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ABSTRACT

Background: Quality indicators for non-small cell lung cancer (NSCLC) have been implemented in Queensland, Australia, to
assess performance across 28 elements relating to diagnosis, access, treatment, and outcomes.

Methods: Linked data were sourced from the population-based Queensland Oncology Repository. Eligible people were diag-
nosed with NSCLC between 2012 and 2021, with follow-up on treatment and mortality available to 31 December 2022. For each
indicator, changes between 2012-2016 and 2017-2021 were assessed by fitting a multivariable Poisson regression model. Results
from the models were expressed in terms of the relative likelihood (RL) using 2012-2016 as the reference period.

Results: Records were included for a total of 20449 individuals. Significant improvements over the study period were observed
for several indicators, including: review by a multidisciplinary team (RL=1.05, 95% CI 1.03-1.07); any anticancer treatment
received (RL=1.04, 95% CI 1.03-1.06); radiation therapy for inoperable early-stage NSCLC (RL=1.06, 95% CI 1.01-1.11); concur-
rent chemo-radiotherapy for stage III disease (RL =1.35, 95% CI 1.24-1.47); and intravenous systemic therapy (IVST) for meta-
static NSCLC (RL=1.18, 95% CI 1.13-1.22). Two-year survival from the time of surgery increased from 85% to 90% (p <0.001). In
contrast, fewer people had their performance status documented following MDT review during the latter period (RL=0.95, 95%
CI 0.94-0.96), and there was a decrease in people from rural/remote areas who received their first treatment within 30days of
diagnosis (RL=0.89, 95% CI 0.81-0.97).

Conclusions: The endorsed suite of quality indicators offers essential benchmarking to enable ongoing monitoring of and im-
provement in the quality of lung cancer care in Queensland.

Abbreviations: CI, confidence interval; IVST, intravenous systemic therapy; LUCiD, Lung Cancer (internet-based) Delphi; MDT, multidisciplinary team; NSCLC, non-small cell lung cancer;
QNSCLCQI, Queensland Non-Small Cell Lung Cancer Quality Index; QOR, Queensland Oncology Repository; RL, relative likelihood; TNM, tumor, node, metastasis.
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1 | Introduction

Lung cancer is the leading cause of cancer-related deaths both
globally [1] and in Australia [2]. In 2020, there were an estimated
2.2 million new cases of lung cancer and 1.8 million deaths due
to lung cancer worldwide [1]. Up to half of all NSCLC cases pres-
ent after the tumor has metastasized (stage IV) [3-5].

The most common type of lung cancer is non-small cell lung
cancer (NSCLC), which accounts for approximately 85% of all
lung cancer cases [3, 6]. NSCLC thus represents a significant
public health challenge in terms of both morbidity and mor-
tality. It can be further classified into three main histological
subtypes: adenocarcinoma (40% of NSCLC cases), squamous cell
carcinoma (25%-30%), and large cell carcinoma (5%-10%) [6, 7].
Each of these subtypes has its own distinctive set of pathological
features and behaviors [8], such as the usual site of origin within
the lung.

While options for clinicians and patients have improved with the
introduction of immunotherapy and targeted therapy, treatment
for metastatic NSCLC remains mostly palliative with limited
curative possibilities [9]. Earlier detection, along with advances
in multidisciplinary patient management for those with early-
stage NSCLC (i.e., stages I-III), is therefore crucial to improve
survival outcomes.

The value of implementing and regularly reporting key indi-
cators within the healthcare setting, leading to quality im-
provement initiatives, is becoming increasingly recognized
[10]. Monitoring of quality indicators over time, or for making
comparisons between patient groups, can assist with assess-
ing the performance of healthcare systems, guiding clinical
decision-making, and ensuring patient-centered care. As the
landscape of oncology continues to change with the incorpo-
ration of novel treatment modalities, including immunothera-
pies and targeted therapies, particularly for early-stage disease
with the aim to cure, the use of robust quality indicators is
likely to assume heightened importance. For example, the im-
plementation of quality indicators for the diagnosis and treat-
ment of lung cancer in regional New South Wales has led to the
establishment of a multidisciplinary clinic to improve access
to services [11].

We present here the main findings of a set of quality indicators
specific to NSCLC, across the four dimensions of diagnosis, ac-
cess, treatment, and outcomes. In particular, changes in the in-
dicator values over the last decade were examined.

2 | Methods
2.1 | Development and Content of the Indicators

The Queensland Non-Small Cell Lung Cancer Quality Index
(QNSCLCQI) is a tool for reviewing and comparing information
on the safety and quality of cancer treatment and outcomes, de-
signed to assist clinicians and administrators to improve patient
care. It was developed by the lung cancer subcommittee of the
Queensland Cancer Control Safety and Quality Partnership.
Membership of the subcommittee comprises lead clinicians and

a consumer representative, supported by the Cancer Alliance
Queensland team. Indicators included in the QNSCLCQI were
directly adopted or adapted from existing national clinical prac-
tice guidelines for the diagnosis and treatment of lung cancer
[12] and the recently published Australasian clinical quality in-
dicators from the Lung Cancer (internet-based) Delphi (LUCiD)
[13]. A total of 28 quality indicators were accepted for inclusion
in the QNSCLCQI, using a pragmatic approach directed by the
data that were available (see Table 1).

2.2 | Data Sources and Definitions

A retrospective, population-based cohort study was performed
using unitrecord data from the Queensland Oncology Repository
(QOR). Data were obtained in accordance with Section 82 of the
Hospital and Health Boards Act (2011); therefore, this study is
exempt from human research ethics committee approval.

The repository compiles data from a wide range of sources, en-
compassing the Queensland Cancer Register, private and public
hospital admissions data, pathology reports, treatment informa-
tion from hospital clinical data systems, QOOL (a web-based
tool that supports data collection by multi-disciplinary teams),
and the Registry of Births, Deaths, and Marriages. A detailed
linkage and data cleaning process is then used to bring together
all information pertaining to the same person. Note that data
on oral systemic therapy (chemotherapy, tyrosine kinase inhibi-
tors, etc.) are not currently available through the repository, but
intravenous systemic therapy (IVST) was recorded (including
chemotherapy, immunotherapy, and biologic therapies).

Cancer notification is a statutory requirement throughout
Australia, and so it is expected that data from the QOR covers all
people diagnosed with cancer, apart from non-melanoma skin
cancers. People included in the study cohort were Queensland
residents diagnosed with NSCLC between January 1, 2012, and
December 31, 2021 (i.e., the most recent 10years for which can-
cer incidence data were available). Follow-up on treatment and
mortality was available up to December 31, 2022. People diag-
nosed with NSCLC based on autopsy or death certificate only
were excluded.

Cancer stage summarizes the extent to which the disease has
spread at the time of diagnosis and was assigned using the 7th
edition of the TNM (tumor, node, metastasis) system [14, 15] for
cases diagnosed between 2012-2017 and TNM version 8 [16, 17]
for 2018-2021. An audit of unstaged cases diagnosed from 2017
onwards was conducted as part of the study, and stage was man-
ually assigned where possible. If multiple stage notifications
were received for the same person, a single category was allo-
cated using a hierarchical approach that prioritized information
deemed to be of better quality.

Other key variables of interest included First Nations status,
remoteness of residence, area-based socio-economic status,
number of comorbidities, hospital type, and hospital size. First
Nations status describes whether a person self-identifies as
being of Aboriginal or Torres Strait Islander origin and is rou-
tinely collected in administrative health data and clinical infor-
mation systems throughout Australia. Remoteness of residence
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TABLE 1

Denominator

Numerator

Description

Domain

Indicator

People diagnosed with NSCLC who received IV

People diagnosed with NSCLC who
received IV systemic therapy and died

30-day mortality following

Outcomes

4.8

systemic therapy within 365 days of diagnosis

last IV systemic therapy

within 30days of last treatment

People diagnosed with NSCLC who received IV

People diagnosed with NSCLC who
received IV systemic therapy and died

14-day mortality following

Outcomes

4.9

systemic therapy within 365 days of diagnosis

last IV systemic therapy

within 14 days of last treatment

Abbreviations: IV, intravenous; NSCLC, non-small-cell lung cancer.

was defined according to the Australian Statistical Geography
Standard, Edition 3 [18], and categorized as major city, inner
regional, outer regional, and remote/very remote. The index of
relative socio-economic advantage and disadvantage [19] was
used to determine socio-economic status depending on the
area where the person lived and was grouped into disadvan-
taged (deciles 1 and 2), middle (deciles 3-8), and advantaged
(deciles 9 and 10). A count of comorbidities for each person was
ascertained from hospital admissions data using the Quan algo-
rithm [20], and limited to conditions included in the Charlson
Comorbidity Index [21] (except for second primary cancers) that
were coded in any hospital admission within Queensland be-
tween 12 months before and 12 months after the date of NSCLC
diagnosis. Hospital type was either public, private, or mixed
public/private partnership, and hospital size was categorized
into very large, large, medium, small, and day facilities, depend-
ing on a combination of the number of beds and the services
provided [22].

2.3 | Data Analyses

To investigate changes in the quality indicators over time, peo-
ple with NSCLC were grouped into two 5-year periods accord-
ing to their year of diagnosis, namely 2012-2016 and 2017-2021.
For each quality indicator, the percentage of people with the
elements of interest for each time period was calculated. The
exception was Indicator 4.6 (2-year surgical survival); not all
people with NSCLC who underwent surgery had the required
follow-up time; therefore, the Kaplan—-Meier method was used
to estimate all-cause survival after 2 years.

Differences in the distribution of the quality indicators (apart
from Indicator 4.6) by period of diagnosis were assessed using
chi-square tests. A multivariable Poisson regression model with
a robust error variance was then fitted to test for changes in the
quality indicators over time, adjusted for each of the key vari-
ables of interest listed above. Because most of the outcomes were
framed in the positive sense, results were expressed in terms
of the relative likelihood (RL) rather than relative risk, using
2012-2016 as the reference period. The difference in 2-year
surgical survival was assessed using a flexible parametric sur-
vival model.

Point estimates are presented along with 95% confidence inter-
vals (95% CIs) and p values where relevant. Results were deemed
to be statistically significant where p <0.05.

3 | Results
3.1 | Study Cohort

A total of 20449 Queensland residents were diagnosed with
NSCLC between 2012 and 2021. The majority of these diagnoses
were based on histological findings (n =18 527, 91%).

Several differences were observed in the composition of the
study cohort by time period of diagnosis (Table 2). Overall, the
majority were males (n=11810, 58%), although this percent-
age decreased from 59% to 56% between the two time periods
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TABLE 2 | Key sociodemographic and clinical characteristics of
the NSCLC study cohort by time period of diagnosis, Queensland,
2012-2021.

2012-2016 2017-2021
(N=9309) (N=11140)
Characteristic n Col % n Col %
Sex (p<0.001)
Males 5535 59.5 6275 56.3
Females 3774 40.5 4865 43.7
Age group at diagnosis (p <0.001)
<50years 301 3.2 339 3.0
50-59years 1285 13.8 1350 12.1
60-69years 2864 30.8 3231 29.0
70-79years 3126 33.6 4161 37.4
>=_80years 1733 18.6 2059 18.5
First nations status?® (p =0.02)
Aboriginal/ 296 3.2 421 3.8
Torres Strait
Island people
Other 9010 96.8 10715 96.2
Queensland
residents

Residential location (p =0.04)

Major city 5788 62.2 6919 62.1
Inner regional 2246 24.1 2650 23.8
Outer regional 1040 11.2 1341 12.0
Remote/very 235 2.5 230 2.1

remote

Area-based socioeconomic status (p=0.89)

Advantaged 744 8.0 907 8.1
Middle SES 5701 61.2 6831 61.3
Disadvantaged 2864 30.8 3402 30.5

Stage at diagnosis (p <0.001)

Stage I 1493 16.0 2349 21.1
Stage I1 679 7.3 782 7.0
Stage II1 1108 11.9 1628 14.6
Stage IV 4398 47.2 5157 46.3
Unknown 1631 17.5 1224 11.0

Number of comorbidities® (p=0.23)

None 4246 45.6 5064 45.5
One 2822 30.3 3288 29.5
Two or more 2241 24.1 2788 25.0

aFirst Nations status was not specified for 7 people.

bComorbidities include clinical conditions that have the potential to significantly
affect prognosis, coded in any admission episode between 12 months before and
12months after the date of cancer diagnosis.

(p<0.001). Age at diagnosis ranged from 10 to 101 years old.
More than half of all people with NSCLC were aged 70years
or older at diagnosis (n =11079, 54%), increasing from 52% in
2012-2016 to 56% in 2017-2021 (p <0.001). The proportion of
Aboriginal and/or Torres Strait Islander people rose slightly
from 3% to 4% (p=0.02). There was little variation over time
in the distribution of residential location (p =0.04) and area-
based socio-economic status (p =0.89), with 14% of people liv-
ing in either outer regional or remote/very remote localities
and 31% in disadvantaged areas, irrespective of the period of
diagnosis. The percentage of people with NSCLC who had at
least one comorbidity also remained steady over time (54% in
2012-2016 and 55% in 2017-2021; p=0.24). Although there
was significant variation over time in stage at diagnosis for
NSCLC, with the percentage of people diagnosed at stage I in-
creasing from 16% to 21% (p <0.001), it should be noted that
the two results will be inherently different due to cases with
unknown stage being audited from 2017 onwards, hence de-
creasing from 18% to 10%.

3.2 | Diagnosis, Staging, and Case Review

Evidence of multidisciplinary team (MDT) review and doc-
umented stage both improved over time (from 56% to 62%
and from 82% to 89%, respectively) and were estimated to be
5% more likely to be recorded for people with NSCLC diag-
nosed between 2017 and 2021 compared to 2012-2016 after
multivariable adjustment (both p<0.001—see Table 3).
Further, the percentage of people undergoing MDT review
varied by stage, ranging from 60% for stage IV NSCLC to
82% for stage III disease between 2017 and 2021 (results not
shown). In contrast to the overall increase in MDT review,
there was a decrease over time in evidence of documented
performance status, from 93% to 88% (adjusted RL =0.95, 95%
C10.94-0.96; p<0.001).

3.3 | Access

Median time from diagnosis to treatment for NSCLC was
34 days for both periods and was higher for stages I-III com-
bined compared to stage IV (40 days and 28 days, respectively).
Although the percentage of people with NSCLC who received
their first treatment within 30days of diagnosis remained
steady at 46% in both periods (Table 3), the modeled results
for this indicator revealed that people aged 70-79 and 80years
and over were 14% (adjusted RL=0.86, 95% CI 0.81-0.90) and
22% (adjusted RL=0.78, 95% CI 0.73-0.83) less likely to re-
ceive their first treatment within 30days of diagnosis than
those aged 50-59, respectively (both p<0.001; results not
shown).

After accounting for the covariates, particularly stage at diag-
nosis, receiving first radiation therapy within 30days of NSCLC
diagnosis was more likely for people diagnosed between 2017
and 2021 (adjusted RL=1.08, 95% CI 1.03-1.14; p=0.002). There
was no significant difference in receiving first surgery or first
IVST within 30days of diagnosis by period of diagnosis, nor any
apparent changes in access to first treatment for NSCLC within
30days for people aged 75years and older, Aboriginal and/or
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TABLE 3 | Diagnosis, access, and treatment quality indicators for NSCLC by the time period of diagnosis, Queensland, 2012-2021.

2012-2016 2017-2021
Quality indicator n % n % Adjusted RL"¢ (95% CI) p
Diagnosis
1.1 Histological diagnosis 8371 89.9 10156  91.2 0.99 (0.99-1.00) 0.01
1.2 Evidence of multidisciplinary team review 5252 56.4 6903 62.0 1.05 (1.03-1.07) <0.001
1.3 Evidence of documented stage 7678 82.5 9916 89.0 1.05 (1.04-1.06) <0.001
1.4 Evidence of documented performance status 4892 93.2 6078 88.0 0.95 (0.94-0.96) <0.001
Access
2.1 First treatment within 30days 3137 46.3 3951 45.7 1.03 (1.00-1.07) 0.06
2.2 First surgery within 30days 974 53.8 1193 50.7 0.98 (0.92-1.03) 0.43
2.3 First radiation therapy within 30days 1339 41.7 1679 41.2 1.08 (1.03-1.14) 0.002
2.4 First IVST within 30days 916 44.8 1229 45.0 1.05(0.99-1.11) 0.13
2.5 First treatment within 30days for people aged 747 434 1110 43.2 1.03 (0.97-1.10) 0.36
>75years
2.6 First treatment within 30days for First 79 38.3 118 37.9 1.04 (0.83-1.30) 0.72
Nations people
2.7 First treatment within 30 days for 873 43.6 1078 41.5 1.04 (0.97-1.10) 0.29
disadvantaged areas
2.8 First treatment within 30days for rural/ 424 49.5 502 44.3 0.89 (0.81-0.97) 0.01
remote areas
Treatment
3.1 Received any anticancer treatment (within 6769 72.7 8641 77.6 1.04 (1.03-1.06) <0.001
365days)
3.2 Surgical resection for stage I and II NSCLC 1387 63.9 1930 61.6 0.97 (0.93-1.01) 0.10
3.3 Radiation therapy for stage I and II NSCLC 599 76.3 973 81.0 1.06 (1.01-1.11) 0.02
without surgery
3.4 Surgery or radiation therapy for stage I and II 1986  91.4 2903 92.7 1.01 (1.00-1.03) 0.09
NSCLC
3.5 Neoadjuvant or adjuvant IVST for stage ITA- 287 55.7 374 54.0 0.97 (0.88-1.07) 0.57
IIIA NSCLC
3.6 Concurrent chemoradiotherapy for stage 111 380 40.6 721 52.8 1.35(1.24-1.47) <0.001
NSCLC
3.7 IVST for stage IV NSCLC 1924 43.7 2569 49.8 1.18 (1.13-1.22) <0.001

Abbreviations: IVST, intravenous systemic therapy; NSCLC, non-small-cell lung cancer; RL, relative likelihood.

2Denominators vary by indicator.

PRL used 2012-2016 as the reference category and was adjusted for sex, age group at diagnosis, First Nations status, residential location, area-based socioeconomic
status, stage at diagnosis, number of comorbidities, hospital size, and hospital type, as relevant.
“Note that for all the indicators in this table, an adjusted RL that is significantly more than 1 designates a favorable result for people diagnosed between 2017-2021
compared to 2012-2016, whereas an adjusted RL that is significantly less than 1 designates an unfavorable result for 2017-2021 compared to 2012-2016.

Torres Strait Islander people or those from socioeconomically
disadvantaged areas.

However, the percentage of people from rural/remote areas
who received their first treatment within 30days of diagno-
sis fell from 49% in 2012-2016 to 44% between 2017 and 2021
(adjusted RL=0.89, 95% CI 0.81-0.97; p=0.01). This decrease
was only observed for people with NSCLC from rural/remote

areas who were treated at public hospitals, among whom first
treatment within 30days of diagnosis dropped from 48% for
2012-2016 compared to 36% for 2017-2021, whereas this indi-
cator remained stable for those treated at private hospitals (64%
compared to 67%; data not shown). It was further noted that
people living in rural/remote areas were more likely to receive
their first treatment for NSCLC at a public hospital than people
from urban areas (75% versus 67%, respectively; p <0.001).
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A. Length of hospital stay following surgery

B. Mortality following surgery
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FIGURE1 | Outcome quality indicators for NSCLC by the time period of diagnosis, Queensland, 2012-2021. Mortality following last IVST ex-

cludes people who commenced their last IVST after 31 Dec 2022.

3.4 | Treatment

Several of the quality indicators relating to treatment for
NSCLC were associated with a significant improvement be-
tween 2012-2016 and 2017-2021 (Table 3). Specifically, in-
creases between the two time periods were observed for:
receiving any anticancer treatment, including surgery, radio-
therapy, or IVST (73% compared to 78%, adjusted RL=1.04,
95% CI 1.03-1.06; p<0.001); undergoing radiation therapy
for stage I or II NSCLC when surgery was not performed
(76% compared to 81%, adjusted RL=1.06, 95% CI 1.01-1.11;
p=0.02); having concurrent chemoradiotherapy for stage III
NSCLC (41% compared to 53%, adjusted RL=1.35, 95% CI
1.24-1.47; p<0.001); and receiving IVST for stage IV NSCLC
(44% compared to 50%, adjusted RL=1.18, 95% CI 1.13-1.22;
p<0.001). There was no discernible change in surgery and/
or radiation therapy for stage I and II NSCLC, nor was there a
difference over time in IVST for stage IIA-IITA disease.

3.5 | Outcomes

The percentage of people with NSCLC who stayed in hospital
for 12 or more days after surgery decreased from 14% for those
diagnosed between 2012 and 2016 to 9% between 2017 and 2021
(adjusted RL=0.71, 95% CI 0.60-0.85; p<0.001) — see Figure 1
and Table 4. The corresponding median lengths of stay following
surgery for the two time periods were 7 and 6days, respectively
(p<0.001). Two-year surgical survival also improved from 85%
(95% C1 83%-86%) to 90% (95% CI 88%-91%; p < 0.001). Few people
(<2%) with NSCLC died within 90days of surgery in both time pe-
riods. There were also no significant changes over time for 30-day
mortality following either curative intent radiation therapy or last

IVST, although it was noted that the percentage of people treated
with IVST within 30days of death remained consistently high at
an average of 18% over the entire study period.

4 | Discussion

This study encompasses multiple phases of the healthcare de-
livery process for people with NSCLC. Implementation of the
QNSCLCQI has allowed us to highlight areas where the health
system is doing well and also to identify, understand, and prior-
itize aspects that require further attention so that plans can be
developed to drive ongoing quality improvement.

4.1 | Diagnosis, Staging, and Case Review

We observed an apparent alteration over time in stage at diag-
nosis, with the percentage of people having stage I NSCLC in-
creasing in the latter period. Rather than representing an actual
move toward an earlier stage at diagnosis, it seems reasonable
to attribute the increase in stage I NSCLC to the higher percent-
age of cases with assigned stage between 2017 and 2021, coin-
ciding with the introduction of more specific staging guidelines
for lung cancer [17] along with an audit of unstaged cases from
2017 onwards. As such, the 2017-2021 cohort is likely to be more
representative of the true stage distribution. Staging documen-
tation should improve in the future as the focus on advancing
cure rates shifts to earlier-stage disease, where formal staging
dictates the subsequent multi-modal choice of therapy.

A recent meta-analysis [23] of 22 international studies con-
cluded that people with NSCLC who received management
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TABLE 4 | Outcome quality indicators for NSCLC by the time period of diagnosis, Queensland, 2012-2021.

2012-2016 2017-2021
Quality indicator n %2 n %> Adjusted RL"¢ (95% CI) p
Outcomes
4.1 Length of stay >12days after surgery 268 14.1 224 9.3 0.71 (0.60-0.85) <0.001
4.2 In-hospital mortality 9 0.5 6 0.2 0.52(0.17-1.61) 0.26
4.3 30-day mortality 12 0.6 9 0.4 0.64 (0.26-1.58) 0.33
4.4 90-day mortality 35 1.8 22 0.9 0.61 (0.36-1.06) 0.08
4.5 1-year surgical survival 1765 92.7 2297 95.1 1.02 (1.00-1.03) 0.05
4.6 2-year surgical survivald 1765 84.7 2297 89.5 1.35(1.12-1.63) <0.001
4.7 30-day mortality for curative intent radiation 53 3.7 58 2.5 0.72 (0.49-1.06) 0.10
therapy®
4.8 30-day mortality following last IVST® 655 17.7 846 17.9 1.01 (0.92-1.10) 0.85
4.9 14-day mortality following last IVST® 285 7.7 395 8.4 1.08 (0.94-1.25) 0.29

Abbreviations: IVST, intravenous systemic therapy; NSCLC, non-small-cell lung cancer.

“Denominators vary by indicator.

PRL used 2012-2016 as the reference category and was adjusted for sex, age group at diagnosis, First Nations status, residential location, area-based socioeconomic
status, stage at diagnosis, number of comorbidities, hospital size, and hospital type, as relevant.

“Note that for all of the indicators in this table except for 4.5 and 4.6, an adjusted RL that is significantly less than 1 designates a favorable result for people diagnosed
between 2017-2021 compared to 2012-2016, whereas an adjusted RL that is significantly more than 1 designates an unfavorable result for 2017-2021 compared to

2012-2016. The opposite interpretation applies for Indicators 4.5 and 4.6.

dThe Kaplan-Meier method was used to calculate the estimates for two-year surgical survival (Indicator 4.6), with the difference between the two time periods

assessed using flexible parametric survival modeling.

¢Excludes people who commenced their last curative intent radiation therapy or IV systemic therapy more than 365days after diagnosis.

by an MDT were more likely to survive longer. They also
experienced a range of improved secondary outcomes, such
as a higher rate of staging to guide treatment and reduced
time from diagnosis to completion of treatment [23]. Our
results show that the proportion of people with NSCLC in
Queensland who underwent an MDT review increased to 62%
between 2017 and 2021, although still well below the LUCiD
standard of >85% prior to treatment commencing [13]. In this
study, MDT data is incomplete, with some private MDTs not
contributing data to QOR. MDT review in Queensland peaked
at 82% for those with stage III disease. This is similar to the
MDT review of stage III NSCLC occurring for 83% of people
in a population-based study from Victoria, Australia, between
2012 and 2019 [24], but lower than the 95% reported in a study
of seven hospitals from the Netherlands between 2015 and
2019 [25].

Improvement in MDT review was offset by a decrease in doc-
umenting performance status, which was measured using the
Eastern Cooperative Oncology Group (ECOG) scale [26]. This
scale evaluates a person's level of functioning in terms of as-
pects such as their ability to care for themself, level of daily
activity, and physical capacity. Recording performance status
for NSCLC is important because it can be used to determine
fitness for various treatments, such as whether chemother-
apy is appropriate for people with advanced disease [27, 28].
It is recommended that performance status be documented
for >95% of people with NSCLC following MDT review [13],
however, this indicator fell from 93% to 88% across our study
period. The observed decrease most likely reflects a lapse in
recording performance status. If so, follow-up is warranted to

ensure that all required details from MDT meetings are rou-
tinely recorded.

4.2 | Access

Longer intervals from diagnosis to treatment have gener-
ally been shown to adversely impact survival for people with
NSCLC, particularly resection for earlier-stage disease [29-31].
Median time from diagnosis to treatment was 39 days for stages
I-III in the United States in 2013 [30] and 47 days for stage I and
II NSCLC in the Netherlands between 2014 and 2019 [31], com-
pared to 40days for non-metastatic disease in Queensland.

The most notable change in access to treatment from the cur-
rent study was the decrease among people from rural/remote
areas receiving their first treatment within 30days of NSCLC
diagnosis. This result was unexpected, given that additional
sites delivering radiotherapy and chemotherapy services have
opened throughout Queensland during the last decade, poten-
tially enabling people from rural and remote areas to be treated
closer to home and in a timelier manner, especially those with
unresectable tumors. Ongoing monitoring and further investi-
gation into our findings are therefore required to address any
other underlying factors. For example, people with NSCLC who
live outside of major cities may experience a range of barriers
that cause delays between initial diagnosis and commencement
of treatment. These include delays with organizing referrals and
scheduling specialist appointments, as well as extended waiting
times for diagnostic procedures, pathology, and molecular test-
ing to adequately stage before MDT discussion [32]. They were
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also less likely to be treated at a private hospital, which are con-
centrated in urban areas and generally have shorter times from
diagnosis to first treatment [33].

4.3 | Treatment

The main positives from our study in terms of quality indicators
for recommended treatments included increases over the last
decade in the percentage of people with NSCLC in Queensland
who received: radiation therapy for inoperable early-stage dis-
ease; concurrent chemo-radiotherapy for stage III cancers; and
IVST for metastatic NSCLC. A study from three institutions in
New South Wales, Australia, reported that 76% of people with
inoperable stage I or II NSCLC who were diagnosed between
2008 and 2014 received either curative or palliative radiotherapy
[34], equivalent to the result in Queensland for the earlier time
period (2012-2016) which subsequently rose to 81% between
2017 and 2021. Less than one-third of Victorians diagnosed with
unresectable stage III NSCLC between 2012 and 2019 received
concurrent chemo-radiotherapy [24], considerably lower than
the overall result of 48% in Queensland, with a large increase
from 41% to 53% observed across our study period.

As recently as two decades ago, very few people with stage IV
disease received active treatment [35]; this is changing, how-
ever, with newer therapies prolonging survival and reducing
symptoms for advanced disease [36, 37]. One in four people with
metastatic NSCLC in Ontario, Canada, (diagnosed 2010-2015)
were treated with systemic therapy (mostly oral) [35], while the
proportion in the United States was estimated to be 39% in 2015
[38]. This compares to 44% receiving IVST in Queensland be-
tween 2012-2016 and 50% between 2017-2021, compliant with
the LUCiD standard that at least half of people with stage IV
NSCLC should receive any systemic therapy [13] while also il-
lustrating how attitudes toward treatment for metastatic disease
have altered over time.

4.4 | Outcomes

Commensurate with our finding that post-surgery survival for
people with NSCLC has improved significantly in Queensland
over the study period, results from Iceland [39] revealed a
large rise in one-year survival from 75% to 88% between 1991
and 2014. A cohort of people with NSCLC from France [40]
diagnosed between 2005 and 2012 showed a more modest in-
crease in three-year surgical survival, from 80% to 82%. Gains
in survival following surgery were attributed to a combination
of advances in surgical techniques and improved preoperative
staging, along with more people being diagnosed with earlier-
stage disease [39, 40].

More than one in six Queenslanders with NSCLC who had ever
received IVST continued to receive it within 30days of death.
Although this includes immunotherapy, it nonetheless exceeds
the recommendation that less than 10% of patients should re-
ceive systemic therapy 30days prior to death [13] and suggests
possible overuse of treatments nearing end of life in Queensland.
Prolonging chemotherapy for terminally ill people can cause
unnecessary physical, psychological, and financial distress and

delay hospice care if needed [41, 42]. Informed decision-making
and open communication between people with NSCLC and
healthcare providers about the benefits and risks of continu-
ing therapy until close to death must therefore remain central
to treatment choices. Palliative care has an important role in
helping patients and caregivers to navigate the most appropri-
ate choice depending on their circumstances; indeed, early re-
ferral to palliative care services following NSCLC diagnosis has
been demonstrated to improve quality of life and possibly even
prolong survival and is now part of many oncology guidelines
[43, 44].

4.5 | Strengths and Limitations

Clear strengths of this study are the provision of data from
the QOR, allowing population-based research using a well-
established linked dataset containing expansive patient and
clinical information, as well as the use of quality indicators
that were determined through a clinician-and consumer-led
process. There are also some limitations to consider when in-
terpreting changes in the indicators between the two time pe-
riods. Information on oral anticancer therapy was missing,
which would have been more prevalent prior to the widespread
introduction of IVST for patients diagnosed and treated more re-
cently. Data for MDT review is not complete as it is reliant on the
provision of data from hospitals to QOR. MDT activity captured
in QOR favors public hospitals, with minimal contribution from
private hospital MDTs.

5 | Conclusions

The QNSCLCQI provides essential baseline measurements for
ongoing monitoring of the high standard of lung cancer care in
Queensland. It is intended that the set of current quality indica-
tors for NSCLC will be expanded as further feedback is obtained
from providers of cancer services and the community and as
more data items become available. Future analysis may focus
on small-cell lung cancer, mesothelioma, screening, molecular
testing, immunotherapy, recurrence, and end-of-life care.

Author Contributions

All authors had full access to the data in the study and take responsi-
bility for the integrity of the data and the accuracy of the data analysis.
Conceptualization: Margot Lehman, Morgan Windsor, Alison Bolton,
Jasotha Sanmugarajah, Bryan Chan, Tracey Guan and Danica Cossio.
Data curation: Tracey Guan and Danica Cossio. Formal analysis:
Artika Nath and Danny Youlden. Funding acquisition: Danica Cossio.
Methodology: Nathan Dunn and Danny Youlden. Project administra-
tion: Tracey Guan. Supervision: Danica Cossio, Jasotha Sanmugarajah
and Bryan Chan. Visualization: Nathan Dunn and Artika Nath. Writing
- original draft: Danny Youlden. Writing - review and editing: Tracey
Guan, Bryan Chan, Jasotha Sanmugarajah, Margot Lehman, Alison
Bolton, Morgan Windsor, Artika Nath, Nathan Dunn and Danica
Cossio.

Acknowledgments

The authors wish to thank members of the Queensland Cancer Control
Safety and Quality Partnership and the lung cancer subcommittee

10 of 12

Thoracic Cancer, 2025

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssppiie YO ‘8sn Jo se|ni 1oy AriqiT8uljuO A8]IM UO (SUOTpUoD-pue-seIALI0D A8 | 1M Afelq 1 jeul|UO//:SANY) SUORIPUOD pue Swie | 81 88S *[6Z0z/c0/TT] Uo A%iqiaulluo A(1M ‘UiesH puesusand AQ #£002 +T..-652T/TTTT OT/I0p/L0o A8 | Azelq1jeuljuo//Sdny Woly papeo|umod ‘G ‘G20z ‘vT.L6GLT



for their valuable contributions to the management of cancer in
Queensland. The authors also thank the Cancer Alliance Queensland
team, who maintain the QOR and provide expert data management and
analysis to support extensive cancer reporting for all Queenslanders.
Open access publishing facilitated by The University of Queensland,
as part of the Wiley - The University of Queensland agreement via the
Council of Australian University Librarians.

Disclosure

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The datasets generated during and/or analyzed during the current study
are not publicly available due to confidentiality restrictions but may be
available from the corresponding author upon reasonable request.

References

1. H. Sung, J. Ferlay, R. L. Siegel, et al., “Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for
36 Cancers in 185 Countries,” CA: A Cancer Journal for Clinicians 71
(2021): 209-249.

2.T. John, W. A. Cooper, G. Wright, et al., “Lung Cancer in AUSTRA-
LIA,” Journal of Thoracic Oncology 15 (2020): 1809-1814.

3. A. K. Ganti, A. B. Klein, I. Cotarla, B. Seal, and E. Chou, “Update
of Incidence, Prevalence, Survival, and Initial Treatment in Patients
With Non-Small Cell Lung Cancer in the US,” JAMA Oncology 7 (2021):
1824-1832.

4.T. Tamura, K. Kurishima, K. Nakazawa, et al., “Specific Organ Me-
tastases and Survival in Metastatic Non-Small-Cell Lung Cancer,” Mo-
lecular and Clinical Oncology 3 (2015): 217-221.

5.S. Ekman, P. Horvat, M. Rosenlund, et al., “Epidemiology and Sur-
vival Outcomes for Patients With NSCLC in Scandinavia in the Preim-
munotherapy Era: A SCAN-LEAF Retrospective Analysis From the I-O
Optimise Initiative,” JTO Clinical and Research Reports 2, no. 5 (2021):
100165, https://doi.org/10.1016/j.jtocrr.2021.100165.

6. N. Duma, R. Santana-Davila, and J. R. Molina, “Non-Small Cell Lung
Cancer: Epidemiology, Screening, Diagnosis, and Treatment,” Mayo
Clinic Proceedings 94 (2019): 1623-1640.

7. A. G. Nicholson, M. S. Tsao, M. B. Beasley, et al., “The 2021 WHO
Classification of Lung Tumors: Impact of Advances Since 2015,” Jour-
nal of Thoracic Oncology 17, no. 3 (2022): 362-387, https://doi.org/10.
1016/j.jtho.2021.11.003.

8.Z. Chen, C. M. Fillmore, P. S. Hammerman, C. F. Kim, and K. K.
Wong, “Non-Small-Cell Lung Cancers: A Heterogeneous Set of Dis-
eases,” Nature Reviews. Cancer 14 (2014): 535-546.

9.N. Hanna, D. Johnson, S. Temin, et al., “Systemic Therapy for Stage
IV Non-Small-Cell Lung Cancer: American Society of Clinical Oncol-
ogy Clinical Practice Guideline Update,” Journal of Clinical Oncology
35(2017): 3484-3515.

10. C. Willmington, P. Belardi, A. M. Murante, and M. Vainieri, “The
Contribution of Benchmarking to Quality Improvement in Healthcare.
A Systematic Literature Review,” BMC Health Services Research 22
(2022): 139.

11. M. L. Kim, L. Matheson, B. Garrard, et al., “Use of Clinical Qual-
ity Indicators to Improve Lung Cancer Care in a Regional/Rural Net-
work of Health Services,” Australian Journal of Rural Health 27 (2019):
183-187.

12. Cancer Council Australia, “Clinical Practice Guidelines for the
Treatment of Lung Cancer,” (2017), https://www.cancer.org.au/assets/
pdf/guidelines-lung-cancer.

13.J. Nash, E. Stone, S. Vinod, et al., “Lung Cancer (Internet-Based)
Delphi (LUCiD): A Modified eDelphi Consensus Process to Establish
Australasian Clinical Quality Indicators for Thoracic Cancer,” Respirol-
0gy 29 (2024): 1085-1094.

14. L. H. Sobin, M. K. Gospodarowicz, and C. Wittekind, eds., TNM
Classification of Malignant Tumours, 7th ed. (Wiley-Blackwell, 2010).

15. P. Goldstraw, “New TNM Classification: Achievements and Hur-
dles,” Translational Lung Cancer Research 2, no. 4 (2013): 264-272.

16.J. D. Brierley, M. K. Gospodarowicz, and C. Wittekind, eds., TNM
Classification of Malignant Tumours, 8th ed. (Wiley-Blackwell, 2016).

17. F. C. Detterbeck, D.J. Boffa, A. W. Kim, and L. T. Tanoue, “The Eighth
Edition Lung Cancer Stage Classification,” Chest 151 (2017): 193-203.

18. Australian Bureau of Statistics, “Australian Statistical Geography
Standard (ASGS), Edition 3,” 2021.

19. Australian Bureau of Statistics, “Socio-Economic Indexes for Areas
(SEIFA), Australia,” (2023), https://www.abs.gov.au/statistics/people/
people-and-communities/socio-economic-indexes-areas-seifa-austr
alia/latest-release.

20. H. Quan, V. Sundararajan, P. Halfon, et al., “Coding Algorithms
for Defining Comorbidities in ICD-9-CM and ICD-10 Administrative
Data,” Medical Care 43 (2005): 1130-11309.

21. M. E. Charlson, P. Pompei, K. L. Ales, and C. R. MacKenzie, “A New
Method of Classifying Prognostic Comorbidity in Longitudinal Studies:
Development and Validation,” Journal of Chronic Diseases 40 (1987):
373-383.

22. Clinical Excellence Queensland, “Inform My Care: Peer Groups
v17,” (2020), https://clinicalexcellence.qld.gov.au/sites/default/files/
docs/resources/inform-my-care-peer-groups.pdf.

23. G. de Castro, F. H. Souza, J. Lima, L. P. Bernardi, C. H. A. Teixeira,
and G. F. Prado, “Does Multidisciplinary Team Management Improve
Clinical Outcomes in NSCLC? A Systematic Review With Meta-
Analysis,” JTO Clinical and Research Reports 4 (2023): 100580.

24. K. Woodford, K. Koo, J. Reynolds, et al., “Persisting Gaps in Optimal
Care of Stage III Non-Small Cell Lung Cancer: An Australian Patterns
of Care Analysis,” Oncologist 28 (2023): e92-e102.

25. M. I. Ronden, I. Bahce, N. J. M. Claessens, et al., “The Impact of the
Availability of Immunotherapy on Patterns of Care in Stage III NSCLC:
A Dutch Multicenter Analysis,” JTO Clinical and Research Reports 2
(2021): 100195.

26. M. M. Oken, R. H. Creech, D. C. Tormey, et al., “Toxicity and Re-
sponse Criteria of the Eastern Cooperative Oncology Group,” American
Journal of Clinical Oncology 5 (1982): 649-655.

27.R. G. Salloum, T. J. Smith, G. A. Jensen, and J. E. Lafata, “Survival
Among Non-Small Cell Lung Cancer Patients With Poor Performance
Status After First Line Chemotherapy,” Lung Cancer 77 (2012): 545-549.

28.J. A. Carmichael, D. Wing-San Mak, and M. O'Brien, “A Review of
Recent Advances in the Treatment of Elderly and Poor Performance
NSCLC,” Cancers 10 (2018): 236.

29. C. H. Tsai, P. T. Kung, W. Y. Kuo, and W. C. Tsai, “Effect of Time
Interval From Diagnosis to Treatment for Non-Small Cell Lung Cancer
on Survival: A National Cohort Study in Taiwan,” BMJ Open 10 (2020):
€034351.

30. T. R. Cushman, B. Jones, D. Akhavan, et al., “The Effects of Time to
Treatment Initiation for Patients With Non-Small-Cell Lung Cancer in
the United States,” Clinical Lung Cancer 22 (2021): e84-€97.

31.S. E. Klarenbeek, M. J. Aarts, M. M. van den Heuvel, M.
Prokop, M. Tummers, and O. C. J. Schuurbiers-Siebers, “Impact of

11 of 12

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssppiie YO ‘8sn Jo se|ni 1oy AriqiT8uljuO A8]IM UO (SUOTpUoD-pue-seIALI0D A8 | 1M Afelq 1 jeul|UO//:SANY) SUORIPUOD pue Swie | 81 88S *[6Z0z/c0/TT] Uo A%iqiaulluo A(1M ‘UiesH puesusand AQ #£002 +T..-652T/TTTT OT/I0p/L0o A8 | Azelq1jeuljuo//Sdny Woly papeo|umod ‘G ‘G20z ‘vT.L6GLT


https://doi.org/10.1016/j.jtocrr.2021.100165
https://doi.org/10.1016/j.jtho.2021.11.003
https://doi.org/10.1016/j.jtho.2021.11.003
https://www.cancer.org.au/assets/pdf/guidelines-lung-cancer
https://www.cancer.org.au/assets/pdf/guidelines-lung-cancer
https://www.abs.gov.au/statistics/people/people-and-communities/socio-economic-indexes-areas-seifa-australia/latest-release
https://www.abs.gov.au/statistics/people/people-and-communities/socio-economic-indexes-areas-seifa-australia/latest-release
https://www.abs.gov.au/statistics/people/people-and-communities/socio-economic-indexes-areas-seifa-australia/latest-release
https://clinicalexcellence.qld.gov.au/sites/default/files/docs/resources/inform-my-care-peer-groups.pdf
https://clinicalexcellence.qld.gov.au/sites/default/files/docs/resources/inform-my-care-peer-groups.pdf

Time-To-Treatment on Survival for Early-Stage Non-Small Cell Lung
Cancer in The Netherlands-A Nationwide Observational Cohort Study,”
Translational Lung Cancer Research 12 (2023): 2015-2029.

32. K. M. Fairfield, A. W. Black, F. L. Lucas, et al., “Association Between
Rurality and Lung Cancer Treatment Characteristics and Timeliness,”
Journal of Rural Health 35 (2019): 560-565.

33.S. M. Evans, A. Earnest, W. Bower, M. Senthuren, P. McLaughlin,
and R. Stirling, “Timeliness of Lung Cancer Care in Victoria: A Ret-
rospective Cohort Study,” Medical Journal of Australia 204 (2016): 75.

34. A. D. Nguyen, W. Wong, N. Beydoun, S. Mohan, J. Shafiq, and S.
K. Vinod, “Radiotherapy Patterns of Care for Stage I and II Non-Small
Cell Lung Cancer in Sydney, Australia,” Journal of Medical Imaging and
Radiation Oncology 63 (2019): 131-141.

35.S.J. Seung, M. Hurry, R. N. Walton, and W. K. Evans, “Real-World
Treatment Patterns and Survival in Stage IV Non-Small-Cell Lung Can-
cer in Canada,” Current Oncology 27 (2020): e361.

36.Y. Cheng, T. Zhang, and Q. Xu, “Therapeutic Advances in Non-
Small Cell Lung Cancer: Focus on Clinical Development of Targeted
Therapy and Immunotherapy,” MedComm 2 (2020): 692-729.

37.V. D. de Jager, W. Timens, A. Bayle, et al., “Developments in Pre-
dictive Biomarker Testing and Targeted Therapy in Advanced Stage
Non-Small Cell Lung Cancer and Their Application Across European
Countries,” Lancet Regional Health-Europe 38 (2024): 100838.

38.J. A. Roth, B. H. Goulart, A. Ravelo, H. Kolkey, and S. D. Ramsey,
“Survival Gains From First-Line Systemic Therapy in Metastatic Non-
Small Cell Lung Cancer in the U.S., 1990-2015: Progress and Opportu-
nities,” Oncologist 22 (2017): 304-310.

39. H. Halldorsson, A. W. Orrason, G. N. Oskarsdottir, et al., “Improved
Long-Term Survival Following Pulmonary Resections for Non-Small
Cell Lung Cancer: Results of a Nationwide Study From Iceland,” Annals
of Translational Medicine 7 (2019): 88.

40. M. C. Morgant, P. B. Pages, B. Orsini, et al., “Time Trends in Surgery
for Lung Cancer in France From 2005 to 2012: A Nationwide Study,”
European Respiratory Journal 46 (2015): 1131-1139.

41. A. M. Saito, M. B. Landrum, B. A. Neville, J. Z. Ayanian, and C. C.
Earle, “The Effect on Survival of Continuing Chemotherapy to Near
Death,” BMC Palliative Care 10 (2011): 14.

42. M. Wallington, E. B. Saxon, M. Bomb, et al., “30-Day Mortality After
Systemic Anticancer Treatment for Breast and Lung Cancer in England:
A Population-Based, Observational Study,” Lancet Oncology 17 (2016):
1203-1216.

43.].S. Temel, J. A. Greer, A. Muzikansky, et al., “Early Palliative Care
for Patients With Metastatic Non-Small-Cell Lung Cancer,” New En-
gland Journal of Medicine 363 (2010): 733-742.

44.7. J. Sanders, S. Temin, A. Ghoshal, et al., “Palliative Care for Pa-
tients With Cancer: ASCO Guideline Update,” Journal of Clinical On-
cology 42 (2024): 2336-2357.

12 of 12

Thoracic Cancer, 2025

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssppiie YO ‘8sn Jo se|ni 1oy AriqiT8uljuO A8]IM UO (SUOTpUoD-pue-seIALI0D A8 | 1M Afelq 1 jeul|UO//:SANY) SUORIPUOD pue Swie | 81 88S *[6Z0z/c0/TT] Uo A%iqiaulluo A(1M ‘UiesH puesusand AQ #£002 +T..-652T/TTTT OT/I0p/L0o A8 | Azelq1jeuljuo//Sdny Woly papeo|umod ‘G ‘G20z ‘vT.L6GLT



	Quality Indicators for Non-Small Cell Lung Cancer in Queensland, Australia, 2012–2021
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Development and Content of the Indicators
	2.2   |   Data Sources and Definitions
	2.3   |   Data Analyses

	3   |   Results
	3.1   |   Study Cohort
	3.2   |   Diagnosis, Staging, and Case Review
	3.3   |   Access
	3.4   |   Treatment
	3.5   |   Outcomes

	4   |   Discussion
	4.1   |   Diagnosis, Staging, and Case Review
	4.2   |   Access
	4.3   |   Treatment
	4.4   |   Outcomes
	4.5   |   Strengths and Limitations

	5   |   Conclusions
	Author Contributions
	Acknowledgments
	Disclosure
	Conflicts of Interest
	Data Availability Statement
	References


