
Citation: Hochmair, M.; Terbuch, A.;

Lang, D.; Trockenbacher, C.; Augustin,

F.; Ghanim, B.; Maurer, D.;

Taghizadeh, H.; Kamhuber, C.; Wurm,

R.; et al. Real-World Treatment

Patterns and Timeliness of Clinical

Care Pathway for Non-Small Cell

Lung Cancer Patients in Austria: The

PRATER Retrospective Study. Cancers

2024, 16, 2586. https://doi.org/

10.3390/cancers16142586

Academic Editors: Henry S. Park and

Farrukh Aqil

Received: 11 June 2024

Revised: 5 July 2024

Accepted: 17 July 2024

Published: 19 July 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Article

Real-World Treatment Patterns and Timeliness of Clinical Care
Pathway for Non-Small Cell Lung Cancer Patients in Austria:
The PRATER Retrospective Study
Maximilian Hochmair 1 , Angelika Terbuch 2, David Lang 3 , Christian Trockenbacher 4, Florian Augustin 5,
Bahil Ghanim 6 , Dominik Maurer 7, Hossein Taghizadeh 8, Christoph Kamhuber 9, Robert Wurm 10 ,
Jörg Lindenmann 11 , Petra Braz 12, Tatjana Bundalo 12, Merjem Begic 13, Johanna Bauer 13, Patrick Reimann 14,
Nino Müser 15 , Florian Huemer 16, Verena Schlintl 2, Daniela Bianconi 17, Bernhard Baumgartner 18,
Peter Schenk 12, Markus Rauter 19 and Konrad Hötzenecker 13,*

1 Department of Respiratory and Critical Care Medicine, Karl Landsteiner Institute of Lung Research and
Pulmonary Oncology, Klinik Floridsdorf, 1210 Vienna, Austria

2 Division of Oncology, Department of Internal Medicine, Medical University of Graz, 8036 Graz, Austria
3 Department of Pulmonology, Johannes Kepler University Linz, Kepler University Hospital, 4829 Linz, Austria
4 Department of Pulmonology, Klinikum Wels-Grieskirchen, 4600 Wels, Austria
5 Department of Visceral, Transplant and Thoracic Surgery, Medical University Innsbruck,

6020 Innsbruck, Austria
6 Department of General and Thoracic Surgery, University Hospital Krems, 3500 Krems an der Donau, Austria
7 Department of Pulmonology, Ordensklinikum Elisabethinen Linz, 4020 Linz, Austria
8 Division of Oncology, Department of Internal Medicine I, University Hospital St. Pölten,

3100 St. Pölten, Austria
9 Department of Oncology, Kardinal Schwarzenberg Klinikum, 5620 Schwarzach, Austria
10 Department of Pulmonology, Medical University Graz, 8036 Graz, Austria
11 Division of Thoracic and Hyperbaric Surgery, Department of Surgery, Medical University of Graz,

8036 Graz, Austria
12 Department of Pulmonology, Landesklinikum Hochegg, 2840 Hochegg, Austria;

peter.schenk@hochegg.lknoe.at (P.S.)
13 Department of Thoracic Surgery, Medical University of Vienna, 8036 Vienna, Austria
14 Department of Oncology, Landeskrankenhaus Feldkirch, 6800 Feldkirch, Austria
15 Department of Medicine II with Pneumology, Karl Landsteiner Institute for Lung Research and Pulmonary

Oncology, Klinik Ottakring, 1160 Vienna, Austria
16 Division of Pulmonology, Klinik Penzing, 1140 Vienna, Austria
17 MSD, 1100 Vienna, Austria
18 Department of Pulmonology, Vöcklabruck Hospital, 4840 Vöcklabruck, Austria
19 Department of Pulmonology, Klinikum Klagenfurt Am Woerthersee, 9020 Klagenfurt, Austria
* Correspondence: konrad.hoetzenecker@meduniwien.ac.at

Simple Summary: Non-small cell lung cancer (NSCLC) is the most common form of lung cancer.
Treatments and outcomes for NSCLC are evolving as a result of multiple approvals for immunother-
apies and targeted therapies but may also be affected by limitations in clinical care access. In the
PRATER study, we described the profile and treatments of patients diagnosed with Stage I–III NSCLC
in Austria prior to the introduction of new therapies in the pre-/post-operative setting. We found that
therapeutic strategies were aligned with guidelines at that time. Clinical care was timely delivered
in most but not all early-stage NSCLC patients. As an additional exploratory objective, we showed
that lung cancer care was not significantly affected by COVID-19 restrictions in Austria. Real-world
evidence generated here will support future cancer care policies and evaluations of healthcare system
efficiency in clinical adoption of new therapies.

Abstract: This was a retrospective study of the profile and initial treatments of adults diagnosed with
early-stage (ES) non-small cell lung cancer (NSCLC) during January 2018–December 2021 at 16 leading
hospital institutions in Austria, excluding patients enrolled in clinical trials. In total, 319 patients were
enrolled at a planned ~1:1:1 ratio across StI:II:III. Most tested biomarkers were programmed death
ligand 1 (PD-L1; 58% expressing), Kirsten rat sarcoma virus (KRAS; 22% positive), and epidermal
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growth factor receptor (EGFR; 18% positive). Of 115/98/106 StI/II/III patients, 82%/85%/36%
underwent surgery, followed by systemic therapy in 9%/45%/47% of those [mostly chemotherapy
(ChT)]. Unresected treated StIII patients received ChT + radiotherapy [43%; followed by immune
checkpoint inhibitors (ICIs) in 39% of those], ICI ± ChT (35%), and ChT-alone/radiotherapy-alone
(22%). Treatment was initiated a median (interquartile range) of 24 (7–39) days after histological
confirmation, and 55 (38–81) days after first medical visit. Based on exploratory analyses of all
patients newly diagnosed with any stage NSCLC during 2018–2021 at 14 of the sites (N = 7846),
22%/10%/25%/43% had StI/II/III/IV. The total number was not significantly different between
pre-COVID-19 (2018–2019) and study-specific COVID-19 (2020–2021) periods, while StI proportion
increased (21% vs. 23%; p = 0.012). Small differences were noted in treatments. In conclusion,
treatments were aligned with guideline recommendations at a time which preceded the era of ICIs
and targeted therapies in the (neo)adjuvant setting.

Keywords: NSCLC; real-world; stage distribution; time intervals; treatment patterns; patient
pathway; COVID-19

1. Introduction

Lung cancer accounted for 12% of all newly diagnosed cancers and 19% of all cancer-
related deaths worldwide in 2022 [1]. With 5203 incident cases and 4125 deaths in 2022 in
Austria, lung cancer accounted for 12% of new cancer diagnoses and 20% of cancer deaths,
making it the leading cause of cancer-related deaths [2].

Non-small cell lung cancer (NSCLC) accounts for the majority of lung cancer diag-
noses (80–90%) [3,4]. Approximately half of NSCLC patients in Europe [5–10], including
Austria [11], are diagnosed with stage IV disease. This is important considering that 5-year
overall survival (OS) is estimated at ≤10% in metastatic patients [4,12]. In addition, based
on literature that precedes the introduction of immune checkpoint inhibitors (ICIs) and tar-
geted therapy (TT) options in the non-metastatic setting [13], both resected and unresected
patients with early-stage NSCLC (ES-NSCLC) experience frequent recurrence [14–17]. The
5-year OS rates range from 92% to 13% across Stage IA1 to IIIC NSCLC [12]. Although
prognosis of lung cancer patients in Austria has shown improvements over the years, the
last estimated 1-, 3- and 5-year age-standardized net survival was 52% (2015–2017), 30%
(2014–2018) and 20% (2010–2015), respectively [18,19]. Furthermore, though trends are not
unanimous, some studies in Europe and the US have shown that delays in lung cancer
management are associated with poorer prognosis [20–23]. Altogether these observations
highlight the need for improvements in clinical care.

Surgical tumour resection is the principal treatment option for patients with stage I–II
NSCLC, followed by adjuvant treatment, if indicated [24,25]. For locally advanced (LA)
NSCLC, which encompasses both resectable and unresectable cases, treatment may involve
a combination of surgery, systemic therapy (ST) and/or radiotherapy (RT) [24,25]. For
patients with metastatic NSCLC, non-surgical ST is the preferred option [26,27]. Platinum-
based chemotherapy (ChT) was the standard ST option for first-line (1L) treatment of
metastatic NSCLC without actionable oncogenic driver mutations up until European
Medicines Agency (EMA)-approval of the first ICI in the 1L setting in 2016 [28,29]. Since
then, owing to better treatment outcomes, ICIs (as monotherapy or chemoimmunotherapy)
have gradually become a big part of the standard of care for 1L treatment [18,26,28,29]. For
oncogene-addicted NSCLC, effective options include TTs, such as tyrosine kinase inhibitors
(TKIs) targeting EGFR or ALK [18,27].

The advent of ICIs is also expanding the treatment armamentarium of ES-NSCLC
(stage I–III), with first EMA approval in 2018 granted for durvalumab as consolida-
tion therapy for chemoradiotherapy (CRT)-treated unresected stage III NSCLC [30,31].
From 2021 onwards, the indication of multiple pre-existing molecules has been extended to
the (neo)adjuvant setting; these include three ICIs for patients with high risk of
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recurrence [13,32–38] and one TKI for patients with EGFR-mutated NSCLC [13,39]. Further
expansion of indications is awaited [13,40–43].

As the treatment paradigm for ES-NSCLC is changing, it is imperative to under-
stand real-world (RW) management practices in order to better inform future healthcare
decision-making and optimize oncology care, especially in the setting of ES-NSCLC which
requires multidisciplinary collaborations. However, Austria lacks a national lung cancer reg-
istry [18], while observational studies on local epidemiology are scarce and outdated [11,44].
Thus, the PRATER retrospective study was primarily designed to characterize the profile,
therapeutic strategies and journey of patients diagnosed with ES-NSCLC during 2018–2021
using RW data from leading hospital institutions in Austria. Furthermore, in view of the
negative impact of the COVID-19 pandemic (2020–2021) on cancer care worldwide [45–49],
we collected high-level aggregate data as part of an exploratory objective to capture the
potential impact of the pandemic on NSCLC clinical care in Austria.

2. Materials and Methods
2.1. Study Design and Population

PRATER was a non-interventional, single-country, multicentre, retrospective 2-part
study based on medical chart review (Figure S1) carried out at 16 major public
hospital clinics.

The primary part focused on individual patient-level data planned to be collected for
a sample of approximately 300 patients diagnosed with ES-NSCLC (stage IA–IIIC) between
1 January 2018 and 31 December 2021 (index period) at a 1:1:1: ratio across NSCLC stages I,
II and III in order to achieve a meaningful number of patients in each study subpopulation
(for more details, see section ‘Statistical methods’). Patients were eligible if diagnosed
with histologically or cytologically confirmed ES-NSCLC during the index period; aged
≥18 years at initial NSCLC diagnosis; and with sufficient medical records for data abstrac-
tion to meet the study objectives. Patients were selected using consecutive sampling from
the end of 2021 backwards, until the target sample was achieved. The aforementioned
allocation ratio was monitored through the electronic case report form (eCRF) during
the patient accrual period across the study sites. The retrospective data collection period
extended from the visit that led to the suspicion of the disease or diagnosis of NSCLC
(hereinafter referred to as ‘visit that led to diagnosis’) until the end of the patient’s obser-
vation period (EOP); the latter was the earliest date of initial therapeutic strategy (ITS)
completion, last contact with the patient, death or study end (31 December 2022). ITS was
defined as the sequence of all different treatment modalities (i.e., surgery, RT, ST; excluding
supportive treatments) administered immediately after initial diagnosis until earliest date
of next treatment initiation or EOP. Data were collected through the eCRF.

In the exploratory part, physicians provided high-level cumulative aggregate infor-
mation on the number of new NSCLC diagnoses and ITS by year of index period and
disease stage, considering all patients diagnosed with NSCLC of any stage (I–IV) at their
site during the index period. This information was collected via an electronic survey, in
which 14 of the 16 study sites participated. Eligible patients should have been diagnosed
with histologically or cytologically confirmed stage I–IV NSCLC during the index period
and be ≥18 years of age at initial diagnosis.

Participation in an interventional trial in the context of ITS for NSCLC served as
exclusion criterion for the primary part only.

The study conformed to the principles of Declaration of Helsinki, international guide-
lines for Good Pharmacoepidemiology Practice (GPP) [50], the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines [51], the European Union
General Data Protection Regulation (GDPR), and local rules and regulations. The protocol
was approved by the Institutional Review Boards of the participating sites before any
study-related procedures. Informed consent was not required.
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2.2. Study Objectives

The primary part aimed primarily to characterise the profile of a representative sample
of patients diagnosed with ES-NSCLC during the 4-year index period, as well as to shed
light on treatment patterns employed as part of ITS, by disease stage at initial diagno-
sis. Secondary objectives of this part were to capture the diagnostic imaging methods,
biomarker testing patterns (from start of diagnostic evaluation until EOP), and the patient
journey (from the first point of entry into the healthcare system until the earliest date of ITS
completion, last follow-up or death).

The aim of the exploratory part of the study was to record the number and ITS
of all patients newly diagnosed with NSCLC at the study sites during the entire index
period, and to explore the impact of the COVID-19 pandemic on NSCLC in the country
as reflected by variations in NSCLC stage distribution, number of new diagnoses, and
changes in treatment modalities during the pre-COVID-19 (2018–2019) and COVID-19
(2020–2021) periods. Further details on the rationale behind the study-specific definition of
the COVID-19 period are provided in the Supplementary Methods.

2.3. Statistical Methods

A precision-based sample size calculation was employed for the primary study part.
The planned size of 300 patients ensured a margin of error < 6% for the study outcomes,
with a 95% binomial two-sided confidence level using normal approximation within
4.4–5.6%. This size also ensured a margin of error < 10% for the frequency estimates
in the subpopulations by disease stage comprising at least 96 patients each.

Categorical variables are presented as frequencies and continuous variables as mean
and standard deviation (SD) or median and interquartile range (IQR; reported as Q1–Q3)
depending on the normality of data based on the Shapiro-Wilk test. No imputation methods
were applied except for partial dates.

Percent change in the number of NSCLC diagnoses between COVID-19 and pre-
COVID-19 periods were calculated as the difference between the total number of patients
diagnosed in 2020–2021 and those diagnosed in 2018–2019, then divided by the latter and
multiplied by 100. Statistical significance of difference between number of diagnoses as
well as ST frequencies was examined using the chi-squared (X2) or Fisher’s exact test.

All statistical tests were two-sided and performed at a 0.05 significance level. Sample
size determination and statistical analyses were performed using SAS v9.4 (SAS Institute,
Cary, NC, USA).

3. Results
3.1. Primary Part: Individual Patient-Level Data for Patients Initially Diagnosed with
Stage I–III NSCLC
3.1.1. Patient Disposition

From 21 February 2023 to 24 March 2023, a total of 323 patients were included from
16 hospital clinics in Austria. Four patients did not meet all eligibility criteria, thus the
analysis included 319 patients.

Patient distribution was balanced between non-academic and academic institutions, in
terms of location, 68.3% were included by sites outside Vienna (Figure S2). Approximately
half of patients (55.5%; 177/319) were under the care of the study site at the ‘visit that led
to diagnosis’. Median (IQR) time from initial NSCLC diagnosis (i.e., date of histological
confirmation) until EOP was 2.7 (1.1–5.7) months; EOP was triggered by the ‘end of ITS’ in
the majority of patients (79.6%; 254/319) (Figure S2). At EOP, 91.9% (274/298) of patients
with available data (evaluable population) had the same disease stage as initially diagnosed
(Figure S2).

As per study design, patients were evenly distributed among Stage I, II and III NSCLC
at initial diagnosis [36.1% (115/319), 30.7% (98/319), and 33.2% (106/319), respectively].
Patient disposition details within each stage are presented in Figure S2.
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3.1.2. Patient Characteristics

Patient sociodemographic and clinical characteristics at initial ES-NSCLC diagnosis,
overall and per stage are shown in Table 1. Initial diagnostic assessment involved imaging
in 97.2% (310/319) of the overall population (Table 1). Disease staging was based on
AJCC/UICC TNM 8th Edition criteria in 99.0% (284/287) of evaluable patients.

Table 1. Patient sociodemographic and clinical characteristics at initial diagnosis of early-stage
NSCLC †, overall and per disease stage at initial diagnosis.

Overall
(N = 319) Stage I (N = 115) Stage II (N = 98) Stage III

(N = 106)

Age (years) median (IQR) 69.0 (62.0–76.0) 70.0 (62.0–76.0) 65.5 (61.0–74.0) 70.0 (60.0–76.0)
<70, % (n/N) 51.7 (165/319) 49.6 (57/115) 58.2 (57/98) 48.1 (51/106)

Male, % (n/N) 53.3 (170/319) 44.3 (51/115) 53.1 (52/98) 63.2 (67/106)

Ever smokers (current & former), ‡ % (n/N) 92.8 (270/291) 88.3 (91/103) 95.6 (86/90) 94.9 (93/98)
Pack-years of smoking, median (IQR) 40.0 (29.3–50.0) 36.3 (20.5–50.0) 40.0 (30.0–50.0) 45.0 (30.0–52.5)

BMI (kg/m2), ‡ median (IQR) 25.1 (22.3–28.4) 26.0 (22.5–29.7) 25.9 (23.4–29.0) 24.0 (21.5–26.6)

ECOG performance status score 0–1, ‡ % (n/N) 89.3 (201/225) 92.9 (79/85) 90.8 (59/65) 84.0 (63/75)

History of other primary malignancies, % (n/N) 21.6 (69/319) 25.2 (29/115) 20.4 (20/98) 18.9 (20/106)

Histological disease diagnosis, % (n/N) 94.4 (301/319) 98.3 (113/115) 91.8 (90/98) 92.5 (98/106)

Primary tumor size (cm), ‡ median (IQR) 2.9 (1.8–4.7) 1.9 (1.3–2.7) 3.8 (2.4–4.8) 4.7 (2.5–7.2)

Most common primary
tumor histology, ‡,
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History of other primary malignancies, % (n/N) 21.6 (69/319) 25.2 (29/115) 20.4 (20/98) 18.9 (20/106) 
Histological disease diagnosis, % (n/N) 94.4 (301/319) 98.3 (113/115) 91.8 (90/98) 92.5 (98/106) 
Primary tumor size (cm), ‡ median (IQR) 2.9 (1.8–4.7) 1.9 (1.3–2.7) 3.8 (2.4–4.8) 4.7 (2.5–7.2) 

Most common primary tumor 
histology, ‡,⌠ % (n/N) 

Non-squamous 50.6 (159/314) 63.2 (72/114) 47.4 (46/97) 39.8 (41/103) 
Squamous 35.4 (111/314) 21.1 (24/114) 38.1 (37/97) 48.5 (50/103) 
Adenosqua-
mous 11.5 (36/314) 11.4 (13/114) 12.4 (12/97) 10.7 (11/103) 

Imaging testing performed, % (n/N) 97.2 (310/319) 96.5 (111/115) 98.0 (96/98) 97.2 (103/106) 

Most common ∫ type of testing 
performed, % (n/N) 

CT 92.9 (288/310) 95.5 (106/111) 95.8 (92/96) 87.4 (90/103) 
PET-CT 53.9 (167/310) 55.9 (62/111) 55.2 (53/96) 50.5 (52/103) 
Brain MRI 25.5 (79/310) 24.3 (27/111) 32.3 (31/96) 20.4 (21/103) 

For variables not following a normal distribution in at least one of the study subpopulations, a uni-
form presentation of median (IQR) was applied. † Date of confirmation of initial NSCLC diagnosis 
or within the preceding 30 days; ‡ Data was missing/unknown in a subset of patients for ‘smoking 
status’ (n = 28), ‘ECOG performance status’ (n = 94), ‘BMI’ (n = 34), ‘primary tumor size’ (n = 63), 
‘primary tumor histology’ (n = 5), and ‘type of imaging testing’ (n = 9). ⌠ Six more subtypes were Six more subtypes were reported in ≤2 patients each.

∫
Reported in ≥10.0% in any

of the examined subpopulations. Abbreviations: BMI, Body Mass Index; CT, Computed Tomography; ECOG,
Eastern Cooperative Oncology Group; IQR, Interquartile Range; MRI, Magnetic Resonance Imaging; N, number of
patients with available data; n, number of patients with variable; NSCLC, Non-Small Cell Lung Cancer; PET-CT,
Positron Emission Tomography–Computed Tomography.

Overall, 94.0% (300/319) of patients underwent biomarker testing during the retro-
spective observation period, performed a median of 0.0 (0.0–3.5) days from diagnosis. For
51.7% (155/300) of the tested patients a commercially available panel was used, for 27.7%
(83/300) specific biomarkers were examined, while 20.7% (62/300) were tested using both
commercially available panel and specific biomarker testing.

Testing methodology and findings for the most frequently tested biomarkers among
patients who underwent specific biomarker testing are presented in Figure 1 and Table S1.
The highest positivity rates were observed for PD-L1 (TPS ≥ 1% via immunohistochemistry;
57.9%) (Figure 1A), KRAS (22.2%), and EGFR (18.2%) (Figure 1B). Slight variations were
observed between subpopulations by stage, with Stage I having the lowest PD-L1 and
highest EGFR positivity rates across stages, whereas the opposite was noted for Stage II.
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Figure 1. Findings for biomarkers, among patients with early-stage NSCLC who underwent specific
biomarker testings †, from start of diagnostic evaluation of lung cancer until EOP, overall and per
NSCLC stage at initial diagnosis: (A) PD-L1 TPS via IHC, and (B) other biomarkers examined in
≥20.0% of patients in any subpopulation. † Excluding patients tested using commercially available
panels, since for those patients specific biomarkers that tested negative were not recorded, thus
introducing information bias in the respective positivity rates. ‡ Specific TPS score was missing for
1 patient with Stage I NSCLC. Abbreviations: ALK, Anaplastic Lymphoma Kinase; EGFR, Epidermal
Growth Factor Receptor; EOP, End of Observation Period; HER2, Human Epidermal Growth Factor
Receptor 2; IHC, Immunohistochemistry; IQR, Interquartile Range; KRAS, Kirsten Rat Sarcoma Virus;
N, number of patients with available data (i.e., tested for specific biomarker); NRTK, Neurotrophic
Receptor Tyrosine Kinase; NSCLC, Non-Small Cell Lung Cancer; PD-L1, Programmed Death Ligand
1; SD, Standard Deviation; TPS, Tumour Proportion Score.

3.1.3. Initial Treatments

The majority of the overall early-stage NSCLC population (96.2%; 307/319) received
(non)pharmacologic treatment as part of ITS (Table 2).

Table 2. Treatment modalities received as part of initial therapeutic strategy for early-stage NSCLC,
overall and per disease stage at initial diagnosis.

Overall (N = 319) Stage I (N = 115) Stage II (N = 98) Stage III (N = 106)

Frequencies of treatment modalities, % (n/N)

Any (non)pharmacologic treatment (SUR, ST, and/or RT) † 96.2 (307/319) 99.1 (114/115) 96.9 (95/98) 92.5 (98/106)

SUR (±RT or ST) 67.4 (215/319) 81.7 (94/115) 84.7 (83/98) 35.8 (38/106)
Receipt of (neo)adjuvant ST, among resected patients

Receipt of neoadjuvant ST 8.8 (19/215) . 3.6 (3/83) 42.1 (16/38)
Receipt of adjuvant ST 29.3 (63/215) 8.5 (8/94) 44.6 (37/83) 47.4 (18/38)
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Table 2. Cont.

Overall (N = 319) Stage I (N = 115) Stage II (N = 98) Stage III (N = 106)

Type of resection, among resected patients
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status’ (n = 28), ‘ECOG performance status’ (n = 94), ‘BMI’ (n = 34), ‘primary tumor size’ (n = 63), 
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Lobectomy 77.7 (167/215) 76.6 (72/94) 81.9 (68/83) 71.1 (27/38)
Segmentectomy 7.9 (17/215) 13.8 (13/94) 3.6 (3/83) 2.6 (1/38)
Wedge resection 7.4 (16/215) 9.6 (9/94) 6.0 (5/83) 5.3 (2/38)

Surgical approach, among resected patients (unknown for n = 4)
∫

VATS 50.7 (107/211) 71.0 (66/93) 40.2 (33/82) 22.2 (8/36)
Thoracotomy 46.9 (99/211) 24.7 (23/93) 58.5 (48/82) 77.8 (28/36)

Surgical Margin, among resected patients (unknown for n = 12)
R0 95.6 (194/203) 97.8 (90/92) 93.4 (71/76) 94.3 (33/35)
R1 3.9 (8/203) 1.1 (1/92) 6.6 (5/76) 5.7 (2/35)
R2 0.5 (1/203) 1.1 (1/92) . .

Most common reasons for not performing SUR, among unresected patients (unknown for n = 20) ‡

Poor cardiorespiratory reserve 31.9 (23/72) 38.9 (7/18) 22.2 (2/9) 31.1 (14/45)
Comorbidity 29.2 (21/72) 44.4 (8/18) 22.2 (2/9) 24.4 (11/45)
Advanced age 20.8 (15/72) 16.7 (3/18) 44.4 (4/9) 17.8 (8/45)
Unresectable disease stage IIIC 12.5 (9/72) . . 20.0 (9/45)
Patient frailty 11.1 (8/72) 5.6 (1/18) 22.2 (2/9) 11.1 (5/45)

ST (±RT or SUR) 43.6 (139/319) 7.8 (9/115) 43.9 (43/98) 82.1 (87/106)
Most common reasons for not receiving ST, among those not receiving ST (unknown for n = 28) ‡

Not indicated 66.4 (93/140) 83.9 (73/87) 43.2 (19/44) 11.1 (1/9)
Patient’s refusal 9.3 (13/140) 1.1 (1/87) 20.5 (9/44) 33.3 (3/9)
Tumor board decision 7.9 (11/140) 9.2 (8/87) 2.3 (1/44) 22.2 (2/9)

RT (±ST or SUR) 22.3 (71/319) 16.5 (19/115) 14.3 (14/98) 35.8 (38/106)

CRT (±SUR) 10.0 (32/319) . 1.0 (1/98) 29.2 (31/106)
cCRT, among those receiving CRT 50.0 (16/32) . 100.0 (1/1) 48.4 (15/31)
sCRT, among those receiving CRT 46.9 (15/32) . . 48.4 (15/31)
Both cCRT and sCRT, among those receiving CRT 3.1 (1/32) . . 3.2 (1/31)

Time from histological NSCLC confirmation to start of ITS, among patients receiving that treatment, median (IQR)¶

Any (non)pharmacologic treatment, days § 24.0 (7.0–39.0) 25.5 (0.0–40.0) 27.0 (7.0–42.0) 21.5 (12.0–33.0)

SUR, days § 26.0 (0.0–44.0) 19.0 (0.0–34.0) 26.0 (2.0–44.0) 53.0 (21.0–101.0)

RT, months 2.1 (1.3–3.5) 1.4 (1.2–1.7) 1.9 (1.0–2.5) 2.9 (1.7–4.5)

ST, months 1.2 (0.7–2.0) 2.2 (1.9–2.4) 2.0 (1.4–2.8) 0.8 (0.5–1.3)

Pharmacologic categories and drug classes among patients treated with ST, % (n/N)

Chemotherapy 94.2 (131/139) 100.0 (9/9) 97.7 (42/43) 92.0 (80/87)
Platinum compound 93.5 (130/139) 100.0 (9/9) 97.7 (42/43) 90.8 (79/87)
Folic acid analogue 39.6 (55/139) 66.7 (6/9) 37.2 (16/43) 37.9 (33/87)
Vinca alkaloid and analogue 26.6 (37/139) 22.2 (2/9) 46.5 (20/43) 17.2 (15/87)
Taxane 14.4 (20/139) 11.1 (1/9) . 21.8 (19/87)
Antimetabolite 13.7 (19/139) . 11.6 (5/43) 16.1 (14/87)
Topoisomerase II inhibitor 1.4 (2/139) . 2.3 (1/43) 1.1 (1/87)

ICI 28.1 (39/139) . 4.7 (2/43) 42.5 (37/87)
Anti-PD-1 20.9 (29/139) . 4.7 (2/43) 31.0 (27/87)
Anti-PD-L1 7.2 (10/139) . . 11.5 (10/87)

Targeted therapy 0.7 (1/139) . . 1.1 (1/87)
ALK TKI 0.7 (1/139) . . 1.1 (1/87)

For variables not following a normal distribution in at least one of the study subpopulations, a uniform presenta-
tion of median (IQR) was applied. † Excluding supportive treatments;
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status’ (n = 28), ‘ECOG performance status’ (n = 94), ‘BMI’ (n = 34), ‘primary tumor size’ (n = 63), 
‘primary tumor histology’ (n = 5), and ‘type of imaging testing’ (n = 9). ⌠ Six more subtypes were Other types of resection were reported

in ≤10 patients, each.
∫

Other surgical approaches were reported in ≤2 patients, each. ‡ Reported in ≥20.0% in
any of the examined subpopulations; ¶ Imputation of the start of ITS has been implemented for 2 patients due
to unknown day and/or month; § Nine patients have performed surgery before the histological confirmation
of NSCLC. Abbreviations: ALK, Anaplastic Lymphoma Kinase; cCRT, concurrent CRT; CRT, Chemoradiation;
ICI, Immune Checkpoint Inhibitor; IQR, Interquartile Range; ITS, Initial Therapeutic Strategy; N, number of
patients with available data; n, number of patients with variable; NSCLC, Non-Small Cell Lung Cancer; PD-1,
Programmed Cell Death 1; PD-L1, Programmed Death Ligand 1; RT, Radiotherapy; sCRT, sequential CRT; ST,
Systemic Therapy; SUR, Surgery; TKI, Tyrosine Kinase Inhibitors; VATS, Video-Assisted Thoracoscopic Surgery.

Most Stage I–II patients (83.1%; 177/213) and 35.8% of Stage III patients underwent
surgery (Table 2). ST rates increased with advancing disease stage from 7.8% in Stage I to
43.9% in Stage II and 82.1% in Stage III. ST rates mostly reflect adjuvant ST post-surgery in



Cancers 2024, 16, 2586 8 of 20

Stage I (7.0%; 8/115) and Stage II patients (37.8%; 37/98). Conversely, ST rate only partially
reflects adjuvant ST in Stage III patients (17.0%; 18/106) since 54.7% of Stage III patients
were unresected and treated with ST ± RT. More than a third of Stage III patients (35.8%)
were treated with RT (±ST/surgery), which was CRT in 81.6% (31/38) of cases (Table 2).

Among treated patients in the Stage I, II and III subpopulations, 7.0% (8/114), 44.2%
(42/95), 61.2% (60/98) were managed with a multimodal approach. Most common manage-
ment strategies (frequency ≥ 10.0%) were: ‘surgery-alone’ in 75.4% (86/114) and ‘RT-alone’
in 16.7% (19/114) of the treated Stage I; ‘surgery-alone’ in 43.2% (41/95), and ‘surgery + ST’
in 38.9% (37/95) of treated Stage II; ‘ST + RT’ in 30.6% (30/98), ‘ST-alone’ in 28.6% (28/98),
and ‘surgery + ST’ in 24.5% (24/98) of treated Stage III patients.

Treatment sequences, including ST pharmacologic categories and drug classes, for
each disease stage are depicted in Figure 2.
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Figure 2. Results based on individual patient-level data for patients initially diagnosed with stage
I–III NSCLC: combinations of treatments received as part of initial therapeutic strategy for early-stage
NSCLC, per disease stage at initial diagnosis. For each NSCLC stage, inner pie chart shows modality
(i.e., higher level) and outer pie chart shows pharmacologic category and drug class (i.e., lower level).
† Recorded as neoadjuvant ST but did not undergo surgery. ‡ One Stage III patient received ChT
spanning both the pre- and post-operative periods, thus ST was included as adjuvant therapy as well.
Abbreviations: ALKi, Anaplastic Lymphoma Kinase inhibitor; aPD-1, anti-Programmed Cell Death 1;
aPD-L1, anti-Programmed Death Ligand 1; ChT, Chemotherapy; ICI, Immune Checkpoint Inhibitor;
N, number of patients with available data; NSCLC, Non-Small Cell Lung Cancer; PDC, Platinum
Doublet Chemotherapy; RT, Radiotherapy; SA, single-agent; ST, Systemic Therapy, SUR, Surgery.

Platinum-based ChT was the most frequent ST administered across stages, while
ICI and TT was reported for 28.1% and 0.7%, respectively, the latter two mainly driven
by the Stage III subpopulation (Table 2). Unresected Stage III patients were treated with
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ChT + RT (43.3%; 26/60), ICI ± ChT (±RT; 35.0%; 21/60), ChT-alone (18.3%; 11/60), or
RT-alone (3.3%; 2/60); ChT + RT was followed by ICI (anti-PD-L1) in 16.7% (10/60). ST
among resected Stage III patients comprised ChT in 57.9% (22/38), ICI ± ChT in 15.8%
(6/38), and TT in one patient (2.6%) (Figure 2).

Further details on surgical therapies, reasons for not performing surgery and not
administering ST as well as timing of therapy are provided in Table 2.

3.1.4. Patient Journey

The most common reason for the ‘visit that led to diagnosis’ was ‘incidental medical
findings’ (51.7%; 165/319), followed by ‘symptoms’ (37.3%; 119/319), ‘lung cancer screen-
ing’ (14.7%; 47/319) and ‘during admission in the emergency room’ (2.5%; 8/319) (Table S2).
Pulmonologists and primary care physicians were the most frequent specialties involved in
this visit [53.6% (158/295) and 10.8% (32/295) of evaluable patients, respectively].

Among patients who were not under the medical care of the study site during the ‘visit
that led to diagnosis’, (N = 142), the majority were either under the care of another public
peripheral hospital, or the physician’s own public practice (Figure S3A). These patients first
visited the study site after a median (IQR) of 28.5 (12.0–70.0) days (Supplementary Figure S3A).

Imaging testing was performed a median (IQR) of 0.0 (−11.0 to 3.0) days from the
‘visit that led to diagnosis’ (Figure 3). In the overall population, i.e., including patients who
did not undergo imaging testing (N = 319), NSCLC was histologically confirmed a median
(IQR) of 25.0 (10.0–52.0) days from the ‘visit that led to diagnosis.’ Among treated patients
(N = 307), ITS was initiated a median of 24.0 days after histological confirmation, for a total
median time of 55.0 days from the ‘visit that led to diagnosis’ (Figure 3).
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Figure 3. Time from the visit that led to the suspicion of the disease or NSCLC diagnosis until start
of initial therapeutic strategy for early-stage NSCLC, per reason that led to suspicion/diagnosis and
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healthcare setting of the medical visit that led to suspicion/diagnosis. Numbers inside arrows
indicate median time for the overall population. Box-plots depict median with interquartile range.
† Among patients who underwent diagnostic imaging testing. ‡ Among patients that received any
treatment as part of ITS. Abbreviations: ER, Emergency Room; ITS, Initial Therapeutic Strategy; N,
number of patients with available data; NSCLC, Non-Small Cell Lung Cancer.

In terms of treatment decision-making, 98.7% (312/316) of evaluable patients were
presented in the corresponding multidisciplinary tumor board. In more than half of patients,
patient care during ITS was followed-up by pulmonologists (Figure S3B).

Timeliness of patient journey by reason and healthcare setting is presented in
Figure 3, and by gender and health insurance in Table S3. Some differences were noted in
a purely descriptive manner. Specifically, the time taken to start ITS was slightly longer
for patients: with incidentally detected NSCLC; who were not under the care of the study
site from the beginning of their NSCLC journey; and, who did not have additional private
health insurance.

3.2. Exploratory Part: Aggregate Data for Patients Initially Diagnosed with Stage I–IV NSCLC

During the entire 4-year index period (2018–2021), 7846 patients were newly diagnosed
with NSCLC at any stage at the 14 participating sites. The majority of patients (67.9%;
5326/7846) were under the care of hospital sites located outside Vienna, while 56.4%
(4429/7846) received care by non-academic institutions.

An even distribution of NSCLC diagnoses was observed throughout the years, with
24.5% (1921/7846), 24.8% (1949/7846), 24.0% (1883/7846) and 26.7% (2093/7846) being
diagnosed in years 2018, 2019, 2020 and 2021, respectively. The number of new NSCLC
diagnoses at the study sites did not significantly differ (p = 0.231) between the pre-COVID-
19 and COVID-19 periods (3870 and 3976 diagnoses, respectively; representing a relative
increase of 2.7%).

Throughout the index period, most frequent disease stage at diagnosis was Stage
IV (43.3%), followed by Stage III (24.9%), Stage I (22.0%) and Stage II (9.9%) (Figure 4A).
Patient distribution by institution location and type is presented in Figure S4. The number of
patients diagnosed with NSCLC across the different stages per year is depicted in Figure 4B.
The distribution of new Stage II, III and IV NSCLC diagnoses changed slightly but did not
statistically significantly differ between the pre-COVID-19 and COVID-19 periods, whereas
the proportion of Stage I patients significantly increased during the pandemic (n = 920;
23.1%) compared to the pre-pandemic period (n = 805; 20.8%) (p = 0.012; increase by 14.3%)
(Figure 4C).

Overall, 2.3% (40/1725), 3.2% (25/775), 5.5% (108/1950), and 12.9% (439/3396) of
Stage I, II, III and IV patients, respectively, did not receive any therapy as part of ITS.

Among Stage I–II NSCLC patients, 78.4% (1959/2500) underwent surgery and 19.5%
(487/2500) received RT (without surgery), as part of ITS. Surgery was coupled with
(neo)adjuvant RT or ST in a higher percentage of resected Stage II (54.2%; 325/600) than
Stage I patients (6.6%; 90/1359). Among the unresected RT-treated patients, ST was ad-
ministered in a slightly higher percentage of Stage II (34.7%; 43/124) than Stage I patients
(23.7%; 86/363). ST-alone was administered in 3.8% (96/2500) of Stage I–II patients; of the
latter, 45.8% (44/96) received investigational ST, 24.0% (23/96) ICI ± ChT, 22.9% (22/96)
ChT-alone, and 7.3% (7/96) TT ± ChT.

Compared with earlier stages, surgery rates were notably lower among Stage III
NSCLC patients (40.6%; 792/1950), while adjuvant treatment rates among resected patients
were higher: 78.9% (625/792) in Stage III versus 5.2% (71/1359) in Stage I and 46.7%
(280/600) in Stage II. Adjuvant treatment among resected Stage III patients comprised
(C)RT in 78.2% (489/625) of cases, ICI in 18.2% (114/625), and TT in 3.5% (22/625). RT
(without surgery) was more frequent among Stage III NSCLC patients (28.4%; 554/1950)
compared with earlier stages, and was part of CRT in 77.8% (431/554) of these cases. A
fourth (25.6%; 499/1950) of Stage III NSCLC patients received ST-alone, mainly comprising
ChT-alone (36.1%; 180/499) or ICI ± ChT (33.5%; 167/499).
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Figure 4. Results based on aggregate high-level data for patients initially diagnosed with stage I–IV
NSCLC: (A) NSCLC stage distribution; (B) Number of patients newly diagnosed with NSCLC per
stage and year of diagnosis; (C) percent change in number of patients newly diagnosed with NSCLC
between COVID-19 (2020/21) and pre-COVID-19 (2018/19) periods; and (D) Type of initial thera-
peutic strategy, per NSCLC stage at initial diagnosis. † Asterisk (*) indicates statistically significant
difference of p ≤ 0.05. ‡ Statistical differences are shown with asterisks: * p ≤ 0.05, *** p ≤ 0.001.
§ Any adjuvant treatment (including ChT, TT, ICI alone or in combination). ¶ Any additional treat-
ment (including concurrent or sequential CRT).

∫
Any adjuvant treatment (including TT, ICI or

TT + ICI). Abbreviations: adj., adjuvant; ChT, Chemotherapy; CRT, Chemoradiotherapy; cur.,
curative; Investig., Investigational; ICI, Immune Checkpoint Inhibitor; N, number of patients
with available data; n, number of patients with variable; neoadj., neoadjuvant; NSCLC, Non-
Small Cell Lung Cancer; RT, Radiotherapy; ST, Systemic Therapy, SUR, Surgery; T, Therapy;
TT, Targeted Therapy.
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Among Stage IV patients, 10.3% (351/3396) received non-pharmacologic treatment
only, and 76.7% (2606/3396) received ST. Of the latter, 61.9% (1614/2606) received ICI
(± ChT and/or TT), 17.9% (467/2606) ChT-alone, 14.9% (387/2606) TT (± ChT), and 5.3%
(138/2606) investigational ST.

Treatments utilized as part of ITS in the pre-COVID-19 and COVID-19 periods in the
Stage I/II/III/IV NSCLC subpopulations are illustrated in Figure 4D. For those receiving
ST-alone, the ST rate was statistically significantly lower in the pandemic versus pre-
pandemic period among Stage I NSCLC [1.4% (13/920) vs. 3.0% (24/805); p = 0.025]. The
opposite was observed for Stage IV patients with statistically significantly higher ST rates
in the pandemic versus pre-pandemic period [78.5% (1352/1722) vs. 74.9% (1254/1674);
p = 0.013]. ST rate did not statistically differ between the aforementioned periods for
Stage II and III patients. In terms of ST pharmacologic categories, the frequency did not
statistically significantly differ between two periods, neither for Stage I nor for Stage II
patients. Conversely, a statistically significant decrease was noted in the rate of ChT-alone
and a statistically significant increase in the rate of ICI ± ChT, for both Stage III and IV
subpopulations (Figure 4D).

3.3. Alignment between Primary and Exploratory Findings

ITS patterns were collected at a patient level for the primary part whereas data were
collected in aggregate form via an electronic survey for the exploratory part. In view of
these differences, the concordance in findings between the two study parts is presented
below, albeit in a purely descriptive manner.

Rates of surgery, postoperative/adjuvant ST ± RT and RT-alone were similar between
the primary and exploratory part of the PRATER study for both Stage I [surgery (81.7% vs.
78.8%); postoperative/adjuvant ST ± RT (7.0% vs. 4.1%); RT without surgery (16.5% vs.
21.0%)], and Stage II patients [surgery (84.7% vs. 77.4%); postoperative ST ± RT (37.8% vs.
36.1%); RT without surgery (9.2% vs. 16.0%)].

Among Stage III patients, surgery rates were similar between the primary and ex-
ploratory parts (35.8% vs. 40.6%). In the primary part, adjuvant ICI ± ChT and TT was
reported in 2.8% (3/106) and 0.9% (1/106) of Stage III patients, respectively (Figure 2).
Rates of adjuvant ICI and TT among Stage III patients in the exploratory part were 5.8%
(114/1950) and 1.1% (22/1950), suggesting higher ICI utilization. Rate of ST and/or
RT without surgery was consistent between the two study parts: in the primary part,
ST ± RT was 54.7%, while in the exploratory part, ST-alone was 25.6% and CRT (±other
ST) was 22.1%. Lastly, ChT-alone (±RT; without surgery) was similar: in the primary part,
ChT-alone (±RT) was 25.5% (27/106), while in the exploratory part, ChT-alone was 9.2%
(180/1950) and CRT-alone was 12.7% (248/1950).

4. Discussion
4.1. Primary Part

The primary part of PRATER captured RW characteristics and ITS of patients diag-
nosed with ES-NSCLC in Austria during 2018–2021, a period which precedes the era of
(neo)adjuvant ICI/TT [13,24–28,30,31].

A comprehensive picture of the local RW patient population is provided, which differs
from clinical trial populations that are often confined by strict and narrow eligibility criteria.
This information is valuable for identifying appropriate candidates for newly approved
and upcoming biomarker-guided treatments. PD-L1-positivity TPS ≥ 50%/≥ 1% was
24%/58%, which is similar to previously reported European rates: 20–30%/49–63% varying
stage [10,52–58]; 17–18%/46–54% Stage I–IIIA [53,57]; and 21–27%/49–59% Stage IIIB–
IV [52,53,55–57]. EGFR-positivity was 18% in PRATER which is within the European range:
6–22% varying stage [10,44,52,53,55–66]; 10–20% Stage I–III [44,53,57,59,67]. Although
some variations were noted between stages in PRATER, the absence of statistical assess-
ments and the small sample sizes do not allow for meaningful inferences. Literature in this
respect is still limited and conflicting [53,57,59,64,67]. Nevertheless, our findings provide
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preliminary evidence of the sizeable fraction of ES-NSCLC that would potentially benefit
from biomarker-guided therapy. Furthermore, 94% of PRATER ES-NSCLC patients had un-
dergone (any) biomarker testing, higher than prior RW European rates (26–75%) [44,57] in
the pre-ICI/TT era of ES-NSCLC. As expected, PD-L1 and EGFR were among the most com-
monly tested biomarkers. With upfront reflex testing becoming common practice [18,68,69]
and an ongoing search for reliable predictors of neoadjuvant response [70], testing rates
are expected to further increase, as previously documented [55,71]. Biomarker prevalence
and associated outcomes warrant future investigations to fully understand the population
impact of genetics-guided lung cancer care.

In PRATER, ITS varied across stages and was in agreement with guidelines at that
time [3,13,24,30,31]. In summary, Stage I patients were mostly treated with ‘surgery-alone’
(75%), and the majority of Stage II patients underwent surgery (85%) which was combined
with pre-/post-operative ST in nearly half of these cases (48%). The predominant ITS among
Stage III patients was ST ± RT (55%), while the rest mostly underwent surgery (36%) along
with pre-/post-operative ST in 76% of these cases. This trend in ST rates is also aligned
with a higher (neo)adjuvant ChT use with advancing stage previously documented [72].
RT rates in PRATER (Stage I–II: 15%; III: 36%) were lower, whereas surgery rates (Stage I–II:
85%; III: 36%) were higher than previously reported in Europe (years 2010–2019); 22–44%
RT and 37–68% surgery in Stage 0–II [5,7,8,73–75]; >40–62% RT (2–26% RT-alone) and <26%
surgery in Stage III [5,7,8,44,54,73,75,76]. In terms of pharmacologic category, adjuvant
therapy in PRATER comprised ChT in all Stage I–II cases. Most ST was ChT among resected
Stage III patients, while 78% (47/60) of unresected patients were treated with ChT + RT
(± subsequent ICI) or ICI ± ChT which are the preferred guideline-recommended options
for unresected Stage IIIA/IIIB and Stage IIIB/IV patients, respectively [24–26].

Altogether the above findings, indicate that the participating sites closely adhere to
evidence-based recommendations. Nevertheless, a non-negligible proportion of ES-NSCLC
patients (12%) did not receive standard initial therapy [i.e., ST-alone for Stage I–II (n = 4);
RT-alone for Stage II (n = 9); ChT-alone/RT-alone (n = 13) for Stage III; no treatment at all
(n = 12)] illustrating continued unmet NSCLC therapeutic needs. Data presented herein
will serve as a benchmark for assessing the optimal uptake of new treatments and delivery
of quality healthcare.

In the primary part of the study, timeliness of healthcare for patients with early-stage
NSCLC was also examined. Differences in study designs, time interval definitions, periods
examined and other factors such as NSCLC stage (late-stage cancer patients receive treat-
ment faster) [21,23] or patient behavior, render it challenging to discuss patient journey in
relation to literature [20–23,77]. To provide, however, a context in which to interpret the
results, PRATER showed that, median time from entry into the Austrian healthcare system
(i.e., ‘visit that led to diagnosis’) until 1st visit at the study site was relatively long (29 days)
when considering relevant literature: median time from primary care visit/1st specialist
referral until 1st specialist appointment ranged 1–20 days [20,22,23,77]. Conversely, median
time from entry into the healthcare system until diagnosis (25 days), and from diagnosis
to ITS start (24 days), were aligned with previously reported European range of medians:
28–65 [77], and 6–45 [11,22,23,77] days, respectively. Still, long waiting times were reported
for a significant proportion of patients; 25% of patients (75th quartile) reached the study
site >70 days after entry into the system, received their NSCLC diagnosis >50 days af-
ter imaging, started treatment >39 days after diagnosis, and started treatment a total of
>81 days after entry into the system. These intervals exceed the UK-recommended 62-day
target (between date of cancer suspicion and treatment initiation) [78], suggesting there
is room for improvement in the timeliness of the entire care trajectory which is critical for
patients’ faster access to therapy and potentially better prognosis.

4.2. Exploratory Part

The exploratory part of the present study provides RW evidence from a large generaliz-
able pool of 7846 patients newly-diagnosed with NSCLC during 2018–2021. The percentage
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of patients with Stage I, II, III and IV was 22%, 10%, 25% and 43%, respectively, in line
with ranges reported across European countries: 12–24% [5–8,10,74], 6–10% [5–8,10,74],
19–26% [5–8,10], and 48–55% [5–8,10]. Only small differences were noted compared with
earlier Austrian 2013–2015 data [11]. Specifically, Stage I–II NSCLC accounted for slightly
more NSCLC cases in PRATER (32% vs. 24%), which might reflect advancements in patient
awareness and healthcare provision or other epidemiological trends. Potential imple-
mentation of a lung screening program may lead to further shifts in stage distribution in
the future [18].

The COVID-19 pandemic had a significant impact on healthcare systems worldwide,
including referral, diagnosis and management of lung cancer [45–49]. International liter-
ature not only reported a drop in the number of newly-diagnosed NSCLCs during the
pandemic, but also an increase in tumour stage, suggesting that pandemic-imposed restric-
tions and delays led to more patients being diagnosed at more advanced stages [45–49,79].
The findings of the exploratory part of PRATER were not aligned with literature trends.
The number of new NSCLC cases remained relatively stable, while in terms of staging,
a significant increase in Stage I NSCLC was observed. The latter observation could be
speculatively partially attributed to an increase in chest CT imaging taking place during
the pandemic for suspected or documented COVID-19 infection [80–82].

When assessing the impact of COVID-19 in cancer care, diagnosis and treatments
should both be considered. Although use of ST-alone among Stage I patients in PRATER
was statistically significantly reduced during the pandemic, this difference is not considered
of clinical importance given the small proportion of patients belonging to this treatment
group. Furthermore, based on literature, a decline in surgical interventions was observed
during the pandemic [47,48]. This was not the case in PRATER. Lastly, the statistically sig-
nificant increase in ICI among Stage III–IV patients, coupled with a statistically significant
decrease in ChT-alone, reflects the continued approval and adoption of new ICIs, rather
than a pandemic-related cause [18,26,28–31]. Consistently, higher 1L ICI usage among
Stage IV patients during COVID-19 has previously been documented in other European
countries as well, most likely arising from the evolving treatment landscape as stated by
the authors [83].

The overall ST rate (79%) and ICI rate (53%) among Stage IV patients observed during
the pandemic in PRATER closely follows 2020 ESMO-based benchmarks for Stage IIIB/IV of
~75% and ~40%, respectively (based on guidelines and timing of EMA approval) [29]. ICIs
are becoming the cornerstone 1L therapy for non-oncogene addicted Stage IIIB–IV patients,
while ChT-alone is reserved as an option for patients with low/absent PD-L1 expression,
poor performance status, and ICI contraindications, among other clinical factors [26,83,84].
As such, the low utilization of ChT-alone among metastatic NSCLC patients (9%) during
the pandemic in PRATER indicates that treatment selection is very much aligned with
temporal trends, more so than another EU5 study (37% of 1L regimens in Stage IV were
ChT-alone) [83]. In addition to optimal treatment decision-making, compulsory social
insurance [85], and EMA-based centralized authorization [86,87] allowing fast access to
breakthrough therapies, have likely contributed to the observed Austrian trends.

Overall, lung cancer care in Austria was not significantly affected by the COVID-
19 pandemic in healthcare encounters, while new pharmacologic therapies are being
successfully implemented in clinical practice.

4.3. Strengths and Limitations

The primary strength of PRATER study is the capture of RW data from leading hospital
institutions that treat NSCLC in Austria using robust datasets. The sample of 319 patients
of the primary study part met the originally planned size. A large population was analyzed
for the exploratory part: 7846 patients representing ~46% of all NSCLC diagnoses during
2018–2021 in Austria (estimating ~17,000 cases based on an average ~5000 newly diagnosed
lung cancer cases annually and ~85% being NSCLC). Furthermore, a close alignment of
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treatment patterns was observed between the two study parts, thereby lending credibility
to the study findings.

As with any retrospective study, PRATER bears several limitations, including patient
selection, confounding and information bias. Efforts were made to minimize such bias
by applying consecutive sampling and enrolling patients with sufficient medical records
(applicable for the primary part only). Furthermore, stage distribution could be biased
due to non-probability sampling for study site selection (e.g., three thoracic surgery de-
partments were included). Additionally, although disease staging in the primary part was
mostly based on AJCC/UICC TNM 8th Edition criteria, this information is lacking for the
exploratory part due to the data being collected in a cumulative high-level aggregate form,
as per study design. Therefore, interpretations of the exploratory part results should take
into consideration that differences in staging system may exist across hospital sites.

Regarding biomarker testing, no specific central laboratory testing was enforced, thus
the possibility of inherent inter- and intra-assay/laboratory/observer bias exists. Another
source of information bias arises from the fact that, for commercially available panels, the
specific biomarkers that tested negative were not collected/recorded, thus relevant data
were excluded from the analysis.

Lastly, the study was not designed to statistically analyze differences between sub-
populations, thus any observations are presented in a purely descriptive approach. Any
interpretation of treatment patterns should also take into account that differences may
exist between substages which were not captured herein. Future substage analyses are
warranted in light of the new ICI/TT indications in the non-metastatic setting.

5. Conclusions

In Austria in 2018–2021, the majority of ES-NSCLC patients were treated with guideline-
recommended therapies and received timely medical care. However, a small proportion
still did not receive standard therapies and experienced long intervals between critical
touchpoints along their healthcare journey, altogether indicating there is still room for
improvement. Furthermore, the study showed that in Austria, two thirds (68%) of NSCLC
patients are diagnosed at advanced stages (III/IV). COVID-19 restriction measures did
not significantly affect clinical care of NSCLC patients, as evidenced by the number of
new NSCLC diagnoses, stage distribution, and therapies utilized, which remained largely
unaffected. ICIs were successfully implemented despite the pandemic, demonstrating
the efficiency of the healthcare system. Evidence generated in the PRATER study will be
valuable in planning future lung cancer policies.
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33. Felip, E.; Altorki, N.; Zhou, C.; Csőszi, T.; Vynnychenko, I.; Goloborodko, O.; Luft, A.; Akopov, A.; Martinez-Marti, A.; Kenmotsu,
H.; et al. Adjuvant atezolizumab after adjuvant chemotherapy in resected stage IB-IIIA non-small-cell lung cancer (IMpower010):
A randomised, multicentre, open-label, phase 3 trial. Lancet 2021, 398, 1344–1357. [CrossRef] [PubMed]

34. Felip, E.; Altorki, N.; Zhou, C.; Vallières, E.; Martínez-Martí, A.; Rittmeyer, A.; Chella, A.; Reck, M.; Goloborodko, O.; Huang,
M.; et al. Overall survival with adjuvant atezolizumab after chemotherapy in resected stage II-IIIA non-small-cell lung cancer
(IMpower010): A randomised, multicentre, open-label, phase III trial. Ann. Oncol. 2023, 34, 907–919. [CrossRef] [PubMed]

35. European Medicines Agency. Opdivo Summary of Product Characteristics. Available online: https://www.ema.europa.eu/en/
documents/product-information/opdivo-epar-product-information_en.pdf (accessed on 29 February 2024).

36. Forde, P.M.; Spicer, J.; Lu, S.; Provencio, M.; Mitsudomi, T.; Awad, M.M.; Felip, E.; Broderick, S.R.; Brahmer, J.R.; Swanson, S.J.;
et al. Neoadjuvant Nivolumab plus Chemotherapy in Resectable Lung Cancer. N. Engl. J. Med. 2022, 386, 1973–1985. [CrossRef]
[PubMed]

37. European Medicines Agency. Keytruda Summary of Product Characteristics. Available online: https://www.ema.europa.eu/en/
documents/product-information/keytruda-epar-product-information_en.pdf (accessed on 29 February 2024).

38. O’Brien, M.; Paz-Ares, L.; Marreaud, S.; Dafni, U.; Oselin, K.; Havel, L.; Esteban, E.; Isla, D.; Martinez-Marti, A.; Faehling,
M.; et al. Pembrolizumab versus placebo as adjuvant therapy for completely resected stage IB-IIIA non-small-cell lung cancer
(PEARLS/KEYNOTE-091): An interim analysis of a randomised, triple-blind, phase 3 trial. Lancet Oncol. 2022, 23, 1274–1286.
[CrossRef]

39. European Medicines Agency. Tagrisso Summary of Product Characteristics. Available online: https://www.ema.europa.eu/en/
documents/product-information/tagrisso-epar-product-information_en.pdf (accessed on 29 February 2024).

40. Wakelee, H.; Liberman, M.; Kato, T.; Tsuboi, M.; Lee, S.H.; Gao, S.; Chen, K.N.; Dooms, C.; Majem, M.; Eigendorff, E.; et al.
Perioperative Pembrolizumab for Early-Stage Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2023, 389, 491–503. [CrossRef]
[PubMed]

41. Fukuda, S.; Suda, K.; Hamada, A.; Tsutani, Y. Recent Advances in Perioperative Immunotherapies in Lung Cancer. Biomolecules
2023, 13, 1377. [CrossRef] [PubMed]

42. Heymach, J.V.; Harpole, D.; Mitsudomi, T.; Taube, J.M.; Galffy, G.; Hochmair, M.; Winder, T.; Zukov, R.; Garbaos, G.; Gao, S.; et al.
Perioperative Durvalumab for Resectable Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2023, 389, 1672–1684. [CrossRef]

43. Tsuboi, M.; Weder, W.; Escriu, C.; Blakely, C.; He, J.; Dacic, S.; Yatabe, Y.; Zeng, L.; Walding, A.; Chaft, J.E. Neoadjuvant osimertinib
with/without chemotherapy versus chemotherapy alone for EGFR-mutated resectable non-small-cell lung cancer: NeoADAURA.
Future Oncol. 2021, 17, 4045–4055. [CrossRef]

44. Zemanova, M.; Pirker, R.; Petruzelka, L.; Zbozínkova, Z.; Jovanovic, D.; Rajer, M.; Bogos, K.; Purkalne, G.; Ceriman, V.; Chaudhary,
S.; et al. Care of patients with non-small-cell lung cancer stage III—The Central European real-world experience. Radiol. Oncol.
2020, 54, 209–220. [CrossRef]

45. Maxwell, S.S.; Weller, D. Lung cancer and Covid-19: Lessons learnt from the pandemic and where do we go from here? NPJ Prim.
Care Respir. Med. 2022, 32, 19. [CrossRef] [PubMed]

46. Flores, R.; Alpert, N.; McCardle, K.; Taioli, E. Shift in lung cancer stage at diagnosis during the COVID-19 pandemic in New York
City. Transl. Lung Cancer Res. 2022, 11, 1514–1516. [CrossRef]

47. Melocchi, L.; Mengoli, M.C.; Bogina, G.; Facchetti, M.; Migliorati, F.; Gandolfi, L.; Rossi, G. COVID-19 and lung cancer. Pathologica
2023, 115, 284–291. [CrossRef] [PubMed]

48. Mangone, L.; Marinelli, F.; Bisceglia, I.; Filice, A.; De Leonibus, L.; Rapicetta, C.; Paci, M. The Influence of COVID-19 on New
Lung Cancer Diagnoses, by Stage and Treatment, in Northern Italy. Biology 2023, 12, 390. [CrossRef]

49. Blayney, D.W.; Bariani, G.; Das, D.; Dawood, S.; Gnant, M.; De Guzman, R.; Martin, S.E.; O’Mahony, D.; Roach, A.; Ruff, P.; et al.
Spotlight on International Quality: COVID-19 and Its Impact on Quality Improvement in Cancer Care. JCO Glob. Oncol. 2021, 7,
1513–1521. [CrossRef]

50. Guidelines for good pharmacoepidemiology practice (GPP). Pharmacoepidemiol. Drug Saf. 2016, 25, 2–10. [CrossRef]
51. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. J. Clin. Epidemiol.
2008, 61, 344–349. [CrossRef] [PubMed]

52. Dietel, M.; Savelov, N.; Salanova, R.; Micke, P.; Bigras, G.; Hida, T.; Antunez, J.; Guldhammer Skov, B.; Hutarew, G.; Sua, L.F.; et al.
Real-world prevalence of programmed death ligand 1 expression in locally advanced or metastatic non-small-cell lung cancer:
The global, multicenter EXPRESS study. Lung Cancer 2019, 134, 174–179. [CrossRef]

53. Terrenato, I.; Ercolani, C.; Di Benedetto, A.; Gallo, E.; Melucci, E.; Casini, B.; Rollo, F.; Palange, A.; Visca, P.; Pescarmona, E.;
et al. A Real-World Systematic Analysis of Driver Mutations’ Prevalence in Early- and Advanced-Stage NSCLC: Implications for
Targeted Therapies in the Adjuvant Setting. Cancers 2022, 14, 2971. [CrossRef]

54. Provencio, M.; Carcereny, E.; López Castro, R.; Calvo, V.; Rodríguez Abreu, D.; Cobo, M.; Ortega, A.L.; Bernabé, R.; Guirado, M.;
Massutí, B.; et al. Real-world treatment patterns and survival outcomes for patients with stage III non-small cell lung cancer in
Spain: A nationwide cohort study. Transl. Lung Cancer Res. 2023, 12, 2113–2128. [CrossRef]

https://www.ema.europa.eu/en/documents/product-information/tecentriq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/tecentriq-epar-product-information_en.pdf
https://doi.org/10.1016/S0140-6736(21)02098-5
https://www.ncbi.nlm.nih.gov/pubmed/34555333
https://doi.org/10.1016/j.annonc.2023.07.001
https://www.ncbi.nlm.nih.gov/pubmed/37467930
https://www.ema.europa.eu/en/documents/product-information/opdivo-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/opdivo-epar-product-information_en.pdf
https://doi.org/10.1056/NEJMoa2202170
https://www.ncbi.nlm.nih.gov/pubmed/35403841
https://www.ema.europa.eu/en/documents/product-information/keytruda-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/keytruda-epar-product-information_en.pdf
https://doi.org/10.1016/S1470-2045(22)00518-6
https://www.ema.europa.eu/en/documents/product-information/tagrisso-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/tagrisso-epar-product-information_en.pdf
https://doi.org/10.1056/NEJMoa2302983
https://www.ncbi.nlm.nih.gov/pubmed/37272513
https://doi.org/10.3390/biom13091377
https://www.ncbi.nlm.nih.gov/pubmed/37759777
https://doi.org/10.1056/NEJMoa2304875
https://doi.org/10.2217/fon-2021-0549
https://doi.org/10.2478/raon-2020-0026
https://doi.org/10.1038/s41533-022-00283-x
https://www.ncbi.nlm.nih.gov/pubmed/35637231
https://doi.org/10.21037/tlcr-22-191
https://doi.org/10.32074/1591-951X-908
https://www.ncbi.nlm.nih.gov/pubmed/38054903
https://doi.org/10.3390/biology12030390
https://doi.org/10.1200/GO.21.00281
https://doi.org/10.1002/pds.3891
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://www.ncbi.nlm.nih.gov/pubmed/18313558
https://doi.org/10.1016/j.lungcan.2019.06.012
https://doi.org/10.3390/cancers14122971
https://doi.org/10.21037/tlcr-23-176


Cancers 2024, 16, 2586 19 of 20

55. Provencio, M.; Cobo, M.; Rodriguez-Abreu, D.; Calvo, V.; Carcereny, E.; Cantero, A.; Bernabé, R.; Benitez, G.; Castro, R.L.; Massutí,
B.; et al. Determination of essential biomarkers in lung cancer: A real-world data study in Spain with demographic, clinical,
epidemiological and pathological characteristics. BMC Cancer 2022, 22, 732. [CrossRef]

56. Salas, C.; Martín-López, J.; Martínez-Pozo, A.; Hernández-Iglesias, T.; Carcedo, D.; Ruiz de Alda, L.; García, J.F.; Rojo, F. Real-
world biomarker testing rate and positivity rate in NSCLC in Spain: Prospective Central Lung Cancer Biomarker Testing Registry
(LungPath) from the Spanish Society of Pathology (SEAP). J. Clin. Pathol. 2022, 75, 193–200. [CrossRef] [PubMed]

57. Stephan-Falkenau, S.; Streubel, A.; Mairinger, T.; Kollmeier, J.; Misch, D.; Thiel, S.; Bauer, T.; Pfannschmidt, J.; Hollmann,
M.; Wessolly, M.; et al. Landscape of Genomic Alterations and PD-L1 Expression in Early-Stage Non-Small-Cell Lung Cancer
(NSCLC)-A Single Center, Retrospective Observational Study. Int. J. Mol. Sci. 2022, 23, 12511. [CrossRef] [PubMed]

58. Mansour, M.S.I.; Malmros, K.; Mager, U.; Ericson Lindquist, K.; Hejny, K.; Holmgren, B.; Seidal, T.; Dejmek, A.; Dobra, K.;
Planck, M.; et al. PD-L1 Expression in Non-Small Cell Lung Cancer Specimens: Association with Clinicopathological Factors and
Molecular Alterations. Int. J. Mol. Sci. 2022, 23, 4517. [CrossRef]

59. Hondelink, L.M.; Ernst, S.M.; Atmodimedjo, P.; Cohen, D.; Wolf, J.L.; Dingemans, A.C.; Dubbink, H.J.; von der Thüsen, J.H.
Prevalence, clinical and molecular characteristics of early stage EGFR-mutated lung cancer in a real-life West-European cohort:
Implications for adjuvant therapy. Eur. J. Cancer 2023, 181, 53–61. [CrossRef]

60. Helland, Å.; Andersen, K.K.; Myklebust, T.; Johannesen, T.B.; Aarøe, J.; Enerly, E. EGFR-mutation testing and TKI treatment
patterns in locally advanced and metastatic NSCLC in Norway—A nationwide retrospective cohort study. Cancer Treat. Res.
Commun. 2022, 33, 100636. [CrossRef] [PubMed]

61. Adizie, J.B.; Tweedie, J.; Khakwani, A.; Peach, E.; Hubbard, R.; Wood, N.; Gosney, J.R.; Harden, S.V.; Beckett, P.; Popat, S.; et al.
Biomarker Testing for People with Advanced Lung Cancer in England. JTO Clin. Res. Rep. 2021, 2, 100176. [CrossRef]

62. Michaelidou, K.; Karniadakis, I.; Pantelaion, V.; Koutoulaki, C.; Boukla, E.; Folinas, K.; Dimaras, P.; Papadaki, M.A.; Koutsopoulos,
A.V.; Mavroudis, D.; et al. Rapid and reliable testing for clinically actionable EGFR mutations in non-small cell lung cancer
using the IdyllaTM platform: A real-world two-center experience in Greece. Expert Rev. Mol. Diagn. 2024, 24, 89–98. [CrossRef]
[PubMed]

63. Lee, D.H.; Tsao, M.S.; Kambartel, K.O.; Isobe, H.; Huang, M.S.; Barrios, C.H.; Khattak, A.; de Marinis, F.; Kothari, S.; Arunachalam,
A.; et al. Molecular testing and treatment patterns for patients with advanced non-small cell lung cancer: PIvOTAL observational
study. PLoS ONE 2018, 13, e0202865. [CrossRef] [PubMed]

64. Zhang, Y.L.; Yuan, J.Q.; Wang, K.F.; Fu, X.H.; Han, X.R.; Threapleton, D.; Yang, Z.Y.; Mao, C.; Tang, J.L. The prevalence of EGFR
mutation in patients with non-small cell lung cancer: A systematic review and meta-analysis. Oncotarget 2016, 7, 78985–78993.
[CrossRef] [PubMed]

65. Melosky, B.; Kambartel, K.; Häntschel, M.; Bennetts, M.; Nickens, D.J.; Brinkmann, J.; Kayser, A.; Moran, M.; Cappuzzo, F.
Worldwide Prevalence of Epidermal Growth Factor Receptor Mutations in Non-Small Cell Lung Cancer: A Meta-Analysis. Mol.
Diagn. Ther. 2022, 26, 7–18. [CrossRef] [PubMed]

66. Ramlau, R.; Cufer, T.; Berzinec, P.; Dziadziuszko, R.; Olszewski, W.; Popper, H.; Bajcic, P.; Dusšk, L.; Zbozinkova, Z.; Pirker, R.
Epidermal Growth Factor Receptor Mutation-Positive Non-Small-Cell Lung Cancer in the Real-World Setting in Central Europe:
The INSIGHT Study. J. Thorac. Oncol. 2015, 10, 1370–1374. [CrossRef] [PubMed]

67. Pasello, G.; Lorenzi, M.; Pretelli, G.; Comacchio, G.M.; Pezzuto, F.; Schiavon, M.; Buja, A.; Frega, S.; Bonanno, L.; Guarneri, V.;
et al. Diagnostic-Therapeutic Pathway and Outcomes of Early Stage NSCLC: A Focus on EGFR Testing in the Real-World. Front.
Oncol. 2022, 12, 909064. [CrossRef] [PubMed]

68. Kerr, K.M.; Bibeau, F.; Thunnissen, E.; Botling, J.; Ryška, A.; Wolf, J.; Öhrling, K.; Burdon, P.; Malapelle, U.; Büttner, R. The
evolving landscape of biomarker testing for non-small cell lung cancer in Europe. Lung Cancer 2021, 154, 161–175. [CrossRef]

69. Gosney, J.R.; Paz-Ares, L.; Jänne, P.; Kerr, K.M.; Leighl, N.B.; Lozano, M.D.; Malapelle, U.; Mok, T.; Sheffield, B.S.; Tufman, A.;
et al. Pathologist-initiated reflex testing for biomarkers in non-small-cell lung cancer: Expert consensus on the rationale and
considerations for implementation. ESMO Open 2023, 8, 101587. [CrossRef]

70. Wang, Y.; Huang, S.; Feng, X.; Xu, W.; Luo, R.; Zhu, Z.; Zeng, Q.; He, Z. Advances in efficacy prediction and monitoring of
neoadjuvant immunotherapy for non-small cell lung cancer. Front. Oncol. 2023, 13, 1145128. [CrossRef] [PubMed]

71. Yan, J.T.; Jin, Y.; Lo, E.; Chen, Y.; Hanlon Newell, A.E.; Kong, Y.; Inge, L.J. Real-World Biomarker Test Utilization and Subsequent
Treatment in Patients with Early-Stage Non-small Cell Lung Cancer in the United States, 2011–2021. Oncol. Ther. 2023, 11, 343–360.
[CrossRef]

72. Waser, N.; Vo, L.; McKenna, M.; Penrod, J.R.; Goring, S. Real-world treatment patterns in resectable (stages I–III) non-small-cell
lung cancer: A systematic literature review. Future Oncol. 2022, 18, 1519–1530. [CrossRef] [PubMed]

73. Sørensen, J.B.; Horvat, P.; Rosenlund, M.; Kejs, A.M.; Patel, D.; Juarez-Garcia, A.; Lacoin, L.; Daumont, M.J.; Penrod, J.R.;
O’Donnell, J.C.; et al. Initial treatment and survival in Danish patients diagnosed with non-small-cell lung cancer (2005–2015):
SCAN-LEAF study. Future Oncol. 2022, 18, 205–214. [CrossRef]

74. Soares, M.; Antunes, L.; Redondo, P.; Borges, M.; Hermans, R.; Patel, D.; Grimson, F.; Munro, R.; Chaib, C.; Lacoin, L.; et al.
Treatment and outcomes for early non-small-cell lung cancer: A retrospective analysis of a Portuguese hospital database. Lung
Cancer Manag. 2021, 10, Lmt46. [CrossRef]

https://doi.org/10.1186/s12885-022-09830-8
https://doi.org/10.1136/jclinpath-2020-207280
https://www.ncbi.nlm.nih.gov/pubmed/33722840
https://doi.org/10.3390/ijms232012511
https://www.ncbi.nlm.nih.gov/pubmed/36293366
https://doi.org/10.3390/ijms23094517
https://doi.org/10.1016/j.ejca.2022.12.010
https://doi.org/10.1016/j.ctarc.2022.100636
https://www.ncbi.nlm.nih.gov/pubmed/36155129
https://doi.org/10.1016/j.jtocrr.2021.100176
https://doi.org/10.1080/14737159.2024.2303320
https://www.ncbi.nlm.nih.gov/pubmed/38193169
https://doi.org/10.1371/journal.pone.0202865
https://www.ncbi.nlm.nih.gov/pubmed/30148862
https://doi.org/10.18632/oncotarget.12587
https://www.ncbi.nlm.nih.gov/pubmed/27738317
https://doi.org/10.1007/s40291-021-00563-1
https://www.ncbi.nlm.nih.gov/pubmed/34813053
https://doi.org/10.1097/JTO.0000000000000621
https://www.ncbi.nlm.nih.gov/pubmed/26291014
https://doi.org/10.3389/fonc.2022.909064
https://www.ncbi.nlm.nih.gov/pubmed/35847912
https://doi.org/10.1016/j.lungcan.2021.02.026
https://doi.org/10.1016/j.esmoop.2023.101587
https://doi.org/10.3389/fonc.2023.1239451
https://www.ncbi.nlm.nih.gov/pubmed/38205138
https://doi.org/10.1007/s40487-023-00234-7
https://doi.org/10.2217/fon-2021-1417
https://www.ncbi.nlm.nih.gov/pubmed/35073732
https://doi.org/10.2217/fon-2021-0746
https://doi.org/10.2217/lmt-2020-0028


Cancers 2024, 16, 2586 20 of 20

75. Evers, J.; Hendriks, L.E.L.; De Jaeger, K.; Wijsman, R.; De Ruysscher, D.; Terhaard, C.; van der Sangen, M.; Siesling, S.; Struikmans,
H.; Aarts, M.J. Trends and variations in the treatment of stage I-III small cell lung cancer from 2008 to 2019: A nationwide
population-based study from the Netherlands. Lung Cancer 2021, 162, 61–70. [CrossRef]

76. Meldgaard, P.; Kristensen, M.; Conte, S.; Kaae Andersen, K.; Jovanovic, A.; Meldgaard, E. Improved overall survival for Stage III
NSCLC patients treated with curative-intended therapy from 2010 to 2018—A cohort study in Denmark. Acta Oncol. 2023, 62,
1672–1679. [CrossRef]

77. Menon, U.; Vedsted, P.; Zalounina Falborg, A.; Jensen, H.; Harrison, S.; Reguilon, I.; Barisic, A.; Bergin, R.J.; Brewster, D.H.;
Butler, J.; et al. Time intervals and routes to diagnosis for lung cancer in 10 jurisdictions: Cross-sectional study findings from the
International Cancer Benchmarking Partnership (ICBP). BMJ Open 2019, 9, e025895. [CrossRef]

78. Cancer Research UK. Breaking Down Changes in NHS Cancer Waiting Times in England. Available online: https:
//news.cancerresearchuk.org/2023/08/17/breaking-down-nhs-englands-changes-in-standards-for-cancer-care/ (accessed on
29 February 2024).

79. Round, T.; L’Esperance, V.; Bayly, J.; Brain, K.; Dallas, L.; Edwards, J.G.; Haswell, T.; Hiley, C.; Lovell, N.; McAdam, J.; et al.
COVID-19 and the multidisciplinary care of patients with lung cancer: An evidence-based review and commentary. Br. J. Cancer
2021, 125, 629–640. [CrossRef] [PubMed]

80. Wang, P.; Martel, P.; Hajjam, M.E.; Grimaldi, L.; Leprieur, E.G. Incidental diagnosis of lung cancer on chest CT scan performed for
suspected or documented COVID-19 infection. Respir. Med. Res. 2024, 85, 101084. [CrossRef]

81. Arak, H.; Eronat, O.; Dogan, I.; Aydin, E.S.; Aytekin, A. The Impact of the COVID-19 Pandemic on the Diagnosis and Treatment
Characteristics of Operated Lung Cancer Patients. J. Coll. Physicians Surg. Pak. 2023, 33, 1271–1277. [CrossRef] [PubMed]

82. Zhao, Y.; Wang, R.; Shi, F.; Wu, J.; Jiang, F.; Song, Q. Diagnostic Efficacy of CT Examination on Early Detection of Lung Cancer
during Pandemic of COVID-19. Diagnostics 2022, 12, 2317. [CrossRef] [PubMed]

83. Bailey, H.; Lee, A.; Eccles, L.; Yuan, Y.; Burlison, H.; Forshaw, C.; Varol, N. Treatment patterns and outcomes of patients with
metastatic non-small cell lung cancer in five European countries: A real-world evidence survey. BMC Cancer 2023, 23, 603.
[CrossRef] [PubMed]

84. Slowley, A.; Phiri, K.; Multani, J.K.; Casey, V.; Mpima, S.; Yasuda, M.; Chen, C.C.; Manuguid, F.; Chao, J.; Aziez, A.; et al. Real-
world treatment patterns and clinical outcomes after introduction of immune checkpoint inhibitors: Results from a retrospective
chart review of patients with advanced/metastatic non-small cell lung cancer in the EU5. Thorac. Cancer 2023, 14, 2846–2858.
[CrossRef]

85. Socialministerium. The Austrian DRG System. Available online: https://www.sozialministerium.at/Themen/Gesundheit/
Gesundheitssystem/Krankenanstalten/Leistungsorientierte-Krankenanstaltenfinanzierung-(LKF).html (accessed on
29 February 2024).

86. Austrian Federal Office for Safety in Health Care (BASG). Central Authorisation. Available online: https://www.basg.gv.at/
en/companies/marketing-authorisation-life-cycle/marketing-authorisation-procedure/central-authorisation?sword_list[0]
=monoklonal&cHash=6da53ed631a7b1cabbce3d76c399ac26 (accessed on 29 February 2024).

87. Ludwig Boltzmann Institut. Arzneimittelerstattung im Stationären Sektor in Österreich. Available online: https://eprints.aihta.
at/1183/1/HTA-Projektbericht_Nr.109.pdf (accessed on 29 February 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.lungcan.2021.10.011
https://doi.org/10.1080/0284186X.2023.2254474
https://doi.org/10.1136/bmjopen-2018-025895
https://news.cancerresearchuk.org/2023/08/17/breaking-down-nhs-englands-changes-in-standards-for-cancer-care/
https://news.cancerresearchuk.org/2023/08/17/breaking-down-nhs-englands-changes-in-standards-for-cancer-care/
https://doi.org/10.1038/s41416-021-01361-6
https://www.ncbi.nlm.nih.gov/pubmed/33972746
https://doi.org/10.1016/j.resmer.2024.101084
https://doi.org/10.29271/jcpsp.2023.11.1271
https://www.ncbi.nlm.nih.gov/pubmed/37926880
https://doi.org/10.3390/diagnostics12102317
https://www.ncbi.nlm.nih.gov/pubmed/36292005
https://doi.org/10.1186/s12885-023-11074-z
https://www.ncbi.nlm.nih.gov/pubmed/37386452
https://doi.org/10.1111/1759-7714.15069
https://www.sozialministerium.at/Themen/Gesundheit/Gesundheitssystem/Krankenanstalten/Leistungsorientierte-Krankenanstaltenfinanzierung-(LKF).html
https://www.sozialministerium.at/Themen/Gesundheit/Gesundheitssystem/Krankenanstalten/Leistungsorientierte-Krankenanstaltenfinanzierung-(LKF).html
https://www.basg.gv.at/en/companies/marketing-authorisation-life-cycle/marketing-authorisation-procedure/central-authorisation?sword_list[0]=monoklonal&cHash=6da53ed631a7b1cabbce3d76c399ac26
https://www.basg.gv.at/en/companies/marketing-authorisation-life-cycle/marketing-authorisation-procedure/central-authorisation?sword_list[0]=monoklonal&cHash=6da53ed631a7b1cabbce3d76c399ac26
https://www.basg.gv.at/en/companies/marketing-authorisation-life-cycle/marketing-authorisation-procedure/central-authorisation?sword_list[0]=monoklonal&cHash=6da53ed631a7b1cabbce3d76c399ac26
https://eprints.aihta.at/1183/1/HTA-Projektbericht_Nr.109.pdf
https://eprints.aihta.at/1183/1/HTA-Projektbericht_Nr.109.pdf

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Study Objectives 
	Statistical Methods 

	Results 
	Primary Part: Individual Patient-Level Data for Patients Initially Diagnosed with Stage I–III NSCLC 
	Patient Disposition 
	Patient Characteristics 
	Initial Treatments 
	Patient Journey 

	Exploratory Part: Aggregate Data for Patients Initially Diagnosed with Stage I–IV NSCLC 
	Alignment between Primary and Exploratory Findings 

	Discussion 
	Primary Part 
	Exploratory Part 
	Strengths and Limitations 

	Conclusions 
	References

