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Abstract

Background Recent therapeutic advancements for non-metastatic non-small cell lung cancer (NSCLC) have
increased the need for real-world baselines against which future changes in patient management and clinical out-
comes can be compared.

Methods Data on patient characteristics, initial treatment, and overall survival (OS) were derived from adult patients
diagnosed with stage I-IIC NSCLC (2010-2020) in a regional Canadian database (Oncology Outcomes [O2]), an English
national registry (Cancer Analysis System [CAS]), and four regional German registries (VONKOdb) and retrospectively
analyzed separately using analogous methodology.

Results Data from 85,433 patients were analyzed. Stage at diagnosis varied, with proportions with stage | NSCLC
ranging from 30.9% (VONKOdb) to 44.2% (O2) and with stage Il disease from 36.9% (O2) to 48.5% (VONKOdb). Across
the data sources, proportions receiving surgery + other treatments were similar for stages | and Il, but decreased
through stages llIA, 1B, and llIC (range, 24.7-42.7%, 4.6-21.8%, and 0.9-7.5%, respectively). Overall, 70.3-85.2%

of patients received active treatment for NSCLC, with a trend toward lower proportions among those with stage Il dis-
ease. Reached median OS tended to be longest in patients with resected stage I/l NSCLC (range, 28.8-128.0 months)
and shortest in patients with stage IlIB/IIIC disease treated with systemic anticancer therapy (SACT) alone, radiother-
apy alone, or SACT + palliative radiotherapy (range, 4.8-21.2 months).

Conclusions These data provide insights into treatment pathways and survival outcomes before the widespread
use of immunotherapy-based and targeted therapies and will serve as an important baseline for future evaluations
of emerging treatments for patients with non-metastatic NSCLC.
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Introduction

Based on the latest Global Cancer Observatory GLOBO-
CAN estimates (2022), lung cancer accounts for around
10% of the approximately 7 million emergent cancer
cases in Europe and North America and is the leading
cause of cancer death in these regions and worldwide
[1-3]. Non-small cell lung cancer (NSCLC) is the most
common type of lung cancer, and approximately 40—50%
of patients with NSCLC are diagnosed at non-metastatic
stages of the disease (American Joint Committee on Can-
cer [AJCC] and Union for International Cancer Control
[UICC] tumor, node, metastasis [TNM] classification
system stages I to III) [4—8], with approximately 20-30%
diagnosed with early-stage NSCLC (stages I or II) and
approximately 20% diagnosed with locally advanced dis-
ease (stage III) [4, 6, 7].

Historically, European and North American treat-
ment guidelines for non-metastatic NSCLC have rec-
ommended surgery with curative intent for eligible
patients with resectable early-stage or locally advanced
tumors, with neoadjuvant and/or adjuvant chemotherapy
advised in certain patient populations [9-12]. Among
patients with unresectable tumors or among those who
refuse surgery or are inoperable because of their gen-
eral condition, radiotherapy (RT) with curative intent
has been recommended for early-stage NSCLC and
concurrent or sequential chemoradiotherapy (CRT) for
locally advanced disease [9—11]. For patients with locally
advanced NSCLC who are considered unfit for treatment
with curative intent, options have included palliative RT,
palliative chemotherapy, or best supportive care [13-16],
although, in certain countries/regions, select patients
with stage III disease might also have been able to receive
immunotherapy-based and targeted therapies approved
in the advanced/metastatic NSCLC setting.

More recently, the therapeutic landscape for non-
metastatic NSCLC has expanded with the emergence
of new treatment options and modalities. Although
specific approvals vary between Europe and North
America, select patient populations with resectable
tumors now have access to novel perioperative treat-
ment regimens such as a combination of nivolumab (a
programmed death 1 [PD-1] inhibitor) and platinum-
doublet chemotherapy in the neoadjuvant setting,
atezolizumab or pembrolizumab (PD-L1 and PD-1
inhibitors, respectively) monotherapy in the adjuvant
setting, and pembrolizumab in the perioperative set-
ting; osimertinib (an epidermal growth factor receptor
[EGFR] tyrosine kinase inhibitor) is also an adjuvant
option for EGFR-mutated NSCLC [17-21]. Likewise,
patients with unresectable locally advanced NSCLC
whose disease has not progressed after concurrent
platinum-based CRT can receive consolidation therapy
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with durvalumab (a PD-L1 inhibitor) or osimertinib (if
carrying EGFR-mutated NSCLC) according to specific
regional guidance [17, 21-24].

These fast-paced changes to the treatment options for
non-metastatic NSCLC create a need to evaluate novel
therapies and strategies in real-life settings to support
findings of the respective clinical trials and ultimately
guide real-world treatment decision-making. An impor-
tant part of such an evaluation is the establishment of
a real-world baseline against which future changes in
patient management and clinical outcomes can be com-
pared, allowing accurate measurement of the effect of the
introduction of new treatment approaches.

[-O Optimise is an ongoing, multi-country, collabora-
tive research initiative that leverages existing real-world
cancer databases to provide insights into the manage-
ment of thoracic malignancies in clinical practice [25]. To
date, data on patients with NSCLC, small cell lung can-
cer, and malignant pleural mesothelioma from various
data sources in Europe and Canada have been analyzed
as part of the I-O Optimise initiative [5-7, 26—35]. Using
data collected in Canada, England, and Germany as part
of the I-O Optimise initiative, the current retrospective
analyses aimed to describe real-world patient character-
istics, initial treatment patterns, and overall survival (OS)
outcomes among patients diagnosed with non-metastatic
NSCLC from 2010 through 2020, thus establishing a com-
prehensive real-world baseline for future evaluation of the
impact of newer treatment options on patient outcomes.

Patients and methods

Data sources

Data were derived from studies performed at three regis-
try-based data sources: (1) the Oncology Outcomes (O2)
database, a regional registry capturing cancer-related
data for the province of Alberta in Canada, representing
approximately 4.5 million residents [31]; (2) the Cancer
Analysis System (CAS) registry, a national registry cap-
turing data on all cancer cases where medical care is pro-
vided by the National Health Service (NHS) among the
population of England (approximately 55 million people
during the inclusion period of this study) [29, 36, 37];
and (3) the Oncological Health Care Research Data-
base (VONKOdD), a cancer-related database comprising
pooled data from four regional population-based clini-
cal cancer registries for the federal states of Hamburg,
Baden-Wirttemberg, North Rhine-Westphalia, and
Schleswig—Holstein in Germany, representing approxi-
mately 33 million residents and approximately 40% of the
German population. Further details on these data sources
are provided in the Supplementary Methods.
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Patients

Eligible patients in all three data sources were adults
(> 18 years) with an incident diagnosis of lung cancer
between 2010 and 2020 per specified International Clas-
sification of Diseases and Related Health Problems, 10
th Revision (ICD-10) diagnostic codes (Supplementary
Table 1); a specified International Classification of Dis-
eases for Oncology, 2nd edition (ICD-O-2) or 3rd edi-
tion (ICD-O-3) morphology code corresponding to the
‘adenocarcinoma; ‘squamous cell carcinoma, ‘NSCLC
not otherwise specified’ (NOS), ‘large cell carcinoma,
or ‘other miscellaneous NSCLC’ histological groups;
and recorded stage I-III disease (including relevant sub-
staging for stages IA, IB, IIA, IIB, IIIA, IIIB, or IIIC) at
the date of NSCLC diagnosis. Disease staging was based
on the 7th or 8th edition of the TNM staging classifica-
tion system per the AJCC/UICC, depending on the year
of diagnosis [38—41]; stage IIIC was only introduced in
the 8th edition, which was officially utilized in the data
sources from 2017/2018 onward. There were no restric-
tions on the source data used for TNM staging (clinical
vs. post-surgical/pathological staging). Per the study pro-
tocols for all data sources, patients would be excluded if
information on age and/or sex at diagnosis was missing.
Specific exclusion criteria for CAS were a missing NHS
number, a primary malignancy in the 5 years before lung
cancer diagnosis date, treatment with any systemic anti-
cancer therapy (SACT) within the period from 2 years
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before until 30 days before lung cancer diagnosis, or
receipt of any drug in the United Kingdom Cancer Drug
Fund at the time of data analysis. Specific exclusion cri-
teria for VONKOdb were 0 days of follow-up, which
encompasses true death certificate—only cases (i.e.,
patients who were only identified by the registry via their
death certificate); a follow-up endpoint recorded before
the recorded date of lung cancer diagnosis; or a missing/
unknown vital status date.

Study design and analyses

For each data source—specific study, patients were
included at date of diagnosis and followed until the ear-
liest of death, known exit from data source (e.g., lost to
follow-up), or end of study (end date of follow-up). Inclu-
sion and follow-up periods are detailed in Fig. 1. Analy-
ses were stratified by NSCLC stage at diagnosis (I, II,
IIIA, IIIB, IIIC) and initial treatment ‘type’ or ‘category’
where applicable. Initial treatment ‘category’ was derived
algorithmically for each data source using a similar algo-
rithmic approach specifically designed to identify initial
treatment received that was developed as part of the
I-O Optimise initiative (Supplementary Fig. 1 and Sup-
plementary Table 2). Initial treatment ‘type’ represents
a classification based on assigned treatment category
and included ‘resected’ (receiving surgery with or with-
out other treatments such as adjuvant, neoadjuvant, or
perioperative SACT and/or RT), ‘unresected’ (receiving

| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 |

02 1 Jan 2010

CAS 1 Jan 2014

Hamburg

VONKOdb <

Inclusion period

Follow-up period

-

30 Nov 2020
30 Nov 2021
31 Dec 2019
31 Aug 2021
1Jan2016 31 Dec 2018
31 Dec 2019

1 Jan 2016 31 Dec 2019
Baden-Wiirttemberg

31 Dec 2020

1 201 1 Dec 201

North Rhine-Westphalia LAL2016 SiiDec2bis

. B 1 May 2016 31 Dec 2019
Schleswig-Holstein

31 Jul 2021

31 Mar 2022

Fig. 1 Study inclusion and follow-up periods. CAS, Cancer Analysis System; O2, Oncology Outcomes; VONKOdb, Oncological Health Care Research

Database
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only non-surgical treatments), ‘untreated’ (no receipt of
surgery, RT, and/or SACT, but receipt of best supportive
care), or ‘unclassified’ (receiving treatments that did not
fit into any of the algorithmically derived treatment defi-
nitions categories [e.g., due to incomplete information or
treatments appearing in a sequence or with time intervals
that were not captured in the algorithmic rules]).

Data were analyzed separately for the three data
sources using analogous methodology, with no pooling
of data. Patient demographic and clinical characteristics
were collected at inclusion date (diagnosis) and summa-
rized using descriptive statistics. OS was estimated from
the specified index date (diagnosis, start of treatment,
or specific landmark time points in conditional survival
analyses) using Kaplan—Meier methods. Conditional sur-
vival analyses assessed the probability of a patient surviv-
ing for a further 2 years after reaching sequential survival
landmarks of 1, 3, or 5 years after diagnosis. In all OS
analyses, patients who were alive were censored at end
of the study periods or known exit from the data source.
Data masking was conducted per data source—specific
confidentiality requirements. Primary data masking was
performed if patient counts for individual categories
were between 1 and 9 for O2, between 1 and 5 for CAS,
or between 1 and 4 for VONKOdb. For all data sources,
additional secondary data masking was conducted where
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necessary to prevent unmasking of those categories
undergoing primary data masking.

Results

Patient characteristics

In total, 85,433 eligible patients diagnosed with non-met-
astatic NSCLC were included in the studies conducted
for O2 (N=7325), CAS (N= 57,609), and VONKOdb (N
=20,499) (Fig. 2). Key patient and clinical characteristics
are shown by disease stage at diagnosis in Table 1. Across
the data sources, there was variability in disease stage at
diagnosis, with the proportion of patients with stage I
NSCLC highest for O2 (44.2%) and lowest for VONKOdb
(30.9%) and the proportion with stage III disease high-
est for VONKOdb (48.5%) and lowest for O2 (36.9%).
There were also differences between data sources in
terms of distribution by sex (smaller proportions of
female patients for VONKOdD) at all disease stages, and
age (younger age for VONKOdb) and histology (smaller
proportions with squamous histology and larger propor-
tions with NOS for O2) at stages I through IIIB (Table 1).
It was also noteworthy that within each data source there
were trends toward younger age, decreasing proportions
of female patients, and decreasing proportions of patients
with non-squamous histology (parallel with increasing
proportions with squamous histology) as disease stage

Adult patients with an incident diagnosis of stage I-1lIC NSCLC
during the respective study periods at each data source

CAS VONKOdb

Missing sub-stage

(stage IA, IB, IIA, etc) n =52 (0.7%)

Primary malignancy in the
5 years prior to diagnosis
and/or
Received SACT within
2 years before until
30 days before diagnosis
and/or
Received any drug in the
UK Cancer Drug Fund
at the time of analysis?

v

— Not applicable

omocCcroOoXxXm

No follow-up, follow-up v

end point before diagnosis, — Not applicable
or missing vital status date®

v

Full analysis populations N = 7325 (99.3%)

N =75,774

N = 22,546

n=10,797 (14.2%) n = 84 (0.4%)

v v

n =7368 (9.7%) Not applicable

v v

Not applicable n = 1963 (8.7%)

v v

N = 57,609 (76.0%) N = 20,499 (90.9%)

Fig. 2 Patient flow chart. ® Exclusion criteria specific to the CAS data source. °Exclusion criteria specific to the VONKOdb data source. CAS, Cancer
Analysis System; NSCLC, non-small cell lung cancer; 02, Oncology Outcomes; SACT, systemic anticancer therapy; VONKOdb, Oncological Health

Care Research Database
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Table 1 Key characteristics of eligible patients with stage I-IC NSCLC from 02, CAS, and VONKOdb?
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02 (Canada) N= 7325

CAS (England) N= 57,609

VONKOdb (Germany) N= 20,499

Stagel, n ©6)2

n=3236 (44.2)

n= 20,994 (36.4)

n=6333(30.9)

Age, years
Median (IQR) 71 (64-77) 72 (66-78) 69 (62-76)
Age =65 years, n (%) 2383 (73.6) 16,574 (78.9) 4303 (67.9)
Female, n (%) 1919 (59.3) 11,474 (54.7) 2680 (42.3)
Histology, n (%)
Non-squamous 1973 (61.0) 12,939 (61.6) 3717 (58.7)
Adenocarcinoma 1957 (60.5) 12,647 (60.2) 3686 (58.2)
Squamous 690 (21.3) 5769 (27.5) 1903 (30.0)
NOS 486 (15.0) 1853 (8.8) 476 (7.5)
Other 87 (2.7) 433 (2.1) 237.(3.7)
Sub-stage, n (%)
1A 1918 (59.3) 11,915 (56.8) 4282 (67.6)
1B 1318 (40.7) 9079 (43.2) 2051 (324)
Stage Il, n (%)® n= 1389 (19.0) n=11,127(19.3) n=4230(20.6)
Age, years
Median (IQR) 71 (64-78) 72 (66-79) 69 (62-76)
Age =65 years, n (%) 1016 (73.1) 8777 (78.9) 2857 (67.5)
Female, n (%) 701 (50.5) 4935 (44.4) 1509 (35.7)
Histology, n (%)
Non-squamous 671 (48.3) 5125 (46.1) 1950 (46.1)
Adenocarcinoma 656 (47.2) 4954 (44.5) 1931 (45.7)
Squamous 496 (35.7) 4832 (43.4) 1845 (43.6)
NOS 165 (11.9) 811(7.3) 254 (6.0)
Other 57 (4.0) 359(3.2) 181 (4.3)
Sub-stage, n (%)
IIA 569 (41.0) 4751 (42.7) 1404 (33.2)
1B 820 (59.0) 6376 (57.3) 2826 (66.8)
Stage llIA, n (%)° n=1656(22.6) n= 14,295 (24.8) n=5083 (24.8)
Age, years
Median (IQR) 71(63-78) 72 (65-78) 68 (61-75)
Age > 65 years, n (%) 1186 (71.6) 10,984 (76.8) 3254 (64.0)
Female, n (%) 795 (48.0) 6294 (44.0) 1767 (34.8)
Histology, n (%)
Non-squamous 730 (44.1) 6110 (42.7) 2308 (45.4)
Adenocarcinoma 543.2) 5943 (41.6) 2277 (44.8)
Squamous 3(37.0) 6714 (47.0) 2163 (42.6)
NOS 257 (15.5) 1154 (8.1) 390 (7.7)
Other 56 (3.4) 317 (2.2) 222 (4.4)
Stage 1B, n (%)® n=958(13.1) n=10,026 (17.4) n=3780(18.4)
Age, years
Median (IQR) 69 (63-76) 71 (64-77) 68 (61-75)
Age =65 years, n (%) 653 (68.2) 7395 (73.8) 2302 (60.9)
Female, n (%) 471 (49.2) 4321 (43.1) 1309 (34.6)
Histology, n (%)
Non-squamous 397 (41.4) 4094 (40.8) 1656 (43.8)
Adenocarcinoma 396 (41.3) 3958 (39.5) 1637 (43.3)
Squamous 370 (38.6) 4897 (48.8) 1640 (43.4)
NOS 169 (17.6) 886 (8.8) 358(9.5)
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Table 1 (continued)
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02 (Canada) N= 7325

CAS (England) N= 57,609

VONKOdb (Germany) N= 20,499

Other 22(2.3)
Stage llICP< n=286(1.2)
Age, years

Median (IQR) 67 (60-75)

Age >65 years, n (%) 53(61.6)
Female, n (%) 42 (48.8)
Histology, n (%)

Non-squamous 40 (46.5)

Adenocarcinoma 40 (46.5)

Squamous 40 (46.5)

NOS PM

Other PM

149 (1.5) 126 (3.3)
n=1167 (2.0) n=1073(5.2)
70 (62-76) 67 (60-76)
810 (69.4) 659 (61.4)

468 (40.1) 332(30.9)

566 (48.5) 464 (43.2)

547 (46.9) 461 (43.0)

493 (42.2) 474 (44.2)
92(7.9) 106 (9.9)

16 (1.4) 29(2.7)

AJCC American Joint Committee on Cancer, CAS Cancer Analysis System, IQR Interquartile range, NOS Not otherwise specified, NSCLC Non-small cell lung cancer, 02
Oncology Outcomes, PM Primary masked data, TNM Tumor, node, metastasis, U/CC Union for International Cancer Control; VONKOdb Oncological Health Care Research

Database

2 Primary data masking was performed if patient counts for individual categories were between 1 and 9 for 02, between 1 and 5 for CAS, and between 1 and 4 for

VONKOdb

b Proportions of patients diagnosed at each stage are based on the full analysis population at each data source. TNM stage was assigned at the date of NSCLC
diagnosis. There were no restrictions on the source data used for TNM staging (clinical vs. post-surgical/pathological staging). For 02, TNM stage was derived only
from clinical staging for this analysis. For CAS and VONKOdb, TNM stage could have been derived from either clinical staging or post-surgical/pathological staging

¢ Stage IlIC was introduced in the 8th edition of the TNM classification system per the AJCC/UICC, which was officially utilized in the data sources from 2017/2018

onward

increased (Table 1). Since stage III NSCLC represents a
heterogenous entity, additional data on tumor and node
stage distribution are shown in Supplementary Table 3.
It is noteworthy that proportions of patients with stage
IITA-N2 disease were higher for O2 (64.7%) and CAS
(55.9%) than for VONKOdb (45.7%) and proportions of
patients with stage IIIB-N3 disease were also higher for
02 (47.9%) and CAS (44.4%) than for VONKOdb (28.9%)
(Supplementary Table 3).

Survival outcomes and conditional survival

For all 3 data sources, median OS from diagnosis short-
ened, and landmark OS rates decreased with advancing
disease stage through stage IIIB (Fig. 3). In patients with
stage I and I NSCLC, median OS was longer for O2 (76.7
and 37.3 months, respectively) versus CAS (61.7 and 29.5
months) and VONKOdb (56.8 and 31.5 months), with
OS rates showing the same trend. Among patients with
stage IIIA or IIIB disease, median OS was slightly longer
for VONKOGdb (19.3 and 14.2 months, respectively) ver-
sus O2 (18.2 and 11.0 months) and CAS (15.8 and 9.6
months), with OS rates again showing the same trend.
In patients with stage IIIC disease, OS outcomes for O2
were similar to those observed with stage IIIB, although
the sample size was small; however, the trend for incre-
mentally worse OS outcomes continued through stage
IIIC for CAS and VONKOdb (Fig. 3).

In conditional survival analyses for all data sources,
there was a trend toward an increased probability of
surviving for a further 2 years after reaching sequential
post-diagnosis survival landmarks among patients with
stage II or III NSCLC (Table 2). In contrast, patients with
stage I disease had a similar probability of surviving a fur-
ther 2 years, regardless of the number of years they had
already survived since their diagnosis (Table 2).

Treatment patterns and associated survival outcomes
Treatment type (resected, unresected, or untreated/
unclassified)

Across the different data sources and disease stages,
70.3-85.2% of patients received active treatment for
their NSCLC. Proportions of patients who were resected
versus unresected did not differ substantially for stages
I (range, 58.9-66.9% vs. 11.7-19.8%, respectively) and
II (range, 57.7-59.2% vs. 18.9-26.3%) (Table 3). How-
ever, through stages IIIA, IIIB, and IIIC, proportions
of patients who were resected decreased (range, 24.7—
42.7%, 4.6-21.8%, and 0.9-7.5%, respectively) in paral-
lel with increased proportions who were unresected
(range, 32.0-51.7%, 52.1-68.1%, and 62.7-82.6%) and
there was a trend toward increased proportions catego-
rized as untreated/unclassified (range, 21.6-27.1%, 26.1—
27.3%, and 29.6—29.7%) (Table 4). Of note, while it was
necessary to merge the untreated and unclassified initial
treatment types because of masking rules preventing



Greystoke et al. BMC Pulmonary Medicine

(2025) 25:265

A 1.00 —
g 0.75 4
2
2
2 050
2
2
£ 0254
0.00 — T T T T T T T T T T
0 6 12 18 24 36 48 60 72 84 96 108 120
Time (months)
No. at risk
Stage | 3109 29322625 2346 1823 1379 1048 738 515 346 204 122
Stage Il 12321095 921 768 561 412 310 223 155 107 73 39
Stage IIIA 1346 1034 791 608 407 283 208 138 101 70 47 23
Stage IlIB 637 444 299 212 118 72 40 22 16 1 0 0
Stage IlIC 57 40 35 21 0 0 0 0 0 0 0 0
Stage | Stage Il Stage IllIA Stage llIB Stage llIC
Number of patients 3236 1389 1656 958 86
Median (Q1-Q3), months | 76.7 (31.7-NA) |37.3 (14.3-109.1)[ 18.2 (8.2-46.0) | 11.0 (4.5-25.4) | 12.0 (4.4-NA)
1-year OS (95% Cl), % 91 (90-92) 79 (77-82) 63 (61-65) 47 (44-50) 49 (39-61)
3-year OS (95% Cl), % 72 (70-73) 51 (48-54) 31 (29-33) 17 (15-20) NA
5-year OS (95% CI), % 58 (56-59) 40 (37-43) 21 (19-24) 9 (7-12) NA
B 1.00 4
T 075
e
3
S 050
H
3
E=
£ 025
0.00 T T T T T T T T T
0 6 12 18 24 36 48 60 72 84
Time (months)
No. at risk
Stage | 19,711 18,480 16,211 13,865 10,083 6440 3682 1610 91
Stage Il 9672 8285 6664 5294 3414 2112 1164 505 33
Stage IlIA 11,041 8426 6219 4566 2626 1487 765 327 21
Stage IlIB 6448 4260 2839 1937 983 480 231 107 7
Stage IlIC 719 464 270 139 2 0 0 0 0
Stage | Stage Il Stage llIA Stage llIB Stage llIC
Number of patients 20,994 11,127 14,295 10,026 1167
Median (Q1-Q3), months | 61.7 (25.5-85.7)[29.5 (11.8-73.2) | 15.8 (6.7-36.4) | 9.6 (3.8-21.5) | 9.1 (3.1-19.6)
1-year OS (95% ClI), % 88 (86-89) 75 (74-75) 59 (56-60) 43 (42-43) 40 (37-43)
3-year OS (95% Cl), % 67 (66-67) 44 (43-45) 25 (24-26) 15 (14-15) 9 (7-12)
5-year OS (95% CI), % 51 (50-52) 30 (29-31) 15 (14-15) 8 (7-8) NA
C 1.00 4
T 0.75
H
3
3 050
%
3
2
S
a 025
0.00 T T T T T T T T
0 6 12 18 24 36 48 60 72
Time (months)
No. at risk
Stage | 5011 4421 3557 2841 1533 667 98 0
Stage Il 3216 2613 2075 1562 816 332 57 0
Stage IlIA 3788 2868 2050 1469 740 313 42 0
Stage IlIB 2732 1927 1291 896 386 124 17 0
Stage IlIC 686 439 67 57 6 0 0
Stage | Stage Il Stage llIA Stage llIB Stage llIC
Number of patients 6333 4230 5083 3780 1073
Median (Q1-Q3), months| 56.8 (22.3-NA) [31.5 (11.3-70.1)[19.3 (8.1-51.8) | 14.2 (6.1-31.4) | 10.2 (4.1-24.4)
1-year OS (95% Cl), % 86 (85-87) 75 (73-76) 66 (64-67) 56 (55-58) 46 (43-49)
3-year OS (95% CI), % 62 (61-64) 47 (45-49) 33 (31-34) 22 (21-24) 20 (17-23)
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Fig. 3 OS Kaplan—-Meier curves for patients with stage I-IlIC NSCLC. A O2. B CAS. C VONKOdb. OS data are based on an index date of diagnosis. CAS,
Cancer Analysis System; Cl, confidence interval; NA, not available; NSCLC, non-small cell lung cancer; 02, Oncology Outcomes; OS, overall survival;
Q, quartile; VONKOdb, Oncological Health Care Research Database
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Table 2 Conditional OS probability by years survived from

diagnosis
Probability (95% Cl) of surviving a further
2 years

Years survived 02 (Canada) CAS (England) VONKOdb

from diagnosis (Germany)

Stage I°
0 81 (80-83) 76 (76-77) 73 (72-75)
1 79 (77-80) 76 (75-76) 72 (71-74)
3 81 (79-83) 77 (76-78) 77 (73-80)
5 83 (80-85) 62 (58-66) NA

Stage II?
0 62 (60-65) 56 (55-57) 59 (57-60)
1 64 (61-67) 60 (58-61) 63 (61-65)
3 78 (75-82) 68 (67-70) 66 (61-72)
5 77 (72-82) 63 (57-70) NA

Stage IIIA?
0 41 (39-43) 36 (35-37) 43 (42-45)
1 49 (46-53) 43 (42-44) 50 (48-52)
3 70 (65-75) 58 (56-61) 67 (62-73)
5 76 (70-83) 54 (46-63) NA

Stage IIIB®
0 27 (24-30) 22 (21-23) 33(31-35)
1 37(33-42) 34 (33-36) 39 (37-42)
3 57 (48-68) 52 (49-56) 55 (47-64)
5 60 (45-79) NA NA

Stage llIC*
0 36 (27-49) 19 (17-22) 26 (23-29)
1 NA 23 (17-30) 43 (38-49)
3 NA NA NA
5 NA NA NA

NA denotes too few patients to conduct probability analysis or masked data

CAS Cancer Analysis System, C/ Confidence interval, NA Not available, 02
Oncology Outcomes, OS Overall survival, VONKOdb Oncological Health Care
Research Database

4TNM stage was assigned at the date of NSCLC diagnosis. There were no
restrictions on the source data used for TNM staging (clinical vs. post-surgical/
pathological staging). For 02, TNM stage was derived only from clinical staging
for this analysis. For CAS and VONKOdb, TNM stage could have been derived
from either clinical staging or post-surgical/pathological staging

presentation of separate data, the proportion with an
‘unclassified’ treatment type was very low, regardless of
stage or data source; across the data sources, proportions
with an ‘unclassified’ treatment type ranged from a mini-
mum of <0.1% of patients with stage I or II NSCLC for
CAS up to a maximum of 1.4% of patients with stage III
disease for VONKOdb. While general trends were con-
sistent across the data sources, proportions of patients
with resected stage IIIA, IIIB, or IIIC disease were higher
for VONKOdb (42.7%, 21.8%, and 7.5%, respectively)
than for O2 (24.7%, 7.3%, and masked) or CAS (26.8%,
4.6%, and 0.9%) (Table 4).

Page 8 of 20

Patterns of initial treatment and survival for stage | or Il
NSCLC

Across the data sources, most patients with resected
stage I NSCLC received surgery alone (range,
94.9-97.7%), with the reached median OS ranging from
80.3 to 128.0 months (median OS for these patients was
not reached [NR] at VONKOdb, with a lower interquar-
tile range [IQR] value of 34.1 months), and 3-year OS
ranging from 74 to 85% (Table 3). Likewise, most patients
with resected stage II disease received surgery alone
(range, 60.7-63.1%), with median OS ranging from 38.5
to 69.1 months, and 3-year OS ranging from 53 to 67%.
Around one-third of patients with resected stage II dis-
ease received adjuvant SACT alone or with RT (SACT
+RT) (range, 32.3-36.9%), with the reached median
OS ranging from 28.8 to 73.6 months (median OS for
patients receiving adjuvant SACT alone was NR at O2
and VONKOdb, with lower IQR values of 42.2 and 35.3
months, respectively), and 3-year OS ranging from 43
to 79%. The proportion of patients with resected stage I
or II NSCLC who received neoadjuvant SACT +RT was
uniformly low; data were masked for O2 and proportions
across the CAS and VONKOdb data sources did not
exceed 1.4%.

Among patients with unresected stage I NSCLC, most
received RT alone (range, 79.1-96.6%), with median OS
ranging from 24.4 to 42.2 months, and 3-year OS rang-
ing from 33 to 56% (Table 3). In patients with unresected
stage II disease, treatment allocation varied by data
source. Most patients received RT alone for O2 (82.4%)
and CAS (70.0%), with respective median OS of 16.4 and
15.4 months, and 3-year OS of 24% and 20%. Data on
patients receiving SACT alone was masked at O2, while
10.6% of patients at CAS received SACT alone, with a
median OS of 15.0 months and a 3-year OS of 22%. For
VONKOdDb, 45.4% received RT alone, with a median OS
of 15.3 months and 3-year OS of 21%, and 33.8% received
SACT alone, with a median OS of 27.4 months and
3-year OS of 41% (Table 3).

Patterns of initial treatment and survival for stage IlIA-C
NSCLC

Across the data sources, most patients with resected
stage IIIA NSCLC received surgery alone (range, 43.5—
45.2%) or with adjuvant SACT +RT (range, 38.5-48.1%);
median OS and 3-year OS ranged from 22.9 to 35.8
months and 36 to 50%, respectively, with surgery alone,
and from 30.1 to 58.8 months and 46 to 63% with sur-
gery with adjuvant SACT +RT (Table 4). Assessing pat-
terns of initial treatment and survival among patients
with resected stage IIIB or IIIC disease was impacted by
small sample sizes and/or data masking. However, for
VONKOdb, 34.3% of patients with resected stage IIIB
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disease received surgery alone, with a median OS of 12.1
months and 3-year OS of 19%, and 39.4% received sur-
gery with adjuvant SACT +RT, with a median OS range
of 18.6—27.3 months and a 3-year OS range of 34—40%
(Table 4). The proportion of patients with resected stage
IIIA-C NSCLC who received neoadjuvant SACT +RT
was relatively low across the data sources, with the note-
worthy exception that 12.3% of patients with resected
stage IIIB disease for VONKOdb received neoadjuvant
SACT, with a corresponding median OS of 28.9 months
and 3-year OS of 45% (Table 4).

Among patients with unresected stage IIIA-C NSCLC,
the majority received either RT alone, SACT alone, or
SACT +palliative RT, with variations by data source
(Table 4). For O2, these treatments were received by
66.5% of patients with unresected stage IIIA (with a
median OS range of 9.9-15.8 months and 3-year OS
range of 14-21%), 84.1% with unresected stage IIIB (with
a median OS range of 6.5-18.0 months and 3-year OS
range of 8-28%), and 91.5% with unresected stage IIIC
disease (with a reached median OS range of 4.8-21.2
months [median OS for patients receiving SACT alone
at O2 was NR with a lower IQR value of 14.5 months]
and 3-year OS range of 9-56%). For CAS, these treat-
ments were received by 66.6% of patients with unresected
stage IIIA (with a median OS range of 9.1-12.7 months
and 3-year OS range of 9-18%), 73.1% with unresected
stage IIIB (with a median OS range of 5.7-12.2 months
and 3-year OS range of 7-17%), and 79.5% with unre-
sected stage IIIC disease (with a median OS range of
4.8-14.4 months). For VONKOdb, these treatments were
received by 67.3% of patients with unresected stage IIIA
(with a median OS range of 8.8—-13.4 months and 3-year
OS range of 13-24%), 65.5% with unresected stage IIIB
(with a median OS range of 10.2-12.0 months and 3-year
OS range of 13-21%), and 67.2% with unresected stage
IIC disease (with a median OS range of 5.5-10.6 months
and 3-year OS range of 7-20%). Of these treatments, RT
alone and SACT alone were the most commonly admin-
istered, regardless of stage. However, the proportions of
patients with unresected stage IIIA-C disease receiving
SACT +palliative RT increased with increasing disease
stage for all data sources (Table 4).

Across the data sources, a sizable minority of patients
with unresected stage IIIA-C NSCLC received CRT
(concurrent or sequential) or other curative SACT +RT
(Table 4). Among patients with unresected stage IIIA and
IIIB NSCLC for O2, concurrent CRT was received by
15.7% (with a median OS of 42.8 months and 3-year OS
of 55%) and 7.8% (with a median OS of 30.8 months and
3-year OS of 46%), respectively; respective proportions
receiving other curative SACT +RT were 17.4% (with a
median OS of 28.5 months and 3-year OS of 38%) and
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7.9% (with a median OS of 27.5 months and 3-year OS
of 37%). Among patients with unresected stage IIIA, IIIB,
and IIIC NSCLC for CAS, either concurrent or sequen-
tial CRT was received by 27.6% (with a median OS range
of 19.7-26.5 months and 3-year OS range of 27-40%),
22.2% (with a median OS range of 18.3—-23.7 months and
3-year OS range of 26-36%), and 16.4% (with a median
OS range of 19.9-20.3 months and a 3-year OS of 0%),
respectively; proportions receiving other curative SACT
+RT were low for CAS, with only 3.5%, 2.5%, and 1.4% of
patients with unresected stage IIIA, IIIB, and IIIC receiv-
ing this initial treatment, respectively. Among patients
with unresected stage IIIA, IIIB, and IIIC NSCLC for
VONKOdb, concurrent or sequential CRT was received
by 17.6% (with a median OS range of 13.6—28.5 months
and 3-year OS range of 29-40%), 18.3% (with a median
OS range of 19.4-20.9 months and 3-year OS of 29%),
and 17.2% (with a median OS range of 14.3-15.5 months
and 3-year OS range of 22-30%), respectively; respective
proportions receiving other curative SACT +RT were
9.7% (with a median OS of 24.3 months and 3-year OS of
30%), 9.8% (with a median OS of 22.5 months and 3-year
OS of 25%), and 8.5% (with a median OS of 14.8 months
and 3-year OS of 17%) (Table 4).

Only a small number of patients across the data sources
were categorized as receiving concurrent CRT in com-
bination with immunotherapy based on our algorithmic
definition. For O2, no patients received this treatment at
any stage; for CAS, a small number of patients with stage
IITA and IIIB NSCLC received this treatment, with asso-
ciated data masking; and for VONKOGb, this treatment
was received by <1.0% of patients with unresected stage
II or IITA, 1.4% of patients with unresected stage IIIB, and
1.9% of those with unresected stage IIIC disease. Respec-
tive median OS and 3-year OS were not available for
stage II, were NR (with a lower IQR value of 21.5 months)
and 62%, for stage IIIA, 24.0 months and 42% for stage
IIIB, and 23.2 months and 41% for stage IIIC.

Discussion

The recent emergence of new therapies and treatment
strategies for non-metastatic NSCLC has resulted in a
rapid evolution of the associated treatment landscape. In
this fast-moving environment, it is important to estab-
lish real-world baselines (i.e., based on the period before
the emergence of newer therapies) against which future
changes in patient management and clinical outcomes
can be compared, allowing accurate measurement of
the effect of these new treatment approaches. Our study
provides such a baseline, presenting patient character-
istics, treatment patterns, and survival outcomes before
the widespread availability of newer immune checkpoint
inhibitors and tyrosine kinase inhibitors for more than
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85,000 patients diagnosed with non-metastatic NSCLC
across Canada, England, and Germany, between 2010
and 2020.

Study populations for the data sources showed varia-
tions in patient age, sex, and NSCLC histology. However,
the most noteworthy differences were in the distribu-
tion of disease stage at diagnosis, with the proportion
of patients diagnosed at stage I higher for O2 and the
proportion of patients diagnosed at stage III higher for
VONKOdb. There are various factors that could have
contributed to these observations, including inherent
differences in country-specific healthcare systems (e.g.,
access to care, primary care referral procedures, extent of
public versus private cancer services, etc.) and the racial
and socioeconomic make-up of the respective popula-
tions [42-46]. Furthermore, screening-related factors
could have also contributed to the observed higher pro-
portion of patients diagnosed at stage I for O2. Indeed,
although dedicated lung cancer screening programs
were not formally established in Alberta until 2024,
meaning they would not have impacted diagnostic pat-
terns in this study, the Canadian Task Force on Preven-
tive Health Care released general recommendations on
lung cancer screening in 2016 [47] that might have led to
early uptake of “screening-like” behaviors among Cana-
dian physicians. Moreover, the Alberta Thoracic Oncol-
ogy Program, an automatic referral process for patients
with chest computed tomographic scans suggestive of
malignant disease, was established in 2011, primarily in
response to unacceptably long wait times for lung cancer
diagnosis and treatment [48], and could also have influ-
enced the stage distribution at O2 in this study. Also,
as several studies have shown a level of stage migration
across all non-metastatic NSCLC stages between the
7th and 8th editions of the TNM classification systems
[49-51], the relative proportions diagnosed at each stage
for each data source could also be influenced in part by
the specific study inclusion period and the edition of the
TNM classification system used during this period.

OS data for the full study populations from the data
sources showed similar trends, with OS outcomes gener-
ally declining with increasing disease stage, as expected.
Furthermore, the OS outcomes observed in the current
study were generally aligned with those reported else-
where for similar real-world patient populations from
Denmark, Portugal, and Sweden [6, 28, 52]. In addition,
although the O2 data source is restricted to the prov-
ince of Alberta, the OS data from O2 aligned closely
with those reported for patients with lung and bronchus
cancer in a population-based study of cancer survival
across Canada, excluding Quebec, between 2010 and
2017 [53], which suggests that the O2 results are gen-
erally representative of Canada overall. In the current
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study, numerical differences in OS outcomes between
the data sources were noted, particularly in relation to
the apparent better outcomes observed among patients
with stage I or II NSCLC in Canada versus England and
Germany. However, this observed difference could have
been influenced by a multitude of factors, most crucially,
the prognosis of the patients and associated distribution
of initial treatment (as will be discussed later). Other fac-
tors that might have also influenced OS across the data
sources include the observed differences in patient/dis-
ease characteristics (e.g., aforementioned differences in
age, sex, and histology distribution), as well as potential
variations in other characteristics that were only par-
tially available, such as patient performance status (only
available for CAS) and comorbidity status (only available
for O2), which have both been shown to be potentially
prognostic in early-stage NSCLC [54-58]. Finally, OS
outcomes could also have been influenced by country-
specific approaches to the subsequent treatment (i.e.,
the respective availability of immunotherapy-based and
targeted therapies) and palliative care of patients as they
progress to the advanced stages of lung cancer, as well as
the underlying general mortality in each country.
Although there was some variability in the rela-
tive proportions receiving specific initial treatments in
the different data sources, trends in treatment alloca-
tion were generally aligned with relevant European and
North American lung cancer guidelines for early-stage
and locally advanced NSCLC that were available dur-
ing the respective study periods [9, 10, 12, 14, 16, 59]. As
expected, surgical approaches were generally the main-
stay of treatment for patients with stage I and II NSCLC.
In these patients, those undergoing surgery alone or with
(neo)adjuvant SACT +RT achieved better OS outcomes
compared with those receiving nonsurgical treatment
(mostly with RT alone) across all three data sources.
While this may suggest an advantage of surgical inter-
vention in early-stage NSCLC, it is important to consider
that both the decision on the most appropriate initial
treatment and the subsequent treatment-related out-
comes would likely have been influenced by differences
in some of the aforementioned known or partially known
patient characteristics, such as age, performance status,
or comorbidity status (e.g., patients undergoing surgery
may have been younger and fitter/healthier than those
not selected for surgery, which could have impacted the
respective survival outcomes). Among patients with
stage III NSCLC, the majority received only nonsurgical
treatments, and most patients with unresected stage III
disease received (presumably palliative) treatment with
SACT or RT alone or treatment with SACT + palliative
RT. Interestingly, OS outcomes in patients with resected
stage III NSCLC receiving (neo)adjuvant SACT +RT
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were relatively similar to those achieved among patients
with unresected stage III disease receiving curative CRT
(concurrent or sequential). In addition, among the stage
III population, the proportion of patients receiving sur-
gery was notably higher for VONKOdb than O2 and
CAS. This suggests a potentially increased preference for
surgical management of stage III tumors among treating
physicians in Germany versus Canada or England, which
may have been influenced by the fact that the German
stage III population was generally younger than the stage
III populations in Canada and England (see Table 1) and
typically had less nodal involvement than those in Can-
ada and England (see Supplementary Table 3). It should
also be noted that this observation may also have been
influenced by potential differences in other factors that
impact treatment decisions, but which were only partially
available from the participating data sources (e.g., per-
formance or comorbidity status) as well as possible dif-
ferential access to specialist cancer care across the data
sources (e.g., patients presenting at a tertiary center may
be more likely to be referred for surgery than those pre-
senting at community sites). Across the data sources and
disease stages, around 70—80% of patients received active
treatment, with a trend toward lower proportions among
those with stage III disease.

Another important observation from this study was
that, despite an expected variability across the data
sources, OS outcomes in these studies appeared to be
generally aligned with those reported elsewhere. For
example, in the Lung Adjuvant Cisplatin Evaluation
group pooled analysis of trials of patients with resected,
primarily stage II-III NSCLC receiving adjuvant chemo-
therapy, median OS was approximately 56 months, with
a 3-year OS of approximately 60% [60]; here, the range of
reached median OS for patients with resected stage II-
IIIA disease who received adjuvant SACT was 42.5-73.4
months, with a 3-year OS range of 57-79%. Similarly, in a
recent study of perioperative pembrolizumab, median OS
for patients with resected stage II-IIIB NSCLC in the pla-
cebo arm (i.e., those receiving neoadjuvant chemotherapy
only) was 45.5 months, with a 3-year OS of approximately
60% [61]; here, the range of reached median OS for
patients with resected stage II-IIIB disease who received
neoadjuvant SACT was 28.9-55.7 months, with a 3-year
OS range of 45—-66% [61]. Likewise, in the PACIFIC study
of durvalumab after concurrent CRT for unresectable
stage IIIA-B NSCLC, median OS for the placebo arm
(i.e., patients receiving concurrent CRT only) was 29.1
months, with a 3-year OS of 43.6% [62]; here, the range
of median OS for patients with unresected stage IIIA-
C disease who received concurrent CRT was 15.5-42.8
months, with a 3-year OS range of 29-55%. Interestingly,
the 3-year OS range for a small group of patients with
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unresected stage IIIA-C disease who received concurrent
CRT with immunotherapy in this analysis (41-62%) was
relatively aligned with that reported for patients receiving
concurrent CRT with durvalumab in the PACIFIC study
(3-year OS of 56.7%) [62].

The study populations providing data for this analysis
would be considered generally representative of an unse-
lected non-metastatic NSCLC population, with the pri-
mary reason for the limited study attrition being missing
information (for O2 and CAS, this was primarily missing
sub-staging information; for VONKOdb, this was pri-
marily missing follow-up information). Nevertheless, it
is important to acknowledge that the current study rep-
resents a retrospective and purely descriptive analysis
across distinct data sources and was not prospectively
designed to compare between the patient populations.
As such, any differences between the data sources noted
in this article are purely observational. Furthermore, there
are several other potentially limiting factors that should
be considered when interpreting the results of this anal-
ysis. First, the inclusion and follow-up periods differed
between the data sources and between the regional, pop-
ulation-based registries included in VONKOdb, which is
relevant to the TNM classification system used, and may
have influenced some of the noted observations. Second,
due to their individualized “structures’, the data sources
may have differed from one another in terms of their cov-
erage of patients receiving care at tertiary versus non-ter-
tiary centers, with associated differences in the availability
of treatment that could potentially influence the observed
patterns of initial treatment. Third, as there is an inher-
ent potential for some missing/incomplete treatment
data in real-word databases, and because of the use of
algorithmically derived initial treatment categories, there
was also potential for a limited amount of misclassifica-
tion between these categories that might have influenced
differences in treatment patterns across the participat-
ing data sources (this aspect is being actively addressed
within the I-O Optimise initiative through continued
modification and optimization of the developed algo-
rithm). Fourth, small numbers of patients receiving cer-
tain initial treatments (and/or the associated primary or
secondary data masking) limited interpretation of some
of the OS outcomes data and impacted assessment of the
relative effectiveness of those treatments within each data
source. Fifth, the reported OS outcomes for initial treat-
ment categories are influenced by immortal time bias,
where patients are considered immortal between the start
of the first and start of the last event in the respective
treatment sequence; durations of treatment also varied
between treatment categories, and therefore the amount
of immortal time bias varies between categories. Sixth,
considering literature indicating a level of discordance
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between clinical and post-surgical/pathological stag-
ing and highlighting potentially associated challenges in
determining tumor resectability [63—65], the use of either
clinical or post-surgical/pathological staging in the cur-
rent study may have influenced treatment selection, as
well as the observed OS outcomes in patients receiving
surgery-based versus non-surgical treatment approaches.
Moreover, in view of the emergence of various neoadju-
vant chemo-immunotherapy options for non-metastatic
NSCLC [66, 67], the use of either clinical or post-surgical/
pathological staging for this analysis should be an impor-
tant consideration when comparing outcomes from this
baseline dataset with those from future studies of newer
treatment strategies. Seventh and finally, since the study
follow-up periods for all the data sources overlapped in
part with the COVID-19 pandemic, there is the potential
that this may have impacted treatment decisions and/or
disrupted patient treatment schedules.

Conclusion

These data from a large population of patients diagnosed
with non-metastatic NSCLC in Canada, England, and
Germany, provide useful insights into patient character-
istics, treatment patterns, and survival outcomes before
the widespread use of immunotherapy-based and tar-
geted therapies. With the continued collection of data
in the 02, CAS, and VONKOdb data sources, these data
represent an important baseline and will allow for future
evaluation of the real-world impact of the emerging treat-
ment options for patients with non-metastatic NSCLC.
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