ARTICLE 90

The volume of publicly funded
treatment delivered to lung cancer
cases in Aotearoa New Zealand

Jason Gurney, Anna Davies, Jasmine Appleton, Laird Cameron, Shaun Costello, Paul
Dawkins, Christopher GCA Jackson, Jonathan Koea, Virginia Signal, Jesse Whitehead,
James Stanley

ABSTRACT

BACKGROUND: Lung cancer is immensely complex and resource-intensive to treat. Much of this burden falls to our public healthcare
system; however, we currently do not know how much treatment we are providing for our most deadly cancer. Here we describe
volumes of publicly funded surgery, radiation and systemic therapy delivered to New Zealanders with lung cancer.

METHODS: We identified all lung cancers registered on the New Zealand Cancer Registry from 1 January 2015 to 31 December 2021
(n=16,850). We linked cases to national treatment data, including inpatient, outpatient and pharmaceutical datasets. We counted the
volume of treatment received over a 2-year window from diagnosis and determined treatment per year of diagnosed cases. We also
determined the average treatment received per diagnosed case, and per treated case.

RESULTS: For each year of new lung cancer diagnoses, our public system delivered 978 surgical-days of lung cancer-specific surgery,
11,027 attendance-days of radiation therapy and 9,108 dispensings of systemic therapy over the 2-year window following diagnosis.
Each treated person received an average of 1.5 surgical-days of cancer-specific surgery, 11.5 attendance-days of radiation therapy and
11.8 dispensings of systemic therapy, mostly intravenous chemotherapy. There were no obvious differences in average treatment by
ethnicity.

concLusions: With the number of lung cancer diagnoses projected to increase over time, the volume of treatment delivered by our
system will need to increase beyond the levels reported here. Among other actions, New Zealand must return to our world-leading

tobacco cessation pathway to curb the significant future pressure caused by this common, complex and lethal cancer.

ith more than 1,800 deaths each year,

lung cancer kills more New Zealanders

than breast, prostate, melanoma and
cervical cancers combined.! Around 2,400 New
Zealanders are diagnosed with lung cancer each
year,2 and because of the appalling prognosis
following diagnosis, around 65% of these cases
will be dead within 1 year, and around 80% will
be dead within 3 years.® The lung cancer prob-
lem is particularly important for Maori, who are
more than three times more likely to develop lung
cancer, and 30% more likely to die once diagnosed
compared with non-Maori.* Progress made in
tobacco control since the 1980s and 1990s means
that rates of lung cancer are slowly reducing over
time, primarily for men,’ and these reductions in
incidence will lead to reductions in lung cancer
deaths. However, because of factors including
population growth, even assuming that we follow
our current decreasing incidence trajectory, we will
be diagnosing nearly 4,000 New Zealanders with
lung cancer every year by 2044.° Recent repeals

to New Zealand’s world-leading tobacco legisla-
tion®’ will serve to further entrench this projected
future burden.

Beyond the obvious burden to individuals
and families caused by this disease, lung cancer
is immensely complex and resource-intensive to
treat.® Early warning signs are vague and often
mistaken for other respiratory complaints, which
means that most cases are caught late in the
natural course of the disease. Diagnosis is invasive
and not straightforward. Curative and palliative
treatments draw across the full range of modern
cancer care,’ from complex surgery that can only
be performed by specialists in a few treatment
hubs, to radiation therapy only delivered in large
cities, to a growing range of systemic therapies,
mostly intravenously delivered in cancer cen-
tres. The complexity of the care required to treat
lung cancer is complicated by a propensity for the
disease to metastasise to other organs, as well as
complexities arising from common comorbidities
that need to be managed.*°
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The commonality, complexity, inherent treat-
ment risk with consequent need for intensivist
infrastructure and outright expense needed to
treat lung cancer means that our public health-
care system will invariably carry the lion’s share
of the care burden, with limited provision in
private settings. However, the size of this bur-
den remains unclear, and we currently do not
know how much care we are providing to treat
our most deadly cancer. Providing this care is the
responsibility of central government within our
universal healthcare setting, and so this infor-
mation has immediate relevance for forward-
planning, particularly given that despite reduc-
tions in incidence rates, the absolute number
of lung cancers we will need to treat will still
increase over the coming decades.® Understanding
the burden of lung cancer treatment in New
Zealand is also relevant when we are discussing
what national direction we want to take when it
comes to tobacco control policy: this information
is currently missing from this debate.

The purpose of this study was to describe
current volumes of publicly funded surgery,
radiation therapy and systemic therapy delivered
to New Zealanders with lung cancer. Given that
Maori are three times more likely to develop lung
cancer than European New Zealanders,? and that
we have previously shown disparities in access
to surgery between Maori and Europeans with
lung cancer,'*'?> we also sought to describe and
compare treatment volumes by ethnicity.

Methods

Participants and data sources

We identified all lung cancers (International
Classification of Diseases [ICD] codes C33-C34)
registered on the New Zealand Cancer Registry
(NZCR) from 1 January 2015 to 31 December 2021.
Registrations on the NZCR were then linked to
sources of publicly funded treatment data: the
National Minimum Dataset (NMDS; for surgery
and radiation therapy data), the National Non-
Admitted Patient Collection (NNPAC; for radiation
therapy data), and the Pharmaceutical Collection
(PHARMS; for systemic therapy). All treatment
data were extracted from 5 years prior to the
onset of the study period to allow for the calcu-
lation of comorbidity (see Socio-demographic and
clinical variables below).

Socio-demographic and clinical variables
Prioritised ethnicity was derived from the
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NZCR (or supplementary sources within the
National Collections such as the NMDS, Primary
Health Organisation [PHO] Collection, Mortality
Collection and NNPAC) and categorised using
prioritised ethnicity into Maori (ethnicity
code 21), European (ethnicity codes 10-12),
or “Other” (i.e., all non-Maori, non-European
peoples). While we defined ethnicity data for
everyone in the cohort, ethnic comparisons
focussed on comparing Maori and European. Age
at diagnosis was derived from the NZCR, and
categorised as <50, 50-64, 65-74, and 75+ years.
Gender was derived from the NZCR (or supple-
mentary sources), and all people were recorded
as either male or female (no other/unknown
gender records within the dataset for this period).

Area-level socio-economic deprivation
was defined using the New Zealand Index of
Deprivation (NZDep) area deprivation index,'®
which determines area deprivation based on the
domicile code available on the NZCR (or other
supplementary sources within National Collec-
tions if unavailable on the NZCR). NZDep was
categorised into five quintile categories (NZDep
1 [least deprived], 2, 3, 4 and 5 [most deprived]).
Rurality was defined using the Geographical
Classification for Health (GCH), based on domicile
code drawn from the NZCR (or supplemented from
other National Collections, as for the ethnicity and
deprivation information above).'* The GCH cat-
egorises urban/rural status based on travel time
to the edge of an urban area, population size and
population density, with categories including
Urban 1 (“most” urban), Urban 2, Rural 1, Rural 2
and Rural 3 (“most” rural).**

Comorbidity at cancer diagnosis was defined
using the C3 cancer comorbidity index.’> C3
comorbidity score was categorised as 0 (score
<=0), 1 (>0, <=1), 2 (>1, <=2) and 3 (>2). The C3
index was used as a categorical variable within
descriptive analysis, and as a splined variable for
regression modelling/marginal standardisation
using restricted cubic splines with four knots at
the median, 75th, 90th and 95th percentiles.'®

Stage of disease was derived from the NZCR,
using the SEER Summary Stage method (A to F),"
with stage collapsed into Local (SEER Summary
Stage B), Regional (C and D), Advanced (E) and
Unstaged (F).!® Tumour histological subtype
(referred to as “tumour type” in this report) was
defined using morphology data from the NZCR. To
define tumour type, we used the approach taken by
the International Agency for Research on Cancer
(IARC) in their Cancer Incidence in Five Continents,
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and used the World Health Organization Blue Book
and ICD-10-O code books? to set categories based
on tumour histology. Small cell lung cancers were
one category, and non-small cell cancers were
disaggregated into adenocarcinomas, squamous
cell carcinomas and other/unspecified tumours.

Treatment variables
Surgery

Following a clinically guided process that
excluded non-cancer-related surgeries, a final
master list of 432 Australian Classification of
Health Interventions surgical procedure blocks
was created.’? Procedure blocks, hereafter
termed “procedures”, often aggregate individual
procedures up to a block of like-procedures;
for example, the “lobectomy” procedure block
comprises left lung and right lung lobectomies.
This master list was then used to identify pro-
cedures within the NMDS dataset and define
the count and average volume of cancer-related
(“any cancer”) procedures delivered to cases. This
“any cancer” expands beyond surgery specific to
lung cancer to ensure that we captured a snap-
shot of all cancer-relevant treatment received by
people in our cohort following diagnosis, even if a
given surgery was more closely related to the treat-
ment of a different primary cancer. We also used a
lung cancer-specific list of procedures to define the
number and average of cancer-specific procedures
delivered to cases (“cancer-specific”). When count-
ing surgery, we calculated “surgical-days”. When
counting the total volume of surgery, a surgical-
day was when one of our listed procedures was
performed; if more than one of the procedures
was performed on the same day, this was still only
counted as 1 surgical-day. When counting the most
common procedure types, we counted the number
of unique days that a given procedure occurred
on during follow-up. These measures reflect
person-centred experiences of the healthcare
journey.

Radiation therapy

We used NMDS (publicly funded data only)
and NNPAC data to identify receipt of radiation
therapy during the follow-up window. A list of
the codes used to identify radiation therapy from
these two data sources is shown in Appendix 1.
If a radiation therapy attendance was recorded
on the same day in both NMDS or NNPAC, we
only counted one radiation therapy atten-
dance (“attendance-day”). This is because such a
scenario was considered to be a quirk of how
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attendances are recorded across these two data-
sets, given the low clinical likelihood of two
separate radiation therapy treatments being
delivered on the same day. Conceptually this
means that this metric is a patient-centred
variable that records the number of days on which
a person attended a session for radiation therapy:.

Systemic therapy

The PHARMS collection was used to identify
receipt of systemic therapy during the follow-up
window (“dispensings”). Categories of systemic
therapy were defined based on chemical names
in consultation with our clinical team members,
and set as chemotherapy, targeted therapy,
immunotherapy and hormone therapy. Two
medical oncologists independently reviewed all
chemical names listed by the PHARMS collection
under the “Oncology Agents and Immunosuppres-
sants” therapeutic grouping, and either mapped a
chemical into one of these categories or removed
the chemical from consideration within our study.
For chemotherapy and targeted therapy, which
can be delivered intravenously or orally, we
additionally stratified by method of delivery. The
full list of included chemicals and their respective
categories is included in Appendix 2.

Measuring treatment volume

For each person diagnosed with lung cancer,
we examined treatment delivery across a time
window beginning 90 days prior to cancer diag-
nosis and spanning to 2 years post-diagnosis to
allow for sufficient time for treatment relevant
to the cancer to be captured. While we recognise
that an individual may continue to be treated for
the same cancer beyond this 2-year window, we
selected this window to a) maximise the likeli-
hood that the treatment being delivered is related
to the same primary cancer, b) provide a single,
consistent time window for capturing treatment
volume, and c) balance the need for recent data
against data that were currently available at the
time we conducted analysis. Because treatment
data were only available until July 2023, when
examining treatment volume we restricted the
cohort to those diagnosed prior to July 2021.

Measuring “any-receipt” of treatment

In addition to determining treatment volume,
for descriptive context we also described “any-
receipt” (that s, at least one instance) of treatment
across a time window beginning 90 days prior to
cancer diagnosis and spanning to 1 year post-
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diagnosis to allow for sufficient time for at
least one treatment relevant to the cancer to be
captured.

Statistical analysis
Descriptive analysis

We described cohort characteristics for both
the total cohort for a given cancer, as well as
separately for Maori and Europeans, including
crude numbers and percentages and (for the
ethnicity-stratified data) age-standardised per-
centages. We described any-receipt of treatment
as crude numbers as well as crude and age-
standardised proportions of the total and ethnicity-
stratified cohort, with marginal-standardised
proportions also calculated for the latter (see
description below). We described the volume of
surgery-days, radiation therapy attendance-days
and systemic therapy dispensings delivered
over the treatment window. For surgery, we
also described the most common procedures by
volume (e.g., lobectomy).

As well as describing volumes, we calculated
how much of the total volume of a given outcome
was delivered to a given ethnic group (e.g., the
crude percentage of total surgeries delivered to
Maori). We also determined the “average” (mean)
rate of treatment per case, as well as the average
treatment delivered per treated patient (e.g., mean
number of radiation therapy attendance-days,
per person who received any radiation therapy).
Age standardisation of cohort characteristic and
outcome data was calculated through direct age
standardisation, with the Maori lung cancer cohort
as the standard population. Age standardising
these results allowed us to control for the younger
age structure of the Maori lung cancer cohort
compared with the European lung cancer cohort.

Marginal standardisation

To adjust for the potential confounding and/
or mediating impact of other factors on access
to a given treatment, for the any-receipt by
ethnicity analysis we conducted marginal stan-
dardisation based on logistic regression modelling,
while average treatment results were marginally
standardised based on Poisson regression
modelling?® using the %margins macro in SAS.
This process allowed us to compare proportions/
rates between ethnic groups that were adjusted
for potential differences in covariate profile
between these groups, using the Maori lung
cancer socio-demographic and clinical covariate
profile as the reference. The rcspline macro was
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used to include the C3 comorbidity score as a
splined variable in the marginal standardisation,
with four knots at the median, 75th, 90th and
95th percentiles. Within our results presentation,
marginally adjusted rate/mean data are labelled
as “fully adj.” (short for fully adjusted).

Software

Data planning, management, analysis and
presentation was completed using SAS v9.4 (SAS
Institute Inc., North Carolina, United States of
America), Microsoft Excel (Microsoft Corporation,
Washington, United States of America) and R
version 4 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

A total of 16,850 registrations of lung cancer
occurred across the study period. Their socio-
demographic and clinical characteristics are
shown in Figure 1. Around 22% of the total cohort
were Maori (n=3,642), while 68% were European
(11,410) and 10% were non-Maori/non-European
(Other, 1,798).

Any-receipt of cancer treatment for lung
cancer by treatment type across the cohort, in total
and by ethnicity, is shown in Appendix 3. Around
a third of lung cancer registrations received lung
cancer—specific surgery (age standardised 31%),
more than 40% received radiation therapy (age
std. 43%) and more than a third received systemic
therapy (age std. 37%). After adjusting for covari-
ates, Maori and Europeans were similarly likely to
receive these treatments (Appendix 3).

The total and average volumes of publicly
funded treatment delivered to people diagnosed
with lung cancer across our study period are
shown in Table 1 and Figure 2 below. For each
year of people diagnosed, the following publicly
funded treatment was delivered across a 2-year
treatment window:

e Surgery: A total of 1,468 surgical-days of
cancer-related (any cancer) surgery were
delivered per year of diagnosed cancers
(Maori 259 days, crude proportion 18%;
Europeans 1,024, 70%), giving an age-
standardised average of 0.6 surgical-days
per person diagnosed (fully adjusted: Maori
0.5, European 0.6). A total of 1,978 surgical-
days of lung cancer-specific surgery were
delivered per year of people diagnosed
(Maori 176, European 662), at an age-
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Figure 1: Socio-demographic and clinical characteristics for lung cancer, in total (crude data, top) and by ethnicity
(bottom). Other than age, data by ethnicity are age standardised to the Maori cancer population.
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M = Maori; E = European.

adjusted average of 0.4 surgical-days per
people diagnosed (fully adjusted: Maori 0.3,
European 0.4).

Radiation therapy: A total of 11,027
attendance-days of radiation therapy were
delivered per year of people diagnosed
(Maori 2,814, 26%; European 7,141, 65%),

at an age-adjusted average of 5 attendance-
days per person diagnosed (fully adjusted:
Maori 6, European 5).

Systemic therapy: A total of 9,108
dispensings of systemic therapy were
delivered per year of people diagnosed
(Maori 2,278, 25%; European 5,527, 61%), at
an age-adjusted average of five dispensings
per person diagnosed (fully adjusted:
Maori 4, European 4). The vast majority

of systemic therapy was chemotherapy,
with a total of 7,461 (Maori 28%, European
61%) chemotherapy dispensings delivered
per year of people diagnosed, mostly
intravenous (IV) (6,670, Maori 28%,
European 62%) compared to oral (791,
Maori 20%, European 60%). A total of 1,253
(Maori 9%, European 52%) targeted therapy
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dispensings were delivered per year of
people diagnosed, mostly oral (1,183, Maori
9%, European 50%) compared to IV (69,
Maori 8%, European 75%). The non-Maori/
non-European (Other) group received 39%
of the delivered targeted therapy (Figure 2).
Both hormone and immunotherapy delivery
were uncommon and not individually
interpreted but are presented in Figure 2
and Appendix 4.

or each person who received a given treatment,

the following average treatment was delivered
across a 2-year treatment window (Table 2):

Surgery: An age-standardised mean of 1.7
surgical-days of cancer-related (any cancer)
surgery were delivered for each person who
received any cancer-related surgery (fully
adjusted: 1.7 Maori, 1.7 European), while

an average of 1.5 surgical-days of cancer-
specific surgery were delivered for each
person who received any cancer-specific
surgery (Maori 1.5, European 1.5).
Radiation therapy: An age-standardised
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Table 1: Total and average treatment volume within a 2-year treatment window, for the total cohort and by ethnicity. Volumes of dispensings by type of systemic therapy are
shown in Appendix 4.

Total cancer Maori European
Crude Age std Crude Age std Fully adj Crude Age std Fully adj
0/, )P 0/,\b

Treatmenttype | np-a. rate rate? np-a. (%) rate rate? rate* np-a- (%) rate rate? ratec
Surgery
Surgical-days

1,468 0.6 0.6 259 (18%) 0.5 0.5 0.5 1,024 (70%) 0.6 0.7 0.6
(any cancer)
Surgical-days

" 978 0.4 0.4 176 (18%) 0.3 0.3 0.3 662 (68%) 0.4 0.4 0.4

(cancer-specific)
Radiation therapy
Attendance-days | 11,027 46 5.2 2,814 (26%) 5.5 5.5 5.5 7,141 (65%) 4.4 5.2 5.3
Systemic therapy
Dispensings 9,108 3.8 4.6 2,278 (25%) 4.4 4.4 4.4 5,527 (61%) 3.4 4.4 4.4

2 Age-standardised rate (age standardised to Maori age profile for this cancer site).

b Percentage of all treatments (total) received in this group.

¢ Fully adjusted estimates (marginally standardised percentage: adjusted for socio-demographic and clinical profile for Maori for this cancer site).

n p.a. = number per year of people diagnosed.
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Figure 2: Crude volume of systemic therapy (absolute count of dispensings), by type of systemic therapy and ethnicity.
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Table 2: Mean rate of treatment within 2 years of diagnosis among those who received a given treatment, in total
and by ethnicity (crude, age-standardised and fully adjusted mean rates). Average rates of hormone and immuno-
therapies are included in Appendix 5.

Total cancer Maori European
Treatment Crude Age std Crude Age std Fully adj | Crude Age std Fully adj
type rate rate® rate rate? rate® rate rate? rate®
Surgery
Surgical-days |, 1.7 1.7 1.7 1.7 1.7 1.7 1.7
(any cancer)
Surgical-days

1.5 1.5 1.5 1.5 1.5 15 1.5 1.5

(cancer-specific)

Radiation therapy

Attendance-

days 11.1 11.5 11.5 115 11.5 11.0 11.6 11.5

Systemic therapy

g;’;ensings 116 11.8 117 117 11.7 113 116 11.8
Chemotherapy | 11.3 115 115 115 115 11.2 11.4 116
Intravenous (IV) | 11.0 11.1 111 11.1 11.1 10.7 10.9 11.0
Oral 5.8 5.3 45 45 45 6.3 5.7 5.8
I;f:;?d 102 10.1 8.1 8.1 8.1 102 10.1 9.6
Intravenous (IV) | 10.2 10.8 5.0 5.0 5.0 10.9 12.1 6.9
Oral 10.1 10.0 8.3 8.3 8.3 10.1 9.9 9.5

2 Age-standardised rate (age standardised to Maori age profile for this cancer site).
® Fully adjusted estimates (marginally standardised percentage: adjusted for socio-demographic and clinical profile for Maori for
this cancer site).
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Figure 3: Crude volume (surgical-days per year of people diagnosed) of the most common surgeries received within
2 years of diagnosis of lung cancer for Maori (top) and European (bottom).
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*Application, insertion or removal procedures on chest wall, mediastinum or diaphragm.

mean of 11.5 attendance-days of radiation
therapy were delivered for each case
who received any radiation therapy (fully
adjusted: 11.5 Maori, 11.5 European).

* Systemic therapy: An age-standardised
mean of 11.8 systemic therapy dispensings
were delivered for each case that received
any systemic therapy (fully adjusted: 11.7
Maori, 11.8 European). An average of 11.5
(Maori 11.5, European 11.6) dispensings
of chemotherapy were delivered to each
case who received chemotherapy, with an
average of 11.1 IV dispensings (Maori 11.1,
European 11.0) and 5.3 oral dispensings
(Maori 4.5, European 5.8). An average of
10.1 (Maori 8.1, European 9.6) dispensings
of targeted therapy were delivered to each
case who received targeted therapy, with an
average of 10.0 oral dispensings (Maori 8.3,
European 9.5). Average rates of hormone
and immunotherapy dispensings were not
interpreted but are presented in Appendix 5.

The most common cancer-specific surgical

procedures delivered to Maori and Europeans
across a 2-year treatment window are shown in
Figure 3, and for the total cohort in Appendix 6.
The two most common procedures delivered were
application, insertion or removal procedures on
chest wall, mediastinum or diaphragm (total 524
surgical-days per year of people diagnosed, Maori
95, European 351), followed by lobectomy of lung
(total 227, Maori 36, European 156). The list of the
most common procedures was broadly compara-
ble between Maori and Europeans.

Discussion
Key findings

High volumes of surgery, radiation therapy
and systemic therapy were delivered to people
diagnosed with lung cancer across our study
period, with radiation therapy and systemic
therapy the most common treatment modalities.
For each year of people diagnosed, our public
healthcare system delivered 978 surgical-days of
lung cancer-specific surgery, 11,027 attendance
days of radiation therapy and 9,108 dispensings
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of systemic therapy, primarily IV chemotherapy,
within a 2-year window following diagnosis.

Because of incidence disparities, Maori are
receiving nearly 20% of all publicly funded lung
cancer surgery and nearly a quarter of all lung
radiation therapy and systemic therapy. There
were no discernible differences between Maori
and Europeans in terms of the average volume
of treatment delivered per person diagnosed. The
relatively high volume of oral targeted therapy
among the Other ethnic group is likely due to a
higher incidence of targetable mutations, including
epidermal growth factor receptor in Asian and
Pacific populations.?? These mutations have also
been observed to be more common among Maori
than Europeans,? so the observation of similar
average levels of targeted therapy between these
groups could indicate differential access to muta-
tion testing and subsequent prescribing. When
focussing on those who were treated, we found
no strong differences between Maori and Euro-
peans in the average volume of surgery, radiation
therapy or systemic therapy. A possible exception
was the slightly smaller level of dispensing of
targeted therapy to Maori compared with
Europeans (Maori approximately eight dispens-
ings per treated person, European approximately
10 dispensings). Deeper enquiry with more
granular data is required to understand possible
differences in access to and subsequent volume of
received targeted therapy among Maori.

The most common lung cancer-specific
procedures included chest and pleural excision
procedures, lung resections and common lymph
node metastases. The most common procedures
delivered to Maori were broadly comparable
with those delivered to Europeans. The broader
cancer-related (any cancer) procedures included
resections of organs that are frequent sites of
primary lung cancer metastases, including the
liver and brain. This list additionally included
some procedures unlikely to be lung cancer
metastases, including skin and colorectal proce-
dures (Appendix 7)—highlighting the fact that
lung cancer does not occur in isolation from the
management of other common cancers.

Ramifications and recommendations

Lung cancer is complex, resource-intensive
and expensive to diagnose and treat. In this study
we have quantified the volume of surgery, radi-
ation therapy and systemic therapy delivered
by New Zealand’s public health system in the
treatment of our most lethal cancer to provide a
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snapshot of the current state of delivery. This was
achieved using national routinely collected data,
meaning that the kind of monitoring presented
here could (and arguably should) be business-
as-usual in a universal healthcare system. We
recommend that this type of reporting becomes
an ongoing concern for central government.

If implemented, a national lung cancer screening
programme would ideally shift diagnoses to an
earlier stage, which, over time, will increase the
need for curative care relative to palliative care.
This is a positive outcome, since more lives will
be saved than without screening, and as such we
recommend that central government implements
lung cancer screening nationally in an equitable
and evidence-based manner.?*? Since the volume
of treatment will increase with a well-run screen-
ing programme, particularly surgical treatment
of localised disease,’> we also recommend that
planning toward a national screening programme
must anticipate increased downstream clinical
need within our system. Screening should not
be implemented prior to the completion of such
planning.

The vast majority of lung cancers are prevent-
able through robust tobacco control (as well as
clean air) policies, legislation and regulation.
We recommend reinstating the world-leading
tobacco legislation reversed by the current
Government,®” which, over time, will not only
save lives, but also reduce the numbers of people
with lung cancer who need access to operating
rooms, radiation therapy bunkers and chemo-
therapy lounges. Because the absolute number
of cancers is increasing over time,” lung cancer
will remain a burden on our health system for
the foreseeable future; however, for the benefit of
future generations, we can choose now to enact
policies that will eradicate tobacco-caused lung
cancer as swiftly as possible.

Finally, our observations highlight the varia-
tion and frequency of treatment experienced by
treated cases of lung cancer: an average of 1-2
surgeries, approximately 12 radiation therapy
attendance-days likely split across multiple
courses and approximately 12 systemic therapy
dispensings, which would primarily be delivered
in outpatient IV suites. Given that most people
diagnosed with lung cancer will also have comor-
bidity, this treatment would ideally be occurring
amid the management of other conditions. All
told, lung cancer ushers a significant decline in
health and wellbeing from the time of symptom
onset to the end of life, a decline punctuated by a
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frequent necessity to engage with health services
and receive major treatment. This burden, carried
by individual lung cancer cases as well as their
wider whanau, cannot be under-estimated, and
must be centred within care plans and national
cancer control planning alike.

Strengths and limitations

This was a national study of all lung cancer
registrations linked to all publicly funded cancer
treatment, which enabled a snapshot of lung
cancer treatment delivery. Rather than focussing
only on lung cancer-specific therapy, we have
reported the totality of cancer-related care deliv-
ered to cases of lung cancer. This approach
enables us to describe the lived reality of patients
diagnosed with lung cancer, for whom not all
cancer-related care will be directed to their
primary cancer. Taking this approach reduces
the lung cancer specificity of our results, but
we note that a) we have provided lung cancer—
specific results for surgery, since this was possi-
ble with the available data, and b) the vast bulk of
treatment for patients with lung cancer will likely
be directly related to their primary lung can-
cer. Hormone therapy is not among the systemic
therapies used to treat lung cancer; as such,
the hormone therapy and IV-targeted therapy
observed in this study was likely delivered in
the treatment of concurrent cancer (e.g., breast
or prostate). Immunotherapy delivery was
extremely rare because such medicines were not
publicly funded across the study period (2015-
2021), though New Zealand now has three funded
immunotherapies for lung cancer: durvalumab
(funded 2022), pembrolizumab (funded 2023) and
atezolizumab (funded 2023). As data for these
years become available, the volume of immu-
notherapies delivered in the treatment of lung
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cancer will invariably be higher than that reported
here. We note that while all systemic therapy
captured within the current study was publicly
funded, it may have been prescribed in a privately
funded setting. Finally, we note that undercount-
ing of Maori within health research is an ongoing
concern.? In this study we mitigated this issue by
supplementing NZCR ethnicity data with ethnicity
data from other National Collections where NZCR
data were missing or non-specific.

Conclusion

In this national study of treatment received
by people newly diagnosed with lung cancer
between 2015 and 2021, we described the total
count and average per-person volume of surgery,
radiation therapy and systemic therapy delivered
by our public healthcare system. We found that
for each year of newly diagnosed people, our
public system delivered 978 surgical-days of lung
cancer-specific surgery, 11,027 attendance-days
of radiation therapy and 9,108 dispensings of
systemic therapy over a 2-year window following
diagnosis. We found a high per-person volume of
radiation therapy and systemic therapy, primarily
IV chemotherapy. Encouragingly, there were no
strong differences between Maori and Europeans
in terms of the average volume of surgery, radi-
ation therapy or systemic therapy per person
diagnosed, or per person treated, and the most
common surgical procedures delivered to Maori
were broadly comparable with those delivered
to Europeans. With the absolute number of cases
set to increase over time, we must return to our
world-leading tobacco cessation pathway in order
to curb the significant pressure placed on our
system by this common, complex and lethal
cancer.
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Appendices

Appendix 1: List of included radiation therapy procedures, by data source."
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Data source

Name of included procedure

Code

National Minimum Dataset
NMDS; inpatient data

(International Classification of
Diseases 10 block codes)

Brachytherapy

1790, 1791, 1792, 1794

Other radiation treatment, includ-
ing stereotactic radiation therapy
(SABR)

1786,1787,1788,1789, 1795

National Non-Admitted Patient
Collection

NNPAC; outpatient data

(purchase unit codes [PUC])

Oncology—radiotherapy M50005
Oncology—stereotactic radiosurgery | M50007
rOar;cizilzﬁiyr/;)sytereotactic M50008
High dose-rate (HDR) brachytherapy | M50016
Orthovoltage attendance M50024
Megavoltage attendance M50025
Oncology—radiotherapy fractions M50031
Oncology—brachytherapy fractions | M50032
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Appendix 2: List of systemic therapy chemicals used to scan for systemic therapy delivery across our study period
(2015-2012), and their associated categories.

Chemical ID Chemical name Chemical category
3897 Amsacrine Chemotherapy
3844 Arsenic trioxide Chemotherapy
4034 Azacitidine Chemotherapy
4084 Bendamustine hydrochloride Chemotherapy
3812 Bleomycin sulphate Chemotherapy
1173 Busulfan Chemotherapy
3808 Capecitabine Chemotherapy
3825 Carboplatin Chemotherapy
3837 Carmustine Chemotherapy
1255 Chlorambucil Chemotherapy
3826 Cisplatin Chemotherapy
3833 Colaspase (L-asparaginase) Chemotherapy
1369 Cyclophosphamide Chemotherapy
1371 Cytarabine Chemotherapy
3827 Dacarbazine Chemotherapy
3846 Dactinomycin (actinomycin D) Chemotherapy
3828 Daunorubicin Chemotherapy
3834 Docetaxel Chemotherapy
3813 Doxorubicin hydrochloride Chemotherapy
3814 Epirubicin hydrochloride Chemotherapy
2433 Etoposide Chemotherapy
3847 Etoposide phosphate Chemotherapy
3810 Fludarabine phosphate Chemotherapy
1529 Fluorouracil Chemotherapy
3842 Gemcitabine hydrochloride Chemotherapy
1626 Hydroxyurea (hydroxycarbamide) Chemotherapy
3848 Idarubicin hydrochloride Chemotherapy
3819 Ifosfamide Chemotherapy
3811 Irinotecan hydrochloride Chemotherapy
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Appendix 2 (continued): List of systemic therapy chemicals used to scan for systemic therapy delivery across our

study period (2015-2012), and their associated categories.

Chemical ID Chemical name Chemical category
3838 Lomustine Chemotherapy
1773 Melphalan Chemotherapy
1781 Mercaptopurine Chemotherapy
1797 Methotrexate Chemotherapy
3849 Mitomycin C Chemotherapy
3821 Mitozantrone Chemotherapy
3832 Oxaliplatin Chemotherapy
3815 Paclitaxel Chemotherapy
4005 Pegaspargase Chemotherapy
4088 Pemetrexed Chemotherapy
3850 Pentostatin (deoxycoformycin) Chemotherapy
2047 Procarbazine hydrochloride Chemotherapy
3733 Temozolomide Chemotherapy
3856 Temozolomide Chemotherapy
3851 Teniposide Chemotherapy
3845 Thalidomide Chemotherapy
2252 Thioguanine Chemotherapy
2257 Thiotepa Chemotherapy
2286 Tretinoin Chemotherapy
2319 Vinblastine sulphate Chemotherapy
2320 Vincristine sulphate Chemotherapy
3816 Vinorelbine Chemotherapy
4048 Abiraterone acetate Hormone therapy
1158 Anastrozole Hormone therapy
3886 Anastrozole-DP Hormone therapy
3883 Bicalutamide Hormone therapy
3872 Exemestane Hormone therapy
1537 Flutamide Hormone therapy
4126 Fulvestrant Hormone therapy
1181 Letrozole Hormone therapy
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Appendix 2 (continued): List of systemic therapy chemicals used to scan for systemic therapy delivery across our

study period (2015-2012), and their associated categories.

Chemical ID Chemical name Chemical category
1772 Megestrol acetate Hormone therapy
2511 Octreotide Hormone therapy
2512 Octreotide long-acting Hormone therapy
2218 Tamoxifen citrate Hormone therapy
3715 Toremifene Hormone therapy
4161 Durvalumab Immunotherapy
4159 Gemtuzumab ozogamicin Immunotherapy
2445 Interferon alfa-2B Immunotherapy
1018 Interferon gamma-1b Immunotherapy
4069 Nivolumab Immunotherapy
4078 Obinutuzumab Immunotherapy
4072 Pembrolizumab Immunotherapy
4121 Alectinib Targeted therapy
3936 Bortezomib Targeted therapy
4094 Cetuximab Targeted therapy
3840 Cladribine Targeted therapy
3894 Dasatinib Targeted therapy
3916 Erlotinib Targeted therapy
4040 Everolimus Targeted therapy
3966 Gefitinib Targeted therapy
4167 Ibrutinib Targeted therapy
3780 Imatinib mesilate Targeted therapy
3944 Lapatinib ditosylate Targeted therapy
4035 Lenalidomide Targeted therapy
4038 Nilotinib Targeted therapy
4123 Olaparib Targeted therapy
4125 Palbociclib Targeted therapy
3943 Pazopanib Targeted therapy
4077 Pertuzumab Targeted therapy
3817 Rituximab (MabThera) Targeted therapy
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Appendix 2 (continued): List of systemic therapy chemicals used to scan for systemic therapy delivery across our

study period (2015-2012), and their associated categories.

Chemical ID Chemical name Chemical category
4124 Rituximab (Riximyo) Targeted therapy
4106 Ruxolitinib Targeted therapy
3769 Sirolimus Targeted therapy
3869 Sirolimus Targeted therapy
3921 Sunitinib Targeted therapy
3818 Trastuzumab Targeted therapy
4122 Trastuzumab emtansine Targeted therapy
4120 Venetoclax Targeted therapy
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Appendix 3: Any-receipt of cancer treatment for lung cancer by treatment type across the cohort, in total and by ethnicity.

Total cancer Maori European
Treatment type n % gogae std n % oA/ogae std ::;la;ob n % gogae std ::;l:;ob RD (95% Cl)
Surgery
Surgical-days (any cancer) 5,760 34 36 1,047 29 29 29 4,002 35 38 33 -4.1 (-5.8--2.3)
Surgical-days
(cancer-specific) 4,386 26 27 795 22 22 22 2,989 26 29 23 -1.5(-3.0-0.0)
Radiation therapy
Any radiation therapy 6,664 40 43 1,667 46 46 46 4,352 38 42 44 1.6 (-0.3-3.6)
Systemic therapy
Any systemic therapy 5,345 32 37 1,360 37 37 37 3,291 29 36 37 0.4 (-1.3-2.2)
Chemotherapy 4,448 26 32 1,247 34 34 34 2,792 24 32 34 0.6 (-1.2,2.3)
Intravenous (1V) 4,099 24 30 1,185 33 33 33 2,522 22 30 32 0.9 (-0.8-2.5)
Oral 948 6 6 256 7 7 7 649 6 7 7 -0.4 (-1.4-0.6)
Hormone therapy 320 2 2 75 2 2 2 212 2 2 2 0.4 (-0.2-0.9)
Immunotherapy 15 0 0 2 0 0 - 11 0 0 0 -
Targeted therapy 795 5 5 91 2 2 2 405 4 4 3 -0.5(-1.1-0.1)
Intravenous (IV) 44 0 0 7 0 0 - 31 0 0 0 -
Oral 754 4 5 84 2 2 2 376 3 4 3 -0.5(-1.0-0.1)

RD =risk difference; Cl = confidence interval.
2 Age-standardised percentage (age standardised to Maori age profile for this cancer site).
® Fully adjusted estimates (marginally standardised percentage: adjusted for socio-demographic and clinical profile for Maori for this cancer site).
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Appendix 4: Total volumes of systemic therapy delivered within 2 years of diagnosis of lung cancer, for total New
Zealand Cancer Registry (NZCR) cohort and by ethnicity, by systemic therapy type.

Total cancer Maori European

Treatment type | Crudenp.a. np.a. Crude (%)? np.a. Crude (%)?
Systemic therapy

Dispensings 9,108 2,278 (25%) 5,527 (61%)
Chemotherapy 7,461 2,060 (28%) 4,628 (62%)
Intravenous (IV) | 6,670 1,898 (28%) 4,034 (60%)
Oral 791 162 (20%) 594 (75%)
:'hoerr:s;e 379 98 (26%) 237 (63%)
Immunotherapy | 16 2 (10%) 14 (90%)
I:;%:sd 1,252 118 (9%) 648 (52%)
Intravenous (IV) | 69 5 (8%) 52 (75%)
Oral 1,183 112 (9%) 596 (50%)

2 Percentage of all treatments (total) received in this group.
n p.a. = number per year of people diagnosed.
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Appendix 5: Mean rate of systemic therapy for lung cancer among those who received a given treatment, in total
and by ethnicity (crude, age-standardised and fully adjusted mean rates).

Total cancer Maori European

Tesmancope | S| Med | Cude | Mens | fuye | e | Mot | Fuly s
Systemic therapy

Any dispensings 11.6 11.8 11.7 11.7 11.7 11.3 11.6 11.8
Chemotherapy 11.3 11.5 11.5 11.5 11.5 11.2 114 11.6
Intravenous (IV) 11.0 111 111 111 111 10.7 10.9 11.0
Oral 5.8 5.3 4.5 4.5 4.5 6.3 5.7 5.8
't_'h(;':;;e 7.7 7.6 9.5 9.5 9.5 7.0 6.7 7.0
Immunotherapy 9.5 9.5 11.0 11.0 - 9.4 8.0 -
Targeted therapy | 10.2 10.1 8.1 8.1 8.1 10.2 10.1 9.6
Intravenous (IV) 10.2 10.8 5.0 5.0 5.0 10.9 12.1 6.9
Oral 10.1 10.0 8.3 8.3 8.3 10.1 9.9 9.5

2 Age-standardised rate (age standardised to Maori age profile for this cancer site).

® Fully adjusted estimates (marginally standardised percentage: adjusted for socio-demographic and clinical profile for Maori for
this cancer site).

- =result suppressed due to sparse data.
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Appendix 6: Most common surgical procedures delivered to a) all cases, b) Maori and c) European cases of lung
cancer.

a): Overall top 10 procedures for lung cancer

Procedure description (blockcode) n np.a.
Application, insertion or removal procedures on chest wall, mediastinum or diaphragm 3,406 524
Lobectomy of lung 1,475 227
Excision procedures on lymph node of other sites 628 97
Partial resection of lung 592 91
Other repair procedures on lung or pleura 558 86
Incision procedures on lung or pleura 212 33
Pneumonectomy 95 15
Excision procedures on lymph node of axilla 64 10
Destruction procedures on chest wall, mediastinum or diaphragm 54 8
Other excision procedures on bronchus 52 8

b): Top 10 procedures for Maori for lung cancer

Maori
Procedure description (blockcode) n np.a.
Application, insertion or removal procedures on chest wall, mediastinum or diaphragm 620 95
Lobectomy of lung 237 36
Excision procedures on lymph node of other sites 112 17
Partial resection of lung 102 16
Other repair procedures on lung or pleura 94 14
Incision procedures on lung or pleura 51 8
Pneumonectomy 22 3
Other excision procedures on bronchus 16 2
Excision procedures on lymph node of axilla 14 2
c): Top 10 procedures for Europeans for lung cancer

European
Procedure description (blockcode) n np.a.
Application, insertion or removal procedures on chest wall, mediastinum or diaphragm 2,283 351
Lobectomy of lung 1,014 156
Partial resection of lung 433 67
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Appendix 6 (continued): Most common surgical procedures delivered to a) all cases, b) Maori and c) European

cases of lung cancer.

111

Excision procedures on lymph node of other sites 423 65
Other repair procedures on lung or pleura 370 57
Incision procedures on lung or pleura 133 20
Pneumonectomy 60 9
Excision procedures on lymph node of axilla 46 7
Destruction procedures on chest wall, mediastinum or diaphragm 43 7
Other excision procedures on lung or pleura 29 4

n = total number over study period; n p.a. = number per year of diagnosed cases.
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Appendix 7: All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of lung cancer

over the study period.

Procedure description n np.a.
Application, insertion or removal procedures on chest wall, mediastinum or diaphragm | 3,406 524.3315
Lobectomy of lung 1,475 227.0666
Excision procedures on lymph node of other sites 628 96.67651
Partial resection of lung 592 91.13454
Other repair procedures on lung or pleura 558 85.90046
Excision of lesion of skin and subcutaneous tissue 402 61.88528
Fibreoptic colonoscopy with excision 292 44,9515
Removal of intracranial lesion 237 36.48461
Incision procedures on lung or pleura 212 32.63602
Other debridement of skin and subcutaneous tissue 197 30.32687
Application, insertion or removal procedures on abdomen, peritoneum or omentum 154 23.7073
Division of abdominal adhesions 117 18.01139
Repair of wound of skin and subcutaneous tissue 113 17.39561
Pneumonectomy 95 14.62463
Incision and drainage of skin and subcutaneous tissue 79 12.16154
Incision of gallbladder, biliary tract or sphincter of Oddi 78 12.00759
Endoscopic insertion, replacement or removal of ureteric stent 78 12.00759
Excision procedures on other musculoskeletal sites 74 11.39182
Application, insertion or removal procedures on retina, choroid or posterior chamber 72 11.08393
Other application, insertion or removal procedures on other musculoskeletal sites 68 10.46816
Colectomy 65 10.00633
Excision procedures on lymph node of axilla 64 9.852383
Stenting of biliary tract 62 9.544496
Application, insertion or removal procedures on stomach 59 9.082666
Destruction procedures on chest wall, mediastinum or diaphragm 54 8.312948
Other excision procedures on bronchus 52 8.005061
Application, insertion or removal procedures on larynx 52 8.005061
Internal fixation of spine 50 7.697174
Local skin flap, single stage 50 7.697174
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Appendix 7 (continued): All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of
lung cancer over the study period.

Procedure description n np.a.
Endoscopic resection of bladder lesion or tissue 49 7.543231
Resection of small intestine 49 7.543231
Cholecystectomy 48 7.389287
Other application, insertion or removal procedures on oesophagus 48 7.389287
Other split skin graft, small 47 7.235344
Other full thickness skin graft 46 7.0814
Arterial embolectomy or thrombectomy 43 6.61957
Other excision procedures on lung or pleura 42 6.465626
Nephrostomy or pyelostomy 38 5.849852
Excision procedures on lymphatic structure 37 5.695909
Other repair procedures on stomach 34 5.234078
Tracheostomy 31 4.772248
Dilation of oesophagus 31 4.772248
Salpingo-oophorectomy 30 4.618305
Simple mastectomy 30 4.618305
Spinal fusion 30 4.618305
Excision of lesion of breast 29 4.464361
Other application, insertion or removal procedures on kidney 29 4.464361
Other incision procedures on abdomen, peritoneum or omentum 28 4.310418
Other application, insertion or removal procedures on bladder 28 4.310418
Administration of agent into other musculoskeletal sites 27 4.156474
Repair procedures on bronchus 26 4.002531
Other excision procedures on abdomen, peritoneum or omentum 25 3.848587
Other excision procedures on bone of other musculoskeletal sites 25 3.848587
Other application, insertion or removal procedures on skin and subcutaneous tissue 23 3.5407
Rectosigmoidectomy or proctectomy 22 3.386757
Endoscopic ureteric catheterisation 22 3.386757
Excision of lesion of uterus 22 3.386757
Cystotomy 21 3.232813
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Appendix 7 (continued): All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of

lung cancer over the study period.

Procedure description n np.a.
Destruction procedures on large intestine 21 3.232813
Application, insertion or removal procedures on iris, ciliary body or anterior chamber 21 3.232813
Other repair procedures on chest wall, mediastinum or diaphragm 21 3.232813
Excision procedures on eyeball 20 3.07887
Other procedures on larynx 20 3.07887
Destruction procedures on bladder 20 3.07887
Other incision procedures on spinal canal or spinal cord structures 20 3.07887
Incision procedures on rectum or anus 20 3.07887
Thyroidectomy 19 2.924926
Anterior resection of rectum 19 2.924926
Panendoscopy with destruction 19 2.924926
Decompression of thoracic and thoracolumbar spinal cord 18 2.770983
Reconstruction of eyelid and ear 18 2.770983
Closed prostatectomy 18 2.770983
Transurethral prostatectomy 17 2.617039
Stomas of small intestine 16 2.463096
Vitrectomy 16 2.463096
Laryngoscopy with excision 16 2.463096
Abdominal hysterectomy 15 2.309152
Removal and replacement of biliary stent 15 2.309152
Ostectomy of rib 15 2.309152
Skull base surgery for lesion 15 2.309152
Irrigation, insertion or removal of intracranial cerebrospinal fluid shunt 14 2.155209
Intracranial drainage 13 2.001265
Application, insertion or removal procedures on large intestine 13 2.001265
Excision of vertebra 12 1.847322
Panendoscopy with excision 12 1.847322
Insertion of intracranial cerebrospinal fluid devices 12 1.847322
Nonincisional replacement or removal of therapeutic device, digestive system 11 1.693378
New Zealand Medical Journal 2026 Sep 25;139(1642).ISSN1175-8716

Te ara tika o te hauora hapori https://www.nzmj.org.nz/ ©PMA



ARTICLE

115

Appendix 7 (continued): All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of

lung cancer over the study period.

Procedure description n np.a.

Excision procedures on salivary gland or duct 11 1.693378
Surgical removal of tooth 11 1.693378
Other repair procedures on small intestine 10 1.539435
Incision procedures on other musculoskeletal sites 10 1.539435
Laparotomy 10 1.539435
Other stomas of large intestine 10 1.539435
Excision procedures on liver 9 1.385491
Other procedures on bronchus 9 1.385491
Destruction procedures on kidney 9 1.385491
Removal of spinal lesion 9 1.385491
Other procedures on chest wall, mediastinum or diaphragm 9 1.385491
Excision or destruction of lesion of mouth or palate 9 1.385491
Other repair procedures on abdomen, peritoneum or omentum 9 1.385491
Incision procedures on muscle, tendon or fascia of hand 9 1.385491
Muscle flap 9 1.385491
Excision procedures on lymph node of groin 8 1.231548
Open prostatectomy 8 1.231548
Other procedures on liver 8 1.231548
Excision of lesion or tissue of rectum or anus 8 1.231548
Laryngoplasty 8 1.231548
Destruction of lesion of skin or cartilage 8 1.231548
Closure of stoma of small intestine 8 1.231548
Excision, lip 8 1.231548
Other incision procedures on skin and subcutaneous tissue 7 1.077604
Other procedures on lung or pleura 7 1.077604
Incision procedures on urethra 7 1.077604
Excision, ear 7 1.077604
Other repair procedures on mouth, palate or uvula 6 0.923661
Other repair of large intestine 6 0.923661
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Appendix 7 (continued): All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of
lung cancer over the study period.

Procedure description n np.a.

Other repair of sphincter of Oddi, gallbladder or biliary tract 6 0.923661
Application, insertion or removal procedures on rectum or anus 6 0.923661
Application, insertion or removal procedures on pancreas 6 0.923661
Free flap 6 0.923661
Dermofat or fat graft 5 0.769717
Other procedures on lymphatic structures 5 0.769717
Other excision procedures on vulva, perineum or clitoris 5 0.769717
Application, insertion or removal procedures on trachea 5 0.769717
Other application, insertion or removal procedures on gallbladder or bile ducts 5 0.769717
Other excision procedures on nasal sinuses 5 0.769717
Adrenalectomy 5 0.769717
Postoperative reopening of craniotomy or craniectomy site 5 0.769717
Pancreatectomy 4 0.615774
Other repair procedures on eyelid 4 0.615774
Cystectomy 4 0.615774
Ventriculostomy 4 0.615774
Revision of other scar of skin 4 0.615774
Complete nephrectomy 4 0.615774
Myocutaneous flap 4 0.615774
Decompression of spinal cord or canal 4 0.615774
Other repair procedures on trachea 4 0.615774
Application, insertion or removal procedures on lung or pleura 4 0.615774
Destruction procedures on retina, choroid or posterior chamber 4 0.615774
Other incision procedures on bladder 4 0.615774
Excision procedures on chest wall, mediastinum or diaphragm 4 0.615774
Excision of lesion of testis, epididymis or spermatic cord 4 0.615774
Orchidectomy 4 0.615774
Other procedures on female genital organs 4 0.615774
Incision procedures on tonsils or adenoids 4 0.615774
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Appendix 7 (continued): All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of

lung cancer over the study period.

Procedure description n np.a.
Procedures involving removal or adjustment of breast prosthesis or tissue expander 4 0.615774
Revision procedures on large intestine 4 0.615774
Nephroureterectomy 3 0.46183
Other procedures on abdomen, peritoneum or omentum 3 0.46183
Excision procedures on trachea 3 0.46183
Application, insertion or removal procedures on eardrum or middle ear 3 0.46183
Bone marrow/stem cell transplantation 3 0.46183
Island flap 3 0.46183
Resection of endotracheal lesion with repair 3 0.46183
Incision procedures on larynx 3 0.46183
Stoma of gallbladder or bile duct 3 0.46183
Partial nephrectomy 3 0.46183
Other repair procedures on bladder 3 0.46183
Other procedures on urinary system 3 0.46183
Other excision procedures on neck or thorax 3 0.46183
Repair of dura of brain 3 0.46183
Destruction procedures on stomach 3 0.46183
Incision procedures on breast 3 0.46183
Nonincisionalirrigation, cleaning and local instillation, genitourinary system 3 0.46183
Insertion and removal of spinal cerebrospinal fluid drain 3 0.46183
Removal of intranasal lesion 2 0.307887
Enterotomy 2 0.307887
Resection of mandible 2 0.307887
Reconstruction procedures on trachea 2 0.307887
Excision of spermatic cord 2 0.307887
Other excision procedures on gallbladder, bile ducts or sphincter of Oddi 2 0.307887
Excision procedures on iris, ciliary body or anterior chamber 2 0.307887
Oophorectomy 2 0.307887
Gastrostomy, gastro-enterostomy or gastro-gastrostomy 2 0.307887
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Appendix 7 (continued): All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of
lung cancer over the study period.

Procedure description n np.a.

Other excision procedures on pharynx 2 0.307887
Excision procedures on conjunctiva 2 0.307887
Repair of nerve or nerve trunk 2 0.307887
Other excision procedures on mastoid or temporal bone 2 0.307887
Other repair procedures on penis 2 0.307887
Intracranial decompression 2 0.307887
Destruction procedures on cervix 2 0.307887
Excision procedures on tongue 2 0.307887
Destruction procedures on oesophagus 2 0.307887
Other gastrectomy 2 0.307887
Cranioplasty 2 0.307887
Destruction procedures on pharynx 2 0.307887
Other excision procedures on cornea 2 0.307887
Repair procedures on liver 2 0.307887
Repair procedures on external ear 2 0.307887
Destruction procedures on prostate 2 0.307887
Parathyroidectomy 2 0.307887
Incision procedures on nose 2 0.307887
Other excision procedures on ovary 2 0.307887
Vaginal hysterectomy 2 0.307887
Other excision procedures on spleen 2 0.307887
Other procedures on tongue 2 0.307887
Other excision procedures on pituitary gland 2 0.307887
Microscopically controlled excision of lesion of skin 2 0.307887
Other excision procedures on mouth, palate or uvula 2 0.307887
Other excision procedures on skin and subcutaneous tissue 2 0.307887
Direct distant skin flap 2 0.307887
Procedures for facial nerve paralysis 2 0.307887
Resection of maxilla 2 0.307887
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Appendix 7 (continued): All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of
lung cancer over the study period.

Procedure description n np.a.

Incisional exploration of meninges or brain 2 0.307887
Incision procedures on prostate or seminal vesicle 1 0.153943
Thoracoplasty 1 0.153943
Application, insertion or removal procedures of head 1 0.153943
Ureterolysis 1 0.153943
Other repair procedures on vagina 1 0.153943
Other procedures on spleen 1 0.153943
Other procedures on large intestine 1 0.153943
Other intracranial excision 1 0.153943
Reimplantation of ureter into bladder with repair 1 0.153943
Other excision procedures on scrotum or tunica vaginalis 1 0.153943
Excision of internal mammary lymph node 1 0.153943
Excision procedures on pineal gland 1 0.153943
Other procedures on small intestine 1 0.153943
Osteotomy or ostectomy of mandible or maxilla 1 0.153943
Implantation of hormone or living tissue 1 0.153943
Application, insertion or removal procedures on sclera 1 0.153943
Other incision procedures on iris, ciliary body or anterior chamber 1 0.153943
Anastomosis of pancreas 1 0.153943
Other procedures on trachea 1 0.153943
Radical nephrectomy 1 0.153943
Other procedures on eyelid 1 0.153943
Ureterectomy 1 0.153943
Removal of lesion of nerve 1 0.153943
Mastoidectomy 1 0.153943
Application, insertion or removal procedures on scrotum or tunica vaginalis 1 0.153943
Application, insertion or removal procedures on ovary 1 0.153943
Excision procedures on vagina 1 0.153943
Vulvectomy 1 0.153943
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Appendix 7 (continued): All cancer-related (“any cancer”) surgical procedures delivered to all combined cases of
lung cancer over the study period.

Procedure description n np.a.
Incision procedures on neck or thorax 1 0.153943
Repair procedures on salivary gland or duct 1 0.153943
En bloc resection of lesion of bone or total resection of bone with repair of other

musculoskeletal sites ! 0.153943
Other excision procedures on stomach 1 0.153943
Fundoplasty 1 0.153943
Other procedures on stomach 1 0.153943
Allograft, xenograft or synthetic skin graft 1 0.153943
Excision, eyelid 1 0.153943
Other repair procedures on eyeball 1 0.153943
Composite graft 1 0.153943
Revision of stoma and ileostomy reservoir 1 0.153943
Pharyngectomy 1 0.153943
Other procedures on skull, meninges or brain 1 0.153943
Subcutaneous mastectomy 1 0.153943
Keratoplasty 1 0.153943
Cranial tap or puncture 1 0.153943
Excision of lesion of skull 1 0.153943
Other repair procedures on cornea 1 0.153943

n = total number over study period; n p.a. = number per year of diagnosed cases.
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