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ABSTRACT

Objective There are large inequities in the lung cancer
burden for the Indigenous Maori population of New
Zealand. We model the potential lifetime health gains,
equity impacts and cost-effectiveness of a national low-
dose CT (LDCT) screening programme for lung cancer in
smokers aged 55-74 years with a 30 pack-year history,
and for formers smokers who have quit within the last 15
years.

Design A Markov macrosimulation model estimated:
health benefits (health-adjusted life-years (HALYS)), costs
and cost-effectiveness of biennial LDCT screening. Input
parameters came from literature and NZ-linked health
datasets.

Setting New Zealand.

Participants Population aged 55-74 years in 2011.
Interventions Biennial LDCT screening for lung cancer
compared with usual care.

Outcome measures Incremental cost-effectiveness ratios
were calculated using the average difference in costs
and HALYs between the screened and the unscreened
populations. Equity analyses included substituting non-
Maori values for Maori values of background morbidity,
mortality and stage-specific survival. Changes in
inequities in lung cancer survival and ‘health-adjusted life
expectancy’ (HALE) were measured.

Results LDCT screening in NZ is likely to be cost-effective
for the total population: NZ$34 400 per HALY gained (95%
uncertainty interval NZ$27 500 to NZ$42 900) and for
Maori separately (using a threshold of gross domestic
product per capita NZ$45 000). Health gains per capita for
Maori females were twice that for non-Maori females and
25% greater for Maori males compared with non-Maori
males. LDCT screening will narrow absolute inequities in
HALE and lung cancer mortality for Maori, but will slightly
increase relative inequities in mortality from lung cancer
(compared with non-Maori) due to differential stage-
specific survival.

Conclusion A national biennial LDCT lung cancer
screening programme in New Zealand is likely to be cost-
effective, will improve total population health and reduce
health inequities for Maori. Attention must be paid to
addressing ethnic inequities in stage-specific lung cancer
survival.

,! Peter Sandiford,?* Giorgi Kvizhinadze,* Karen Bartholomew,?

Strengths and limitations of this study

» This new analysis of lung cancer screening updates
a previously published model to incorporate param-
eters and assumptions drawn from the NELSON
low-dose CT (LDCT) screening trial.

» There is specific consideration of the impact of lung
cancer screening on equity in health outcomes.

» The model allows for the future unrelated health
costs of those whose lifespan is extended by the
screening.

» Until a pilot of LDCT screening is conducted in New
Zealand, estimates of some parameters will be sub-
ject to some uncertainty.

INTRODUCTION
Lung cancer causes 18.3% of cancer deaths
in New Zealand (NZ)—more than any other
tumour type—with stark inequities in lung
cancer incidence and mortality between
Maori (the Indigenous population) and non-
Miori.' In 2016 the Maori age-standardised
new registration rate for lung cancer was
more than triple the rate in non-Maori
(77.8 vs 22.4 per 100000, respectively).” The
mortality rate from lung cancer is also more
than three times higher in Maori than non-
Maori." Lung cancer survival in NZ is poorer
than that of several other countries.” *
International evidence from a number of
large randomised controlled trials (RCTs)
shows that low-dose CT (LDCT) screening for
lung cancer reduces lung cancer mortality”™
and can also be cost-effective if stringent risk-
based eligibility criteria are employed.'*"*
As the evidence base for LDCT lung cancer
screening evolves with improvements to the
screening protocols, the likely impacts and
cost-effectiveness of such a programme in
the NZ context have changed. The most
recent evidence of efficacy comes from the
Nederlands-Leuvens Longkanker Screenings
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Onderzoek (NELSON RCT) which found that LDCT
screening for lung cancer decreased lung cancer
mortality by 24% in high-risk men and 33% in high-risk
women over a 10-year period.® In comparison, the earlier
National Lung Screening Trial (NLST) study found an
overall 20% reduction in lung cancer mortality,” although
a more recent analysis with longer follow-up found only
an 11% reduction.” The higher effectiveness observed in
the NELSON trial has been attributed to improvements
in nodule management through monitoring of nodule
volumes and volume doubling times. This improved the
specificity of LDCT screening and reduced the costs and
harms from diagnostic tests, with a small increase in the
number of CT scans required."” Given the higher propor-
tion of distant disease at diagnosis in NZ compared with
these large RCT cohorts, there is potential for lung
cancer LDCT screening to have an even greater impact
on lung cancer mortality than that measured in these
large RCTs.'°

Existing analyses of LDCT lung screening cost-
effectiveness in the NZ setting'” '® do not take into
account developments in the evidence base (in particular
new evidence from the NELSON trial and new analyses of
stage at diagnosis and stage-specific survival) and do not
explicitly model the impacts of an LDCT lung screening
programme on health equity (for Maori). Given the NZ
Government’s obligations under the Treaty of Waitangi'?
and the Ministry of Health’s stated commitment to health
equity, such information is critical in assessing the appro-
priateness of LDCT lung cancer screening in the NZ
setting.

A screening programme that can reduce the burden of
lung cancer for those at risk due to high smoking expo-
sure offers great potential to address the huge burden
of lung cancer for Maori in NZ. Although progress has
been made in tobacco control in NZ, driven by a suite
of tobacco control strategies over the last 30 years,”’ 85%
of Maori adults continue to smoke compared with 16%
of non-Maori adults. The health burden from tobacco
use falls more heavily on Maori who suffer higher inci-
dence and mortality from the majority of tobacco-related
diseases®" * including lung cancer.

With health equity for Maori as our primary concern, the
objectives of this study were (1) to estimate health gains
and cost-effectiveness of an LDCT screening programme
for lung cancer in Maori smokers aged 55-74years with
a 30 pack-year smoking history (Maori and non-Maori)
and (2) to measure the impact of LDCT screening on
absolute inequalities in lung cancer mortality and health-
adjusted life expectancy (HALE) for Maori compared
with non-Maori.

MATERIALS AND METHODS

This study used an existing LDCT lung cancer screening
Markov model developed by the University of Otago
Burden of Disease Epidemiology, Equity and Cost-
Effectiveness Programme (BODE?) that was funded by

Healthy population
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Figure 1 Model states.

the Health Research Council and Ministry of Business,
Innovation and Employment.23 The lung cancer Markov
model feeds cancerspecific mortality to a life table to
calculate health-adjusted life-years (HALYs) and costs
over a lifetime time horizon. We have updated the orig-
inal BODE? model to account for developments in lung
cancer screening pathways, to include the most recent
RCT evidence and lung cancer epidemiology, while
reviewing and revising key model assumptions (described
in online supplemental data A, methods).

The updated model (now referred to as ‘the model’)
was used to estimate the lifetime health gains in HALYs,
costs and cost-effectiveness of a national LDCT lung
screening programme based on biennial CTs of current
smokers aged bb—74years with a 30 pack-year smoking
history, and of former smokers who have quit within the
last 15 years. The same population was modelled twice:
without LDCT screening and with LDCT screening for
lung cancer. The differences between the two determined
benefits and costs.

Included in the model were all individuals aged 55 years
and over in 2011 (with the smoking history described
above), with each 5-year age group in 2011 modelled
separately until death or age 110 years (figure 1). From
the first round our cohort was diverse, covering the range
of eligible age groups with a mix of eligible smoking
histories. We assumed this population to be screen-naive.
A cycle length of 1year was used in the modelling. The
model was implemented in Microsoft Excel, using the
Ersatz add-in for uncertainty analysis (Microsoft, www.
Epigear.com).

As much as possible we captured sociodemographic
heterogeneity by sex, age and ethnic group (Maori and
non-Maori) for lung cancer incidence, stage at diagnosis
and mortality. Background mortality, morbidity, and
unrelated and disease-specific health system costs were
included by sex and age only. Unrelated health system
costs were included, that is, average expected costs to
the health system by sex and age, generating cost off-sets,
for years of life saved. A health system perspective was
used, with a 3% discount rate on both costs and benefits.
We assumed a cost-effectiveness threshold value based
on annual gross domestic product (GDP) per capita of

NZ$45 000 per HALY.**

Identification of the modelled population
The modelled population included those with a 30 pack-
year history of smoking who either currently smoke or
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have quit in the last 15 years. The eligible population
was estimated from NZ census data on current, former
and never smokers and smoking cessation rates applied
to population estimates.”” There was no inflow into the
model for those reaching the 30 pack-year criterion
after the original cohort was identified. A smoking cessa-
tion rate (based on 2013 estimates)” was applied to the
modelled population to estimate the proportion of the
original cohort becoming ineligible as a result of being
more than 15 years post-quitting (model outflow). After
quitting, ex-smokers’ risk of lung cancer was projected
to reduce steadily over time, with no increased risk (over
never smokers) at 15 years. In the model, lung cancer
cases remaining in the prevalent pool after 6 years were
assumed to have achieved statistical cure. Population
morbidity and mortality estimates were scaled up for
the screen eligible cohort. Morbidity was increased by
25% and mortality was scaled up to account for smoking
history, and additionally for smoking intensity. The full
methods for this adjustment are available elsewhere.'”

Model inputs

Model parameters were determined by a combination of
literature reviews, parameters used in previous models
published in peerreviewed literature, and analyses of
NZ-linked health datasets. Intervention parameters were
primarily and preferentially sourced from the NELSON
trial.'® 2 ¥” For each parameter, we determined a point
estimate and distribution for use in probabilistic uncer-
tainty analysis (table 1).

Several key parameters in the original BODE® model
were updated (table 1) by incorporating findings from
the recent NELSON RCT, where a more detailed nodule
management protocol (using nodule volumes and volume
doubling time) improved the specificity of screening in
identifying lung cancer, reduced the number of diagnostic
tests required and resulted in a small (2%) increase in the
number of CT scans."” Other parameter updates include
stage at diagnosis, stage-specific survival, CT scan costs,
diagnostic test adherence and overdiagnosis (described
in online supplemental methods).

We setscreening coverage in the base case to be equal for
Maori and non-Maori, thereby setting an expectation for
equal treatment by ethnicity. A well-designed programme
that prioritises Maori engagement and outcomes can
achieve high screening coverage for Maori without any
additional costs.” A scenario analysis of increased costs to
address inequities in screening coverage due to a poorly
designed programme was also undertaken by doubling
invitation costs for the entire screening cohort.

Lead time bias was accounted for by delaying excess
mortality for screen-detected cancers by 6 months, with
sensitivity analyses of varying lengths of lead time. Overdi-
agnosis was included by removing 8.9% of screen-detected
local stage cancers in the LDCT arm.®

Our primary analyses included background (ie, non-
lung cancer) mortality rates and expected background
morbidity in the main life table. Morbidity was estimated

by sex, ethnic group and age, using the total years of
life lived with disabilities (YLDs) from an NZ Burden of
Disease Study,” *’ divided by the population count in the
same group. Health gain could only occur in the enve-
lope of ‘good health’ that reduced with increasing age
and was less for Maori. For example, a Maori woman aged
60—64 years has an expected YLD of 0.88, meaning a year
of life gained in this population group has a maximum
utility value of 0.712.

Within the model we used invitation costs from the
NZ colorectal cancer screening pilot study’’ and applied
them evenly across population groups. This spread the
cost of any activities to increase screening coverage in
specific groups (such as Maori) equally across the entire
population—so as not to penalise under screened popu-
lations for the limitations of the current health system.
Excess costs (ie, excess to that expected for an ‘average’
NZ citizen of the same sex and age™ and cost offsets
(health system costs averted as a result of screening)
varied for being in the first year of lung cancer diagnosis,
remission or last 6 months of life if dying of lung cancer.

Analyses

Our base case analysis assumes equal intervention
coverage, equal sensitivity and specificity of LDCT in
detecting lung cancer, and equal per capita intervention
and health system costs for Maori and non-Maori, with
ethnic specific-estimates of the eligible population, lung
cancer incidence, stage at diagnosis, lung cancer net
survival, and background morbidity and mortality. The
model was run as a Monte Carlo simulation with 2000 iter-
ations, each drawing randomly from the range around
each input parameter to produce a modelled best esti-
mate with a 95% uncertainly interval (UI). The primary
model outputs include health gains (HALYs total and
per capita), baseline and intervention costs, incremental
cost-effectiveness ratio (ICER) and equity analyses as
described below. To allow the direct comparison of Maori
and non-Maori health gains, the per capita health gains
are age standardised to the 2001 Maori age standard.”
Tornado plots were constructed to examine the impact
of uncertainty in each input parameter on uncertainty in
the output ICER, by rerunning the model with the 2.5th
and 97.5th percentile values of the input parameters
(online supplemental figures 1-3).

We measured relative and absolute inequalities in lung
cancer mortality and HALE before and after the interven-
tion for the 55-59-year-old model cohort (as this group
would receive the full screening experience over their
lifetime). We also calculated the absolute difference in
lives saved and healthy days gained for Maori compared
with non-Maori by subtracting the baseline difference in
mortality and HALE from the intervention mortality and
HALE difference. The absolute change in inequality in
HALE was then converted to healthy days (by multiplying
by 365). These were calculated for the 55-59year screen-
eligible cohort and were also weighted up to measure
these gains over the total population in this age group by
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Table 1 Input parameters for modelling LDCT lung cancer screening in the New Zealand (NZ) setting
Change with

Base case Source in this respect to BODE?
Variable (range) Distribution model model
Performance of CT as a screening test
LDCT sensitivity 84.6% (80%- Beta (183, 33) NELSON' Updated from NLST

89%) to NELSON evidence
LDCT specificity 98.6% Beta (23238, 330)  NELSON'2%6 Updated from NLST

Proportion of population screened per
round

Proportion never screened
Performance of diagnostic tests
Diagnostic test adherence

Major complication rate from diagnostic
test

Incidental findings rate
Overdiagnosis rate in screening arm

Disease/state morbidity

DW for first 5months lung cancer diagnosis

and treatment

DW for 1 month assumed terminal

DW for 5months assumed preterminal lung

cancer

DW per annum after diagnosis and
treatment (ie, remission)

DW for complication from diagnostic test

(98.4%-98.7)

70% (60%-
79%)

20% (11%-—
31%)

87.5% (82%-~
92%)

6% (1.1%-—
15%)

7.5% (5.2%~
10.2%)

8.9%

0.469
0.548
0.539
0.315

0.0158

Beta (56, 24)

Beta (12, 48)

Beta (120, 12.7)

Beta (2.4, 37.8)

Beta (32, 394)

Nil
Nil
Nil
Nil

Nil

Incidence, stage at diagnosis, mortality and survival rates

Lung cancer stage at Local

diagnosis (%) Regional
Distant
Stage distribution Local
with LDCT lung Regional
screening (%) Distant

13
23.3
63.7

66.3
21.6
12.1

Nil

Nil

Based on breast
screening target
coverage for NZ*

Bowel screening
pilot (Litmus)*®

NELSON?’

47 48

NELSON?

NELSON?

Based on GBD DWs
with disaggregation
by clinical phase?® *°
29 49

29 49

29 49

29 49

MLCR (online
supplemental
appendix A, online
supplemental file)'®

NELSON?’

to NELSON evidence

Changed to provide
equal coverage for
Maori and non-Maori

Changed to provide
equal coverage for
Maori and non-Maori

Updated from NLST
to NELSON evidence

Changed to

include rate of
pneumothorax from
needle biopsy

No change

Updated to NELSON
evidence

No change

No change
No change

No change

No change (based
on moderate
respiratory disease
for 30-day duration)

Changed from stage
distribution imputed
from NZ Cancer
Registry to the more
complete stage
distribution of MLCR

Updated from the
proportionate shift
observed in NLST
to a final distribution
that matches
NELSON

Continued
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Table 1 Continued

Change with

Base case Source in this respect to BODE®
Variable (range) Distribution model model
Lung cancer relative survival Varied by sex, Nil From analyses Changed to
age, ethnicity of linked cancer stage-specific
and stage mortality data Pohar Perme net
by stage and survival estimates
operationalised as derived from
log-normal survival  analysis of NZCR
probabilities (online  data where SEER
supplemental extent of disease
appendix A, online  was available or
supplemental file). calculated from TNM
values
Background (ie, non-lung) mortality with Varied by sex, Nil From projected life ~ No change
1.75%/2.25% annual decrease for non- ethnicity and tables by sex, age
Maori/Maoti age and ethnicity®°
Background or expected morbidity Varied by sex, Nil Prevalent YLDs from No change
ethnicity and NZ BDS*
age
Cessation rate Varied by sex, Nil ‘Pessimistic ‘Best estimate’
ethnicity and scenario’ projections projections from
age from analyses of census data®®
2006-2013 census
data®
Lead time (years) 0.5 Nil g No change
Direct costs (all in NZ$)
Cost per person invited 30 (19-43) Gamma (25, 1.2) 52

Cost per LDCT scan

Percentage increase in CT costs to account
for new nodule monitoring protocol (%)

Cost per diagnostic test

Cost of incidental findings

Cost of major complications

Health system costs

Base cost by sex and age of any citizen,
with excess costs* of lung cancer (first year
of diagnosis, last 6 months of life if dying of
lung cancer and in-between)

400 (362-440)

2(1.1-3.1)

1837 (1214-
2622)

500 (324-714)

2835 (1820~
4148)

Applied as
multiplier to
the costs

Gamma (400, 1)

Beta (15, 737)
Gamma (25, 73)

Gamma (25, 20)

Gamma (25, 113)

Normal (1, 0.1)
(correlated 1.0
across all sex, age
and ethnic groups)

Average of three
quotes

NELSON RCT"®

52

online
supplemental
appendix A, online
supplemental file).

17(

Based on purchasing
power parity
adjusted®® cost of a
pneumothorax>*

See Ref. 32 for
methods and data

Quotes obtained for
this project, middle

quote used as base
case

2% additional scans
for nodules

No change

No change

No change

No change

*Excess to ‘average’ NZ.

BODE?®, Burden of Disease Epidemiology, Equity and Cost-Effectiveness Programme; DW, disability weight; GBD, Global Burden of Disease;
LDCT, low-dose CT; MLCR, Midland Lung Cancer Registry; NZCR, New Zealand Cancer Registry; RCT, randomised controlled trial; SEER,
Surveillance, Epidemiology and End Results programme of the National Cancer Institute ; TNM, tumour, node, metastasis cancer staging;

YLD, year lost due to disability.
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multiplying by the proportion eligible for screening out
of the total population and dividing by the total popula-
tion in the age group in 2011.

A number of sensitivity analyses were also run including
equity-focused analyses where: (1) we replaced Maori
data with non-Maori values for baseline mortality and
morbidity to address the issues that (A) lower life expec-
tancy of Indigenous populations results in less oppor-
tunity for life-years gained with screening and (B) that
lower life expectancy is, in part, a result of lung cancer
inequities and (2) we assessed the impact of improve-
ments in treatment for Maori following the implementa-
tion of a screening programme, given evidence of greater
delays to treatment for Maori in the current health system
compared with non-Maori leading to poorer survival.**°
For this last scenario, for Maori who are screened, we
replaced Maori age-specific excess mortality from lung
cancer with the non-Maori rate. This scenario ignores any
improvements to non-Maori survival and likely overesti-
mates the improvements for Maori by ignoring the influ-
ence of comorbidities on treatment and survival.

Other sensitivity analyses examined variations in key
input parameters of the costs of the CT scan, compli-
cation rate, overdiagnosis, lead time, invitation costs
(to account for increased costs of increasing Maori
screening coverage), screening cost weight to account for

additional CT scans associated with the nodule manage-
ment protocol®” and discount rate.

RESULTS
The modelled CT lung cancer screening intervention
for smokers aged 55—74years resulted in health benefits
for all population groups and was cost-effective for all
modelled groups (using an ICER threshold of NZ$45 000
per HALY). The ICERs ranged from NZ$24700 per
HALY (95% UI NZ$19900 to NZ$30400) for Maori
females up to NZ$39100 per HALY for non-Maori males
(95% UI NZ$31400 to NZ$48900). The size of the
health gains from the intervention was greater for Maori
compared with non-Maori and for women compared with
men (table 2). Maori health gains (HALYs per capita)
were approximately two times greater for Maori females
compared with non-Maori females (0.112 HALYs/ capita,
95% UT 0.080 to 0.151 and 0.063, 95% UT 0.045 to 0.083,
respectively), and 25% greater for Maori males compared
with non-Maori males (0.068, 95% UI 0.048 to 0.092 cf
0.051, 95% UI 0.037 to 0.069) with overlap in the Uls
(table 2).

The modelled LDCT screening intervention is highly
likely to be cost-effective for all sex and ethnic groups,
given a willingness to pay threshold based on GDP per

Table 2 Lifetime costs, HALYs and ICERs (95% uncertainty intervals) for biennial CT screening of smokers aged 55-74 years
with a 30 pack-year smoking history, by ethnic group and gender, among the 2011 population

Total

Maori Non-Maori

All 55+ year olds

Cost of intervention (NZ$; millions) 68 (58 to 80)

Net cost (NZ$; millions)
Total HALYs gained
ICER

Males

Net cost (NZ$; millions)
Total HALY's gained
HALYs gained per capita

HALYs gained per capita (age
standardised)*

ICER

Females

Net cost (NZ$; millions)
Total HALY's gained
HALYs gained per capita

HALYs gained per capita (age
standardised)*

ICER

105 (87 to 126)
3230 (2320 to 4310)

NZ$34 400 (NZ$27 500 to NZ$42
900)

49 (41 to 58)

1310 (939 to 1760)
0.051 (0.037 to 0.069)
0.054 (0.039 to 0.072)

NZ$38200 (NZ$30400 to $47 700)

56 (46 to 67)

1800 (1300 to 2410)
0.067 (0.048 to 0.089)
0.070 (0.051 to 0.094)

NZ$31700 (NZ$25300 to NZ$39
500)

9.3 (7.9 t0 10.8)
18 (14 to 22)
670 (480 to 900)

NZ$27 400 (NZ$22 000 to NZ$33
700)

6.8 (5.5 t0 8.2)

206 (147 to 278)
0.068 (0.049 to 0.092)
0.068 (0.049 to 0.092)

NZ$33300 (NZ$26 700 to NZ$41
000)

10 (8 to 1)

450 (320 to 600)
0.111 (0.079 to 0.149)
0.112 (0.080 to 0.151)

NZ$24 700 (NZ$19900 to NZ$30
400)

59 (50 to 69)
88 (73 to 104)
2550 (1770 to 3300)

NZ$36300 (NZ$28800 to NZ$45
300)

42 (35 to 50)

1100 (793 to 1490)
0.049 (0.035 to 0.066)
0.051 (0.037 to 0.069)

NZ$39100 (NZ$31 400 to NZ$48
900)

45 (37 to 54)

1360 (978 to 1810)
0.059 (0.042 to 0.078)
0.063 (0.045 to 0.083)

NZ$34000 (NZ$27 100 to NZ$42
500)

Discount rate 3%.

*Age standardised to the 2001 Maori population standard.
HALY, health-adjusted life-year; ICER, incremental cost-effectiveness ratio.

McLeod M, et al. BMJ Open 2020;10:6037145. doi:10.1136/bmjopen-2020-037145

"ybBuAdoo Aq parosioid 1sanb Aq TZ0zZ ‘0E JoquanoN uo /wod fwag uadolwagy/:dny woly papeojumod 020z loquaidas vz uo GyT/£0-0202-uadolwa/oeTT 0T Se paysignd 1sii :uado NG


http://bmjopen.bmj.com/

100%

90%
80%
70%
60%
50%
40%
30%
20%

Probability of being cost-effective

60-64 M
Maori F 65-69 =——  Maori M 65-69
non-Maori F 70-74 == M,

Figure 2 Cost-effectiveness acceptability curve for low-
dose CT screening for lung cancer, by age group, gender
(male (M), female (F)) and ethnicity.

capita (eg, NZ$45000 per HALY) (figure 2). LDCT
screening is likely to be relatively more cost-effective for
Maori than for non-Maori, for females than for males, and
for those in the older eligible age group (70-74 years)
compared with the younger eligible age groups (55-59
years) (figure 2) LDCT screening remained cost-effective
for the total population in all but one of the sensitivity
analyses on key parameters (table 3).

Substituting non-Maori background mortality for Maori
background mortality provided a 25% increase in Maori
HALY gains compared with the default model (820 cf 660
HALYs; table 3). Using values of non-Maori background
morbidity had a smaller gain in HALYs for Maori, with
a 14% increase in total HALYs relative to the default
model. The combination of setting non-Maori levels of
background morbidity and mortality for Maori in the
model resulted in a 42% additional total HALYs for Maori
over default. Improving stage-specific survival for Maori
to the level of non-Maori resulted in a 36% increase in
Maori total HALYs. In all these scenarios, there was little
change to the costs and therefore changes to the ICERs
were primarily driven by changes in the health gains.

Impacts on inequalities in lung cancer survival and absolute
inequalities in HALE

For the 55-59-year-old cohort, Maori had higher baseline
lung cancer mortality than non-Maori. Mortality rates
per 1000 eligible population reduced for both Maori and
non-Maori with LDCT lung screening, and there was a
reduction in the rate difference between baseline and
intervention, indicating a reduction in absolute mortality
inequities with screening (table 4). For Maori males, the
reduction in absolute inequity in lung cancer mortality
resulted in an additional 1.4 (95% UI 1.2 to 1.7) lives
saved per 1000 eligible population for Maori males over
the reduction in mortality for non-Maori males. Weighted
to spread this gain over the total population aged 55-59
years, this reduced to an additional 0.5 (95% UI 0.4 to
0.6) lives saved per 1000 population for Maori males. The
gain in lives saved were even greater for Maori females,
with an additional 5.6 (95% UI 4.4 to 6.9) lives saved per

1000 eligible population, and 1.1 (95% UI 0.8 to 1.4) lives
saved per 1000 total population over the mortality gains
for non-Maori females. In contrast, the relative inequity
in mortality for the eligible population increased slightly,
with overlapping Uls (table 4). Using a scenario of equal
stage-specific survival, there were bigger gains in health
equity as measured by changes to lung cancer mortality
and in lives saved for Maori over non-Maori (online
supplemental table SI).

For HALE, Maori baseline and intervention HALE were
lower than non-Maori HALE, and both Maori and non-
Maori HALE improved with screening (table 4). Abso-
lute and relative inequities in HALE between Maori and
non-Maori reduced slightly with CT lung screening. With
LDCT screening, Maori females gained 20 healthy days
over the gains of non-Maori females, and for Maori males
there was a gain of 8 healthy days over non-Maori males.
The scenario using equal stage-specific survival demon-
strated greater gains in health equity for Maori over
non-Maori (online supplemental table S1). For HALE
in the eligible population, Maori females under this
scenario gained 60 healthy days over non-Maori females
and/or Maori males healthy days gained over non-Maori
increased to 30 healthy days under this scenario (online
supplemental table SI).

DISCUSSION
LDCT screening for lung canceris likely to be cost-effective
in the NZ setting and will likely contribute positively to
reducing population level inequities in lung cancer for
Maori. In the model, Maori achieve greater per capita
health gains compared with non-Maori due to higher
rates of tobacco use, and higher incidence and mortality
of Maori from lung cancer. These greater health gains for
Maori translate into more favourable cost-effectiveness
for this population compared with the total population.
Previous international estimates of the cost-effectiveness
of LDCT lung cancerscreening have been mixed.'’"” 1738-40
Similar to other studies, we found varying health gains
and cost-effectiveness by demographic grouping, with
females, older eligible participants and Maori likely to
achieve greater gains in health and be relatively more
cost-effective than males, the youngest eligible modelled
cohort, and non-Mori, respectively.'” * The BODE® 2018
cost-effectiveness analysis17 concluded that lung cancer
screening was unlikely to be cost-effective in NZ, and
this conclusion impacted policy discussions regarding
lung cancer screening in NZ.'” A recent correction to
this paper now finds CT lung cancer screening is cost-
effective for Maori.'® This differs from our finding that
LDCT screening is likely to be cost-effective for all eligible
groups in NZ. The major drivers of the improved esti-
mates of cost-effectiveness in our model compared with
the BODE® model are our updates to stage shift, improved
sensitivity and specificity reported in the NELSON RCT,
and lower CT costs.
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Table 3 Scenario analyses for the total eligible population and equity scenarios for Maori (95% uncertainty intervals)

Cost of intervention

Scenarios (NZ$; millions) Net cost (NZ$; millions) Total HALYs gained ICER
Default 68 (58 to 80) 105 (87 to 126) 3120 (2240 to 4170)  NZ$34400 (NZ$27500 to
NZ$42 900)

Discounting 0% 78 (65 to 90)

Discounting 6% 60 (50 to 71)

100% screening
coverage

95 (86 to 104)

Screening cost
200%

Diagnostic cost
200%

Screening cost
weight 1.692

Lead time double

123 (106-139)
71 (60 to 82)
104 (87 to 120)
68 (57 to 79)

Invitation costs
150% (to account
for costs of equal
coverage)

71 (60 to 82)

No smoking
cessation in eligible
cohort (cohort
remains eligible over
lifetime)*

86 (72 to 100)

Complication rate
15%

Overdiagnosis 11% 68 (57 to 79)

68 (57 to 79)

Equity scenarios (Maori results)

Default model 9.3 (7.7 t0 10.8)

1. Maori lung cancer 9.3 (7.7 to 10.8)
stage-specific

survival replaced

with non-Maori

values (for Maori

who are screened)

2. Maori background 9.8 (8.3 to 11.4)
mortality replaced

with non-Maori

values

3. Maori background 9.3 (7.9 to 10.8)
morbidity replaced

with non-Maori

values

4. Scenarios 2 and 3 9.9 (8.3 to 11.4)

131 (106 to 158)
88 (73 to 104)
155 (135 to 177)
160 (136 to 186)
109 (90 to 129)
142 (118 to 167)
106 (87 to 126)

108 (89 to 128)

136 (111 to 161)

107 (88 to 127)

106 (87 to 126)

18 (14 to 22)

21 (16 to 27)

19.7 (15.8 to 24.2)

17.8 (14.3 to 21.8)

19.8 (15.6 to 24.3)

4780 (3390 to 6490)
2120 (1530 to 2840)
4480 (3290 to 5840)
3130 (2210 to 4190)
3130 (2240 to 4100)
3140 (2210 to 4220)
3141 (2217 to 4174)

3110 (2190 to 4160)

4300 (3100 to 5700)

3150 (2280 to 4200)

3100 (2210 to 4110)

660 (470 to 880)

890 (630 to 1190)
36% increase

820 (590 to 1100)
25% increase

740 (530 to 990)
13.5% increase

930 (670 to 1220)
42% increase

NZ$27900 (NZ$22 400 to
NZ$34 800)

NZ$42 400 (NZ$34 000 to
NZ$52 800)

NZ$35200 (NZ$28500 to
NZ$43 800)

NZ$52200 (NZ$41700 to
NZ$66 000)

NZ$35400
NZ$44 600

NZ$46116
NZ$58 270

NZ$34400
NZ$43 198

NZ$35500
NZ$44 400

NZ$28300 to

NZ$36 277 to

NZ$27 478 to

NZ$28400 to

_— N =~ — = =~ —~

NZ$32 100 (NZ$25800 to
NZ$39 800)

NZ$34500 (NZ$27 700 to
NZ$43 000)

NZ$34 700 (NZ$27 800 to
NZ$42 900)

NZ$27 400 (NZ$22 100 to
NZ$33 700)

NZ$24200 (NZ$19500 to
NZ$29 600)

NZ$24 400 (NZ$19800 to
NZ$30 000)

NZ$24200 (NZ$19900 to
NZ$29 200)

NZ$21400 (NZ$17 800 to
NZ$25 800)

*Costs associated with background morbidity and mortality were adjusted to reflect the altered age structure of the eligible cohort.
HALY, health-adjusted life-year; ICER, incremental cost-effectiveness ratio.
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Our equity-focused scenarios demonstrated the
important impact of existing inequities in health and
healthcare for Maori on modelled health gains from
LDCT screening for lung cancer. Removing the penalty
of having lower life expectancy and a higher burden
of comorbid conditions for Maori resulted in a large
increase in per capita HALY gains (increased by 42%)
and also a reduction in the ICER for Maori, further
improving the cost-effectiveness profile. An improvement
in HALYs per capita (36% increase over default level)
and cost-effectiveness for Maori was also seen from the
scenario of equal stage-specific survival, where Maori who
engaged with screening achieved the same levels of stage-
specific survival as non-Maori. This scenario assumes that
inequities in access to and quality of care for lung cancer
for Maori will disappear with a structured and monitored
screening programme, thereby equalising stage-specific
survival. This scenario ignores the contribution of other
factors to stage-specific survival inequities, such as comor-
bidities, any ethnic differences in the proportion of the
distribution of small cell lung cancers that have worse
prognosis and assumes that improvements in access and
care for Maori will mitigate both the existing inequities
and any improvements to non-Maori that may also arise
from increased standardisation of care.

A strength of our approach to modelling was the
primacy of health equity for Maori in all of our modelling
decisions. In addition to building several equity-specific
model outputs (such as changes to mortality and HALE
inequities), we gave priority to updating model parame-
ters that were likely to have an importantimpact on health
equity (regardless of whether this impact was positive or
negative). In this paper, we included new estimates of
Surveillance, Epidemiology and End Results programme
of the National Cancer Institute extent of disease at diag-
nosis drawn from a registry which has provided almost
complete extent of disease at diagnosis. Importantly, this
analysis showed that there are no measurable differences
in extent of disease at diagnosis for Maori compared with
non-Maori which is consistent with the published analysis
of stage at diagnosis from that source.'®

We also included new estimates of stage-specific survival
that show a large inequity for localised lung cancer in
Maori compared with non-Maori. This is an important
finding in the context of LDCT lung cancer screening
which primarily aims to increase the proportion of local-
ised cancers. Because stage at diagnosis does not differ
for Maori and non-Maori, worse stage-specific survival
for localised lung cancer results in an increase in rela-
tive mortality inequities for Maori (compared with non-
Maori) in the screen eligible population. Should LDCT
lung cancer screening be implemented in NZ, it will be
critical to address this differential stage-specific survival
for Maori by addressing access to and quality of health-
care for those diagnosed with lung cancer alongside the
appropriate management of comorbid conditions.

In our model, we set the expectation that a new
screening programme would achieve equal coverage for

Maori and non-Maori, thereby not extending existing
inequities in screening service access. There are exam-
ples of health service providers in NZ that have achieved
equal or greater screening coverage for Maori, demon-
strating that, with good design and engagement with
Miori, equal coverage is achievable.® ** Our scenario
analysis of increased invitation costs to improve Maori
screening coverage remained cost-effective. In the model
we account for outflow, where a proportion of the popula-
tion will reach 15 years post cessation after initially being
eligible. However, we do not account for any inflow into
the model, where those initially ineligible subsequently
acquire a 30 pack-year smoking history. As a result, our
estimates of health gains and cost-effectiveness may be
conservative. We used the NLST eligibility criteria for
a higher risk eligible population, for consistency with
previous NZ-based analyses. Using our model, the wider
eligibility criteria of NELSON gives greater total HALYs
gains, but similar ICERs due to the balancing impacts
of the lower risk of lung cancer (lower per capita HALY
gains) in a younger cohort (greater per capita HALY
gains).

From an equity perspective, an important limitation of
our LDCT screening model was the sole focus on lung
cancer, to produce a conservative estimate of the possible
health gains, the impacts on inequities for Maori and the
cost-effectiveness. There is evidence that LDCT scans
undertaken in such a high-risk population (30 pack-year
smoking history) may offer potential co-benefits for the
diagnosis and management of other health conditions,
such as coronaryartery calcification*’ and chronic obstruc-
tive pulmonary disease, which are important conditions
for the total population and have a greater burden on
Maori. In addition, we did not include any changes to
smoking behaviours that might occur as a result of LDCT
screening, despite evidence that there can be an effect on
cessation rates for those who engage in screening and that
this impacts positively on cost-effectiveness models."”**

We expect that this work will lead to further discussions
regarding lung cancer screening in NZ. Furthermore, the
methods we have used to ensure this cost-effectiveness
analysis explicitly considered equity can be used in model-
ling for other conditions.

CONCLUSIONS

A national LDCT screening programme for lung cancer
in NZ is likely to be cost-effective and will improve
total population health. A well-planned and monitored
programme can make an important contribution to
reducing inequities in the burden of lung cancer for the
Maori population. For these reasons, we highly recom-
mend consideration of an LDCT screening programme
in NZ.

Twitter Sue Crengle @tiekemanu
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