAGGA, had only two participants at the closing date. Two further
neighbourhoods, Anfield and Central Liverpool, were coded as having no second contacts but
substantial numbers of third (telephone) contacts. As with Kensington, it is likely that the second
contacts were not recorded on EMIS. We therefore estimated the rates of requiring second and third
contacts from the remaining neighbourhoods (Picton, Everton, Speke, Norris Green, Croxteth and
Riverside).
Table 2. Consenting cohort: Proportion of people contacted by area in the detailed dataset
Area

Picton
Everton
Speke
Norris Green
Croxteth
Anfield
Riverside
WAGGA
Central
Kensington
Aintree
Belle Vale
West Derby
* - Not known
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Total

2nd contact
(%)

3rd contact
(%)

642
425
539
540
542
708
638
2
473
387
110
30
195

283 (44)
410 (96)
530 (98)
525 (97)
534 (99)

169 (26)
108 (25)
143 (27)
185 (34)
90 (17)
90 (13)
177 (28)
98 (21)
2 (0.5)
1 (0.9)
4 (13)
5 (3)

83 (13)
-*
1 (0.3)
4 (2)

Earliest
Median
Latest
appointment appointment appointment
date
date
date
18/04/2016
01/06/2016
03/05/2018
13/10/2016
25/11/2016
31/05/2019
01/08/2016
01/09/2016
15/11/2016
09/01/2017
03/03/2017
28/09/2017
02/05/2017
20/06/2017
15/09/2017
28/07/2017
28/09/2017
12/07/2018
27/11/2017
18/01/2018
03/05/2018
17/06/2016
17/06/2016
12/12/2017
05/02/2018
05/04/2018
26/07/2018
13/12/2017
28/07/2018
31/07/2018
22/05/2019
25/07/2019
15/08/2019
19/02/2018
03/06/2019
28/06/2019
01/07/2016
29/07/2019
15/08/2019
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In these six neighbourhoods, 2,365 out of 3,328 subjects (71%) required a second contact, and 872
(26%) required a third. Numbers requiring a second contact varied significantly (p<0.001) among
neighbourhoods, with very high percentages in Everton, Speke, Norris Green and Croxteth (all higher
than 95%), whereas 44% of Picton participants and 13% of Riverside participants required a second
contact. Numbers requiring a third contact also varied significantly (p<0.001) among
neighbourhoods. The proportion in Norris Green was 34% while areas such as Picton, Everton Speke
and Riverside were between 25 and 29%. In Croxteth, however, only 17% were sent a third contact.
The second contact was responsible for bringing in the majority of subjects and even the third
contact was required for a quarter of the subjects.
It should be noted that the anomalies noted above suggest varying levels of completeness of
recording invitation, or possibly varying invitation policies by neighbourhood. The results must
therefore be interpreted cautiously. However, figures from the minority of neighbourhoods where
invitations were more consistently recorded indicate that the second invitation was definitely
necessary, and even the third brought in substantial numbers of attenders.

2. Demographics
Table 3 shows the mean, standard deviation, minimum and maximum IMD score by GP area, with
deprivation ranking of closest corresponding Liverpool City Council ward. The highest mean IMD
score was in WAGGA (Woolton, Allerton, Gateacre, Garston, Aigburth) with 8974 as well as the
highest minimum score. However, it was not the highest score recorded. Central Liverpool and
Croxteth displayed the highest maximum IMD score of 29516 each. There were only 2 people in the
WAGGA area, so we cannot infer any conclusion from this. The IMD scores correlate strongly with
the City Council deprivation rankings.
Table 3. Consenting cohort: Mean, SD, minimum and maximum IMD score by neighbourhood
Neighbourhood

Liverpool
IMD score
deprivation
Mean
SD
Min
Max
rank*
WAGGA
2
24
8974.00
1139.86
8168
9780
Croxteth
542
19
6760.02
7536.59
116
29516
Riverside
638
15
6021.90
7112.32
143
28228
West Derby
195
23
5838.73
5814.51
30
25534
Central
473
26
5426.50
7257.28
13
29516
Picton
642
11
4764.12
5757.73
18
27925
Speke
539
10
3980.51
6303.75
462
29348
Aintree
110
18
3664.25
3896.35
301
23517
Belle Vale
30
12
3566.43
6055.70
343
23942
Kensington
387
5
2958.28
4844.95
18
26062
Norris Green
540
6
2881.59
4589.57
10
28772
Anfield
708
3
1869.19
3344.09
10
25534
Everton
425
1
1549.60
2969.74
10
24026
*Based on ranking of all Liverpool wards by Liverpool City Council, 1= most deprived
(https://liverpool.gov.uk/media/1359650/imd-2019-appendix-b-liverpool-ward-analysis.pdf).
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The lowest IMD score (low numbers corresponding to high levels of deprivation) was in Everton with
1549. Everton was tied with Norris Green and Anfield for the lowest minimum score with just 10.
However, the lowest maximum score was observed in Aintree with 23517. A regression test found
significant differences among the areas in terms of IMD scores (p<0.001). As noted above, the
majority, almost 80%, of consenting participants were in the most deprived quintile.
The IMD distribution across neighbourhoods (represented in Table 4 by IMD quintiles, 1 being the
most deprived group) does not apparently relate to participation rate (range 35 – 47%), which was
fairly consistent across neighbourhoods with differing IMD profiles (range 25-94% Quintile 1). Thus,
on a population level this does not account for the significant difference seen between IMD
participation from those in the lowest quintile (38%) and the highest quintile (43%). Similarly, the
proportion of those who were given a LDCT scan (range 32 – 52%) was fairly consistent across
neighbourhoods with differing IMD profiles.

Table 4. Complete cohort: IMD profile of population and participants in neighbourhoods, with proportion
participating, proportion of participants scanned and proportion of scanned participants with lung cancer.
Population IMD
Participants IMD
Percentage
Quintile %
Quintile %
Neighbourhood
1
2
3 4 5 1
2
3 4 5 Participants Scanned Cancer
North Liverpool Network 94 4
1 1 0 94 4
1 1 0
41.1
42.5
2
Everton
94 4
1 0 0 94 4
1 0 0
36.7
35.7
2.5
Anfield
93 5
1 1 0 92 6
0 1 0
35.8
37.1
3.3
Kensington
90 6
2 2 0 89 6
3 3 0
38.7
40.8
1.7
Norris Green
90 6
3 1 0 90 6
3 1 0
40.8
38.7
2.5
Speke
84 5 10 1 0 81 6 12 2 0
42.9
36.4
1.8
Liverpool First
82 17 1 0 0 84 15 1 0 0
38.9
52.3
0.7
Picton
79 11 7 3 0 77 11 8 3 0
35.7
36.3
1.1
Central Liverpool
77 11 6 5 0 74 13 6 7 0
39.7
37.9
2.7
Riverside
74 15 6 5 1 69 17 6 7 1
39.2
38.4
3
Croxteth
66 5 20 8 0 65 5 23 7 0
46.6
31.9
3.8
Total
66 15 9 9 1 63 15 10 10 1
39.2
40.2
1.9
Belle Vale
64 8 12 13 3 61 7 13 16 3
39.9
40.5
1.8
West Derby
61 30 7 3 0 56 33 8 3 0
42
40.2
1.4
Aintree
58 23 7 12 0 54 24 8 14 0
40
28.6
0
Unknown
55 18 9 9 9 40 0 20 20 20
53.8
41.2
0.8
Childwall & Wavertree
29 13 26 26 5 25 13 28 28 5
40.1
39.7
0.9
WAGGA
25 30 16 27 3 20 29 18 30 3
35.2
39.3
1.8
Total
66 15 9 9 1 63 15 10 10 1
39.2
42.5
2
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Figure 1. Proportion of participants in the complete cohort lowest IMD quintile per
neighbourhood, with proportion participating and proportion scanned.

Table 5 shows selected demographic, personal and clinical factors by deprivation quintile (most
deprived vs others) among consenting participants. Overall, mean age was 68.3 (SD 4.6). Mean age
was 68.1 in the most deprived quintile and 68.4 in the remaining quintiles. This did not reach
statistical significance. Just over half the participants were male (52.2%). There was no significant
association of sex with IMD quintile.
Overall, in the consented Cohort, 5022 (95.9%) of 5234 subjects were ever smokers. Those in the
most deprived quintile were more likely to be smokers (96.4% vs 94.3%, p=0.003), and to have a
longer duration of smoking (mean 36 vs 30 years, p<0.001). No differences were noted for history of
previous non-lung malignancy, asbestos exposure or family history. However, emphysema (P<0.001)
and COPD (p<0.001) were significantly more common in the most deprived quintile. For FEV1/FVC
ratio, there was a significant difference, the percentage being lower in the most deprived quintile,
indicating that spirometry results correlate with the greater level of respiratory disease.
Consistent with the above, 5-year lung cancer risk was significantly higher in the most deprived
quintile. 2093 of the 4172 (50%) in the most deprived quintile had a risk higher than 5% and
therefore qualified for a scan. In the other 4 quintiles, however, only 413 out of 1059 participants
(39%) had a risk of 5% or more.

11
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Table 5. Demographics and respiratory characteristics of patients attending healthy lung
appointment (consented patients only).
Factor
Total Patients
Age
Sex
Ever Smoker
Years Smoked
FEV1/FVC ratio
Previous non
lung malignancy
Non-malignant
lung disease

Asbestos
exposure
Family History
of lung cancer
Lung cancer risk

Category/quantity

Most deprived (IMD
Quintile = 1) n (%)

Less deprived (IMD
Quintile ≥2) n (%)

Mean (SD)
Female
Male
Yes
No
Mean (SD)
Mean (SD)
Yes

4172 (79.8)
68.12 (4.52)
2011 (48.2)
2161 (51.8)
4020 (96.4)
152 (3.6)
36.06 (15.03)
71.56 (8.12)
649 (15.6)

1059 (20.2)
68.40 (4.66)
487 (46.0)
572 (54.0)
999 (94.3)
60 (5.7)
30.46 (15.66)
72.30 (7.76)
159 (15.0)

No
Emphysema
Pneumonia
COPD
Bronchitis
Tuberculosis
Yes
No
Yes
No
Mean (SD)
<5%
>5%

3523 (84.4)
193 (4.6)
731 (17.5)
1081 (25.9)
1398 (33.5)
74 (5.0)
1404 (33.7)
2768 (66.3)
1343 (32.2)
2829 (67.8)
6.88 (17.10)
2079 (49.8)
2093 (50.2)

900 (85.0)
21 (2.0)
175 (16.5)
176 (16.6)
322 (31.4)
22 (2.1)
366 (34.6)
693 (65.4)
316 (29.8)
743 (70.2)
5.45 (5.79)
646 (61.0)
413 (39.0)

P value

0.07
0.20
<0.001
<0.001
0.03
0.7
<0.001
0.4
<0.001
0.06
0.5
0.6
0.1
<0.001

3. Lung cancer risk and demographics
Table 6 shows 5-year LLPv2 estimated lung cancer risk by neighbourhood in the consented cohort.
There were significant differences in risk among neighbourhoods (p<0.001). Highest levels of risk
were observed in Riverside, Kensington and Belle Vale. As noted above, those with 5-year lung
cancer risk of 5% or more qualified for a low dose CT scan. Table 7 shows the proportions below and
above the threshold for each neighbourhood, with Liverpool City Council deprivation ranking. The
areas with the highest percentage of participants who are above the 5% risk threshold were Belle
Vale, Central Liverpool and Kensington. It is of some interest to consider the demographic which this
5% criterion selected. The more deprived areas tend to be nearer the top of the Table. As noted in
the previous section, a larger proportion of subjects in the most deprived quintile had a 5-year risk
of 5% or more than subjects in the other four quintiles.

12

Liverpool Healthy Lung Programme Report December 2020

Table 6. Consented cohort: Average, SD, minimum and maximum 5-year percentage risk of lung
cancer by neighbourhood
Neighbourhood

Population with
recorded risk*

Descriptive Statistics
Mean
SD
Min
Max
Picton
607
6.18
5.91
0.20
45.60
Everton
413
5.77
5.43
0.28
28.67
Speke
523
5.99
5.83
0.39
42.34
Norris Green
522
6.27
5.48
0.44
30.76
Croxteth
527
5.87
5.87
0.35
48.94
Anfield
679
6.58
6.30
0.37
44.58
Riverside
606
7.00
6.77
0.39
43.89
WAGGA
2
1.74
0.53
1.36
2.11
Central
456
6.55
6.22
0.38
40.87
Kensington
369
7.78
7.42
0.53
58.98
Aintree
108
5.89
6.04
0.44
35.85
Belle Vale
30
9.09
9.74
0.62
40.80
West Derby
195
5.33
5.40
0.44
29.61
*A total of 5,037 subjects had recorded 5-year risk of lung cancer (96% of the total population of
5,234)

Table 7. Consented cohort: Proportions meeting the 5% or greater risk criterion by neighbourhood
Neighbourhood
Kensington
Central
Belle Vale
Riverside
Anfield
Norris Green
Everton
Picton
Speke
Aintree
Croxteth
West Derby
WAGGA
Total

Deprivation
rank*
5
26
12
15
3
6
1
11
10
18
19
23
24
-

<5% (%)
170 (46.1)
227 (49.8)
15 (50.0)
307 (50.7)
362 (53.3)
282 (54.0)
232 (56.2)
343 (56.5)
298 (57.0)
62 (57.4)
306 (58.1)
121 (62.1)
2 (100.0)
2727 (54.1)

5-year lung cancer risk
≥5% (%)
199 (53.9)
229 (50.2)
15 (50.0)
299 (49.3)
317 (46.7)
240 (46.0)
181 (43.8)
264 (43.5)
225 (43.0)
46 (42.6)
221 (41.9)
74 (37.9)
0 (0.0)
2310 (45.9)

Total
369
456
30
606
679
522
413
607
523
108
527
195
2
5037

*Based on ranking of all Liverpool wards by Liverpool City Council, 1= most deprived
(https://liverpool.gov.uk/media/1359650/imd-2019-appendix-b-liverpool-ward-analysis.pdf).

Table 7 shows the proportions above and below the threshold by the same demographic and clinical
factors as in Table 4. The proportions equalling or exceeding the threshold are highly significantly
associated with all the factors considered. While this is partly tautological, since these factors play a
part in determining the LLPv2 risk score, it is interesting to note that the most striking differences
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were observed for the non-cancer respiratory diseases and asbestos exposure. While normally one
would have expected smoking to drive the risk prediction, it should be noted that almost all the
subjects were smokers or ex-smokers as this was a major entry criterion for LHLP, so that risk
differences within this population will be more dominated by the other risk factors in LLPv2. It
should also be noted that the risk criterion strongly selects males and older people.
Table 8. Complete cohort: Age and risk distribution of participants across all neighbourhoods
(neighbourhoods sorted by size of neighbourhood on EMIS)
Neighbourhood
Age range - % Age range - %
LLPv2 Risk score
Population
Participants
N (% of recorded scores)
50-69 70+ 50-69
70+
<2.5%
2.5% to <5%
5% plus
WAGGA
69.8
30.2 64.0
36.0
674 (31.5)
340 (15.9)
1123 (52.6)
West Derby
69.1
30.9 64.0
36.0
679 (32.4)
422 (20.1)
997 (47.5)
Childwall & Wavertree
68.7
31.3 63.9
36.1
494 (34.9)
225 (15.9)
695 (49.2)
Aintree
70.9
29.1 66.5
33.5
491 (34.9)
299 (21.3)
615 (43.8)
North Liverpool Network
70.5
29.5 70.4
29.6
367 (27.6)
295 (22.2)
668 (50.2)
Belle Vale
66
34
60.7
39.3
345 (33)
200 (19.2)
499 (47.8)
Anfield
73
27
70.9
29.1
308 (31.5)
244 (24.9)
426 (43.6)
Picton
82.4
17.6 84.9
15.1
273 (30.5)
220 (24.6)
401 (44.9)
Kensington
70.2
29.8 68.8
31.2
219 (27.3)
197 (24.5)
387 (48.2)
Riverside
71
29
71.1
28.9
238 (30.1)
174 (22)
379 (47.9)
Norris Green
77.6
22.4 82.7
17.3
217 (28.5)
192 (25.2)
352 (46.3)
Speke
83.1
16.9 84.3
15.7
224 (32.3)
171 (24.6)
299 (43.1)
Croxteth
74.3
25.7 72.9
27.1
252 (36.3)
162 (23.3)
281 (40.4)
Central Liverpool
75.1
24.9 73.2
26.8
200 (32.7)
131 (21.4)
281 (45.9)
Everton
79.3
20.7 84.2
15.8
231 (37.5)
129 (20.9)
256 (41.6)
Liverpool First
71
29
62.2
37.8
57 (22.4)
44 (17.3)
154 (60.4)
Unknown
92.3
7.7 100.0
0.0
3 (42.9)
0
4 (57.1)
Total
72.3
27.7 70.0
30.0
5272 (31.9) 3445 (20.8) 7817 (47.3)

Figure 2. Complete cohort: proportion of participants over 70 and in different risk groups by
neighbourhood
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Neighbourhood

Of particular interest are the proportion of participants who were above 70 (included following a
change in recruitment) and the proportion of those above the current 5% LLPv2 lung cancer risk
score, or below this but above the 2.5% risk threshold proposed by the NHS THLP (Table 8). Figures 2
and 3 show the distribution of age and risk score between different neighbourhoods.

Figure 3. Complete cohort: Boxplot of age and LLPv2 risk score across neighbourhoods

4. Likely effect of changing the risk threshold for a CT scan
It could be argued that 5% risk of lung cancer over five years is a very high threshold. According to
statistics from Cancer Research UK the average lifetime risk for men developing lung cancer is 8%
and 7% for women. As such, investigations were carried out to see how many people would qualify
for a scan if the threshold were lowered to 4, 3 or 2.5%. Table 8 shows the proportion of patients
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who would qualify for a scan for each percentage threshold by gender. Obviously, the lower the risk
threshold needed to qualify for a scan the higher the proportion of patients equalling or exceeding
it. Lowering the threshold to 2.5% would entail referring 69% of subjects for a scan. This might not
be manageable. However, a threshold of 4% might be feasible. Proportionally, reducing the
threshold would increase eligibility of females more than males.
Table 8. Consented cohort: Association of equalling or exceeding the 5% risk criterion with
demographic and respiratory characteristics of subjects
Factors
Total Patients
Age
Sex
Ever Smoker
Years Smoked
FEV1/FVC ratio
Previous non
lung malignancy
Non-malignant
lung disease

Asbestos
exposure
Family History
of lung cancer

Category/quantity

Risk <5% n (%)

Risk ≥5% n (%)

Mean (SD)
Female
Male
Yes
No
Mean (SD)
Mean (SD)
Yes
No
Emphysema
Pneumonia
COPD
Bronchitis
Tuberculosis
Yes
No
Yes
No

2727 (54.1)
67.06 (4.39)
1455 (53.4)
1272 (46.6)
2593 (95.1)
134 (4.9)
26.88 (14.02)
72.92 (7.61)
282 (10.3)
2445 (89.7)
36 (1.3)
356 (13.1)
332 (12.2)
663 (24.3)
36 (1.3)
608 (22.3)
2119 (77.7)
713 (26.1)
2014 (73.9)

2310 (45.9)
69.39 (4.38)
956 (41.4)
1354 (58.6)
2287 (99.0)
23 (1.0)
44.31 (10.65)
69.67 (8.28)
522 (22.6)
1788 (77.4)
173 (7.5)
547 (23.7)
861 (37.3)
1052 (45.5)
60 (2.6)
1156 (50.0)
1154 (50.0)
945 (40.9)
1365 (59.1)

P value
<0.001
<0.001
0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
<0.001

Table 9. Consented and complete cohorts: Numbers and percentages of subjects reaching or
exceeding various risk thresholds for potential CT referral, by sex, consented patients

Complete

Consented

Cohort

16

5-year risk threshold

Total (%)

Female (%)

Male (%)

2.5%
3%
4%
5%
2.5%
3%
4%
5%

3480 (69.1)
3212 (63.8)
2716 (53.9)
2310 (45.9)
11262 (68.1)
10487 (63.4)
8925 (54)
7817 (47.3)

1569 (65.1)
1411 (58.5)
1198 (49.7)
956 (39.7)
5141 (63.4)
4716 (58.2)
3976 (49)
3366 (41.5)

1911 (72.8)
1801 (68.6)
1518 (57.8)
1354 (51.6)
6121 (72.6)
5771 (68.5)
4949 (58.7)
4451 (52.8)
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Figure 4. Proportion of participants above specified risk thresholds, by sex for both consented and
complete cohort

Table 10 shows the numbers who would qualify stratified by IMD quintile (most deprived vs others).
As with Table 9, the lower the threshold to qualify for a scan, the more people would qualify.
Proportionally, lowering the threshold would have a proportionally larger impact on quintiles 2-5.

Table 10. Numbers and percentages of subjects reaching or exceeding various risk thresholds for
potential CT referral, by socioeconomic status, consented patients
5-year risk threshold
2.5%
3%
4%
5%

Total (%)
3479 (69.1)
3211 (63.8)
2715 (53.9)
2310 (45.9)

Most deprived quintile (%)
2857 (71.4)
2635 (65.8)
2257 (56.4)
1924 (48.1)

Others (%)
622 (60.3)
576 (55.8)
458 (44.4)
386 (37.4)

5. Diagnostic workup and findings with respect to lung cancer
Of the 17,373 participants, 7,337 (42.2%) were referred for a CT scan, and 6,822 (39.3%) underwent
a scan. Of these, 1,271 (18.6% of subjects scanned) underwent further investigation and 126 (1.8%
of those scanned) were diagnosed with lung cancer, giving a positive predictive value of 9.9%
(126/1271).
In the 5,234 consented subjects for whom we have detailed data, Table 10 shows the diagnostic
cascade to a diagnosis of lung cancer, in total and for each neighbourhood separately. Of the 5234
subjects in this population, 2281 (43.5%) were recommended for a scan, and 2139 (40.8%) of them
received scans. Of those who were scanned, 398 (18.6%) required further investigation and 59
(2.8%) were diagnosed with lung cancer. Thus, the positive predictive value of the CT scan was 14.8%
(59/398).
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Table 11. Consented cohort: Participants recruited and scanned by neighbourhood
Neighbourhood

Total Recommended
Scanned
Further investigation
(% of total)
(% of total)
(% of scanned)
Picton
642
264 (41.1)
239 (37.2)
34 (14.2)
Everton
426
180 (42.3)
172 (40.4)
23 (13.4)
Speke
539
225 (41.2)
216 (39.6)
32 (14.8)
Norris Green
541
239 (44.2)
221 (50.9)
31 (14.0)
Croxteth
542
217 (40.0)
196 (36.2)
44 (22.4)
Anfield
708
311 (43.9)
299 (42.2)
56 (18.7)
Riverside
638
294 (46.1)
276 (43.3)
48 (17.4)
WAGGA
2
0 (0)
0 (0)
0
Central
474
227 (47.9)
216 (45.6)
43 (19.9)
Kensington
387
196 (50.6)
187 (48.3)
49 (26.2)
Aintree
110
42 (38.2)
41 (37.3)
10 (24.4)
Belle Vale
30
14 (46.7)
12 (40.0)
9 (75.0)
West Derby
195
72 (36.9)
64 (32.8)
19 (29.7)
Total
5234
2281 (43.5)
2139 (40.8)
398 (18.6)
* percentage values suppressed where less than 100 participants scanned

Cancer
(% of scanned)
3 (1.3)
4 (2.3)
3 (1.4)
7 (3.2)
8 (4.1)
9 (3.0)
7 (2.5)
0
6 (2.8)
5 (2.7)
0*
2*
5*
59 (2.8)

Table 12. Complete cohort: Participants recruited and scanned by neighbourhood (sorted by size
of neighbourhood on EMIS)
Neighbourhood

Total

Recommended
(% of total)

Scanned
(% of total)

WAGGA
West Derby
Childwall & Wavertree
Aintree
North Liverpool Network
Belle Vale
Anfield
Picton
Kensington
Riverside
Norris Green
Speke
Croxteth
Central Liverpool
Everton
Liverpool First
Unknown
Total

2169
2155
1448
1437
1382
1065
1058
994
876
872
819
744
737
678
670
262
7
17373

1119 (51.6)
982 (45.6)
695 (48)
614 (42.7)
654 (47.3)
484 (45.4)
423 (40)
397 (39.9)
380 (43.4)
378 (43.3)
349 (42.6)
296 (39.8)
277 (37.6)
280 (41.3)
257 (38.4)
151 (57.6)
4 (57.1)
7740 (44.6)

861 (39.7)
872 (40.5)
597 (41.2)
577 (40.2)
588 (42.5)
428 (40.2)
392 (37.1)
361 (36.3)
357 (40.8)
335 (38.4)
317 (38.7)
271 (36.4)
235 (31.9)
257 (37.9)
239 (35.7)
137 (52.3)
2 (28.6)
6826 (39.3)
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Further
investigation
(% of scanned)
186 (21.6)
187 (21.4)
143 (24)
130 (22.5)
132 (22.4)
119 (27.8)
60 (15.3)
54 (15)
69 (19.3)
55 (16.4)
47 (14.8)
40 (14.8)
45 (19.1)
40 (15.6)
21 (8.8)
27 (19.7)
1 (50)
1356 (19.9)

Cancer
(% of
scanned)
8 (0.9)
16 (1.8)
5 (0.8)
8 (1.4)
12 (2)
8 (1.9)
13 (3.3)
4 (1.1)
6 (1.7)
10 (3)
8 (2.5)
5 (1.8)
9 (3.8)
7 (2.7)
6 (2.5)
1 (0.7)
0
126 (1.8)

Liverpool Healthy Lung Programme Report December 2020

6. Referral and diagnosis of COPD
As noted above 1021 (19.5%) of consented patients had abnormal spirometry and 652 (12.5%) were
referred for further investigation for possible COPD. Note that this is in addition to the 1257 (24%)
who already had a diagnosis of COPD.
Separately, de-identified and unlinked, we had access to information from Liverpool Heart and Chest
Hospital on referrals from the LHLP for suspected COPD from the larger population of all
participants. There were 1772 (10.2% of participants) referred. Data were available on 1755 (99.0%
of those referred) of these referrals. Table 13 shows the age, sex and BMI distributions of the
consenting participants and those of the COPD referrals from the complete cohort. Referrals were
more likely to be male and less likely to be overweight than the general population of consenting
participants.
Table 13. Consented cohort and LHCH referrals: Age, sex and BMI of consenting participants
and those referred from the complete cohort for possible COPD
Consenting participants (%) Referral for possible COPD (%)
Age
65
1359 (26.0)
422 (24.0)
65+
3875 (74.0)
1333 (76.0)
Sex
Male
2734 (52.2)
1003 (57.2)
Female
2500 (47.8)
752 (42.8)
BMI*
<25
893 (24.8)
544 (31.6)
25- <30
1380 (38.3)
602 (34.9)
30+
1327 (36.9)
577 (33.5)
*BMI was missing for substantial numbers of consenting participants

Table 14 shows diagnostic outcomes by accounting year (April-March) of referral. There was a
tendency towards more diagnosis of moderate, severe or very severe disease in later years. There
were very few cases for the year 2020-21. A small number (6.4%) of subjects had only prebronchodilator diagnoses of obstruction. In total, there were 1079 diagnoses of obstructive disease
(61.5%). Of those diagnosed, 677 (62.2%) had moderate, severe or very severe disease. This is
comparable to proportions reported by others [20,21]. Restricted disease was diagnosed in 100
(5.7%) patients.
Table 15 shows the diagnostic outcomes by age, sex, BMI and smoking status. In this tabulation, the
few pre-bronchodilator obstructive diagnoses have been combined with the corresponding postbronchodilator diagnoses, and we have combined the categories of moderate, severe and very
severe obstruction.
Lower BMI was significantly associated with both the likelihood of any obstructive disease (p<0.001)
and with moderate or worse disease (P<0.001). Current smoking was also significantly associated
with any obstructive disease (p=0.04) and moderate or worse disease (p=0.007).
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Table 14. LHCH referrals: Diagnostic results of patients that were referred due to suspected COPD
by accounting year-numbers and % in parentheses
Year
Asthma/Possible asthma
Normal
Pre-bronchodilator Mild
Pre- Moderate
Pre- Severe
Post-bronchodilator Mild
Post- Moderate
Post- Severe
Post Very Severe
Restricted
Unable to classify/missing
Total referrals

16/17
12 (6.7)
45 (25.3)
8 (4.5)
7 (3.9)
0 (0.0)
44 (24.7)
48 (27.0)
5 (2.8)
0
3 (1.7)
6 (3.4)
178

17/18
23 (5.7)
87 (21.7)
15 (3.7)
7 (1.7)
3 (0.7)
95 (23.7)
100 (24.9)
23 (5.7)
10 (2.5)
17 (4.2)
21 (5.2)
401

18/19
28 (4.4)
141 (22.0)
5 (0.8)
16 (2.5)
3 (0.5)
136 (21.2)
188 (29.4)
46 (7.2)
8 (1.2)
35 (5.5)
34 (5.3)
640

19/20
23 (4.5)
127 (24.7)
12 (23.3)
16 (3.1)
2 (0.4)
78 (15.2)
156 (30.4)
31 (6.0)
5 (1.0)
43 (8.4)
21 (4.1)
514

20/21
0 (0.0)
8 (36.4)
0 (0.0)
0 (0.0)
0 (0.0)
9 (40.9)
2 (9.1)
1 (4.5)
0 (0.0)
2 (9.1)
0
22

Total
76 (4.3)
408 (23.2)
40 (2.3)
46 (2.6)
8 (0.5)
362 (20.6)
494 (28.1)
106 (6.0)
23 (1.3)
100 (5.7)
82 (4.7)
1755

Figure 5. Diagnostic results of patients in the LHCH referrals that were referred due to suspected
COPD by accounting year
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Table 15. LHCH referrals: Diagnostic results of patients by age, sex and BMI
Factors

Age

<65 (%)
65+ (5)
Sex
Male (%)
Female (%)
BMI
<25 (%)
25- <30 (%)
≥30 (%)
Smoking Never/ex
Current

Normal

77 (18.2)
331 (24.8)
204 (20.3)
204 (27.1)
86 (15.8)
156 (25.9)
156 (27.0)
254 (25.4)
154 (20.4)

Asthma/
possible
asthma
32 (7.6)
54 (4.1)
66 (6.6)
20 (2.7)
15 (2.7)
36 (6.0)
34 (5.9)
48 (4.8)
38 (5.0)

Mild
obstruction
89 (21.1)
313 (23.5)
246 (24.5)
156 (20.7)
150 (27.6)
160 (26.6)
89 (15.4)
239 (23.9)
163 (21.6)

Mod/Severe/
Very Severe
obstruction
173 (41.0)
504 (37.8)
385 (38.4)
292 (38.8)
261 (48.0)
198 (33.0)
204 (35.4)
352 (35.2)
325 (43.1)

Other/
missing

Total

51 (12.1)
131 (9.9)
102 (10.2)
80 (10.6)
32 (5.9)
52 (8.6)
94 (16.3)
108 (10.8)
74 (9.8)

422
1333
1003
752
544
602
577
1001
754

7. Smoking cessation
Of the total 5234 subjects, 1034 (19.8%) of patients were given smoking cessation advice and 177
(3.4%) were referred to smoking cessation services. These numbers included some ex-smokers who
may have needed support to maintain abstinence. Of the 1403 current smokers, 954 (68%) agreed to
have smoking cessation advice and 176 (13%) were referred to smoking cessation services.

8. Cancers diagnosed by stage and projected effect on mortality
We first considered the cancers in all 17,373 participants. Table 16 shows the stage distribution of
cancers diagnosed as a result of scans in the LHLP, the stage of lung cancers diagnosed nationally,
and the 5-year national fatality rates for lung cancer by stage. The national stage distribution and
national fatality rates were extracted from the Cancer Research UK Website [2]. In the most recent
data provided on the latter, there was no fatality rate for those with stage unknown, so we used the
rate previously extracted [19].
By applying the national percentages by stage to the total of 126 cancers diagnosed in LHLP, we
calculated the number of cancers by stage which would have been expected if the LHLP cancers had
had the same stage profile as the national data. Applying the stage-specific fatality rates to these
expected numbers gives the expected number of lung cancer deaths in five years if the LHLP cancers
had had the national stage distribution. We also applied the national fatality rates to the actual
distribution of lung cancers diagnosed in LHLP, to give the projected 5-year deaths from the cancers
actually diagnosed.
The observed proportion of cancers in stage I or II was 72%. The proportion expected from national
figures was 23%. The absolute incidence of stage III and IV cancer was 24, compared with an
expected 88, giving a relative risk of 0.27(95% CI 0.17-0.42, p<0.001). The projected total number of
lung cancer deaths from the national stage distribution was 107. On the other hand, from the stage
distribution actually observed in those cancers diagnosed in the LHLP, the predicted total number of
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deaths was 75. Thus, there was an estimated absolute reduction in five-year deaths of 32, a relative
reduction of 30%.
This translates to one life saved per 227 scans, and one life saved per 42 subjects recalled for further
investigation.
Table 16. Consented cohort: Stage distribution of UK lung cancer population, LHLP detected
lung cancer and expected numbers of deaths within 5 years predicted from national fatality
rates (Based on 17373 who agreed to participate).
Stage

Unknown
I
II
III
IV
Total

UK expected
population
frequency (%)

UK % 5-year
fatality

UK
predicted
deaths

LHLP
observed
frequency

LHLP
predicted
deaths

10 (8)
20 (16)
9 (7)
25 (20)
63 (49)
127 (100)

94
43
66
87
97
-

9
9
6
22
61
107

12 (9)
80 (63)
11 (9)
9 (7)
15 (12)
127 (100)

11
34
7
8
15
75

Using only data from the consenting patients on whom we have complete data, the observed
proportion of cancers in stage I or II was 56% (Table 17). The proportion expected from national
figures was 22%. The absolute incidence of stage III or IV cancers was 15, compared with an
expected 41, giving a relative risk of 0.37 (95% CI 0.20- 0.67, p<0.001). The proportion expected from
national figures was 70%. The projected total number of lung cancer deaths from the national stage
distribution was 50. From the stage distribution of those cancers actually diagnosed in the LHLP, the
predicted total number of deaths was 39. This translates to one life saved per 194 scans, and one
life saved per 36 subjects recalled for further investigation.
Table 17. Consented cohort: Stage distribution of UK lung cancer population, LHLP detected
lung cancer and expected numbers of deaths within 5 years predicted from national fatality
rates (based on consenting patients with full data).
Stage

Unknown
I
II
III
IV
Total

UK expected
population
frequency (%)

UK % 5-year
fatality

UK
predicted
deaths

LHLP
observed
frequency

LHLP
predicted
deaths

5 (8)
9 (16)
4 (7)
12 (20)
29 (49)
59 (100)

94
43
66
87
97
-

5
4
3
10
28
50

11 (19)
29 (49)
4 (7)
5 (8)
10 (17)
59 (100)

10
12
3
4
10
39

Overall, 57 cancers were detected in the consented cohort following initial nodule presentation at
LHLP (2.7%). The majority were detected following baseline scan: 2139 LHLP baseline scans led to 77
LC referrals identifying 42 cancers (2.0% of scans). A slightly higher proportion of lung cancer
diagnosis was seen at the first follow-up scan: 245 first LHLP follow-up scans led to 21 LC referrals
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identified 8 cancers (3.2%). Six further cancers were detected during subsequent LHLP or nodule
clinic follow-up, leading from initial nodule detection in LHLP. One cancer was diagnosed before a
planned 3-month follow-up due to acute presentation.
Lung cancer staging also influences treatment, with one of the main aims of LDCT to detect early
stage cancers suitable for potentially curative surgery. This can be seen across the consented cohort
(Table18), where there were 57 lung cancers diagnosed, 1 of which was a mesothelioma.
Table 18. Consented cohort: Treatment per stage
Stage
Surgery
RT
Chemo
N (%)
N (%)
N (%)
Early (I/II)
33
5
0
Late (III/IV)
2
3
8
unknown
1
Total
35 (62.5)
9 (16.1%)
8 (14.3)

Chemo+RT
N (%)
1
1

Palliative
N (%)
0
2

2 (3.6)

2 (3.6)

Total
N (%)
39 (68.4)
16 (28.1)
1
56

The same can be seen for the complete cohort (Table 19).
Table 19. Complete cohort: Treatment per stage
Stage
Surgery
RT
Chemo Surgery Chemo Palliative Unknown
Total
N (%)
N (%)
N (%) +Chemo
+RT
N (%)
N (%)
N (%)
N (%)
N (%)
Early (I/II)
66
12
0
1
1
0
4
84 (66.7)
Late (III/IV)
9
2
8
0
1
3
5
28 (22.1)
unknown
10
2
0
0
0
0
2
14 (11.1)
Total
85 (67.5)
16 (12.7) 8 (6.3)
1 (0.8) 2 (1.6)
3 (2.4)
11 (8.7)
126

9. Incidental findings
There were significant incidental findings from the CT scans in 902 of our 5234 subjects (17.2%).
Detailed information on significant incidental findings on 3,486 LHLP referrals undergoing CT scan up
to March 2019 was extracted and analysed by Cheng et al [22]. The data of Cheng et al included
scans from all participants, hence the larger number of scans than the 2,139 in the dataset primarily
reported on above.
Cheng and colleagues defined two clinically relevant subgroups of incidental findings: alerted
unexpected findings (AUF) which were judged to have a significant adverse health impact on the
patient; and potentially significant unexpected findings (PUF), which at least needed further
investigation or follow-up.
One hundred and thirty individuals (3.7%) had 132 AUFs alerted in their reports, either at first or
second scan. Two participants had two AUFs. There were no statistical differences in demographics
and clinical characteristics among the participants with and without AUFs, except for a significantly
(p=0.04) higher proportion of current smokers in the patients with AUFs: 67 out of 130 (51.5%) vs
1,340 out of 3,356 (39.9%).
Of the 132 AUFs, 65 (49.2%) were pulmonary and 67 (50.8%) were extra-pulmonary. Further
diagnostic workup (mostly imaging) was carried out in 115 (87.1%) cases. In the group of pulmonary
23

Liverpool Healthy Lung Programme Report December 2020

AUFs, 41 were infections/inflammations and 24 non-infective diseases, of whom three were
diagnosed with lung cancer. In the extra-pulmonary AUFs, 31 were suspicious of cancer, and 11 had
cancers diagnosed. Other findings requiring treatment included three aneurysms.
There were 205 of 3534 patients (5.8%) who had 211 PUFs. As with AUFs, PUFs were characterised
by a higher proportion of smokers than those without PUFs 98 out of 205 (47.8%) compared to 1,309
out of 3,281 (39.9%), although this did not quite reach statistical significance (p=0.08). Of the 211
PUFs, 124 abnormalities (58.8%) had 212 diagnostic workups. In the 124 PUFs with workups, 76
(61.3%) were discharged due to their non-significant, resolved or benign characteristics, 28 (22.6%)
were still under monitoring without any sinister feature, and 11 (8.9%) were under investigation
including one case suspicious of lung cancer, which had a slow progression over one year after
antibiotic treatment. Eight patients had biopsies, among whom three cancers were diagnosed
including mesothelioma, small cell lung cancer and breast cancer. In the remaining 87 abnormalities
(41.2%) that are without any work-up documented yet, 43 (49.4%) required no further interventions
after GP or specialist consultations, 16 (18.4%) were waiting for referrals and ten (11.4%) were
under monitoring.
In total, seventeen tumours were diagnosed in those with unexpected findings. There were six nonsolid tumours, four lung cancers, one mesothelioma, one thymoma, two breast cancers, two renal
cancers and one colorectal cancer.

10. Comparison of early and late experience of the programme
There is interest in documenting any changes in the population or outcomes over time. Figure 6
shows participation rates by year of first invitation letter sent. There is some indication of an
increase in participation in more recent years, with 45.1% in 2019, compared to around 40% in
previous years. It should be noted that date of first letter is missing in approximately half of the
cases. However, for those with missing date of first letter, participation rates were similar to those
for those with known date of first letter in 2016-18. The increased participation rates with time was
statistically significant (p<0.001).

Figure 6. Consented cohort: Participation rates in those invited by year
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The median date of first attended lung health check appointment was 19th July 2017 in the 5,234
subjects on whom we had detailed data. We therefore compared demographic characteristics and
disease outcomes between participants who attended their first appointment before 19th July 2017
and those who attended on or after that date. Table 16 shows various demographic characteristics
before and after this date.
There were a number of significant differences between the earlier and later period. Most
importantly, five-year risk was found to differ significantly, with a higher risk in people with
appointments after the median date (p<0.001). One would expect an increase, as from mid-2017,
the upper age limit for invitees was increased from 70 to 75. However, this does not explain all of
the increase, as the difference remained significant after adjusting for age.
Interestingly, the small but significant mean difference between 6.05% and 6.72% was accompanied
by an increase in the variability of risk in the later period, in that the standard deviation was
noticeably larger for the post median group. The absolute range for the pre-median group was 0.2%48.94%. The absolute range for the post median group was 0.37%-58.98%.
Considering at the wider cohort (Table 20, Figure 7) the rate of participants per annum clearly rises
in more recent years and this is accompanied by an increase in average age and to some extent, risk
score (both Kruskal-Wallis P<0.001). However, the difference in age is not significant from 2018
onwards and the highest risk scores are seen in 2018.

Table 20. Participation per year for the complete cohort based on date of participation
Participants
Year
Rate per
Female
Male
Mean
Mean Risk
Total
annum
N (%)
N (%)
age
score
2833
1041 (48.9)
1089 (51.1)
64.2
5.7
2016 (from April) 2130
2824
2824
1394 (49.4)
1430 (50.6)
65.5
6.1
2017
3425
3425
1628 (47.5)
1797 (52.5)
66.7
7.1
2018
6832
6832
3409 (49.9)
3423 (50.1)
66.9
6.5
2019
6486
1047 (48.4)
1115 (51.6)
67
6.7
2020 (to March) 2162

Figure 7. Age and risk distribution per year of participation
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Risk factors including family history, age, number of years smoked and emphysema were all found to
differ significantly between the two periods in the consented cohort, with higher proportions in the
higher risk categories in the later period (Table 21).
Table 21. Consented cohort: Demographics and respiratory characteristics of patients attending
healthy lung appointment, by whether their lung health check was before or after the midpoint
of 19th July 2017
Factors

Category/quantity

Total Patients
Age
Sex

Mean (SD)
Female

Ever Smoker

Before
19/07/2017, n (%)
2609 (49.8)
67.98 (3.94)
1273 (48.8)

On or after
19/07/2017, n (%)
2625 (50.2)
68.37 (5.08)
1227 (46.7)

Male

1336 (51.2)

1398 (53.3)

Yes

2500 (95.8)

2522 (96.1)

No

109 (4.2)

103 (3.9)

34.38 (14.90)
71.26 (8.16)
400 (15.3)

35.52 (15.72)
72.26 (7.90)
408 (15.5)

2209 (84.7)

2217 (84.5)

P value

0.002
0.1

0.6

Years Smoked
FEV1/FVC ratio
Previous non
lung malignancy

Mean (SD)
Mean (SD)
Yes

Non-malignant
lung disease

Emphysema

78 (3.0)

136 (5.2)

<0.001

Pneumonia

437 (16.8)

469 (17.9)

0.3

COPD

599 (23.0)

658 (25.1)

0.07

Bronchitis

877 (33.6)

844 (32.2)

0.3

49 (1.9)

47 (1.8)

0.8
0.6

No

Tuberculosis
Asbestos
exposure

Yes

892 (34.2)

878 (33.4)

No

1717 (65.8)

1747 (66.6)

Family History
of lung cancer

Yes

868 (33.3)

793 (30.2)

No

1741 (66.7)

1832 (69.8)

Lung cancer risk

Mean (SD)
<5%
>5%

6.05 (5.73)
1418 (56.4)
1096 (43.6)

6.72 (6.56)
1309 (51.9)
1214 (48.1)

0.009
<0.001
0.8

0.02

<0.001

Table 22 shows the diagnostic cascade for participants from the larger dataset of 17,373 participants
for whom we have limited data, by whether their lung health check was before or after 19th July
2017. Of the 17373 participants, 7337 were referred for a scan with an uptake of 6822 (92.9%) who
received a scan. 1,271 were referred for investigation and 127 were diagnosed with lung cancer.
When comparing those before and after the median date, a greater proportion of the total

26

Liverpool Healthy Lung Programme Report December 2020

population attending a health check before the median date were diagnosed with cancer, 0.8%
compared to 0.7% after.
Table 22: Diagnostic cascade for all participants attending a lung health check
Participants
Population
Referred
Scanned
Further investigation
Cancer

Before
19/07/2017, n (%)
3550 (100)
1303 (36.7)
1219 (34.3)
136 (3.8)
30 (0.8)

On or after
19/07/2017, n (%)
13283 (100)
6034 (45.4)
5603 (42.2)
1135 (8.5)
97 (0.7)

Total
17373 (100)
7337 (42.2)
6822 (39.3)
1271 (7.3)
127 (0.7)

Note that the percentages in Table 17 pertain to a denominator of the total number of participants.
For further investigations and cancers diagnosed, it is of interest to consider these as a proportion of
the numbers of persons CT scanned. Of those scanned, in the earlier period, 136 out of 1,219
(11.2%) required further investigation, and 30 (2.5%) were diagnosed with lung cancer. In the later
period, 1,135 out of 5,603 (20.3%) required further investigation and 97 (1.7%) were diagnosed with
lung cancer. Thus, the PPV in the earlier period was 22.1% and in the later period 8.5%. Thus,
although similar proportions of cancers were diagnosed in each period, due to the higher LLPv2 risk
scores in the later period, more CT scans and a greater number of further diagnostic investigations
were performed to detect these. The possibility should be acknowledged that the increase in further
investigations is at least partly artificial, due to more complete data recording in the later period.
Table 23. Complete cohort: Diagnostic cascade per year
Recommended
Scanned
Year
(% of total)
(% of total)
791 (37.1)
727 (34.1)
2016 (from April)
1135 (40.2)
1026 (36.3)
2017
1547 (45.2)
1407 (41.1)
2018
3157
(46.2)
2889 (42.3)
2019
1110 (51.3)
777 (35.9)
2020 (to March)

Further investigation
(% of scanned)

Cancer
(% of scanned)

87 (12)
162 (15.8)
266 (18.9)
662 (22.9)
179 (23)

13 (1.8)
31 (3)
34 (2.4)
41 (1.4)
7 (0.9)

Figure 8. Complete cohort: Proportion of participants recommended and receiving scans (left);
proportion of participants scanned with further investigations or lung cancer diagnosis (right).
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On a per year basis the trend for a greater proportion of recommended baseline scans mirrors the
increased risk scores with the greater age range, but the proportion with further investigations
increases to a greater extent. This is not accompanied by an increased proportion of lung cancers
detected, although for 2020 that may be in part due to an inability to perform follow-up scans due to
COVID-19 restrictions. As the age range was extended during the time of the programme the
increase in age is not unexpected. To investigate if this is driving changes in the profiles of the
diagnostic cascades, we have split the participants into different age ranges (50-69 and 70+ years).
Table 23. Complete cohort: Diagnostic cascade in those under and over 70 years of age
Age
Recommended
Scanned
Further investigation
Cancer
Total
range
(% of total)
(% of total)
(% of scanned)
(% of scanned)
50-69
12155
4692 (38.6)
4181 (34.4)
750 (17.9)
68 (1.6)
70+
5218
3048 (58.4)
2645 (50.7)
601 (22.7)
53 (2.0)
Total
17373
7740 (44.6)
6826 (39.3)
1356 (19.9)
126 (1.8)
In keeping with the association between age and lung cancer risk, the older age group had a higher
proportion of scans and a higher rate of lung cancer detection, they also had more further
investigations (all Chi-Square P<0.001).

Table 24 shows the distribution of cancer stages before and after the median date for all patients
who participated. There are two particular results to note here. First, the proportions with unknown
stage are considerably lower in the later period. Second, the proportion of stage I and II cancers is
much larger in the later period (76.3% vs 56.7%), and the proportion of stage III and IV cancers
correspondingly smaller. If we consider these as proportions of those with known stage, the
differences become much smaller. Thus, the unknown stage cases in the earlier period have been
replaced by stage I and II in the later. A chi squared test showed that this difference was statistically
significant (p=0.04).

Table 24: Complete cohort: Stages of cancers diagnosed before and after the median date
Stage
NK
1
2
3
4
Total

Before 19/07/2017, n (%)
7 (23.3)
15 (50.0)
2 (6.7)
3 (10.0)
3 (10.0)
30 (100.0)

On or after 19/07/2017, n (%)
5 (5.2)
65 (67.0)
9 (9.3)
6 (6.2)
12 (12.4)
97 (100.0)

Total
12 (9.4)
80 (63.0)
11 (8.7)
9 (7.1)
15 (11.8)
127 (100.0)

Table 25 shows the diagnostic cascade for the 5,234 patients on whom we have detailed data, by
whether their first attendance at a lung health check was before or after the median date. A greater
proportion of those attending after the median date were diagnosed with cancer 1.3% compared to
1.0% before. Figure 9 shows the same numbers but with further investigations and cancers as a
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percentage of those persons having a CT scan. Again, note that the percentages in the Table pertain
to the total number of participants. As a proportion of the number of people scanned, there were
more recalls for further investigation in the later period (21.2% vs 15.7%) but also there were more
cancers detected in the later period (1.5% vs 1.2%). The PPV in the earlier period was therefore
16.4% and in the later period 13.8%.
Table 25: Consented cohort: Diagnostic cascade for the 5,234 patients with detailed data were
available

Population
Referred
Scanned
Further investigation
Cancer

Before
19/07/2017, n (%)
2609 (100.0)
1090 (41.8)
1012 (38.8)
159 (6.1)
26 (1.0)

On or after
19/07/2017, n (%)
2625 (100.0)
1191 (45.4)
1127 (42.9)
239 (9.1)
33 (1.3)

Total
5234 (100.0)
2281 (43.6)
2139 (40.8)
398 (7.6)
59 (1.1)

Figure 9. Diagnostic
cascade in the 5,234
subjects on whom
detailed data were
available, with
further investigation
and detection rates
as a proportion of
those scanned.

Table 26 shows the distribution of cancer stages before and after the median date for the 5,234
consenting patients. The majority of the pre- and post-median cancers were stage 1. As in the larger
dataset, there was a lower proportion of cases with missing stage and a higher proportion of cases at
stages I and II in the later period. A chi squared test found no significant differences between
patients in the earlier period and the later period (p=0.51).
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Table 26: Stages of cancer before and after the median date of 19/07/2017 for the 5,234
consenting patients on whom data is available.
Stage
NK
1
2
3
4
Total

Before 19/07/2017, n (%)
7 (26.9)
12 (46.2)
2 (7.7)
2 (7.7)
3 (11.5)
26 (100)

On or after 19/07/2017, n (%)
4 (12.1)
17 (51.5)
2 (6.1)
3 (9.1)
7 (21.2)
33 (100)

Total
11 (18.6)
29 (49.2)
4 (6.8)
5 (8.5)
10 (16.9)
59 (100)

11. Patient satisfaction
Previous surveys showed a high level of satisfaction with the Lung Health Checks and with the
experience of the programme as a whole [17-19]. To check whether this was maintained, we carried
out a brief online survey of 367 subjects attending, with three questions only. These related to
satisfaction with the printed information given before the Lung Health Check, communication with
staff during the Lung Health Check and overall satisfaction with the consultation. The questions and
response options are shown in Figure 10.

Figure 10.
Questionnaire
assessing satisfaction
with the printed
information given
before the Lung Health
Check, communication
with staff during the
Lung Health Check and
overall satisfaction
with the consultation.

The results were as shown in Table 27. Of those surveyed, 328 (89.4%) were very satisfied with the
printed information, 349 (95.1%) were very satisfied with the staff communication, and 349 (95.1%)
were very satisfied with the health check overall. On the other hand, 5 subjects (1.4% were
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dissatisfied or very dissatisfied with the printed information, and 3 (0.8%) were dissatisfied or very
dissatisfied with the staff communication and the lung health check overall. If anything, these results
suggest an improvement in overall satisfaction as 89% of subjects reported being very satisfied with
the health check in the last survey [23].
Table 27. Questionnaire responses revealing patient satisfaction throughout the LHLP.
Q1, printed
information (%)
Very Satisfied
Satisfied
Neither Satisfied
nor dissatisfied
Dissatisfied
Very dissatisfied
Missing
Total

328 (89.4)
27 (7.4)
5 (1.4)

Q2, staff
communication at
consultation (%)
349 (95.1)
8 (2.2)
3 (0.8)

Q3, overall
satisfaction with lung
health check (%)
349 (95.1)
13 (3.5)
1 (0.3)

Mean

342 (93.2)
16 (4.4)
3 (0.8)

4 (1.1)
1 (0.3)
2 (0.5)
367 (100.0)

2 (0.5)
1 (0.3)
4 (1.1)
367 (100.0)

0 (0.0)
3 (0.8)
3 (0.8)
367 (100.0)

2 (0.5)
1 (0.3)
3 (0.8)
367 (100.0)

Discussion
We analysed detailed data on 5234 consenting participants, and primary data on lung cancer
diagnosis in all 17373 participants. The main findings were a continuing beneficial effect on stage of
lung cancer in those undergoing CT scans, predicting a significant reduction in future lung cancer
mortality. Reported patient satisfaction was high, and the programme continues to recruit large
numbers from areas of deprivation. The programme continues to diagnose substantial numbers of
subjects with COPD, and to deliver smoking cessation advice. From limited data, it appears that
there may be an increase in participation in more recent years.
A number of changes have been observed since previous reports. These include higher detection
rates of lung cancer as well as a greater effect on stage at diagnosis and consequent projected future
mortality rates. In the previous report, the numbers of predicted deaths were 22.8 in the general
population and 18.4 in the LHLP (19.3% reduction). In our current report however, predicted deaths
decreased from 50 in the UK population to only 39 in the LHLP (22% reduction). Comparison of
earlier and later periods of the programme (before and after 19th July 2017) indicated a higher risk
population, with a longer duration of smoking, attending in the later period.
Note that these results pertain to the cancers diagnosed as a result of the scanning activity. To fully
understand the benefit in terms of late stage disease prevented and deaths prevented, it would be
necessary to follow up the LHLP participants for symptomatic lung cancers in the years following CT
scans. However, the data we have indicate a likely mortality reduction which is consistent with the
results of the randomised trials of low dose CT screening [3-6]. From the stage distribution of the
cancers diagnosed in LHLP in the consented subset with detailed data, it was estimated that one
lung cancer death will be prevented for every 194 CT scans.
It should be noted, however, that along with the improved effect on lung cancer outcomes, the
results here indicate that 18.6% of those scanned required further investigation. Previous reports
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suggest a figure of 9%. We would suggest that the difference is not due to a change in practice but to
the improvement in ascertainment and data capture since the previous reports. The data used for
the current report underwent considerable checking, cleaning and verification which was not
possible with the previous data management resources available. While it is reasonable to expect
that in a high risk population, in a high risk area, more abnormalities would be detected on CT, it is
important to control the adverse effects of the intervention, including false positives. It would be
useful to audit these in order to develop guidelines to bring the figure closer to the 10% considered
appropriate nationally.
Our results relating various demographic and risk criteria to deprivation quintile generally confirm
those of previous analyses [19]. For example, the associations of deprivation quintile with smoking
behaviour were very significant in both the previous and the current report. In the previous report
2141 (73.9%) patients in the most deprived quintile reported ever smoking compared to 461 (66.5%)
of the less deprived quintiles. In the current report, the figures were 96.4% and 94.3%, the
difference also being significant. It is worth noting that in this report, almost all subjects were
classified as ever smokers, compared to around two thirds of subjects in the previous report. This is
due to considerably improved ascertainment of smoking in the data currently available, and not to
secular changes in smoking habits.
The number of years smoked was also noticeably higher in the most deprived quintile. When
comparing median number of years in both papers the less deprived smoked for a median of 30
years, whereas the most deprived had smoked for 40 years. COPD was another factor that differed
significantly between IMD quintiles in both reports. In the previous report 24.8% of the most
deprived quintile had a history of COPD compared to 16.5% in the less deprived quintile. In the
current report 25.9% of the most deprived had a history of COPD compared to 16.6% in the less
deprived.
The data indicated that 68% of current smokers agreed to have smoking cessation advice and 13% to
be referred to specialist smoking cessation services. There is clearly room for improvement in the
latter. It would be of value to have further ascertainment of referral to smoking cessation services, in
case the figure is artificially low due to under-reporting. In addition, follow-up of subjects to
determine rates of quitting and maintenance of abstinence would be valuable.
Five-year lung cancer risk was 1.17% higher in the most deprived quintile in the previous report [19].
However, in the current report the mean risk increased from 5.45 in the less deprived quintiles to
6.88 in the most deprived, an increase of 1.43%.
In our current analysis, we compared demographic and risk factor characteristics not just by IMD
quintile, but also by risk and by the date in which their healthy lung check appointment took place.
When we compared risk with respect to risk factors, all were significantly related to risk score, as
one would expect, since these are used in calculation of the 5-year risk. Of some interest is that the
non-smoking risk factors were substantial drivers of the risk level within this population, because the
use of smoking as a selection criterion imposed some homogeneity in smoking habit on the
population invited.
When we compared the early period to late period (before and after 19th July 2017), there were
significantly more high-risk patients (5% or more 5-year risk of lung cancer) in the later period
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(48.1% vs 43.6% in the earlier period). In addition, we noted that in the later period, participants had
significantly longer years of smoking than in the earlier. Corresponding to the higher risk, a higher
proportion of subjects qualified for a CT scan in the later period, and of these, higher proportions
were referred for further investigation and a slightly higher proportion was diagnosed with lung
cancer. Changes in risk can be related to changes in the age distribution, but we found that in both
periods, there were participants older than 70 years, and indeed older than 75 years. The average
age only increased by 5 months between the two periods and increases in risk levels over time
remained significant after adjusting for age.
Recent changes to referral and diagnostic pathways may explain the higher rates of further
investigation in recent years. In addition, the mix of radiologists reading the scans may have
changed, with possibly more radiologists with a more cautious policy of diagnostic workup.
It should be noted that the previously reported association of lung cancer risk with IMD (higher risk
in more deprived populations) was confirmed in the current analysis, both in the 5,234 consenting
subjects and in the larger dataset of all 17,373 participants.
As noted above, the data we had for this analysis was considerably cleaner than that available for
previous reports. This is important as it means that not only can we be more confident in definitive
inference on the effects of the programme, but also we were able to carry out further explorations
of issues, for example of participation rates, CT results and cancer diagnoses over time.
Although the quality of the data available for analysis was much improved, this is due to
considerable effort on behalf of staff in Liverpool. A bespoke database constructed for the purpose
of retrieval and evaluation of targeted activities for high risk of lung cancer would render
management, analysis and interpretation more efficient and more complete.

Conclusion
The Liverpool Healthy Lung Programme continues to deliver early diagnosis of lung cancer, indicative
of a significant future reduction in mortality from the disease. It maintains efficient diagnosis of
COPD and continues to have high levels of participant satisfaction.
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