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Executive summary 

Background: Metastatic non-small cell lung cancer is a serious disease with high mortality. In recent 

years, immune checkpoint inhibitors (ICIs) have become an important treatment option for patients 

whose tumours have high PD-L1 expression. However, information on how these treatments perform 

in routine clinical practice remains limited. 

Objectives: VALO2 aimed to improve understanding of treatment outcomes among patients 

receiving first-line immunotherapy for metastatic lung cancer in routine Nordic healthcare. The study 

also evaluated whether health data from different Nordic countries can be analysed using a common 

research approach without transferring patient-level data between institutions. 

Methods: VALO2 was a multicentre observational study conducted using electronic health record 

data from Rigshospitalet (Denmark), Helsinki University Hospital (Finland), and Oslo University 

Hospital (Norway). Data remained within each participating institution and were analysed through 

secure local environments. Researchers accessed and analysed harmonised Observational Medical 

Outcomes Partnership (OMOP) Common Data Model (CDM)-formatted data remotely, while only 

aggregated study results were exported for reporting. Compared with the previous VALO1 pilot, 

VALO2 demonstrated that cross-border research can be conducted through direct analytical access 

to data within participating Secure Processing Environments (SPEs), while maintaining local data 

custody. 

Results: The final study population included 887 patients from Denmark, 91 patients from Finland, 

and 76 patients from Norway. In the Danish cohort, the pembrolizumab policy-period group was 

associated with longer overall survival and more favourable treatment-related outcomes than the 

atezolizumab policy-period group. In the Finnish cohort, no statistically significant differences were 

observed between pembrolizumab and cemiplimab. In the Norwegian cohort, patients receiving 

pembrolizumab had longer overall survival than those receiving cemiplimab.  However, this finding 

should be interpreted with caution because the cemiplimab group was small and the available 

information for adjustment was limited. 

The study also showed that important prognostic factors could be evaluated when sufficient data 

were available. However, the availability of clinical variables differed between participating sites, 

demonstrating the continuing challenges of conducting comparable analyses across countries. The 

participating hospitals successfully implemented a common analytical framework, showing that real-

world studies can be performed across national borders without transferring patient-level data 

between institutions. 

Conclusions: VALO2 demonstrated that cross-border real-world data research is feasible using 

harmonised health data mapped to the OMOP Common Data Model, and local SPEs across Nordic 

healthcare institutions. 

The study provided new information on treatment outcomes among the patients receiving first-line 

immunotherapy in routine clinical practice while highlighting the importance of data availability, 

cohort implementation and reporting requirements when comparing results across countries. The 

experience gained through VALO2 supports further development of Nordic federated research 

infrastructure and demonstrates how secure cross-border access to health data can enable future 

multinational research while maintaining local control of sensitive patient information. 
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1  Introduction 

1.1  Disease burden and epidemiology 

Lung cancer remains one of the most common cancers worldwide and is still the leading cause of 

cancer-related death. Non-small cell lung carcinoma (NSCLC) accounts for approximately 85% of 

lung cancer diagnoses and includes several tumour types, most commonly adenocarcinoma and 

squamous cell carcinoma [3,6]. 

Although screening, diagnostics, surgery, radiotherapy, systemic treatment, and supportive care 

have improved over time, many patients are still diagnosed with advanced or metastatic disease. 

Others progressed after treatment for earlier-stage disease. Outcomes in the metastatic non-small 

cell lung carcinoma (mNSCLC) setting remain poor, which highlights the need for improved 

prevention, effective treatment strategies, and a better understanding of patient outcomes in routine 

clinical practice. [3,5,6]. 

The treatment landscape for NSCLC has changed substantially over the past 2 decades. Molecularly 

targeted therapies and immune checkpoint inhibitors (ICIs) have improved outcomes for selected 

patient groups. However, benefits may vary across patient populations, and clinical trial participants 

do not always fully represent patients treated in routine oncology practice, including older individuals 

and those with comorbidities or poorer performance status [5,6]. 

1.2  Molecular landscape and biomarker-driven treatment 

Treatment for metastatic non-small-cell lung cancer (mNSCLC) has moved from a mainly histology- 

and chemotherapy-based approach to one that is increasingly guided by molecular testing and 

predictive biomarkers. This change reflects a better understanding of the biological diversity of 

NSCLC and the identification of genomic alterations that can guide treatment choice [5,6]. 

In current clinical practice, biomarker testing is recommended for patients with advanced non-

squamous NSCLC and for selected patients with squamous histology when clinically relevant. 

Testing commonly includes oncogenic drivers such as epidermal growth factor receptor (EGFR) 

mutations, anaplastic lymphoma kinase (ALK) rearrangements, c-ROS oncogene 1 (ROS1) 

rearrangements, and other alterations including v-Raf murine sarcoma viral oncogene homolog B 

(BRAF), mesenchymal–epithelial transition (MET), rearranged during transfection (RET), human 

epidermal growth factor receptor 2 (HER2), Kirsten rat sarcoma viral oncogene homolog (KRAS), 

neurotrophic tyrosine receptor kinase (NTRK), and related genomic markers where these are 

available [4,6,10]. 

Finding an actionable driver alteration is clinically important because targeted therapies can provide 

substantial benefit in molecularly defined patient groups. When an approved targeted option is 

available, targeted therapy is generally prioritised over immunotherapy-based treatment [4,6]. For 

the patients without actionable driver alterations, programmed death-ligand 1(PD-L1) expression is 

a key biomarker for first-line immunotherapy selection, particularly when tumour PD-L1 expression 

is high [4,14]. 
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 In practice, implementation of biomarker-driven treatment still depends on how consistently 

biomarker testing is performed and recorded within routine-care. Factors such as testing availability, 

laboratory workflows, reimbursement, and documentation practices can all influence the 

completeness of real-world data. These issues are especially important in real-world studies, where 

incomplete or inconsistent biomarker data can affect cohort definition, treatment classification, and 

interpretation of outcomes [10]. 

1.3  First-line immunotherapy for patients with PD-L1 ≥50% mNSCLC 

ICIs targeting the programmed cell death protein 1 (PD-1) and PD-L1 pathways have changed first-

line treatment for patients with advanced or metastatic NSCLC without actionable driver alterations. 

In patients with high tumour PD-L1 expression, commonly defined as PD-L1 expression ≥50%, ICI 

monotherapy is an established treatment option supported by pivotal clinical trials and international 

treatment guidelines [4,10]. 

Pembrolizumab was the first PD-1 inhibitor to show durable clinical benefit as first-line monotherapy 

in this setting. Long-term follow-up from the KEYNOTE clinical development programme showed 

sustained survival among patients with advanced NSCLC treated with pembrolizumab [2]. These 

findings supported the broad use of pembrolizumab as a standard first-line option for patients with 

PD-L1 ≥50% mNSCLC and no targetable EGFR or ALK alterations [4,10]. 

Atezolizumab, a PD-L1 inhibitor, has also shown benefit as first-line treatment for patients with 

advanced NSCLC, including PD-L1-selected populations, and is included in current treatment 

pathways for appropriate patients [7,15]. Cemiplimab, another PD-1 inhibitor, expanded the first-line 

monotherapy options for patients with advanced NSCLC and PD-L1 expression of at least 50%, with 

evidence from the EMPOWER-Lung clinical trial programme supporting its use in this population 

[8,14]. 

Pembrolizumab, atezolizumab, and cemiplimab are all used as first-line monotherapy options for 

patients with PD-L1 ≥50% mNSCLC [4,10,18,7,14]. Despite their widespread use, there are 

currently no randomised head-to-head trials directly comparing pembrolizumab, atezolizumab, and 

cemiplimab in patients with PD-L1 ≥50% mNSCLC. In routine Nordic practice, treatment use and 

preferred PD-(L)1 inhibitor strategies have varied over time and between countries, reflecting 

national reimbursement decisions, hospital procurement processes, administrative pricing policies, 

clinical judgement, treatment schedules, and local implementation timelines. 

Differences in treatment adoption across Nordic countries provide a natural opportunity to examine 

how these therapies perform in routine clinical practice. The Nordic healthcare setting is well suited 

for this type of work because it combines population-based healthcare systems, structured electronic 

health data, and variation in treatment adoption across sites. At the same time, this variation should 

not be viewed as a random treatment assignment. Any comparative findings need cautious 

interpretation, with attention to policy timing, local practice, and potential patient selection. 

1.4  Treatment challenges and patient heterogeneity 

Patients with mNSCLC that are treated in routine oncology care are highly heterogeneous and often 

differ from those enrolled in pivotal randomised trials. Age, performance status, comorbidities, 

smoking history, tumour burden, histology, biomarker availability, and prior treatment history can all 

influence treatment choice and clinical outcomes [4,5,6]. 
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Older patients are particularly important in mNSCLC because lung cancer incidence increases with 

age, while older adults are often underrepresented in clinical trials. Evidence from systematic reviews 

and real-world studies suggests that ICIs can provide clinical benefit in older patients, although 

outcomes may be influenced by frailty, comorbidities, concomitant medicines, organ function, and 

differences in treatment discontinuation or monitoring [9,13,16,17]. 

This patient heterogeneity also creates challenges for observational research. Differences between 

treatment groups at baseline may reflect clinical decision-making, reimbursement rules, prescribing 

preferences, or treatment availability rather than treatment effects alone. For that reason, careful 

description of demographic, clinical, biomarker, and treatment related variables is essential when 

interpreting real-world outcomes [4,10]. 

Stratified analyses of clinically important patient subgroups, including older patients and patients with 

differing health status, can help determine whether outcomes are broadly consistent across routine-

care populations. These analyses are especially useful for patients who are less well represented in 

trials but make up a substantial part of the real-world mNSCLC population [9,13,16,17]. 

1.5  Study rationale 

The Value from Nordic Health Data (VALO)2 study builds upon the experience from VALO1, 

which showed that federated analyses using harmonised Nordic healthcare data are 

technically feasible. Prior VALO1 work also indicated that technical feasibility alone is not enough to 

generate clinically interpretable cross-site evidence. Important lessons included the need for 

transparent cohort attrition, structured reporting of data completeness, harmonised biomarker and 

prognostic covariate capture, and cautious interpretation of country-specific treatment and survival 

patterns when Eastern Cooperative Oncology Group performance status (ECOG-PS), smoking 

status, PD-L1 documentation, treatment-line reconstruction, or radiotherapy data are incomplete or 

inconsistently captured across sites. Where VALO1 mainly focused on infrastructure development 

and characterisation of metastatic NSCLC populations across participating sites, VALO2 extends 

this work to clinically relevant questions about treatment patterns and outcomes among patients 

receiving first-line ICI monotherapy while also testing and assessing cross-border access for 

remotely analysing data in local secure environments.  

Real-World Evidence (RWE) is particularly relevant in this setting because patients treated in routine 

oncology practice may differ from those enrolled in pivotal clinical trials. Routine healthcare data can 

provide insights into treatment utilisation, treatment sequencing, and clinical outcomes in broader 

patient populations, including older patients and those with comorbidities or variable performance 

status who may be underrepresented in clinical trials [1]. Specifically, VALO2 aims to generate 

Nordic RWE for patients with PD-L1 ≥50% mNSCLC treated with pembrolizumab, atezolizumab, 

or cemiplimab. The study uses country- and site-level variation in first-line ICI use, including variation 

related to policy, pricing, reimbursement, and local clinical practice, to describe treatment patterns 

and evaluate outcomes in routine-care. 

Through collaboration between university hospitals in Denmark, Finland, and Norway, VALO2 aims 

to characterise treatment patterns, evaluate clinical outcomes, assess outcomes among elderly 

patients, and explore treatment comparisons where the data and methods support this. In parallel, 

the study evaluates the operational feasibility of federated observational research using cross-border 

access for Nordic Secure Processing Environments (SPEs) and harmonised Observational Medical 

Outcomes Partnership (OMOP) Common Data Model (CDM) infrastructure. This supports the 

development of a sustainable framework for cross-border RWE generation in the Nordic region. 
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VALO2 therefore addresses 2 related questions: how patients receiving first-line ICI monotherapy 

perform in routine Nordic care, and whether the Nordic OMOP and SPEs infrastructure can support 

future multi-country RWE studies. 
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2  Objectives 

2.1  Study aim 

The aim of this study was to compare the effectiveness of PD-1 and PD-L1 inhibitor monotherapy 

as first-line treatment for mNSCLC within and across Nordic countries (Denmark, Finland, and 

Norway) and subgroups defined by demographics. The study evaluated pembrolizumab-, 

atezolizumab-, and cemiplimab-defined exposure groups individually and where appropriate across 

participating Nordic countries. 

Objectives were evaluated by site and by ICI exposure-group according to the site-specific analytical 

definitions. To fulfil the study aims outlined above, the study objectives were explored and stratified 

by: 

• Country 

• ICI monotherapy treatment group (pembrolizumab, atezolizumab, and cemiplimab) based on 

intention-to-treat assignment. 

• In accordance with the protocol, subgroup analyses were planned for patients aged <75 years 

and those aged ≥75 years at initiation of ICI treatment. 

2.2  Primary objective 

To compare the overall survival (OS) among patients with mNSCLC and PD-L1 ≥50% treated with 

pembrolizumab, atezolizumab, or cemiplimab as first-line monotherapy in routine clinical practice. 

2.3  Secondary objectives 

• To describe demographic and clinical characteristics of patients with mNSCLC and PD-L1 ≥50% 

initiating pembrolizumab, atezolizumab or cemiplimab. 

• To describe treatment outcomes, including OS, time to next treatment (TTNT), and time to 

treatment discontinuation (TTD), overall and within predefined age subgroups, where feasible. 

• To describe treatments patterns and subsequent treatments received after first-line PD-(L)1 

inhibitor (programmed cell death 1 or programmed death-ligand 1) monotherapy (mainly 

pembrolizumab, atezolizumab, or cemiplimab). 

2.4  Exploratory objectives 

To assess whether Lung Immune Prognostic Index (LIPI) and/or Lung Immuno-Oncology Prognostic 

Score (LIPS-3) add explanatory value in risk adjustment between treatment subgroups. In 

accordance with the protocol, exploratory analyses by age category (<75 years and aged ≥75 years 

at initiation of ICI treatment), were undertaken where feasible. [19,20] 
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2.5  Infrastructure objective 

In addition to the clinical objectives, this study assessed the feasibility of accessing Nordic Health 

Data sources through SPEs. The study documented process outcomes related to the SPEs 

infrastructure, including: 

• Time from ethics approval to data-access. 

• Proportion of protocol-specified variables successfully extracted. 

• Cross-site data quality concordance metrics. 
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3  Methods 

3.1  Study design 

VALO2 was a retrospective observational multisite study designed to assess clinical outcomes in 

adult patients diagnosed with mNSCLC who received first-line ICI monotherapy. The study 

observation period spanned 01 January 2018 to 31 December 2024, with patient identification 

through 30 June 2024 allowing at least 6 months of potential follow-up period before the 

administrative end of study individual follow-up could end earlier because of death, loss to follow-up, 

or an outcome-specific censoring event. 

The study included analytical cohorts from Rigshospitalet in Denmark, Helsinki University Hospital 

(HUS) in Finland, and Oslo University Hospital (OUS) in Norway. The study used routinely collected 

electronic health record (EHR) data harmonised to the OMOP CDM, enabling implementation of a 

standardised analytical approach across participating sites. Results were reported separately for 

each participating site, with aggregation performed only where methodologically appropriate and 

scientifically valid. 

In addition to evaluating clinical outcomes, VALO2 assessed the feasibility of cross-border use of 

SPEs in the Nordics for RWE studies. The Danish research team analysed patient-level health data 

held by HUS in Finland and OUS in Norway through the secure environments used by those 

organisations. The Danish researchers also completed the corresponding analysis using Danish 

data within their established TRE environment. 

Clinical outcomes were evaluated using site-specific analytical cohorts and exposure-group 

definitions. At Rigshospitalet, exposure groups were assigned according to predefined treatment-

policy periods and did not necessarily represent the PD-(L)1 inhibitor administered. At HUS and 

OUS, exposure groups represented the first-line PD-(L)1 inhibitor initiated in clinical practice. The 

site-specific exposure definitions are described in Sections 3.5 and 3.7. 

3.2  Data sources 

Clinical data were obtained from three participating Nordic healthcare institutions: 

• Rigshospitalet, Denmark, representing patients from the Capital Region of Denmark and Region 

Zealand.  

• HUS, Finland, representing patients treated within the HUS catchment area, including Helsinki 

and other hospitals in the Uusimaa Region. 

• OUS, Norway 

The analytical cohorts represent participating institutional datasets and should not be interpreted as 

nationally representative populations. 

Each participating institution retained patient-level information within its own secure infrastructure, 

and all respective databases were converted to the OMOP CDM. Patient-identifiable information was 

not shared between sites. 

Analyses were performed using a federated approach whereby standardised analytical scripts 

were developed centrally by Danish researchers and executed locally within each participating SPE 
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by the Danish researchers through approved remote access mechanisms. Only aggregated and 

anonymised analytical outputs were exported for study reporting. 

3.3  Federated analysis framework 

The study employed a federated analytical model based on SPEs and Trusted Research 

Environment (TRE) principles. Under this framework: 

• Patient-level data remained within each participating institution. 

• Data-access was restricted to approved researchers. 

• All analyses were conducted within local secure computing environments: Authorised Danish 

researchers analysed data remotely within the local environments, while patient-level information 

remained at the originating institution.  

• Only anonymised and aggregated results were exported. 

• Activities performed within each environment were logged and documented. 

The federated cross-border design allowed Danish researchers to analyse data locally via remote 

connection while meeting each site's governance and data-protection requirements. Patient-level 

information remained at the originating institution throughout the analytical process and was not 

transferred between participating sites. 

To facilitate cross-site consistency, all participating sites mapped their data to the OMOP CDM and 

applied common analytical definitions and study algorithms. Despite this common framework, the 

availability of individual variables and analytical outputs differed across sites. [11,12] 

3.4  Study population 

The study population comprised adult patients with histologically or cytologically confirmed mNSCLC 

with PD-L1 expression ≥50% who received pembrolizumab, atezolizumab, or cemiplimab as first-

line monotherapy at one of the participating Nordic University hospitals. The target population 

included both patients with de novo metastatic disease and patients who progressed to metastatic 

disease following an earlier-stage NSCLC diagnosis. 

3.4.1  Inclusion criteria 

Patients were included if they met all of the following inclusion criteria: 

• NSCLC diagnosis, defined as: 

o diagnosis of lung cancer, at any stage, documented at any time before or within 30 days after 

the metastatic disease diagnosis; and 

o histologically or cytologically confirmed NSCLC. 

• diagnosed with PD-L1 ≥50% mNSCLC and treated with at least one cycle of pembrolizumab, 

atezolizumab, or cemiplimab initiated in the mNSCLC setting. 
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Note: PD-L1 status was required for patient inclusion. The completeness of PD-L1 data and the 

potential effect of systematic PD-L1 missingness on cohort representativeness were assessed as 

part of study implementation.  

• Metastatic disease, including: 

o de novo mNSCLC, defined as metastatic disease at the initial NSCLC diagnosis; or 

o progression to mNSCLC following an earlier-stage NSCLC diagnosis. 

o age ≥18 years at initiation of pembrolizumab, atezolizumab, or cemiplimab. 

o initiation of pembrolizumab, atezolizumab, or cemiplimab between 1 January 2018 and 30 

June 2024. 

For elderly-subpopulation analyses, the additional criterion was age ≥75 years at initiation of 

pembrolizumab, atezolizumab, or cemiplimab. 

3.4.2  Exclusion criteria 

Patients were excluded if they met any of the following exclusion criteria: 

• Recorded opt-out from the use of their data for research purposes. 

• Documentation in the medical record of any of the following genetic alterations: 

o EGFR, ALK, or ROS1 alterations. 

• Receipt of targeted therapy at any time. 

• For patients with other primary cancers, prior-malignancy exclusion criteria were applied 

according to the approach determined during feasibility assessment and intended for consistent 

implementation across participating sites. 

3.4.3  Site-specific cohort implementation 

The protocol-defined eligibility criteria were implemented locally using data available within each site-

specific OMOP-formatted analytical dataset. Where a protocol-defined eligibility characteristic was 

not directly available, a predefined site-specific derivation approach was applied in consultation with 

the local site team. 

At Rigshospitalet, selected cohort-defining and exclusion criteria were available in the exported 

aggregate outputs only as combined attrition steps. At HUS, metastatic status was derived using 

available treatment and surgical-history information. PD-L1 eligibility was inferred from local first-line 

ICI monotherapy prescribing practice because PD-L1 value results were not available as discrete 

records in the analytical output. 

These site-specific implementation considerations affected the reporting of intermediate attrition 

stages and were considered when interpreting final cohort size, cohort composition, and cross-site 

comparability. Consequently, the final analytical cohorts reflect protocol eligibility applied within the 

available site-specific analytical datasets and do not necessarily represent all patients treated at the 

participating institutions. 
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3.4.4  Cohort definition & index date 

Across participating sites, the index date corresponded to the first administration date of the relevant 

PD-(L)1 inhibitor and served as the starting point for all time-to-event analyses and treatment 

pathway evaluations. Treatment exposure-group definitions differed across participating sites based 

on local treatment practices and the predefined analytical approach. 

In detail, in the Rigshospitalet cohort, patients were assigned to exposure groups according to 

predefined treatment-policy periods that reflected routine treatment adoption patterns in Danish 

clinical practice during the study period. Patients diagnosed and initiating first-line treatment during 

periods in which pembrolizumab was the recommended PD-(L)1 inhibitor were assigned to the 

pembrolizumab policy-period group, whereas patients diagnosed during periods in which 

atezolizumab was the recommended PD-(L)1 inhibitor were assigned to the atezolizumab policy-

period group. The policy-period definitions were derived according to the protocol-specified 

treatment adoption approach and did not necessarily reflect the PD-(L)1 inhibitor ultimately 

administered.  

At the same time, in both HUS and OUS cohorts, exposure groups were defined according to PD-

(L)1 inhibitor monotherapy initiated in clinical practice (pembrolizumab or cemiplimab).  

Patients were followed from the index date until the earliest occurrence of death, loss to follow-up, 

administrative end of study (31 December 2024), or outcome-specific censoring events. Follow-up 

and censoring rules varied according to the outcome under evaluation and are described in 

Section 3.8. 

3.5  Study variables 

The variables of interest were prespecified in the study protocol and have been selected to enable 

comprehensive characterisation of the patient population while ensuring feasible data collection 

across participating sites. Variables were grouped into demographic, clinical, disease-related, 

treatment-related, and prognostic domains. Variables collected for the study are summarised in 

Table 1. 

3.5.1  Variable availability and implementation 

Variables were derived from data standardised to the OMOP CDM. Variable availability differed 

across participating sites according to local data capture, documentation practices, and OMOP 

implementation. Variable availability reported in this study refers to availability within the OMOP-

formatted analytical datasets and does not necessarily imply availability or absence of information 

in the underlying source systems. 

Local disclosure-control and reporting requirements could affect which aggregated results were 

exportable for reporting. Such restrictions relate to reportable outputs and do not necessarily indicate 

that the corresponding variables were unavailable for analysis. 

Although additional genomic biomarkers were specified in the protocol, participating datasets 

recorded only positive genomic test results. Consequently, an absent result could not be 

distinguished from a negative result, a missing result, or a test that had not been performed, and the 

denominator of tested patients could not be established. Following investigator review, genomic 

biomarkers other than PD-L1 were therefore excluded from baseline characteristics and analytical 
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models because test completeness and denominators could not be reliably established across 

participating datasets. 

Eligibility for inclusion in the cohort required evidence of PD-L1 expression ≥50%. However, detailed 

quantitative PD-L1 expression values above this threshold were not consistently available in the 

reportable analytical datasets across participating sites. Consequently, PD-L1 status was used 

primarily for cohort eligibility but was not included as an adjustment variable in the analytical models. 

The availability of PD-L1 information differed across participating datasets and, at some sites, cohort 

eligibility was established using site-specific implementation procedures as described in Section 3.4. 

Table 1: Protocol-specified study variables and domains 

Domain  Variables  

Demographic characteristics  Age at treatment initiation, sex, smoking status  

Anthropometric characteristics  Height, weight, body mass index (BMI)  

Clinical 

characteristics/comorbidities*  

Cardiovascular disease, chronic obstructive pulmonary 

disease (COPD), diabetes mellitus  

Disease characteristics  Histological subtype, disease stage at diagnosis, 

ECOG-PS, PD-L1 expression  

Genomic biomarkers**  EGFR, ALK, ROS1, BRAF, MET, RET, HER2, KRAS, 

NTRK, and other protocol-specified genomic 

biomarkers  

Anti-cancer treatment history  Prior systemic anti-cancer therapy (SACT), prior 

cancer-related surgery, prior radiotherapy  

Treatment exposure  Pembrolizumab, atezolizumab, or cemiplimab as first-

line monotherapy  

Treatment patterns  Subsequent treatment lines, treatment duration, 

treatment sequencing  

Prognostic variables  LIPI, LIPS-3  

*Comorbidities were identified primarily from diagnosis records and supplemented with treatment information 

where appropriate. ** Availability and analytical use of genomic biomarker information is described in Section 3.6 

3.5.2  Prognostic scores 

Where sufficient laboratory and clinical information was available, the following prognostic scores 

were calculated: 

• LIPI [19] 

• LIPS-3 [20] 

The proportion of patients with sufficient information to calculate each score was documented. 

Availability of LIPI and LIPS-3 differed across participating sites and is reported in the results section. 
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3.6  Treatment variables 

The primary treatment exposure groups were defined according to the site-specific analytical 

approach described in Section 3.5. 

In the Rigshospitalet analytical cohort, exposure groups were assigned according to the predefined 

treatment-policy periods and included pembrolizumab, atezolizumab policy-period groups. In HUS 

and OUS analytical cohorts, exposure groups reflected the first-line PD-(L)1 inhibitor actually initiated 

as first-line monotherapy for mNSCLC. Treatment history preceding metastatic disease and 

treatments received following first-line immunotherapy were also assessed. 

Treatment-related variables specified in the protocol included:  

• prior systemic anti-cancer therapy (SACT); 

• prior cancer-related surgery; 

• prior radiotherapy; 

• first-line PD-(L)1 inhibitor exposure-group 

• subsequent lines of anti-cancer treatment; 

• treatment duration; and 

• treatment sequences 

Patients were assigned to exposure groups according to the site-specific analytical definitions 

described in Section 3.5. Exposure-group assignment remained fixed throughout follow-up 

irrespective of subsequent treatment modifications or treatment changes. Where data were 

available, patients were followed across subsequent treatment lines to describe observed treatment 

sequences. 

3.7  Study outcomes 

3.7.1  Primary outcome 

The primary outcome was overall survival (OS). OS was defined as the time from index date until 

death from any cause. Patients without an observed death were censored at the earliest of the last 

known date alive or the end of the study period. 

3.7.2  Secondary outcomes 

Secondary outcomes included TTNT or death and TTD or death. 

3.8.2.1 Time to Next Treatment (TTNT) or Death 

TTNT was defined as the time from initiation of first-line ICI treatment until initiation of 

a subsequent line of anti-cancer therapy or death from any cause, whichever occurred first. 

Subsequent treatment was defined according to the line-of-therapy algorithms specified in the 

Statistical Annex (SA). Patients not experiencing TTNT were censored according to the outcome-

specific rules defined in the SA. 
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3.8.2.2 Time to Treatment Discontinuation or Death (TTD) 

TTD was defined as the time from initiation of first-line ICI treatment until permanent discontinuation 

of treatment, treatment switch, treatment augmentation, or death from 

any because whichever occurred first. 

Treatment discontinuation rules, including allowable treatment gaps and handling of treatment 

modifications, were defined according to the SA. 

3.7.3  Additional outcomes 

Additional descriptive outcomes included: 

• treatment duration; 

• treatment sequencing; 

• patterns of care following first-line immunotherapy. 

Treatment duration was evaluated from initiation of first-line ICI therapy until treatment 

discontinuation according to protocol-defined treatment-line algorithms. 

3.7.4  Censoring and competing-risk rules 

Censoring and competing-risk rules were applied according to the outcome under evaluation. 

For OS, death from any cause was considered the event of interest. Patients without an observed 

death were censored at the earliest of the last known date alive or administrative end of study period. 

Where identifiable, diagnosis of new primary malignancy resulted in censoring at the date of 

diagnosis. 

For TTNT the event was defined as initiation of a qualifying subsequent line-of-therapy or death from 

any cause, whichever occurred first. Patients without a qualifying next line-of-therapy event were 

censored at the earliest of the last documented healthcare contact date or the end of the study 

period. 

For TTD, the event was defined as permanent discontinuation of index therapy, treatment switch, 

treatment augmentation, or death from any cause, whichever occurred first. Patients without a TTD 

event were censored at the last date known to be receiving treatment, the last documented 

healthcare contact date, or the end of the study period, whichever occurred first. 

Loss to follow-up was defined as absence of further information following the last documented 

healthcare contact date and resulted in censoring at that date. Because death formed part of the 

TTNT and TTD composite endpoint definitions, new primary malignancy was treated as the 

competing event where identifiable. Detailed endpoint definitions, treatment-line algorithms, 

censoring rules, and competing-risk specifications are provided in the SA.  

3.8  Statistical analysis 

Analyses were conducted by Danish researchers separately within each participating site SPE 

using harmonised analytical code and standardised variable definitions. Patient-level data were not 

pooled across sites, and only aggregated and anonymised analytical outputs were exported from 
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the local environments. Results were therefore reported separately by site.  Aggregation across sites 

was considered following scientific review of data quality, completeness, exposure definitions, 

variable availability, and analytical feasibility. No formal comparability assessment framework or 

scoring tool was applied. Because material differences remained across participating sites, results 

were reported separately and pooled estimates were not generated. 

Detailed analytical specifications, including treatment-line algorithms, endpoint definitions, 

regression methods, covariate selection, missing-data handling, partial-date rules, subgroup 

feasibility criteria, model diagnostics, and sensitivity analyses, are provided in the VALO2 SA. 

Continuous variables were summarised using the number of patients with available data, mean, 

standard deviation, median, first and third quartiles, minimum, and maximum. Categorical variables 

were summarised using frequencies and percentages. The denominator used for each summary 

was reported, and missing-data were presented explicitly. Counts below the applicable site-specific 

disclosure threshold were suppressed in accordance with local disclosure-control requirements. 

3.8.1  Primary objective: overall survival 

OS was summarised using the Kaplan–Meier (KM) method. KM outputs included survival curves, 

numbers at risk, survival percentiles, median survival where estimable, survival probabilities at 

selected time points, and corresponding 95% confidence intervals. Treatment groups were 

compared using two-sided log-rank tests. 

Treatment group associations with OS were evaluated using Cox proportional hazards regression 

models. Results were presented as hazard ratios (HRs), 95% confidence intervals, and p-values. 

Adjusted analyses incorporated baseline covariates selected according to the protocol, SA, site-

specific variable availability, missingness, the number of observed events, and investigator review. 

Candidate covariates considered for adjustment, as prespecified in the SA, included age, sex, 

ECOG performance status, smoking status, height and weight, disease stage, histology, 

cardiovascular disease, chronic obstructive pulmonary disease, diabetes, prior SACT, prior cancer-

related surgery, prior radiotherapy, index year, and prognostic variables where available. Final model 

specification differed across participating sites according to variable availability, missingness, event 

counts, and protocol-defined feasibility criteria. As a result, identical adjustment sets could not be 

applied across participating sites, and model specification was determined separately for each 

analytical cohort. 

3.8.2  Secondary objectives: treatment patterns and sequences 

First-line treatment distributions were summarised using counts and percentages. 

Subsequent treatment lines of therapy (LoT) were identified using the treatment-line algorithms 

specified in the SA. 

A subsequent LoT was defined based on treatment switching, initiation of a previously unused anti-

cancer therapy, addition of another therapy, or initiation of treatment after the prespecified allowable 

gap. Treatment sequences were summarised by the treatment group and LoT. Treatment duration 

was summarised using medians and interquartile ranges. 

Treatment-pattern analyses were descriptive. No causal interpretation was assigned to differences 

in treatment distribution, sequencing, or duration across the site-specific analytical cohorts. 
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3.8.3  Secondary objectives: TTNT and TTD 

Time to next line-of-therapy or death and TTD or death were evaluated as composite time-to-event 

outcomes. 

Cumulative-incidence functions were estimated using the Aalen–Johansen estimator in the presence 

of competing events. New primary malignancy was treated as a competing event where identifiable. 

Fine–Gray subdistribution hazard regression models were used to evaluate treatment group and 

covariate associations with the cumulative-incidence of TTNT and TTD. Results were presented 

as subdistribution HRs (sHRs), 95% confidence intervals, and p-values. 

TTNT was calculated from the index date to initiation of a qualifying subsequent line of anti-cancer 

treatment or death from any cause, whichever occurred first. TTD was calculated from the index date 

to permanent discontinuation of index monotherapy, treatment switch, treatment augmentation, or 

death from any cause, whichever occurred first. Treatment discontinuation was defined using the 

60-day allowable treatment gap specified in the SA. 

Inverse probability of censoring weighting was prespecified as a potential sensitivity approach for 

informative censoring. It was not implemented in the available analyses because very few patients 

were non-administratively censored. 

3.8.4  Exploratory prognostic analyses 

Exploratory analyses assessed whether LIPI and, where available, LIPS-3 were associated with OS, 

TTNT, and TTD after adjustment for treatment group and other available covariates. 

LIPI and LIPS-3 were included as covariates in Cox proportional hazards or Fine–Gray models 

where the scores could be calculated and the available number of events supported stable model 

estimation. Associations were summarised using HRs or sHRs, as appropriate, with corresponding 

95% confidence intervals and p-values [19,20]. 

These analyses assessed whether categories of the prognostic scores were associated with the 

evaluated outcomes after adjustment. They were exploratory and were not designed 

to establish treatment-effect modification, validate the prognostic scores, or support causal 

inference. 

3.8.5  Subgroup analyses 

Analyses were conducted separately within each participating site-specific analytical cohort. 

Prespecified subgroup analyses were planned according to treatment group, participating site, and 

age category (<75 years and ≥75 years at treatment initiation). 

Age-stratified analyses were performed when at least 10 events were observed per category, in 

accordance with the SA. Analyses were omitted where this threshold was not met or where variable 

availability did not support valid estimation. 
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3.8.6  Handling of missing-data and partial dates 

Missingness was summarised by participating site, treatment group, and variable. Missing values for 

categorical baseline characteristics were reported as a separate category where appropriate, and 

denominators were stated explicitly. 

Complete-case analysis refers to analyses restricted to patients with available values for all 

covariates included in the relevant model. This approach was considered when missingness across 

included covariates was below 5%. 

Clinically important baseline covariates considered for adjustment included protocol-specified 

demographic, clinical, disease-related, treatment history, and prognostic variables such as age, sex, 

ECOG performance status, smoking status, comorbidities, histology, stage, prior treatment history, 

and LIPI or LIPS-3 where available. 

Multiple-imputation was considered for clinically important baseline covariates where missingness 

exceeded 5% but was generally no greater than 40%, and where a missing-at-random (MAR) 

assumption was considered plausible. Covariates with more than 40% missingness were not 

imputed and were excluded from multivariable adjustment models. 

Where applied, missing baseline covariates were imputed using Multiple-Imputation by Chained 

Equations (MICE). The imputation model included the covariates used in the analytical model, 

treatment exposure, and outcome indicators without imputing the outcome itself. Imputation was 

performed separately within each site, consistent with the federated analytical framework. Estimates 

from imputed datasets were combined using Rubin’s rules. 

Missing-data patterns were assessed using descriptive summaries and, where feasible, Little's test 

of Missing-Completely-at-Random (MCAR test) of data Missing-Completely-at-Random. In this 

context, MCAR refers to missingness that is unrelated to either observed or unobserved patient 

characteristics. Results from these assessments informed the choice between complete-case and 

multiple-imputation approaches. Results from these assessments informed the choice between 

complete-case and imputation-based analyses. Partial dates were handled according to the 

prespecified rules in the  SA. Where the year and month were available, but the day was missing, 

the day was assigned as the 15th of the month. Time-to-event outcomes were not calculated where 

the month was missing, or the date was otherwise insufficient to support valid endpoint derivation. 

Imputed dates were constrained so that they did not conflict with other known dates, including birth 

and death dates. 

3.8.7  Model diagnostics and sensitivity analyses 

Model diagnostics were conducted to assess model assumptions, stability, and robustness. For Cox 

proportional hazards models, the proportional hazards assumption was evaluated 

using Schoenfeld residual tests and residual plots. Model fit was assessed using Cox-Snell 

residuals, and influential observations were evaluated using deviance residuals. Where evidence of 

non-proportional hazards was identified, additional time-stratified analyses were performed 

where appropriate. 
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For inverse probability of treatment weighting (IPTW) analyses, weight distributions and the positivity 

assumption were assessed. Extreme weights were reviewed and could be trimmed according to the 

prespecified approach. Post-weighting covariate balance was evaluated using standardised mean 

differences. 

Sensitivity analyses included unadjusted and adjusted Cox models, multiple-imputation analyses, 

IPTW-adjusted models, Fine–Gray competing-risk models, and additional time-stratified analyses 

where model diagnostics indicated departures from proportional hazards assumptions. 

3.8.8  Analytical considerations 

The number and complexity of adjusted analyses depended on the size of each site-specific cohort, 

the number of events, and the availability and completeness of relevant covariates. Consequently, 

identical adjustment sets could not always be applied across sites. Analyses involving small 

treatment groups, limited event counts, or wide confidence intervals were interpreted as exploratory. 

Potential limitations arising from non-randomised treatment allocation, residual confounding, site-

specific variable availability, different treatment comparisons, missing-data, and incomplete 

feasibility of subgroup analyses are discussed in Section 5.6 . Although pooled analyses were 

prespecified in the Statistical Annex, pooled estimates were not generated. Differences in exposure 

definitions, variable availability, cohort implementation, and analytical feasibility across participating 

sites limited comparability of the site-specific estimates and precluded meaningful pooling of results. 

3.9  Data quality assessment 

Data quality was evaluated throughout the study to assess the completeness, consistency, and 

comparability of site-specific datasets. The assessment was descriptive and study-specific; no formal 

data-quality scoring framework, QUANTUM-aligned tool, or OMOP mapping-consistency audit was 

applied. 

Key evaluation areas included: 

• completeness of mandatory variables; 

• observed differences in site-specific OMOP implementation and mapped-variable availability; 

• assessment of differences in variable availability despite use of a common OMOP structure; 

• cross-site concordance of variable definitions; 

• feasibility of federated analyses; 

• availability of protocol-specified data elements. 

Data quality assessment included evaluation of completeness, consistency, and cross-site 

comparability of protocol-specified variables. 

Consistent with lessons from prior VALO1 work, cohort attrition, variable missingness, small-cell 

suppression, and site-specific implementation differences were considered central to assessing 

cross-site comparability and the interpretability of country-specific findings. 
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3.10  Ethical and governance considerations 

The study was conducted in accordance with applicable national regulations, institutional 

requirements, and recognised pharmacoepidemiological principles. Only pseudonymised data were 

available for analysis within participating environments. While analyses were conducted by Danish 

researchers with SPEs access to pseudonymised patient-level data, no data were transferred 

between institutions/SPEs, and only aggregated results were included in study outputs. 

Ethical approvals and governance clearances were obtained according to local requirements at 

participating sites prior to study initiation. For Norway, a conditional Regional Ethics Committee 

approval was first received. A patient information sheet was requested for all living patients to provide 

the option to opt-out of study participation, after which the study could be initiated. No patients chose 

the option to opt-out of study participation. 
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4  Results 

The results section first describes cohort construction, eligibility attrition, and the final 

analytical study populations, followed by baseline characteristics and data 

availability. Subsequent results are organised according to the prespecified study objectives: 

treatment patterns, clinical outcomes, feasible subgroup and exploratory prognostic analyses, and 

infrastructure feasibility findings. 

4.1  Study population and eligibility attrition 

4.1.1  Analytical cohorts and treatment groups represented 

The analytical cohorts and represented first-line exposure groups at Rigshospitalet, HUS, and OUS 

are summarised in Table 2.  

Rigshospitalet contributed 1341 initially extracted patients and after all attrition steps 

887 patients remained in the final analytical cohort. The final Rigshospitalet cohort included 694 

(78%) patients assigned to the pembrolizumab policy-period group and 193 (21.8%) patients in the 

atezolizumab policy-period group. Exposure-group assignment was based on predefined treatment-

policy periods and did not necessarily reflect the PD-(L)1 inhibitor administered. Cemiplimab was 

not represented in the current Rigshospitalet analytical cohort. 

HUS contributed 156 extracted patients to the initial population represented in the reportable attrition 

output (non-reportable source population n=13611). After application of the eligibility criteria and key 

exclusions, 96 patients remained in the final analytical cohort. Five patients who initiated 

atezolizumab were excluded from comparative analyses because the treatment group was too small 

for meaningful comparison. The final HUS cohort included 91 patients, comprising 74 (81.3%) 

patients initiating pembrolizumab and 17 patients initiating cemiplimab as first-line 

monotherapy (18.7%).  

At OUS, 79 remained after cohort selection. Three patients who initiated atezolizumab were 

excluded from comparative analyses because the treatment group was too small for meaningful 

comparison. The final analytical cohort included 76 patients, comprising 64 patients (84.2%) who 

initiated pembrolizumab and 12 patients (15.8%) who initiated cemiplimab as first-line monotherapy.  

Table 2: Site-specific analytical cohorts and first-line treatment groups represented 

Site 
Source 

population 

Post 
eligibility 

cohort  

Treatments in final 
cohort 

Not represented Comparison 

Rigshospitalet 1365 887 
Pembro: 694 (78.2%); 

Atezo: 193 (21.8%) 
Cemi 

Pembro vs 
Atezo 

HUS 13611 961 Pembro: 74 (81.3%); 
Cemi: 17 (18.7%) 

Atezo not 
included 

Pembro vs 
Cemi 

OUS 6897 792 Pembro: 64 (84.2%); 
Cemi: 12 (15.8%) 

Atezo not 
included  

Pembro vs 
Cemi 

1 Five patients who initiated atezolizumab were excluded from final cohort and comparative analyses because the treatment 

group was too small.2 Three patients who initiated atezolizumab were excluded from final cohort and comparative analyses 

because the treatment group was too smal. Exposure-group definitions differed by site. Treatment distributions should not 
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be interpreted as complete descriptions of local prescribing practice. Abbreviations: Pembro = pembrolizumab; Atezo = 

atezolizumab; Cemi = cemiplimab. 

4.1.2  Eligibility attrition 

Eligibility attrition from the initially extracted populations to the final analytical 

cohorts is summarised in Table 3, with the detailed site-specific analytical outputs in Appendix A. 

At Rigshospitalet, the initially extracted cohort included 1341 patients. Of these, 1248 met 

the core cohort-defining criteria reported in the current aggregate output (Table 3). At this 

site, mNSCLC and PD-L1 ≥50% eligibility was reported together as a combined attrition 

step. After the application of additional key exclusion criteria, 887 patients remained in the final 

analytical cohort and formed the population used in subsequent baseline, treatment-pattern, and 

outcome analyses (Appendix A). The individual contribution of prior targeted therapy and prior-

malignancy exclusions could not be quantified because these counts were combined in the 

reportable outputs as a result of local small-cell disclosure-control requirements. 

At HUS, the initial output included 156 patients, of whom 139 were identified as having metastatic 

NSCLC. After application of the previous/concurrent malignancy exclusion, 96 patients remained. At 

the same time, 5 atezolizumab-treated patients were excluded from treatment-comparative analyses 

because the group was insufficient for comparative analysis. As a result, the final analytical 

cohort comprised 91 patients treated with either pembrolizumab or cemiplimab (Appendix A), 

and the atezolizumab group was not included in comparative analyses. 

The OUS attrition output resulted in a final analytical cohort of 79 patients. Detailed intermediate 

attrition values are presented in the site-specific attrition diagram in Appendix A. The initial population 

included 6897 patients, of whom 340 had received inhibitor checkpoint immunotherapy relevant to 

the study. Also, 3 atezolizumab-treated patients were excluded from treatment-comparative 

analyses because the group was insufficient for comparative analysis. Following application of the 

PD-L1 ≥50% eligibility criterion and exclusion of patients with the protocol-defined genomic or 

prior/concurrent malignancies, 76 patients remained in the final analytical cohort and were included 

in the subsequent analyses. 

Full site-specific attrition tables are provided in Appendix A. Intermediate attrition stages are not 

directly comparable across participating sites because eligibility criteria were implemented using site-

specific analytical datasets, derivation procedures, and reporting frameworks. Disclosure-control 

requirements further affected the level of detail available in reportable outputs. Consequently, the 

final analytical cohorts reflect protocol eligibility criteria applied within the available site-specific 

analytical datasets and should not be assumed to represent all patients treated at the participating 

institutions. 

Table 3:Country-specific analytical cohorts and first-line treatment groups represented 

Attrition stage  Rigshospitalet  HUS  OUS  

Initial extracted reportable population  1341  156  6897 

Cohort-defining criteria met  1248  139  215 

After key exclusion criteria  887  96  79 

Final analytical cohort  887  91  76 

Abbreviations: HUS = Helsinki University Hospital; OUS = Oslo University Hospital 
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4.1.3  Final analytical cohort by site and treatment 

Final analytical cohort composition by site and exposure-group is summarised in Table 3. Detailed 

cohort characteristics and site-specific treatment group distributions are presented in Appendix A. 

4.2  Characteristics of the study population 

Baseline characteristics were summarised descriptively for the Rigshospitalet, HUS, and OUS 

analytical cohorts. Detailed baseline characteristics of the final analytical cohorts by exposure-group 

are provided in Appendix A. Variable availability differed across sites, and selected values were 

subject to local small-cell suppression requirements. 

4.2.1  Demographic characteristics 

The final Rigshospitalet cohort included 887 patients. Over half (n= 508) (57.3%) of the patients were 

female. The median (Q1, Q3) age at index was 70 (64, 76) years and 277 (31.2%) patients were 

aged ≥75 years at treatment initiation. Among patients with available smoking-status information 

(n=580), 548 (94.5%) had a recorded history of smoking and 32 (5.5%) were recorded as never 

smokers. Smoking-status information was missing for 307 patients (34.6%). 

The final HUS cohort included 91 patients. Female patients accounted for 54 (59.3%) patients and 

male patients for 37 (40.7%) patients. The median (Q1, Q3) age at index was 70 (62, 75) years and 

26 (28.6%) patients were aged ≥75 years at treatment initiation. Smoking status information was not 

available in the analytical output. 

The final OUS analytical cohort included 76 patients. The median (Q1, Q3) age at index was 71 (64, 

77) years, and 27 (35.5%) patients were aged ≥75 years at treatment initiation. Sex counts for the 

overall OUS cohort were suppressed, although sex-specific counts were reportable for the 

pembrolizumab group. Smoking status information was missing for all 76 patients. Height and weight 

summaries were not reportable because the corresponding values were subject to disclosure-control 

requirements. 

Details on demographic characteristics by first-line treatment group are presented in Appendix A, 

Table A1 to Table A3. 
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Table 4: Demographic characteristics by site final cohorts 

Characteristic Rigshospitalet 
N = 887 

HUS 
N = 91 

OUS 
N=76 

Country Denmark Finland Norway 

Sex     

 

Female, n (%) 508 (57.3%) 54 (59.3%) Suppressed 

Male, n (%) 379 (42.7%) 37 (40.7%) Suppressed 

Missing 0 (0%) 0 (0%) Suppressed 

Age, years, median (Q1, Q3) 70 (64, 76) 70 (62, 75) 71 (64, 77) 

Missing, n (%) 0 (0%) 0 (0%) 0 (0%) 

Age group, years     

 

<55 36 (4.1%) NA Suppressed 

55–64 197 (22.2%) NA Suppressed 

<65 NA 28 (30.8%) Suppressed 

65–74 377 (42.5%) 37 (40.7%) Suppressed 

≥75 277 (31.2%) 26 (28.6%) 27 (35.5%) 

Missing 0 (0%) 0 (0%) 0 (0%) 

Smoking status     

 

Ever 548 (94.5%) NA NA 

Never 32 (5.5%) NA NA 

Missing 307 (34.6%) NA 76 (100%) 

Height, cm, median (Q1, Q3) 169 (163, 176) 167 (160, 174) Not reportable 

Missing 156 (17.6%) 15 (16.5%) Suppressed 

Weight, kg, median (Q1, Q3) 70 (59, 81) 67 (59, 79) Not reportable 

Missing 54 (6.1%) 12 (13.2%) Suppressed 

This is an abbreviated version of the table. The full contents of this table are included in Appendix A. Values are presented 

as n (%) or median (Q1, Q3), unless otherwise specified. Small-cell suppression has been applied in accordance 

with local disclosure-control requirements. Suppressed values should not be interpreted as missing-data.  Percentages for 

smoking categories are based on patients with available smoking-status information. Missing percentages are based on 

the total cohort denominator. Abbreviations: HUS = Helsinki University Hospital; NA = not available; OUS = Oslo 

University Hospital. 

4.2.2  Clinical characteristics and prior treatment  

Clinical characteristics and prior treatment history by site is presented in Table 5. Details on clinical 

characteristics and prior treatment history by first-line treatment group are presented in Appendix A, 

Table A1 to Table A3. 
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Among the 887 patients in the Rigshospitalet cohort, histology data was missing in 162 (18.3%) 

patients. Among patients with available histology information, 572 patients were classified as non-

squamous NSCLC and 147 patients as squamous NSCLC. Percentages for histology categories are 

based on patients with available histology information. ECOG-PS 1 was the most frequently reported 

performance status category (n=451), followed by ECOG-PS 0 (n=297) and ECOG-PS 2 

(n=65). Cardiovascular comorbidity, chronic obstructive pulmonary disease (COPD), and diabetes 

were reported in 355, 129, and 53 patients, respectively. Similarly, LIPI category 0 (n=408) and 

category 1 (n=333) were the most recorded LIPI categories. For LIPS-3, category 0 (n=539) was the 

most common, followed by category 1 (n=188) and category 2 (n=66). In accordance with local 

disclosure-control requirements, small-cell suppression was applied to selected ECOG-PS, LIPI, 

and LIPS-3 categories. Prior systemic anti-cancer therapy (SACT), prior thoracic procedures, 

and prior radiotherapy were reported in 77 (8.7%), 105 (11.8%), and 180 (20.3%) patients, 

respectively. 

Among the 91 patients in the HUS analytical cohort, histology and ECOG-PS data were not available 

in the current analytical output. Cardiovascular comorbidity was reported in 45 patients, whereas 

counts for COPD and diabetes were subject to local disclosure-control suppression. LIPI was 

available, while LIPS-3 was not available. In accordance with local disclosure-control requirements, 

selected LIPI categories and prior treatment variables were subject to small-cell suppression. Prior 

radiotherapy was reported in 22 (24.2%) patients. Additional clinical characteristics and prior 

treatment information are presented in Table 5 and Appendix A. 

In the OUS analytical cohort, cardiovascular comorbidity was reported in 37 patients (48.7%). COPD 

and diabetes counts for the overall cohort were suppressed. Histology information was missing for 

41 (53.9%) patients, and reportable histology distributions were limited by suppression. ECOG-PS 

was extensively incomplete, with ECOG-PS missing for 45 of 64 patients (70.3%) in the 

pembrolizumab group and corresponding overall and cemiplimab-group values subject to 

suppression. LIPI, LIPS-3, disease stage, and prior radiotherapy were unavailable for all 76 patients 

in the analytical output. Prior SACT and prior thoracic procedure counts for the overall cohort were 

also subject to suppression. 
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Table 5. Clinical characteristics and prior treatment history by site 

Characteristic  Rigshospitalet 

n = 887 

HUS 

n = 91 

OUS 

n = 76 

Histology, n (%)    

  Non-squamous 572 (79.4%) NA Suppressed 

  Squamous 147 (20.6%) NA Suppressed 

  Missing  162 (18.3%) NA 41 (53.9%) 

Comorbidities, n (%)     

  Cardiovascular 355 (40.0%) 45 (49.5%) 37 (48.7%) 

  COPD  129 (14.5%) Suppressed Suppressed 

  Diabetes  53 (6.0%) Suppressed Suppressed 

ECOG-PS, n     

  0  297 NA Suppressed 

  1  451 NA Suppressed 

  2  65 NA Suppressed 

  3  Suppressed NA Suppressed 

  4  Suppressed NA Suppressed 

  Missing  Suppressed NA Suppressed 

LIPI, n     

  0  408 41  NA 

  1  333 Suppressed NA 

  2  Suppressed Suppressed NA 

  Missing  Suppressed Suppressed 76  

LIPS3, n     

  0  539 NA NA 

  1  188 NA NA 

  2  66 NA NA 

  3  Suppressed NA NA 

  Missing  Suppressed NA 76  

Prior SACT, n (%) 77 (8.7%) Suppressed Suppressed 

Prior thoracic procedure, n 

(%) 
105 (11.8%) Suppressed Suppressed 

Prior radiotherapy, n (%)  180 (20.3%) 22 (24.2%) Suppressed 

This is an abbreviated version of the table. The full contents of this table are included in Appendix A, Table A1 to A3. Values 

are presented as n (%) or median (Q1, Q3), unless otherwise specified. Small-cell suppression has been applied in 

accordance with local disclosure-control requirements. Suppressed values should not be interpreted as missing-
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data.  Histology percentages are based on patients with available histology information. Missing percentages are based 

on the total cohort denominator. Values were reproduced from the site-specific analytical outputs.  

Abbreviations: COPD=chronic obstructive pulmonary disease; ECOG = Eastern Cooperative Oncology Group 

performance status; HUS = Helsinki University Hospital; LIPI = Lung Immune Prognostic Index; LIPS-3 = Lung Immuno-

Oncology Prognostic Score; NA = not available; OUS = Oslo University Hospital; SACT = systemic anti-cancer therapy. 

4.2.3  Data availability and completeness 

Availability of baseline variables differed across participating analytical datasets and 

is summarised in Table 4 and Table 5, with detailed variable-level information provided in  

Appendix A. 

At Rigshospitalet, the greatest amounts of missing information were observed for smoking status 

(307 patients; 34.6%), histology (162 patients; 18.3%), and height (156 patients; 17.6%). 

At HUS, age and sex were available for all patients, consistent with OMOP CDM requirements. 

Smoking status, histology, and ECOG-PS were not available in the analytical output. LIPS-3 could 

not be calculated because ECOG-PS, a required component of the score, was unavailable. 

At OUS, age and sex were available for all patients. Smoking status was unavailable for all patients, 

and histology and ECOG-PS were affected by substantial missingness. LIPI and LIPS-3 were 

unavailable in the analytical output, and prior radiotherapy data were not available. Height and weight 

information was available for very few patients, limiting the interpretability of anthropometric 

summaries. 

Across all participating sites, selected variables were affected by local disclosure-control 

requirements that limited the level of detail that could be exported and reported. These reporting 

restrictions should not be interpreted as evidence that the corresponding variables were unavailable 

for analysis, as variable availability refers only to information available within the reportable analytical 

outputs and not necessarily to information present in the underlying source systems. 

4.3  Overall survival (primary objective) 

Overall survival was the primary study outcome. Site-specific OS results for the currently available 

Rigshospitalet, HUS, and OUS analytical cohorts are presented below. Detailed KM estimates, 

adjusted survival analyses, age-stratified analyses, and sensitivity analyses are provided in 

Appendix C. 
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4.3.1  Overall survival 

In the Rigshospitalet analytical cohort, assignment to the pembrolizumab policy-period group was 

associated with a lower hazard of death than assignment to the atezolizumab policy-period group 

following multivariable adjustment and multiple-imputation of missing baseline covariates (HR 0.72, 

95% CI 0.58–0.90; p=0.004; Appendix C, Table C6). A similar finding was observed in the IPTW-

adjusted sensitivity analysis (HR 0.76, 95% CI 0.60–0.95; p=0.016; Appendix C, Table C7). In the 

unadjusted analysis, median OS was 566 (95% CI 525-641) days patients assigned to the 

pembrolizumab policy-period group and 401 (95% CI 335-555) days among patients assigned to the 

atezolizumab policy-period group (Appendix C, Table C1). The unadjusted log-rank test indicated a 

statistically significant difference between treatment groups (p=0.013). The KM curves are 

presented in Figure 1. 

In the HUS analytical cohort, multivariable-adjusted analyses did not identify a statistically significant 

association between treatment group with OS (HR for pembrolizumab versus cemiplimab 1.48, 95% 

CI 0.60–3.67; p=0.391; Appendix C, Table C6). Similar findings were observed in the IPTW-adjusted 

sensitivity analysis (HR 1.41, 95% CI 0.56–3.55; p=0.469; Appendix C, Table C7). In the unadjusted 

analysis, median OS was not reached in either treatment group during the available follow-up period 

(Figure 2 and Appendix C, Table C3). Estimated survival at 500 days was 55.4% (95% CI 45.2%-

68.0%) among pembrolizumab-treated patients and 57.4% (95% CI 35.1%-93.6%) 

among cemiplimab-treated patients. Kaplan–Meier curves are presented in Figure 2. The 

unadjusted log-rank test did not indicate a statistically significant difference between treatment 

groups (p=0.33). 

In the OUS analytical cohort, the available multivariable Cox model indicated a lower estimated 

hazard of death among patients who initiated pembrolizumab than among those who initiated 

cemiplimab (HR 0.42, 95% CI 0.20–0.88; p=0.022; Appendix C, Table C8). The estimate should be 

interpreted cautiously because the cemiplimab comparator group comprised only 12 patients and 

adjustment was limited by variable availability. Multiple-imputation was not performed for the OUS 

analysis. In the unadjusted analysis, the HR for pembrolizumab versus cemiplimab was 0.38 (95% 

CI 0.18–0.78; p=0.009). Median OS was 192 days (95% CI 148 to not estimable) among patients 

who initiated cemiplimab and was not reached among patients who initiated pembrolizumab. The 

Kaplan–Meier curves are presented in Figure 3. The OUS estimates should be interpreted in the 

context of the small cemiplimab-group, which included 12 patients, the limited covariate availability, 

and the absence of multiple-imputation and IPTW analyses. 
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Figure 1 Overall survival in Rigshospitalet. Kaplan–Meier estimates of overall survival among 

patients initiating first-line pembrolizumab or atezolizumab in the 

Rigshospitalet analytical cohort. Curves show overall survival 

estimates with 95% confidence intervals and numbers at risk 

displayed below the plot. 
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Figure 2 Overall survival in HUS. KM estimates of overall survival among 

patients initiating first-line pembrolizumab or cemiplimab in the HUS 

analytical cohort. Curves show overall survival estimates, with 95% 

confidence intervals and numbers at risk displayed below the plot. 

 

 
 



 
 
 

  
  VALO2 NSCLC pilot study  35   

 

 
 

Figure 3: Overall survival in OUS. KM estimates of overall survival among patients who 

initiated first-line pembrolizumab or cemiplimab in the OUS cohort. 

Curves show overall survival estimates with 95% confidence intervals 

and numbers at risk displayed below the plot. 

 

4.3.2  Age-stratified overall survival 

Age-stratified overall survival analyses were performed among patients aged ≥75 years and 

<75 years. Detailed KM plots and adjusted Cox model results are presented in Appendix C; Figures 

C3–C6 and Table C5a. 

In the Rigshospitalet cohort, assignment to the pembrolizumab policy-period group was associated 

with a lower estimated hazard of death than assignment to the atezolizumab policy-period group in 

both age strata. Among patients aged ≥75 years the adjusted HRs for pembrolizumab versus 

atezolizumab was 0.72 (95% CI 0.49–1.07; p=0.104) and among patients aged <75 years was 

0.74 (95% CI 0.56–0.97; p=0.031) Statistical significance was observed only in the <75-year 

subgroup. In the HUS cohort, adjusted HRs for pembrolizumab versus cemiplimab were 0.72 (95% 

CI 0.10–5.24; p=0.698) among patients aged ≥75 years and 2.22 (95% CI 0.60–8.18; p=0.221) 
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among patients aged <75 years. Confidence intervals were wide in both age strata, reflecting limited 

subgroup sample-size and event counts, and no statistically significant association between 

treatment group and OS was observed. Age-stratified OS analyses were not performed for the OUS 

cohort because feasibility criteria were not met. 

4.3.3  Sensitivity analyses 

Sensitivity analyses using unadjusted and IPTW-adjusted Cox proportional hazards models 

are summarised in Appendix C, Table C7.In the Rigshospitalet cohort, the unadjusted Cox model 

comparing the pembrolizumab policy-period group with the atezolizumab policy-period group 

estimated a hazard ratio of 0.76 (95% CI 0.61–0.94; p=0.013). The corresponding IPTW-adjusted 

model estimated a hazard ratio of 0.76 (95% CI 0.60–0.95; p=0.016). These findings were consistent 

with the primary adjusted analysis. In the HUS cohort, the unadjusted Cox model comparing 

pembrolizumab with cemiplimab estimated a hazard ratio of 1.53 (95% CI 0.65–3.62; p=0.329). The 

corresponding IPTW-adjusted model estimated a hazard ratio of 1.41 (95% CI 0.56–3.55; p=0.469). 

These findings were also consistent with the primary adjusted analysis. At OUS, the unadjusted Cox 

model estimated an HR of 0.38 (95% CI 0.18–0.78; p=0.009) for pembrolizumab versus cemiplimab. 

No IPTW analysis was performed. The corresponding available-case multivariable result is 

presented with the primary OUS analysis. Findings from sensitivity analyses were generally 

consistent with the primary adjusted analyses. 

4.4  Treatment patterns and treatment sequences (secondary objective) 

Treatment-pattern results for the available Rigshospitalet, HUS, and OUS analytical cohorts are 

presented below. Results include first-line treatment distribution, subsequent LoT, and treatment 

duration estimates. Detailed site-specific treatment-pattern outputs are provided in Appendix B. 

4.4.1  First-line treatment distribution 

First-line treatment distributions are summarised in Table 6 and detailed in Appendix B (Table B1). 

At Rigshospitalet, 694 (78.2%) patients were assigned to the pembrolizumab policy-period group 

and 193 (21.8%) patients were assigned to the atezolizumab policy-period group. Exposure-group 

assignment was based on predefined treatment-policy periods and did not necessarily reflect the 

PD-(L)1 inhibitor ultimately administered. At the same time, at HUS 74 (81.3%) patients initiated 

pembrolizumab and 17 (18.7%) initiated cemiplimab as first-line monotherapy (Table 6). At OUS, 64 

(84.2%) patients initiated pembrolizumab and 12 (15.8%) patients initiated cemiplimab as first-line 

monotherapy (Table 6). 

4.4.2  Subsequent lines of therapy 

Subsequent treatment patterns are summarised in Table 6 and detailed in Appendix B (Tables B2-

B3), including treatment distributions across later LOT. Across the analytical cohorts, platinum-

based and non-platinum chemotherapy were the most frequently reported second-line treatment 

categories (Table 6). 

At Rigshospitalet, second-line platinum-based chemotherapy was the most frequently reported 

subsequent treatment in both exposure groups, accounting for 186 of 694 patients (26.8%) in the 

pembrolizumab policy-period group and 58 of 193 patients (30.1%) in the atezolizumab policy-period 

group. Second-line non-platinum chemotherapy was reported for 79 patients (11.4%) and 25 patients 
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(13.0%), respectively Danish exposure groups were assigned according to predefined treatment-

policy periods. Therefore, these summaries should not be interpreted as treatment sequences 

defined exclusively by the first-line PD-(L)1 inhibitor administered. 

Similar patterns were observed at HUS, although the smaller cohort size resulted in fewer observed 

treatment transitions. Platinum-based and non-platinum-based chemotherapy were the most 

frequently reported second-line treatment categories among both pembrolizumab-treated 

and cemiplimab-treated patients (Table 6). 

At OUS, reportable second-line treatment counts in the pembrolizumab group included non-platinum 

chemotherapy in 13 patients and platinum-based chemotherapy in 11 patients. Other second-line 

counts in the pembrolizumab group and all corresponding counts in the cemiplimab-group were 

below the disclosure threshold. Treatment distributions across subsequent lines of therapy are 

presented in Appendix B. 

Table 6. Overview of treatment utilisation and duration across participating sites 

Characteristic 
Rigshospitalet  
(n=887)  

HUS  
(n=91)  

OUS  
(n=76)  

First-line treatment distribution  

Pembrolizumab  694 (78.2%) 74 (81.3%) 64 (84.2%) 

Atezolizumab  193 (21.8%) Not represented Not represented 

Cemiplimab  Not represented 17 (18.7%) 12 (15.8%) 

Second-line therapy after first-line pembrolizumab 

Platinum-based 
chemotherapy  

186/694 (26.8%) 19/74 (25.7%) 11/64 (17.2%) 

Non-platinum 
chemotherapy  

79/694 (11.4%) 23/74 (31.1%) 13/64 (20.3%)  

PD-L1 inhibitor  8 <5 <5 

Other  8 <5 <5 

Second-line therapy after first-line atezolizumab/cemiplimab 

Platinum-based 
chemotherapy  

58/193 (30.1%) 6/17 (35.3%) <5 

Non-platinum 
chemotherapy  

25/193 (13.0%) 6/17 (35.3%) <5 

PD-1 inhibitor  9 <5 <5 

PD-L1 inhibitor  <5 <5 <5 

Median duration of first-line therapy, months (IQR) 

Pembrolizumab  4.88 (1.52–13.41) 2.44 (0.70–6.84) 4.18 (1.63–17.78) 

Atezolizumab  2.55 (1.00–7.37) Not represented Not represented 

Cemiplimab Not represented 3.60 (1.37–5.81) 2.74 (0.51–5.68) 

Note: This is an abbreviated table. The full contents of this table are provided in Appendix B, Tables B2-B4. Percentages 

are calculated using the site-specific analytical cohort denominator shown in the column header unless otherwise 

specified.   At Rigshospitalet, exposure groups represent predefined treatment-policy periods and do not necessarily reflect 

the PD-(L)1 inhibitor administered. Abbreviations: HUS = Helsinki University Hospital; IQR = interquartile range; OUS = 

Oslo University Hospital; PD-1 = programmed cell death protein 1; PD-L1 = programmed death-ligand 1. 

4.4.3  Treatment Duration 

Treatment duration estimates are summarised in Table 6 with detailed treatment sequencing 

outputs provided in Appendix B, Tables B2-B4. 
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At Rigshospitalet, the median (IQR) duration of first-line therapy was 4.88 (1.52–13.41) months in 

the pembrolizumab policy-period groupand 2.55 (1.00–7.37) months in the atezolizumab policy-

period group (Table 6). The median (IQR) durations of second-line therapy were 2.30 (1.45–

3.80) months and 2.17 (0.92–3.20) months, respectively.  Exposure-group assignment in Denmark 

was based on predefined treatment-policy periods. Accordingly, these duration estimates should be 

interpreted according to the assigned policy-period exposure groups rather than the specific PD-(L)1 

inhibitor administered.  

At HUS, the median (IQR) duration of first-line therapy was 2.44 (0.70–6.84) months among 

pembrolizumab-treated patients and 3.60 (1.37–5.81) months among cemiplimab-treated 

patients (Table 6). The median (IQR) duration of second-line therapy was 2.55 (1.68–5.26) months 

and 1.93 (1.54–3.40) months, respectively. 

At OUS, the median (IQR) duration of first-line therapy was 4.18 (1.63–17.78) months among 

patients who initiated pembrolizumab and 2.74 (0.51–5.68) months among patients who initiated 

cemiplimab. The median (IQR) duration of second-line therapy was 2.40 (0.98–2.96) months and 

2.80 (1.75–3.85) months, respectively. Interpretation of treatment duration estimates for the 

cemiplimab-group should be made with caution because of the small number of patients included in 

that cohort. 

4.5  Other clinical outcomes: TTNT and TTD (secondary objective) 

TTNT and TTD were evaluated as secondary composite time-to-event outcomes. Site-specific 

results for the Rigshospitalet, HUS, and OUS analytical cohorts are presented below. Detailed 

competing-risk analyses and model outputs are provided in Appendix C. 

4.5.1  Time to Next Treatment or Death (TTNT) 

TTNT results for the available analytical cohorts are presented below. Detailed competing-risk 

analyses are provided in Appendix C,TableC10. In the Rigshospitalet cohort, assignment to the 

pembrolizumab policy-period group was associated with a lower  hazard of TTNT than assignment 

to the atezolizumab policy-period group (sHR 0.71, 95% CI 0.57–0.87; p=0.001; Appendix C, Table 

C8. The corresponding cumulative-incidence curves are shown in Figure 4. 
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Figure 4: Time to next line of treatment or death (TTNT) in Rigshospitalet.  Cumulative-incidence 

curves showing time from first-line treatment initiation to initiation of subsequent anti-cancer 

treatment or death. Numbers at risk are displayed below the plot. 

 

In the HUS cohort, no statistically significant difference in TTNT was observed between 

the treatment groups (sHR for pembrolizumab versus cemiplimab 1.45, 95% CI 0.67–3.14; p=0.346; 

Appendix C, Table C8). The corresponding cumulative-incidence curves are shown in Figure 5. 
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Figure 5:  Time to next line of therapy or death (TTNT) in HUS. Cumulative-incidence curves 

showing time from initiation of first-line pembrolizumab or cemiplimab 

to initiation of subsequent anti-cancer treatment or death. Numbers 

at risk are displayed below the plot. 

 

 

In the OUS cohort, no statistically significant association between treatment group and TTNT was 

observed in the adjusted competing-risk analysis (sHR for pembrolizumab versus cemiplimab 0.65, 

95% CI 0.26–1.62; p=0.360). The model included treatment group, age, sex, prior SACT, and prior 

thoracic procedure. No multiple-imputation analysis was performed because of limited covariate 

availability. The corresponding cumulative-incidence curves are presented in Figure 6. 
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Figure 6. Time to next line of treatment or death (TTNT) in OUS. Cumulative-incidence curves 

showing time from initiation of first-line pembrolizumab or cemiplimab to initiation of subsequent anti-

cancer treatment or death. Numbers at risk are displayed below the 

plot. 

 

4.5.2  Time to Treatment Discontinuation or Death (TTD) 

TTD results for the site analytical cohorts are presented below. Detailed competing-risk analyses are 

provided in Appendix C, TableC10. In the Rigshospitalet cohort, assignment to the pembrolizumab 

policy-period group was associated with a lower adjusted hazard of TTD than assignment to the 

atezolizumab policy-period group (sHR 0.79, 95% CI 0.65–0.95; p=0.012; Appendix C, Table C10). 
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Figure 7: Time to treatment discontinuation or death (TTD) in Rigshospitalet. Cumulative-incidence 

curves showing time from first-line treatment initiation to treatment discontinuation or death. 

Numbers at risk are displayed below the plot. 

 

In the HUS cohort, the cumulative-incidence of TTD at 200 days was 66.2% among pembrolizumab-

treated patients and 58.8% among cemiplimab-treated patients. Also, no statistically significant 

association between treatment group and TTD was observed in the adjusted competing-risk analysis 

(sHR for pembrolizumab versus cemiplimab 1.06, 95% CI 0.63-1.79; p=0.817; Appendix C, Table 

C10). The corresponding cumulative-incidence curves are presented in Figure 8. 
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Figure 8: Time to treatment discontinuation or death (TTD) in HUS. Cumulative-incidence curves 

showing time from first-line treatment initiation to treatment discontinuation or death. Numbers at risk 

are displayed below the plot. 

 

 

In the OUS cohort, the adjusted Fine–Gray competing-risk analysis did not identify a statistically 

significant association between treatment group and TTD (sHR for pembrolizumab versus 

cemiplimab 0.97, 95% CI 0.41–2.31; p=0.950; Appendix C, Table C10). The model included 

treatment group, age, sex, prior SACT, and prior thoracic procedure. No multiple-imputation analysis 

was performed because of limited covariate availability. The corresponding cumulative-incidence 

curves are presented in Figure 9. 
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Figure 9. Time to Treatment Discontinuation or Death (TTD) in OUS. Cumulative-incidence curves 

showing time from initiation of first-line pembrolizumab or cemiplimab to treatment discontinuation 

or death. Numbers at risk are displayed below the plot. 

 

 

4.6  Exploratory Prognostic Analyses (Exploratory Objective) 

Exploratory prognostic analyses evaluated LIPI and, where available, LIPS-3 as potential prognostic 

variables. Detailed model outputs are provided in Appendix C, Table C11. 

In the Rigshospitalet cohort, compared with LIPI category 0, LIPI categories 1 and 2 were associated 

with increased hazards of death (HR 1.44, 95% CI 1.19–1.73 and HR 1.88, 95% CI 1.40–2.51, 

respectively; Appendix C, Table C11). LIPI category 1 and category 2 were also associated 

with higher subdistribution hazards for TTD (sHR 1.24, 95% CI 1.06–1.46 and sHR 1.65, 95% CI 

1.23–2.22, respectively; Appendix C, Table C11). In the HUS cohort, compared with LIPI category 

0, LIPI category 2 was associated with an increased hazard of TTD (sHR 2.50, 95% CI 1.12–5.56; 

Appendix C, Table C11). No statistically significant associations were observed for the other 

evaluated outcomes.  

LIPS-3 was available in the Rigshospitalet cohort and was included in exploratory adjusted analyses. 

However, no consistent independent association with OS, TTNT, or TTD was observed (Appendix 

C, Table C11). LIPS-3 could not be evaluated in the HUS cohort because ECOG performance status, 

a required component of the score, was unavailable in the analytical output. Similarly, exploratory 
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analyses of LIPI and LIPS-3 were not performed in the OUS cohort because the information required 

to derive these prognostic scores was unavailable (Appendix C, Table C11). 

4.7  Infrastructure feasibility findings (infrastructure objective) 

 The cross-border access for Danish researchers was established at participating sites in 

Rigshospitalet, HUS, and OUS. Harmonised analytical scripts were executed locally within the 

participating SPEs via approved remote access, and site-specific analytical outputs were generated 

from those analyses. Key infrastructure feasibility measures and variable availability in the OMOP-

formatted analytical datasets are summarised in Table 7. 

4.7.1  Infrastructure implementation 

Analyses were conducted by authorised Danish researchers within local SPEs, while patient-level 

data remained at the originating institutions throughout the study workflow [11,12]. Information 

provided by participating sites indicated variation in approval, data-access, and implementation 

timelines. Existing approvals from previous project enabled continued data-access at Rigshospitalet. 

At HUS, initial research approval was received on 26 January 2026, and data became available 

within HUS Acamedic on 31 March 2026. At OUS, Regional Ethics Committee 

(REC) conditional approval was received on May 2026 with the condition to send out patient 

information sheets to all living patients with the option to opt-out from the study. After Patient 

Information Sheets were sent to the identified study cohort, a 4-week opt-out period started after 

which the study could be initiated. No patients exercised the option to opt out of study participation. 

Data became available within the Trusted Secure Data (TSD) environment on 10 August 2026 

(Table 7). 

4.7.2  Variable availability in OMOP formatted data 

Variable availability in the OMOP-formatted analytical datasets differed across sites (Table 7). In the 

Rigshospitalet analytical dataset, demographic variables, treatment information and outcome 

variables were available. ECOG-PS was derived from chart-note information using automated rule-

based extraction methods. LIPI and LIPS-3 were calculated from the required component variables 

and were not directly available as pre-existing OMOP variables. Limitations were identified for 

genomic biomarkers and selected variables with missing data. 

 At HUS, demographic and outcome variables were available in the analytical dataset. PD-L1 values 

above the protocol eligibility threshold were not available as discrete reportable variables and LIPS-

3 could not be calculated because ECOG-PS, a required component of the score was not available. 

Selected variables were also affected by local disclosure-control requirements. 

At OUS, age, sex, treatment and outcome variables were available. Smoking status, LIPI, LIPS-3 

disease stage information, and prior radiotherapy were unavailable in the analytical output. Histology 

and ECOG-PS were affected by substantial missingness and the level of reportable detail for a few 

variables was limited by local disclosure-control requirements. 

Differences in variable availability reflected the content of the site-specific OMOP-formatted 

analytical datasets available for the study. Genomic biomarker analyses were limited because the 

available datasets recorded positive genomic findings without consistently providing a denominator 

of tested patients. Consequently, protocol-specified biomarkers were used for cohort inclusion and 

exclusion where applicable but were not included in baseline or adjusted analytical models. PD-L1 
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status was required for cohort eligibility; however, exact values above the eligibility threshold were 

not consistently available across sites and PD-L1 was therefore not included as an adjustment 

variable. 

4.7.3  Cohort implementation considerations 

Implementation of protocol-defined eligibility criteria differed across the available OMOP-

formatted datasets. 

 At Rigshospitalet, selected cohort-defining criteria and exclusion criteria could not be reported 

separately in exported outputs because of local disclosure-control requirements. These reporting 

restrictions applied to the exported aggregate outputs and should not be interpreted as limitations of 

the underlying analytical implementation. At HUS, metastatic status was derived using treatment and 

surgical-history information, and PD-L1 eligibility was inferred from local first-line ICI monotherapy 

prescribing practice because PD-L1 results were not available as discrete records in the analytical 

output. Across participating sites, local disclosure-control requirements influenced the level of detail 

that could be exported and reported. Consequently, selected variables and intermediate attrition 

counts were suppressed or aggregated in the report outputs. These reporting restrictions did not 

necessarily indicate that the corresponding variables were unavailable for analysis. 

Table 7. Infrastructure feasibility and variable availability in OMOP-formatted datasets  

Measure Rigshospitalet HUS OUS 

Data 
approval  

Existing approval from previous 
project enabled immediate data-

access 

Research approval 
received 

 26 January 2026 

REC conditional approval 
received 8 May 2026 

Data-access  
Detailed timing 

metrics not available. 

Data available 
in HUS Academic   on 

31 March 2026. 

Data available in TSD on 10 
August 2026 

Variables 
requested  

Protocol-specified set implemented. 
Protocol-specified set 

implemented. 
Protocol-specified set 

implemented 

OMOP-
formatted 
variables 
available  

Demographic, treatment, and 
outcome variables available. 

ECOG-PS was derived from chart-
note information using automated 

rule-based extraction methods. LIPI 
and LIPS-3 were calculated from 

component variables and were not 
directly available as OMOP 
variables. Limitations were 

identified for genomic biomarker 
information and selected variables 

affected by missing-data. 

Demographics and 
outcomes available; 
PD-L1 not recorded 
as a discrete field; 

LIPS-3 could not be 
calculated because 

ECOG-PS was 
unavailable; selected 
variables suppressed. 

Age, sex, treatment, and 
outcome variables available. 
Smoking status, LIPI, LIPS-3, 

disease stage, and prior 
radiotherapy variables were 
unavailable in the analytical 

output. Histology and ECOG-
PS were affected by 

substantial missingness. 
Selected variables were 

subject to local disclosure-
control restrictions. 

Note: Variable availability refers to variables available in the OMOP-formatted analytical datasets used for the analyses 

and does not imply availability in the underlying electronic medical records. 
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5  Discussion 

5.1  Main findings 

This multinational Nordic study evaluated outcomes associated with first-line PD-(L)1 inhibitor 

monotherapy among patients with PD-L1 ≥50% mNSCLC using harmonised analyses across 

Denmark, Finland, and Norway. The study also assessed the feasibility of conducting federated 

RWE analyses using SPEs and OMOP-based analytical datasets. 

Clinical findings differed across participating site-specific analytical cohorts. In the Rigshospitalet 

cohort, assignment to the pembrolizumab policy-period group was associated with longer OS and 

lower subdistribution hazards of TTNT and TTD compared with the atezolizumab policy-period 

group. In contrast, no statistically significant differences in OS, TTNT, or TTD were observed 

between pembrolizumab and cemiplimab in the HUS cohort.  In the OUS cohort, pembrolizumab 

was associated with longer OS than cemiplimab, although this finding was based on a small 

cemiplimab comparator group and limited covariate adjustment. 

Treatment patterns were broadly similar across participating sites, with platinum-based and non-

platinum chemotherapy representing the most frequently reported subsequent treatment categories 

following first-line PD-(L)1 inhibitor monotherapy. Exploratory analyses suggested prognostic value 

of LIPI where sufficient data were available, whereas evaluation of LIPS-3 was limited by data 

availability. 

From an infrastructure perspective, VALO2 demonstrated that a common analytical framework could 

be successfully implemented across multiple participating Nordic healthcare institutions and that 

Danish researchers could analyse data remotely within local SPEs. Federated analysis was 

operationally feasible; however, use of OMOP Common Data Model (CDM) mapping and reusable 

analytical code did not ensure comparable cohorts, variables, or adjustment opportunities across 

participating sites. Differences in variable availability refer to the OMOP-mapped analytical datasets 

used in the study and do not necessarily imply absence of the corresponding information in the 

underlying EHR systems.  

5.2  Primary objective: overall survival 

Overall survival was the primary outcome of the VALO2 study and represented the principal endpoint 

to evaluate outcomes among patients receiving first-line ICI monotherapy for PD-L1 ≥50% metastatic 

NSCLC.  

The site-specific OS findings differed across the participating analytical cohorts. At Rigshospitalet, 

assignment to the pembrolizumab policy-period group was associated with a lower hazard of death 

than assignment to the atezolizumab policy-period group after multivariable adjustment (HR 0.72, 

95% CI 0.58–0.90; p=0.004). In contrast, no statistically significant differences in OS were observed 

between pembrolizumab and cemiplimab in the HUS cohort (HR 1.48, 95% CI 0.60–3.67; p=0.391). 

At OUS, pembrolizumab was associated with a lower hazard of death than cemiplimab (HR 0.42, 

95% CI 0.20–0.88; p=0.022), although this estimate was based on a cemiplimab comparator group 

comprising only 12 patients and a more limited set of adjustment variables.  

Several factors should be considered when interpreting these findings. First, VALO2 was designed 

as an observational study rather than a randomised comparative trial. Treatment allocation may 

therefore have been influenced by patient characteristics, calendar-time treatment 
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uptake, reimbursement and procurement context, prescribing practices, and other factors that could 

not be fully captured in the available data. Although adjusted and sensitivity analyses produced 

findings that were broadly consistent with the primary analyses, residual 

confounding remains possible. Furthermore, the Danish comparison was based on policy-period 

exposure-group assignment rather than the PD-(L)1 inhibitor ultimately administered, whereas the 

Finnish and Norwegian analyses were based on the PD-(L)1 inhibitor initiated in routine clinical 

practice. 

Interpretation of the HUS and OUS findings is constrained by the relatively small cemiplimab cohorts 

(n=17 and n=12, respectively), limited event counts, and reduced statistical precision. Consequently, 

the absence of statistically significant differences in the HUS should not be interpreted as evidence 

of treatment equivalence. Similarly, although a statistically significant association with OS was 

observed in the OUS cohort, the limited sample-size and restricted covariate availability increase 

uncertainty around the estimated effect size. These findings should therefore be considered 

exploratory and interpreted in the context of the broader evidence base. 

The OS findings should also be considered in the context of the existing evidence base for immune 

checkpoint inhibitor monotherapy in patients with PD-L1 ≥50% metastatic NSCLC. Pembrolizumab, 

atezolizumab, and cemiplimab have each demonstrated clinically meaningful survival benefits 

compared with chemotherapy in pivotal registration studies and subsequent long-term follow-up 

analyses [2,7,8,14,18]. The associations observed in the Rigshospitalet cohort are broadly 

consistent with the established evidence supporting first-line PD-(L)1 inhibitor monotherapy in PD-

L1-high metastatic NSCLC. Likewise, the absence of statistically significant differences in the HUS 

cohort and the favourable outcomes observed in the OUS pembrolizumab cohort do not conflict with 

the available evidence supporting both pembrolizumab and cemiplimab as effective first-line 

treatment options for patients with PD-L1 ≥50% metastatic NSCLC. 

5.3  Secondary objectives: treatment patterns, TTNT, and TTD 

The secondary analyses evaluated treatment patterns, treatment duration, TTNT, and TTD. Overall, 

the secondary endpoint findings were broadly aligned with the corresponding OS results and did not 

identify findings that materially altered the interpretation of the primary outcome analyses. 

5.3.1  Treatment patterns 

Treatment patterns were generally consistent across participating cohorts. Platinum-based and non-

platinum chemotherapy represented the most frequently reported subsequent treatment categories 

following first-line PD-(L)1 inhibitor monotherapy. Treatment duration estimates varied between 

countries and exposure groups, with median first-line treatment duration ranging from 2.4 to 4.9 

months across the evaluated cohorts. Although these findings are broadly consistent with 

contemporary management of metastatic NSCLC following progression on first-line immunotherapy, 

interpretation should consider differences in cohort size, exposure-group definition, and local 

disclosure-control requirements. 

5.3.2  TTNT and TTD 

TTNT and TTD findings were generally aligned with the OS results. In the Rigshospitalet cohort, 

assignment to the pembrolizumab policy-period group was associated with lower subdistribution 

hazards of both TTNT: sHR 0.71 (95% CI 0.57–0.87) and TTD: sHR 0.79 (95% CI 0.65–0.95) than 
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assignment to the atezolizumab policy-period group. In contrast, no statistically significant 

differences were observed in the HUS cohort for either TTNT (sHR 1.45, 95% CI 0.67–3.14) or TTD 

(sHR 1.06, 95% CI 0.63–1.79). Similarly, in the OUS cohort, no statistically significant differences 

were observed for TTNT (sHR 0.65, 95% CI 0.26–1.62) or TTD (sHR 0.97, 95% CI 0.41–2.31). 

Interpretation of TTNT and TTD requires consideration of the composite nature of these endpoints. 

Both outcomes incorporated death as an event component and therefore reflect a combination of 

treatment trajectory and survival experience. Consequently, TTNT and TTD should be interpreted 

alongside OS rather than as independent measures of treatment effectiveness. The divergence 

observed in the OUS cohort, where an association with OS was observed but not with TTNT or TTD, 

illustrates the importance of considering these endpoints together. It is possible that mortality and 

treatment-transition patterns contributed differently to the composite endpoints, particularly in the 

context of small cohort sizes and limited event counts. Comparison with published evidence 

The VALO2 findings should be interpreted within the context of the established evidence base 

supporting first-line PD-(L)1 inhibitor monotherapy for patients with PD-L1 ≥50% metastatic NSCLC. 

Pembrolizumab, atezolizumab, and cemiplimab have each demonstrated clinically meaningful 

survival benefits compared with chemotherapy in pivotal registration trials and subsequent long-term 

follow-up analyses [2,7,8,14,18]. Consequently, all 3 agents are recognised treatment options for 

this patient population in contemporary clinical practice [4,10]. 

Importantly, direct comparative evidence between approved first-line PD-(L)1 inhibitor 

monotherapies remains limited. The pivotal studies supporting pembrolizumab, atezolizumab, and 

cemiplimab compared these agents against platinum-based chemotherapy rather than against each 

other [7,14,18]. As a result, treatment comparisons are often evaluated using observational real-

world data and should be interpreted in the context of differences in patient populations, treatment 

selection, data availability, and analytical methodology. 

Together, these studies form the evidence base supporting the use of pembrolizumab, atezolizumab, 

and cemiplimab as first-line treatment options in PD-L1-high metastatic NSCLC [4,7,8,10,14,18]. 

VALO2 findings complement this evidence by providing real-world observations generated within 

routine Nordic clinical practice and by evaluating outcomes using a federated analytical framework 

across multiple healthcare systems. The favourable outcomes observed in the Rigshospitalet cohort 

are consistent with the long-term survival benefit demonstrated for pembrolizumab in KEYNOTE-

001 and KEYNOTE-024 [2,18]. Similarly, the absence of statistically significant differences in the 

HUS cohort does not contradict the evidence supporting both pembrolizumab and cemiplimab as 

effective first-line treatment options in patients with PD-L1 ≥50% metastatic NSCLC [8,14,18]. The 

OUS findings should be interpreted cautiously because of the limited number of cemiplimab-treated 

patients; however, they remain broadly compatible with the overall evidence supporting the 

effectiveness of first-line immunotherapy in this population [7,8,14,18]. 

The Rigshospitalet findings are broadly consistent with the established effectiveness of 

pembrolizumab observed in both clinical trials and real-world studies [2,4,10]. In the available Danish 

cohort, patients assigned to the pembrolizumab policy-period group experienced 

more favourable observed outcomes across overall survival, TTNT, and TTD than patients assigned 

to the atezolizumab policy-period group. Because exposure-group assignment was based on 

predefined treatment-policy periods rather than necessarily on the PD-(L)1 inhibitor administered, 

these findings should be interpreted as associations between exposure groups rather than direct 

treatment-effect comparisons. 
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The differing findings across participating countries highlight the challenges of interpreting 

comparative-effectiveness results from relatively small observational cohorts, particularly when 

exposure definitions, cohort composition, variable availability, and adjustment strategies differ 

between sites. It is also important to recognise that the currently available VALO2 analyses do 

not represent a single treatment comparison. The Danish analysis compared policy-period exposure 

groups, whereas the Finnish and Norwegian analyses compared PD-(L)1 inhibitors initiated in 

routine clinical practice. Furthermore, pivotal clinical trials compared each immune checkpoint 

inhibitor with chemotherapy rather than with one another [7,8,14,18]. Direct comparison across these 

treatments is therefore inherently limited by differences in study populations, eligibility criteria, 

treatment context, and follow-up. 

The findings observed in Denmark, Finland, and Norway are therefore more appropriately viewed 

as complementary RWE rather than confirmatory head-to-head comparisons between individual PD-

(L)1 inhibitors. 

5.4  Exploratory objective: prognostic analyses 

Exploratory analyses evaluated the prognostic value of LIPI and, where available, LIPS-3 in patients 

receiving first-line ICI monotherapy for PD-L1 ≥50% metastatic NSCLC. The findings suggest that 

LIPI may provide additional prognostic information beyond treatment assignment, with poorer LIPI 

categories generally associated with less favourable outcomes. For example, compared with LIPI 

category 0, LIPI category 2 was associated with a higher hazard of death (HR 1.88, 95% CI 1.40–

2.51). These findings are consistent with previous studies reporting an association between 

systemic inflammatory status and outcomes among patients receiving immune checkpoint inhibitors 

[19]. 

In the Rigshospitalet cohort, higher LIPI categories were associated with increased risks of death 

and treatment discontinuation or death across multiple adjusted models. However, these 

associations were not observed consistently across all endpoints and cohorts, highlighting the 

exploratory nature of these analyses. 

LIPS-3 could be derived from data in the Rigshospitalet OMOP-formatted analytical dataset but was 

not evaluated in HUS as the required availability of ECOG-PS was not available in the analytical 

dataset. limiting evaluation of its prognostic utility across participating sites. In the available 

Rigshospitalet analyses, LIPS-3 did not demonstrate a consistent independent association with OS, 

TTNT, or TTD after adjustment [20]. In the OUS cohort, neither LIPI nor LIPS-3 could be evaluated 

because the variables required to derive these scores were unavailable in the analytical output. 

Consequently, conclusions regarding the prognostic utility of LIPI and LIPS-3 across the full Nordic 

study population remain limited. 

Overall, these analyses should be regarded as hypothesis-generating. Differences in variable 

availability, cohort size, event counts, and the restricted availability of LIPI and LIPS-3 across sites 

limit firm conclusions and highlight the need for validation in larger datasets and future studies 

[19,20]. 

5.5  Infrastructure lessons learned  

The federated infrastructure component of VALO2 functioned as intended. Participating sites had 

successfully mapped local data to the OMOP Common Data Model and Danish researchers 

developed scripts executed harmonised analytical code within local SPEs and generated 
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aggregated study outputs without transfer of patient-level data. These findings demonstrate that 

federated RWE generation is operationally feasible across Nordic healthcare institutions. 

The principal challenges encountered during VALO2 related to data availability and variable capture 

rather than analytical execution. Although a common protocol and analytical framework were applied 

across sites, differences in site-specific OMOP implementations, available mapped datasets, and 

local documentation practices influenced the availability and operationalisation of important study 

variables. Differences in variable availability should be interpreted as differences in the OMOP-

formatted analytical datasets used for the study and do not necessarily imply absence of the 

corresponding variables in the underlying eletronic medical records. 

The study further demonstrated that harmonised analytical code does not automatically 

produce harmonised cohorts. Site-specific differences in variable availability influenced 

implementation of eligibility criteria, cohort construction, and attrition reporting. These findings 

highlight the importance of transparent documentation of cohort derivation and variable availability 

in federated studies. 

Compared with the previous VALO1 pilot, VALO2 enabled Danish researchers to access OMOP-

formatted analytical data through participating SPEs and to execute analyses directly within the local 

environments. This extended the federated operating model beyond site-run script execution and 

demonstrated the feasibility of cross-border analytical access while maintaining local data custody. 

Future Nordic federated oncology studies, particularly mNSCLC would benefit from 

more standardised capture of biomarker testing, PD-L1 results, ECOG performance status, 

metastatic disease status, treatment-line information, and cohort attrition metrics. Improvements in 

these areas would strengthen cross-site comparability and support more robust interpretation of 

future federated RWE studies. All findings and recommendations related to the federated 

infrastructure, OMOP implementation, and operational lessons learned are described in the 

accompanying VALO2 Lessons Learned Report. 

5.6  Limitations  

5.6.1  Cohort construction and attrition 

Intermediate attrition steps should be interpreted considering the site-specific cohort implementation 

considerations described in the Methods. Eligibility criteria were implemented using locally available 

OMOP-formatted analytical datasets and, in some cases, required site-specific derivation 

approaches. Consequently, the actual analytical cohorts were smaller than anticipated during 

protocol development, and intermediate attrition stages are not directly comparable across sites. In 

addition, protocol-level cohort estimates were not always directly comparable to the final analytical 

populations available for analysis. Differences in cohort size across participating sites reflected 

differences in source populations, site-specific analytical datasets, eligibility implementation, and 

availability of reportable variables rather than a common sampling framework.  For example, the 

HUS analytical dataset represented a subset of the Finnish population rather than national coverage, 

and approximately 750 ICI-treated patients were identified before application of study eligibility 

criteria.  

 

The participating cohorts should also be considered in the context of representativeness. The VALO2 

analyses were conducted using institutional and regional datasets rather than national populations. 

Consequently, the final analytical cohorts may not fully represent all patients receiving first-line PD-
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(L)1 inhibitor monotherapy within Denmark, Finland, or Norway. In addition, patients may have been 

excluded because required eligibility information was unavailable in the analytical datasets, 

potentially further affecting representativeness. 

5.6.2  Cross-country interpretability  

The participating sites contributed different treatment comparisons, exposure definitions, analytical 

cohorts, and adjustment strategies. 

In Denmark, exposure groups were assigned according to predefined treatment-policy periods, 

whereas the Finnish and Norwegian analyses were based on the PD-(L)1 inhibitor initiated in clinical 

practice. The Danish policy-period approach was selected to reduce potential selection associated 

with clinician choice during periods when treatment recommendations were changing and uptake 

occurred gradually over time.  

Cross-site comparability was further influenced by differences in cohort size, OMOP-formatted 

variable availability, eligibility implementation, and healthcare-system context. Consequently, 

findings should be interpreted as country-specific observations rather than directly comparable 

treatment-effect estimates.  

5.6.3  Observational design and residual confounding 

VALO2 was designed as an observational real-world study and therefore remains subject to the 

limitations inherent to non-randomised treatment comparisons. Treatment allocation 

was determined in routine clinical practice and may have been influenced by patient characteristics 

and other clinical factors that could not be fully captured in the available datasets. Consequently, 

residual confounding cannot be excluded despite the use of adjusted analyses, multiple imputations, 

and sensitivity analyses. 

Interpretation of the findings is further limited by the incomplete availability of important prognostic 

variables across participating sites. ECOG performance status was available in the Rigshospitalet 

analytical dataset but was not consistently available across all currently available cohorts. Because 

ECOG is an established prognostic factor in mNSCLC [4,10], residual confounding related to 

differences in baseline performance status cannot be excluded. 

Comorbidity burden may also have contributed to residual confounding. Although selected 

comorbidities were assessed descriptively and incorporated into adjusted analyses where available, 

a harmonised cross-site measure of overall comorbidity burden was not consistently available 

across participating analytical datasets. Consequently, formal stratified analyses according to overall 

comorbidity burden were not performed, limiting assessment of whether treatment outcomes differed 

according to underlying patient health status. In addition, selected comorbidities may have been 

under-recorded in hospital EHR data when diagnosis and management occurred primarily in primary 

care settings, potentially contributing to residual confounding. 

Taken together, these factors indicate that the currently available findings should be interpreted as 

observational associations rather than evidence of causal treatment effects. The consistency of 

findings across adjusted and sensitivity analyses strengthens confidence in the observed results; 

however, unmeasured and residual confounding remain possible. 
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5.6.4  Missingness, suppression, and biomarker limitations 

Availability of prognostic variables differed across participating sites. ECOG-PS and LIPS-3 was 

available at Rigshospitalet but not at HUS, limiting the ability to perform comparable prognostic 

analyses across currently available cohorts. 

Biomarker analyses planned in the protocol could not be fully implemented because only positive 

genomic test results were available in the source data. Consequently, the denominator of tested 

patients could not be established, and genomic biomarkers could not be characterised consistently 

across sites. In addition, exact PD-L1 values above the eligibility threshold were not consistently 

available and were therefore not included in adjusted analyses. 

Missingness and small-cell suppression limit the level of detail that can be reported for some 

variables and may affect the feasibility of adjusted or subgroup analyses. Suppression should not 

be interpreted as missingness unless explicitly stated in the source output. 

Missingness patterns differed across currently available cohorts. In Rigshospitalet, findings from 

diagnostic assessments did not support a Missing Completely at Random (MCAR) mechanism. In 

HUS, there was no evidence against a MCAR mechanism, although 

interpretation remains constrained by the smaller cohort size and limited number of observed events. 

Model diagnostics identified evidence of non-proportional hazards for LIPI category 1 in adjusted OS 

analyses at HUS. Additional time-stratified sensitivity analyses did not materially alter interpretation 

of the treatment group findings. Exploratory prognostic associations involving LIPI should therefore 

be interpreted cautiously.  
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6  Conclusions 

The VALO2 analyses demonstrate the potential for generating clinically meaningful RWE across the 

participating Nordic healthcare institutions using a federated analytical framework based on the 

OMOP Common Data Model and local SPEs. The Rigshospitalet, HUS and OUS analyses provide 

site-specific evidence on outcomes associated with first-line immune checkpoint inhibitor 

monotherapy among patients with PD-L1 ≥50% metastatic NSCLC. 

In the Rigshospitalet cohort, assignment to the pembrolizumab policy-period group was associated 

with more favourable observed OS, TTNT, and TTD outcomes than assignment to the atezolizumab 

policy-period group. In the HUS cohort, no statistically significant differences 

were observed between pembrolizumab and cemiplimab across the evaluated clinical outcomes. In 

the OUS cohort, pembrolizumab was associated with longer OS than cemiplimab, whereas no 

statistically significant differences were observed for TTNT or TTD. Because treatment allocation 

was not randomised, treatment comparisons varied by site, and cohort construction depended on 

locally available data, these findings should be interpreted as site-specific observational evidence 

rather than definitive comparative-effectiveness estimates. 

The study confirmed the operational feasibility of conducting federated RWE studies across multiple 

participating Nordic institutions and SPEs, including cross-border analytical access by Danish 

researchers to Finnish and Norwegian health data environments without transfer of patient-level 

sensitive data. At the same time, differences in variable availability, OMOP-formatted data content, 

cohort implementation, and reporting practices were identified as important determinants of cross-

site comparability. The findings highlight that successful execution of a federated analytical 

framework does not automatically ensure comparable study populations or directly comparable 

results across sites. 

The VALO2 experience demonstrates that federated RWE generation is feasible across Nordic 

healthcare systems and provides important lessons for future multinational studies using harmonised 

analytical approaches, OMOP-formatted analytical datasets, and SPEs. Federated analysis was 

operationally feasible, but a common data model and reusable analytical code did not ensure 

comparable cohorts, variables, or adjustment opportunities across participating sites. 

6.1  Future research 

Larger multi-country cohorts will be important for improving precision, supporting subgroup analyses, 

and enabling more robust evaluation of prognostic variables. 

Future Nordic federated studies would benefit from more consistent capture and OMOP mapping of 

biomarker testing, PD-L1 status, ECOG performance status, metastatic disease status, treatment-

line information, and cohort attrition metrics. Future studies would also benefit from a structured 

cross-site feasibility assessment prior to study initiation to evaluate data availability, completeness, 

eligibility-criteria implementation, and analytical feasibility across participating datasets.  

The VALO2 experience demonstrates that a shared analytical framework alone is insufficient to 

ensure comparable evidence across countries; more consistent extraction, transformation, and 

mapping of relevant source data to the OMOP CDM, transparent cohort construction, 

and harmonised reporting remain essential for meaningful cross-country RWE generation. Future 

studies with larger cohorts, improved capture of prognostic variables, and more complete OMOP 
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implementation may improve the feasibility of comparative-effectiveness analyses across Nordic 

healthcare systems. 
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Appendix A. Study population and baseline characteristics 

Appendix A presents country-specific baseline characteristics by first-line treatment group. Tables 

are reproduced from the final analytical outputs generated within each participating site and are 

provided to support interpretation of cohort composition, treatment group comparability, and data 

availability. 
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Figure A1: Eligibility attrition Denmark 
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Figure A2: Eligibility attrition Finland 
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Figure A3: Eligibility attrition Norway 

Patient selection flowchart for Norway, showing reduction from 6,897 initial records to 79 eligible 

patients 
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Table A1. Baseline characteristics of the Rigshospitalet analytical cohort by first-line 

treatment group 

Characteristic  Overall N = 8871  Atezolizumab N = 1931  Pembrolizumab N = 6941  p-value2  

Sex           0.3  

  Female  508 (57.3%)  104 (53.9%)  404 (58.2%)     

  Male  379 (42.7%)  89 (46.1%)  290 (41.8%)     

  Missing  0 (0%)  0 (0%)  0 (0%)     

Age  70 (64, 76)  69 (64, 76)  71 (64, 76)  0.5  

  Missing  0 (0%)  0 (0%)  0 (0%)     

Age group           0.8  

  <55  36 (4.1%)  7 (3.6%)  29 (4.2%)     

  55–64  197 (22.2%)  42 (21.8%)  155 (22.3%)      

  65–74  377 (42.5%)  88 (45.6%)  289 (41.6%)      

  ≥75  277 (31.2%)  56 (29.0%)  221 (31.8%)     

  Missing  0 (0%)  0 (0%)  0 (0%)     

Smoking status           0.5  

  Ever  548 (94.5%)  129 (95.6%)  419 (94.2%)     

  Never  32 (5.5%)  6 (4.4%)  26 (5.8%)     

  Missing  307 (34.6%)  58 (30.1%)  249 (35.9%)     

Height, cm  169 (163, 176)  170 (164, 178)  169 (163, 176)  0.2  

  Missing  156 (17.6%)  44 (22.8%)  112 (16.1%)     

Weight, kg  70 (59, 81)  70 (60, 82)  69 (59, 81)  0.6  

  Missing  54 (6.1%)  11 (5.7%)  43 (6.2%)     

Comorbidities              

   Cardiovascular  355 (40.0%)  83 (43.0%)  272 (39.2%)  0.3  

   COPD  129 (14.5%)  21 (10.8%)  108 (15.5%)  0.10  

   Diabetes  53 (6.0%)  13 (6.7%)  40 (5.8%)  0.6  

Histology           0.11  

  Non-squamous  572 (79.4%)  134 (84.2%)  444 (78.4%)     

  Squamous  147 (20.6%)  25 (15.8%)  122 (21.6%)     

  Missing  162 (18.3%)  34 (17.6%)  128 (18.4%)     

ECOG-PS           0.15  

  0  297  63  234     

  1  451  111  340     

  2  65  11  54     

  3  Suppressed  <5  10     

  4  Suppressed  <5  <5     

  Missing  Suppressed   <9  <57     

LIPI           0.6  

  0  408  86  322     

  1  333  79  254     

  2  Suppressed  <29  95     

  Missing  Suppressed  <5  23     

LIPS3           0.050  
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Characteristic  Overall N = 8871  Atezolizumab N = 1931  Pembrolizumab N = 6941  p-value2  

  0  539  138  401     

  1  188  32  156     

  2  66  12  54     

  3  Suppressed  <5  10     

  Missing  Suppressed  <12  73     

Prior SACT  77 (8.7%)  16 (8.3%)  61 (8.8%)  0.8  

Prior thoracic 
procedure  

105 (11.8%)  25 (13.0%)  80 (11.5%)  0.6  

Prior radiotherapy  180 (20.3%)  34 (17.6%)  146 (21.0%)   0.3  

 
Values are presented as n (%) or median (Q1, Q3), unless otherwise specified. Abbreviations: COPD = chronic 

obstructive pulmonary disease; ECOG = Eastern Cooperative Oncology Group performance status; LIPI = Lung Immune 

Prognostic Index; LIPS-3 = Lung Immuno-Oncology Prognostic Score; SACT = systemic anti-cancer therapy. Small-cell 

suppression has been applied in accordance with local disclosure-control requirements. Suppressed values should not 

be interpreted as missing-data. 

Table A2. Baseline characteristics of the HUS analytical cohort by first-line treatment group 

Characteristic  Overall N = 911  Cemiplimab N = 171  Pembrolizumab N = 741  p-value2  

sex        0.3  

    Female  54 (59.3%)  12 (70.6%)  42 (56.8%)    

    Male  37 (40.7%)  5 (29.4%)  32 (43.2%)    

    Missing  0 (0%)  0 (0%)  0 (0%)    

Age  70 (62, 75)  72 (62, 77)  70 (63, 75)  0.5  

    Missing  0 (0%)  0 (0%)  0 (0%)    

Age group        0.2  

    <65  28 (30.8%) 5 (29.4%) 23 (31.1%)   

    65-74  37 (40.7%)  5 (29.4%)  32 (43.2%)    

    ≥75  26 (28.6%)  7 (41.2%)  19 (25.7%)    

    Missing  0 (0%)  0 (0%)  0 (0%)    

height, cm  167 (160, 174)  163 (160, 173)  167 (160, 174)  0.6  

    Missing  15 (16.5%)  5 (29.4%)  10 (13.5%)    

weight, kg  67 (59, 79)  64 (58, 68)  68 (59, 80)  0.2  

    Missing  12 (13.2%)  5 (29.4%)  7 (9.5%)    

Comorbidities          

    Cardiovascular  45 (49.5%)  8 (47.1%)  37 (50.0%)  0.8  

    COPD  Suppressed  <5  16 (21.6%)  0.5  

    Diabetes  Suppressed  <5  <5  >0.9  

LIPI        0.8  

    0  41  8  33    

    1  Suppressed  <10  25    

    2  Suppressed  <5  5    

    Missing  Suppressed  <5  11    

Prior SACT  Suppressed  <5  <5  >0.9  

Prior thoracic procedure  Suppressed  <5  5 (6.8%)  >0.9  
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Prior radiotherapy  22 (24.2%)  5 (29.4%)  17 (23.0%)  0.5  

1n (%); Median (Q1, Q3)  

2Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test  

 

Table A3. Baseline characteristics of the OUS analytical cohort by first-line treatment 

group 

Characteristic  Overall N = 761  Cemiplimab N = 121  Pembrolizumab N = 641  p-value2  

sex        0.2  

    Female  Suppressed  Suppressed  34 (53.1%)    

    Male  Suppressed  Suppressed  30 (46.9%)    

    Missing  0 (0%)  0 (0%)  0 (0%)    

age  71 (64, 77)  76 (67, 79)  71 (63, 76)  0.2  

    Missing  0 (0%)  0 (0%)  0 (0%)    

Age group       0.8  

    18-54  Suppressed  Suppressed  7 (10.9%)    

    55-64  Suppressed  Suppressed  12 (18.8%)    

    65-74  Suppressed  Suppressed  24 (37.5%)    

    ≥75  27 (36%)  6 (50%)  21 (32.8%)    

    Missing  0 (0%)  0 (0%)  0 (0%)    

Smoking status  0  0  0    

    Missing  76 (100%)  12 (100%)  64 (100%)    

Height,cm          

    Missing  Suppressed  Suppressed  Suppressed    

Weight,kg          

    Missing  Suppressed  Suppressed  Suppressed    

Cardiovascular  37 (48.7%)  7 (58.3%)  30 (46.9%)  0.5  

COPD Suppressed  Suppressed  10 (15.6%)  0.3  

Diabetes  Suppressed  Suppressed  Suppressed  0.063  

Histology       0.4  

    Adenocarcinoma  Suppressed  Suppressed  19 (68.0%)    

    Squamous  Suppressed  Suppressed  8 (29.0%)    

    Other  Suppressed  Suppressed  Suppressed    

    Missing  41 (53.9%)  5 (41.6%)  Suppressed    

ECOG-PS       >0.9  

    0  Suppressed  Suppressed  Suppressed    

    1  Suppressed  Suppressed  9    

    2  Suppressed  Suppressed  10    

    3  Suppressed  Suppressed  Suppressed    

    4  Suppressed  Suppressed  Suppressed    

    Missing  Suppressed  Suppressed  45    

LIPI  0  0  0    

    Missing  76  12   64    
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LIPS3  0  0  0    

    Missing  76  12  64    

stage  0  0  0    

    Missing  76  12  64    

Prior SACT Suppressed  Suppressed  7 (10.9%)  >0.9  

Prior thoracic procedure  Suppressed  Suppressed  9 (14.0%)  >0.9  

Prior radiotherapy 0  0  0    

    Missing  76 (100%)  12 (100%)  64 (100%)    

1n (%); Median (Q1, Q3)  

2Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test; NA  

 

Appendix B. Country-specific treatment-pattern tables 

Appendix B provides country-specific treatment-pattern summaries, including first-line treatment 

distribution, treatment sequencing, and treatment duration estimates. Tables are reproduced from 

the final analytical outputs generated within each participating site and are provided to support 

interpretation of treatment utilisation and treatment pathways across the available analytical cohorts. 

Table B1. First-line treatment distribution by site 

Site  Treatment  N  %  

Rigshospitalet Pembrolizumab  694  78.2  

Rigshospitalet  Atezolizumab  193  21.8  

HUS  Pembrolizumab  74  81.3  

HUS  Cemiplimab  17  18.7  

OUS Pembrolizumab  64 84.2 

OUS Cemiplimab  12 15.8 

Treatment distributions reflect the final analytical cohorts and should not be interpreted as complete descriptions of local 
prescribing practice. 

 

Table B2. Rigshospitalet treatment sequencing 

Treatment Category  Line 1  Line 2  Line 3  Line 4  

Pembro  PD-1 inhibitor, n  692  10  <5  <5  

Pembro  PD-L1 inhibitor, n  <5  8  <5  <5  

Pembro  Non-platinum based chemo, n  <5  79  92  25  

Pembro  Other, n  <5  5  <5  <5  

Pembro  Platinum-based chemo, n  <5  186  8  6  

Pembro  Months on line, median (IQR)  4.88 (1.52;13.41)  2.3 (1.45;3.8)  1.97 (0.7;4.33)  
1.58 
(0.68;3.26)  

Atezo  PD-1 inhibitor, n  38  9  <5  <5  

Atezo  PD-L1 inhibitor, n  155  <5  <5  <5  

Atezo  Non-platinum based chemo, n  <5  25  20  8  

Atezo  Other, n  <5  <5  <5  <5  

Atezo  Platinum-based chemo, n  <5  58  6  <5  

Atezo  Months on line, median (IQR)  2.55 (1;7.37)  
2.17 
(0.92;3.2)  

1.6 (0.47;2.81)  
1.45 
(1.39;1.61)  
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Small-cell suppression has been applied in accordance with local disclosure-control requirements. 
 

Table B3. HUS treatment sequencing 

Treatment  Category  Line 1  Line 2  Line 3  

Pembro  PD-1 inhibitor, n  74  <5  <5  

Pembro  Non-platinum based chemo, n  <5  23  5  

Pembro  Other, n  <5  <5  <5  

Pembro  PD-L1 inhibitor, n  <5  <5  <5  

Pembro  Platinum-based chemo, n  <5  19  <5  

Pembro  Months on line, median (IQR)  2.44 (0.7;6.84)  2.55 (1.68;5.26)  2.52 (0.95;4.45)  

Cemipli  PD-1 inhibitor, n  17  <5  <5  

Cemipli  Non-platinum based chemo, n  <5  6  <5  

Cemipli  Other, n  <5  <5  <5  

Cemipli  PD-L1 inhibitor, n  <5  <5  <5  

Cemipli  Platinum-based chemo, n  <5  6  <5  

Cemipli  Months on line, median (IQR)  3.6 (1.37;5.81)  1.93 (1.54;3.4)  1.5 (0.38;2.83)  

Small-cell suppression has been applied in accordance with local disclosure-control requirements. 

 
Table B4. OUS treatment sequencing 

Treatment_group  Category  Line 1  Line 2  Line 3  Line 4  

Pembro  PD-1 inhibitor, n  64  <5  <5  <5  

Pembro  Non-platinum based chemo, n  <5  13  7  <5  

Pembro  Platinum-based chemo, n  <5  11  <5  <5  

Pembro  PD-L1 inhibitor, n  <5  <5  <5  <5  

Pembro  Months on line, median (IQR)  
4.18 
(1.63;17.78)  

2.4 (0.98;2.96)  
2.79 
(1.94;4.87)  

2.03 
(1.79;4.23)  

Cemip  PD-1 inhibitor, n  12  <5      

Cemip  Non-platinum based chemo, n  <5  <5      

Cemip  Platinum-based chemo, n  <5  <5      

Cemip  PD-L1 inhibitor, n  <5  <5      

Cemip  Months on line, median (IQR)  
2.74 
(0.51;5.68)  

2.8 (1.75;3.85)      

Small-cell suppression has been applied in accordance with local disclosure-control requirements. 

 

Table B5. Summary of first-line treatment duration by country and treatment group 

Country  Treatment  Line 1 Median Months (IQR)  

Rigshospitalet Pembrolizumab 4.88 (1.52-13.41) 

Rigshospitalet Atezolizumab 2.55 (1.00-7.37) 

HUS Pembrolizumab 2.44 (0.70-6.84) 

HUS Cemiplimab 3.60 (1.37-5.81) 

OUS Pembrolizumab 4.18 (1.63–17.78) 

OUS Cemiplimab 2.74 (0.51–5.68) 
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Appendix C. Site-specific survival analyses 

C1. Overall survival 

This section presents KM overall survival (OS) analyses for the Rigshospitalet, HUS, and OUS 

cohorts. KM plots are provided together with summary estimates of survival distributions and 

supporting event and censoring information. 

Figure C1. KM overall survival by treatment group in the Rigshospitalet cohort 

 

 

Table C1. Rigshospitalet KM survival summary 

Treatment  25th percentile (95% CI)  Median OS (95% CI)  75th percentile  

Atezolizumab  128 (96-196)  401 (335-555)  NR  

Pembrolizumab  221 (185-246)  566 (525-641)  NR  
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Table C2. Rigshospitalet risk –event-censor summary 

Treatment  Events  Censored  At risk at 700 days  

Atezolizumab  107  86  17  

Pembrolizumab  391  303  302  

Figure C2. KM overall survival by treatment group in the HUS cohort 

  

 

Table C3. HUS KM survival summary 

Treatment  25th percentile (95% CI)  Median OS (95% CI)  75th percentile  

Cemiplimab  326 (91-NA)  NR  NR  

Pembrolizumab  98 (67-221)  NR  NR  
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Table C4. HUS risk-event-censor summary 

Treatment  Events  Censored  At risk at 500 days  

Cemiplimab  6  11  5  

Pembrolizumab  33  41  41  

* Abbreviations: CI = confidence interval; NR = not reached; OS = overall survival. 

Figure C3. KM overall survival by treatment group in the OUS cohort 

 

Table C5. OUS KM survival summary 

Treatment  25th percentile (95% CI)  50th percentile (95% CI) 75th percentile (95% CI) 

Cemiplimab  136 (89-NA)  192 (148-NA)  NA (225-NA)  

Pembrolizumab  177 (124-NA)  NA (NA-NA)  NA (NA-NA)  

 

Table C6. OUS risk-event-censor summary 
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Treatment Event  Censor  At risk at 300 days 

Cemiplimab  7  5  5 

Pembrolizumab  22  42  42 
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C2. Adjusted and age-stratified overall survival analyses 

Age-stratified KM analyses were performed to explore overall survival among patients aged ≥75 

years and <75 years within each country-specific cohort. These analyses should be interpreted 

descriptively given reduced sample-size and event counts within subgroup strata. Age-stratified 

analyses were not reported for OUS in the available analytical output. 

Figure C4. KM overall survival by treatment group among patients aged ≥75 years in the 

Rigshospitalet cohort.  

  

KM estimates of overall survival among patients aged ≥75 years in the Rigshospitalet cohort, 

stratified by first-line treatment group. Tick marks indicate censored observations. Abbreviations: OS 

= overall survival 
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Figure C5. KM overall survival by treatment group among patients aged <75 years in the 

Rigshospitalet cohort. KM estimates of overall survival among patients aged <75 years in the 

Rigshospitalet cohort, stratified by first-line treatment group. Tick marks indicate censored 

observations. Abbreviations: OS = overall survival. 
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 Figure C6. KM overall survival by treatment group among patients aged ≥75 years in the HUS 

cohort. KM estimates of overall survival among patients aged ≥75 years in the HUS cohort, stratified 

by first-line treatment group. Tick marks indicate censored observations. Abbreviations: OS = overall 

survival. 
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Figure C7. KM overall survival by treatment group among patients aged <75 years in the HUS 

cohort. KM estimates of overall survival among patients aged <75 years in the HUS cohort, stratified 

by first-line treatment group. Tick marks indicate censored observations. Abbreviations: OS = overall 

survival. 

 

 

Table C7. Age-stratified adjusted Cox models for OS 

Country  Age group  HR (95% CI)  p-value  

Rigshospitalet ≥75 years  0.72 (0.49-1.07)  0.104  

Rigshospitalet <75 years  0.74 (0.56-0.97)  0.031  

HUS  ≥75 years  0.72 (0.10-5.24)  0.698  

HUS  <75 years  2.22 (0.60-8.18)  0.221  
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Treatment-effect estimates were generally consistent across age strata in the Rigshospitalet cohort. 

In the HUS cohort, subgroup estimates were associated with substantial uncertainty owing to limited 

sample-size and event counts. 

Primary overall survival analyses were performed using multivariable Cox proportional hazards 

regression models adjusted for baseline covariates and pooled across multiple imputed datasets. 

Treatment-effect estimates from the primary adjusted models are presented in Table C8. 

In the Rigshospitalet cohort, the estimated association favoured the pembrolizumab policy-period 

group in both age strata, although the association was statistically significant only among patients 

aged <75 years. In the HUS cohort, estimates were associated with substantial uncertainty because 

of the limited subgroup sizes and event counts. Age-stratified analyses were not reported for OUS. 

Table C8. Site-specific multivariable Cox models for overall survival 

Site Comparison Analysis HR (95% CI) p-value 

Rigshospitalet 
Pembrolizumab versus 

atezolizumab policy-period group 
Multivariable model after 

multiple-imputation 
0.72 (0.58–0.90) 0.004 

HUS 
Pembrolizumab versus 

cemiplimab 
Multivariable model after 

multiple-imputation 
1.48 (0.60–3.67) 0.391 

OUS 
Pembrolizumab versus 

cemiplimab 

Available-case multivariable 
model before multiple-

imputation 
0.42 (0.20–0.88) 0.022 

* Abbreviations: CI = confidence interval; HR = hazard ratio; HUS= Helsinki University Hospital; OS = overall survival; 

OUS = Oslo University Hospital; SACT = systemic anti-cancer therapy. 

Note: Exposure groups at Rigshospitalet were assigned according to predefined treatment-policy periods. HUS and OUS 

exposure groups reflected the PD-(L)1 inhibitor initiated in clinical practice. Multiple-imputation was not performed for OUS. 

The OUS model included treatment group, age, sex, prior SACT, and prior thoracic procedure. Because model specification 

and missing-data handling differed across sites, effect estimates should not be regarded as directly comparable between 

countries. 

C3. Sensitivity analyses 

Sensitivity analyses were performed to evaluate the robustness of the primary overall survival 

findings to alternative modelling approaches. For Rigshospitalet and HUS, these analyses included 

unadjusted Cox proportional hazards models and IPTW-adjusted Cox models. For OUS, only an 

unadjusted Cox model was available because multiple-imputation and IPTW were not performed. 

Across participating sites, sensitivity analyses did not materially alter the interpretation of the primary 

findings. 
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Table C9. Sensitivity analyses for overall survival 

Country  Analysis  HR (95% CI)  p-value  

Rigshospitalet Unadjusted Cox  0.76 (0.61-0.94)  0.013  

Rigshospitalet IPTW-adjusted Cox  0.76 (0.60-0.95)  0.016  

HUS  Unadjusted Cox  1.53 (0.65-3.62)  0.329  

HUS  IPTW-adjusted Cox  1.41 (0.56-3.55)  0.469  

OUS Unadjusted Cox 0.38 (0.18–0.78) 0.009 

OUS IPTW-adjusted Cox Not performed - 

Sensitivity analyses did not materially alter the interpretation of the primary overall survival analyses. IPTW-adjusted 

analyses were not performed for OUS because multiple-imputation was not conducted. 

C4. Competing-risk analyses 

Competing-risk analyses were performed to evaluate treatment effects for time to next treatment or 

death (TTNT) and time to treatment discontinuation or death (TTD). Fine–

Gray subdistribution hazard models were used to account for competing events and to provide 

estimates of relative treatment effects across the country-specific cohorts. 

Table C10. Treatment effects in competing-risk analyses 

Country  Endpoint  Estimate  

Rigshospitalet TTNT  sHR 0.71 (0.57-0.87)  

Rigshospitalet TTD  sHR 0.79 (0.65-0.95)  

HUS  TTNT  sHR 1.45 (0.67-3.14)  

HUS  TTD  sHR 1.06 (0.63-1.79)  

OUS TTNT sHR 0.65 (0.26–1.62) 

OUS TTD sHR 0.97 (0.41–2.31) 

 

In the Rigshospitalet cohort, assignment to the pembrolizumab policy-period group was associated 

with lower subdistribution hazards of both TTNT and TTD than assignment to the atezolizumab 

policy-period group. In the HUS cohort, no statistically significant differences were observed between 

pembrolizumab and cemiplimab. Similarly, no statistically significant differences were observed for 

TTNT or TTD in the OUS cohort. These findings should be interpreted in conjunction with the overall 

survival analyses and within the context of differences in sample-size, treatment comparisons, and 

event counts across participating sites. 
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C5. Exploratory prognostic analyses 

LIPI and LIPS-3 analyses were performed as exploratory assessments of prognostic value within 

the available country-specific datasets. Because these analyses were not primary 

study objectives and were subject to variable availability and sample-size limitations, findings should 

be considered hypothesis-generating rather than confirmatory. LIPI and LIPS-3 analyses were not 

performed for OUS because the variables required to derive these scores were unavailable in the 

analytical output. 

Table C11. Selected exploratory prognostic findings 

Country  Endpoint  Variable  Estimate  

Rigshospitalet OS  LIPI 1  HR 1.44 (1.19-1.73)  

Rigshospitalet OS  LIPI 2  HR 1.88 (1.40-2.51)  

Rigshospitalet TTD  LIPI 1  sHR 1.24 (1.06-1.46)  

Rigshospitalet TTD  LIPI 2  sHR 1.65 (1.23-2.22)  

HUS  TTD  LIPI 2  sHR 2.50 (1.12-5.56)  

Table C12. Summary of treatment effects from competing-risk analyses 

Country Endpoint Treatment-Effect 

Rigshospitalet TTNT sHR 0.71 (0.57–0.87) 

Rigshospitalet TTD sHR 0.79 (0.65–0.95) 

HUS TTNT sHR 1.45 (0.67–3.14) 

HUS TTD sHR 1.06 (0.63–1.79) 

OUS TTNT sHR 0.65 (0.26–1.62) 

OUS TTD sHR 0.97 (0.41–2.31) 

 

Appendix D. Model diagnostics and assumptions 

Appendix D summarises the diagnostic checks and modelling assumptions relevant to the country-

specific survival and competing-risk analyses. These materials are intended to support transparency 

around model specification, covariate selection, proportional hazards considerations, imputation 

approaches, sparse-data constraints, and the interpretation of exploratory analyses.  

D1. Missing-data assessment 

Missing-data handling and imputation assumptions. Multiple-imputation approaches were used 

where appropriate for baseline covariates with missingness. Multiple-imputation was performed for 

the Rigshospitalet and HUS analyses but was not performed for OUS because of the smaller cohort 

size and reduced set of adjustment variables. Treatment exposure, outcome status, and derived 

event times were not imputed. 
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Table D1. Little’s MCAR test results 

Country  Statistic  Degrees of Freedom  p-value  

Rigshospitalet 460.69  361  <0.001  

HUS  21.91  26  0.694  

Little's MCAR test indicated that the MCAR assumption was not supported in Rigshospitalet 

(p<0.001) but was not contradicted in HUS (p=0.694). These findings informed the multiple-

imputation strategy applied in those analyses. No corresponding assessment was performed for 

OUS because multiple-imputation was not conducted.  

D2. Cox proportional hazards assessment 

Cox proportional hazards diagnostics. Overall Survival models were evaluated with attention to 

proportional hazards assumptions, influential observations, event counts, and the stability of 

treatment-effect estimates after covariate adjustment. 

 Where proportional hazards assumptions could not be fully assessed because of sparse events or 

limited follow-up, results should be interpreted descriptively and in conjunction with KM curves, 

confidence intervals, and sensitivity analyses. 

Table D2. Summary of proportional hazards diagnostic results 

Country  Variable  p-value  

Rigshospitalet Treatment group  0.078  

Rigshospitalet LIPI category 2  <0.001  

Rigshospitalet LIPS-3 category 2  0.020  

Rigshospitalet Global test  <0.001  

HUS  LIPI category 1  0.007  

HUS  Global test  0.140  

OUS Treatment group  0.388 

OUS Global test  0.497 

For OUS, Schoenfeld residual assessments did not indicate evidence of violation of the proportional hazards assumption 

for the treatment group variable (p=0.388) or the global model (p=0.497). 

D3. Multicollinearity assessment 

Potential multicollinearity among covariates was assessed using variance inflation factors (VIFs). 

VIF estimates were reviewed to evaluate model stability and the potential impact of correlated 

covariates on regression estimates. 
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Table D3. Summary of multicollinearity assessment results  

Country  Maximum VIF*  Interpretation  

Rigshospitalet 1.55  No evidence of problematic multicollinearity  

HUS  1.94  No evidence of problematic multicollinearity  

OUS 1.62 No evidence of problematic multicollinearity  

 (using the highest Norwegian VIF: sex = 1.624650) 

D4. IPTW balance assessment 

All adjusted standardised differences remained below commonly used thresholds indicative of major 

imbalance in analyses where IPTW was performed. IPTW analyses were not conducted for OUS. 
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7  Statistical annex 

7.1  Treatment patterns 

7.1.1  Next line of therapy  

The time to next line of therapy (TTNT) as a composite endpoint is defined as the time from 
index (i.e., start of 1L therapy) to the initiation date of the next line of anti-cancer therapy to 
which the patient had no prior exposure or death from any cause. A next LOT is triggered 
if the earliest of the following is observed in the treatment episode and not previously 
observed in the treatment history: 

1. Switching to a new monotherapy ICI (e.g., switching from pembrolizumab → atezolizumab) 

or combination, not previously used. Note that the first ICI should not be re-administered 

and the start date for the next LOT (i.e., the switch date) will trigger the TTNT event date 

(see Patient 1 in Figure 1). 

a. Patient 1 initiates therapy B >60 days of the last administration of therapy A, 

provided therapy A is not re-administered after initiation of therapy B. Therapy B 

initiated a new LOT.  

2. Start chemotherapy (not included in Figure ) 

3. Add-on another therapy 

a. To distinguish between a brief delay in dispensation pattern and an add-on or 

change in LOT, a minimum duration of 3 weeks (21 days) on the prior therapy, 

therapy A, will be required (see Patient 2 in Error! Reference source not found.).  

Accordingly, initiation of therapy B for Patient 2 will be classified as a new LOT. 

b. For Patient 3 in Figure 1, the initiation of therapy B will be categorised as part of 

therapy A, rather than being considered a new LOT. 

Patients without a qualifying next LOT will be censored at the earliest of last documented 
contact date (i.e., last known date alive date or loss to follow-up) or end of the study period. 
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TTNT will be calculated as: TTNT = (Event date – Index date) + 1. 

 
Figure 1: Schematic of Treatment Switching and Add-on Rules to Define Lines of Therapy  

 
 

7.1.2  Treatment discontinuation  

The time to treatment discontinuation (TTD) as a composite endpoint is defined as the time 

from treatment initiation to the earliest of:  

1. Permanent discontinuation of index monotherapy (last administration date + allowable 

window of 60 days, see Figure ) 

2. Switch to another anti-cancer therapy 

3. Add-on therapy 

4. Death from any cause 

Patients without TTD event will be censored at the last date known to be receiving 

treatment, last documented contact date or at the end of the study period. TTD will be 

calculated as: TTD = (Event date – Index date) + 1. 
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Figure 2: Discontinuation - occurs when the administration date + 60-day allowable gap pass 

without another therapy being administered or the first therapy being 

re-administered. 

7.2  Time to event analysis 

For time-to-event analyses without competing risks, outcomes will be summarised using the Kaplan–
Meier (KM) method, and covariate effects will be assessed using Cox proportional hazards (PH) 
models. For endpoints such as TTNT and TTD, for which death or new malignancies may act as 
competing risks, cumulative-incidence functions will be estimated using the Aalen–Johansen 

estimator. In accordance with best practice [1], Fine–Gray subdistribution hazard models will be used 

to estimate relative covariate effects on the cumulative-incidence, as this approach directly targets 
the probability of experiencing the event of interest in the presence of competing risks, whereas KM 
and cause-specific Cox methods may overestimate event risk when competing events are treated 
as independent censoring (i.e., remove individuals who experience a competing event from the risk 
set). Correspondence of analysis method and endpoints can be found in Table . 

Age‑stratified analyses will be performed when ≥10 events are observed per category, otherwise 

presentations will be eliminated 
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Table 1: Time to event analysis 

 

 
When fitting the Cox PH model with multiple predictor variables, the following will be 
evaluated: 

1. Model fit using the Cox-Snell residuals plot. Should the plot indicate a poor fit, some 

covariates of the model may have to be transformed or removed. This decision will be made 

with the study team. 

2. PH assumption using the Schoenfeld residuals test and Schoenfeld residuals plots (for 

continuous covariates). 

a. If the PH assumption holds, then no trend would be expected from the residuals plot 

against time (one plot for each covariate included).  

b. If the PH assumption does not hold, there are options for improving the non-

proportionality in the model. For example (but not limited to), excluding the 

problematic covariate from the model (if not of inferential interest), including new 

covariate(s), adding non-linear terms for existing covariates, adding interactions with 

time among covariates or stratification on problematic variable.  

3. Influential observations using the deviance residuals plot. These observations will be 

checked for accuracy. If accurate, a decision will be made in conjunction with the study team.  

4. Multicollinearity using the correlation matrix and variance inflation factor greater than 5.  

5. The 1 in 10 rule of thumb that approximately includes one candidate predictor in the model 

for every 10 events. If low correlation exists between the covariates in Step 4, then this 

criterion may be relaxed slightly. 
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7.3  Average treatment effect  

The primary analysis will focus on estimating the average treatment-effect (ATE) for pairwise 
comparison and will use inverse probability of treatment weighting (IPTW) to generate propensity 
scores (PS) for each patient in the study [2]. The following causal methods will be applied only if 
baseline imbalances or censoring patterns threaten validity of conventional regression models. 

7.3.1  Inverse probability of treatment weighting 

The aim of the IPTW approach is to control for potential confounding by constructing a pseudo-
population, in which the intention-to-treat (ITT) exposure variable, i.e., initiation of 1L monotherapy 
pembrolizumab or atezolizumab, or cemiplimab, is independent of selected measured confounders 
(listed below). 

The following algorithm will be employed to generate and assess PS weights: 
1. The generalised PS, that is, 𝑒𝑗(𝑿) = P(𝑍 = 𝑗 | 𝑿), will be estimated using a multinomial 

logistic regression model, where 𝑗 ∈ {1, 2, 3} is the treatment/exposure assignment indicator 

and X is the vector of baseline covariates. In this model, the ITT exposure variable (i.e. study 

treatment of interest) will be treated as the outcome variable. PS will be computed at the 

index date as the probability to receive 1L monotherapy pembrolizumab, atezolizumab, or 

cemiplimab conditional on observed baseline covariates as fixed effect. Variables included 

in the PS model will include: 

• Age at index 

• Sex 

• ECOG-PS 

• Charlson's CI 

• Smoking status 

• Height/weight 

• Stage at diagnosis 

• Prior SACT 

• Prior cancer-related surgery 

• Prior radiotherapy 

• Index year 

• NSCLC Histology (squamous, non-squamous) 

• Lung Immune Prognostic Index (LIPI) 

2. For each patient 𝑖, non-stabilised PS weights will be calculated as the multiplicative inverse 

of the PS, that is, 𝑤𝑖 = 1 𝑒𝑍𝑖
(𝑿𝑖)⁄ , where 𝑒𝑍𝑖

 denotes the estimated PS for patient i receiving 

the actual treatment 𝑍𝑖 ∈ {1, 2, 3}. 

3. Stabilised weights will be calculated using the non-stabilised PS weights derived in Step 2, 

by multiplying the non-stabilised weights by the marginal probability of receiving the actual 

treatment assignment (i.e., without considering covariates). That is, 𝑤𝑖
𝑠 = 𝑃(𝑍 = 𝑍𝑖) 𝑒𝑍𝑖

(𝑿𝑖)⁄  

[3]. 

4. To assess the positivity assumption (i.e., each patient has a nonzero probability of receiving 

each treatment), the stabilised weight distribution will be described by outputting numeric 

summary (i.e., min, max, mean and various percentiles). Note that the mean of stabilised 

weights ≈ 1. Extreme weights will be trimmed at the 99th percentile after assessment with the 

project team.  

5. To assess the balance of the generalised PS model, group vs combined standardised mean 

differences (SMDs) [4, 5] and overlapping density plots will be displayed. Balance will be 
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deemed acceptable when, for each covariate, the maximum group vs combined SMD across 

the three exposure groups is < 0.10. Any covariate with SMD ≥ 0.1 will be adjusted for in the 

outcome model. As a secondary check, pairwise SMDs (see details below) will be reported 

[6]. 

a. Group vs Combined SMD 

For continuous covariate X and exposure group 𝑗 ∈ {1, 2, 3}: 

𝑆𝑀𝐷𝑗,𝑐𝑜𝑚𝑏(𝑋) =
|𝑋̅𝑗

𝑤 −  𝑋̅𝑐𝑜𝑚𝑏
𝑤 |

𝑠𝑐𝑜𝑚𝑏
𝑤  

Where 𝑋̅𝑐𝑜𝑚𝑏
𝑤  and 𝑠𝑐𝑜𝑚𝑏

𝑤  are weighted mean and standard difference (SD) from the 

combined population. Note that it is required that all 𝑆𝑀𝐷𝑗,𝑐𝑜𝑚𝑏(𝑋) < 0.10 to check 

whether each exposure group is balanced to the combined population created by IPTW 
[4, 5]. 

For categorical covariates, SMDs will be computed for each level’s proportion [4]. 
b. Pairwise SMDs (secondary check) 

For exposure groups g and h, 
  

𝑆𝑀𝐷𝑔,ℎ(𝑋) =
|𝑋̅𝑔

𝑤 −  𝑋̅ℎ
𝑤|

√(𝑠𝑔
2(𝑤)

+  𝑠ℎ
2(𝑤)

) 2⁄

 

Where 𝑋̅𝑔
𝑤 and 𝑠𝑔

2(𝑤)
 are the weighted mean and variance from exposure group g. To 

check balance across pairs, 𝑚𝑎𝑥{𝑆𝑀𝐷1,2, 𝑆𝑀𝐷1,3, 𝑆𝑀𝐷2,3} < 0.10 [6]. 

 
This approach will be implemented, if necessary, when modelling is performed, as described in 
section Error! Reference source not found. 

7.4  Sensitivity analysis: inverse probability of censoring weighting  

A sensitivity analysis may be performed for the time to treatment discontinuation (TTD) composite 
endpoint assuming potential informative censoring (i.e., factors that may influence TTD) to be 
modelled by Inverse Probability of Censoring Weighting (IPCW) within the marginal structural model 
(MSM) framework [7, 8]. A similar IPCW‑based MSM sensitivity analysis may be conducted for 

TTNT, pending adequate event counts. IPCW estimators will correct for informative censoring by 
allocating additional weights to patients who are not censored. The following steps will be used to 
calculate the censoring weights using the approach described by Cole and Hernán [7]: 

1. Fit a Cox proportional hazard model treating censoring (i.e., administrative censoring or last 

documented contact date) as the event of interest with the time origin at treatment start. 

Patients who experience discontinuation or death will be treated as censored in this 

censoring model [9]. The list of covariates will include baseline predictors included in Step 1 

of the IPTW PS model above. If proportional hazards for the censoring model are violated, 

flexible time terms (e.g., natural splines) or covariate–time interactions will be considered to 

improve model fit, subject to discussion with the study team. 

2. For each patient i at time t, estimate the probability of remaining uncensored up to time t 

using the Cox PH model fitted in Step 1, by calculating predicted survival probabilities that 

incorporate both baseline and any time-varying covariates. The equation of IPCW is as 

follow: 

𝑤𝑖
𝐼𝑃𝐶𝑊(𝑡) = 𝑆̂𝑢𝑛𝑐𝑒𝑛(𝑡|𝑿𝑖) =

1

exp(𝜆𝑖(𝑡))
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3. The weights derived in Step 2 can become very large, which could lead to instability in 

parameter estimation. A stabilised weight will be used by incorporating a term to the 

numerator of each 𝑤𝑖
𝐼𝑃𝐶𝑊(𝑡). That is, the unconditional probability of a patient i remaining 

uncensored at their observed time t (i.e., fitting a Cox PH model that includes only baseline 

covariates, excluding possible time-varying terms). The numerator term will be denoted by 

𝑆̂𝑢𝑛𝑐𝑒𝑛(𝑡|𝑿𝑖
𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒) and the final stabilised weights will be calculated as: 

𝑠𝑤𝑖
𝐼𝑃𝐶𝑊(𝑡) =

𝑆̂𝑢𝑛𝑐𝑒𝑛(𝑡|𝑿𝑖
𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)

𝑆̂𝑢𝑛𝑐𝑒𝑛(𝑡|𝑿𝑖)
 

 
Note that the distribution of the stabilised weights will be inspected for extreme weights and if 
detected, truncation at the 99th percentile may be applied after consultation with the study team. Also 
verify that the mean stabilised IPCW is approximately 1.  

4. Let 𝑠𝑤𝑖
𝐼𝑃𝑇𝑊 be the stabilised IPTW from the multinomial model as described in Section 7.3.1 

Inverse Propability of Treatment Weighing and 𝑠𝑤𝑖
𝐼𝑃𝐶𝑊(𝑡) the stabilised IPCW in Step 3, the 

final analysis weight to be used in all weighted survival estimators (i.e., KM and Cox PH) for 

TTD is: 

𝑤𝑖(𝑡) = 𝑠𝑤𝑖
𝐼𝑃𝑇𝑊 ×  𝑠𝑤𝑖

𝐼𝑃𝐶𝑊(𝑡) [7] 

7.5  Handling missing data 

This study is based on routinely collected real‑world data from multiple Nordic sites, mapped to the 

OMOP Common Data Model. The extent and pattern of missing data are expected to vary across 
sites and variables. Missing data will be handled using a principled, endpoint‑specific approach that 

prioritises transparency, avoids unnecessary modelling assumptions, and aligns with the study’s 

observational design. 
No imputation will be applied to outcome variables or to exposure assignment.  

7.5.1  Descriptive analyses 

For all baseline covariates and clinical characteristics: 

• Missing data will be summarised explicitly as counts and percentages. 

• A separate “Missing” category will be reported for categorical variables, where 
appropriate. 

• All summaries will clearly state the denominator used (total cohort vs. non-missing 

observations).  

7.5.2  Primary modelling approach 

Complete-Case Analysis 

For primary regression analyses: 

• Complete￼case analysis will be used when the proportion of missing data for all 

covariates included in each model is <5% [10]. 

• This approach is considered appropriate under assumptions of Missing Completely 
at Random (MCAR) or low-level (i.e., ≤40%) Missing at Random (MAR), given 
minimal information loss [11]. 
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7.5.3  Assessment of missing data mechanisms 

Prior to any imputation, the extent and structure of missing data will be evaluated using: 

• Descriptive summaries of missingness by site, exposure group, and outcome. 

• Exploratory analyses to evaluate associations between missingness indicators and 
observed covariates. 

• Where feasible, Little’s MCAR test [12] to assess whether data are Missing 
Completely at Random. 

7.5.4  Multiple imputation 

When to use 

Multiple imputation will be considered only when all the following conditions are met: 
1. A covariate is deemed clinically important for confounding adjustment. 

2. Missingness exceeds 5% but is not excessive (generally ≤40%). 

3. Data are plausibly Missing at Random (MAR), that is, missing values may be conditional on 

observed variables. 

Covariates with >40% missingness will not be imputed and will be excluded from multivariable 
adjustment models. 

Imputation method 

When applied, missing covariate data will be handled using Multiple Imputation by Chained 
Equations (MICE): 

The imputation model will include: 

• All covariates used in the analysis model. 

• The exposure variable. 

• Outcome indicators (without imputing the outcome itself). 
The number of imputations will approximately match the percentage of incomplete cases (e.g., 20 
imputations for ~20% missingness) [13]. 
Imputation will be performed within site, consistent with the federated analysis framework. 
Estimates across imputed datasets will be combined using Rubin’s rules [14]. 

7.5.5  Missing data in propensity￼score and weighted analyses 

For analyses using inverse probability weighting (IPTW, IPCW): 

• Missingness in baseline covariates required for propensity‑score estimation will be 

addressed using: 
o Multiple imputation (as described above), or 
o Complete‑case analysis if missingness is <5%. 

Balance diagnostics (standardised mean differences) will be performed post‑imputation and 

post‑weighting to confirm adequacy of confounding control. 

7.5.6  Variables Not Subject to Imputation 

The following variables will not be imputed under any circumstances: 

• Exposure variables (type of 1L ICI monotherapy). 

• Time‑to‑event outcomes (OS, TTNT, TTD). 

• Event indicators (death, treatment discontinuation, next line of therapy). 
Patients with missing outcome data will be censored according to definitions used in analysis. 
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7.5.7  Exploratory analyses for Missing Not at Random (MNAR) 

If there is concern that missing data are Missing Not at Random (MNAR) and multiple imputation is 
not appropriate: 

• Sensitivity analyses will be conducted using extreme‑value or tipping‑point scenarios, 

where missing values are imputed with clinically plausible upper and lower bounds upon 

consultation with the study team. 

Results will be compared to the primary analysis to assess robustness. 

7.5.8  Partial and missing dates  

General imputation rules 

The following general rules for missing or partial dates will be applied: 
1. If a date is missing the day portion (e.g., July 2015), the incomplete date will be imputed by 

using the fifteenth day of the month (e.g., 15 July 2015). 

2. If a date is missing the month portion (e.g., 30 2015), the incomplete date will be imputed as 

the month of June (e.g., 30 June 2015). 

3. If a date is missing the day and month portion (e.g., 2015), the incomplete date will be 

imputed as the thirtieth day of June (e.g., 30 June 2015). 

4. For all imputation rules above, an imputed date cannot conflict with any known recorded date.  

a. For example, if a missing start date is imputed, a lower limit of the patient’s birth date 

(if available) will be used, such that if the imputed date is before the patient’s birth 

date, the imputed date will be replaced with the patient’s birth date.  

b. Similarly, for end dates, if the imputed date is after the patient’s death date, the impute 

date will be replaced with the patient’s death date 

5. No imputation will be performed for a date where day, month and year are missing. 

6. In case there is a conflict between start and end dates after the imputation rules are applied 

(e.g., same start and end date) the dates will be set to be missing. 

Specific imputation rules for time to event 

The following imputation rule for partial or missing event dates will be used for time-to-event analysis: 
1. If year and month are available, but day is missing, the date is set to the fifteenth day of the 

month. 

2. If the month is missing or the date is completely missing, the TTE will not be calculated. 

The following imputation rule for partial or missing censoring dates will be used for TTE analysis: 
1. For partial or missing censoring dates the analogous rule applies, with the censoring date 

needing to have at least the month and year available. 

2. Otherwise, the last available date before the missing censoring date is imputed as the 

censoring date. 

Imputation rules for partial or missing start dates for TTE variables: 
1. If the start day for the calculation is missing, this day will be set to the 15th day of the month. 

2. If the month is missing or the date is completely missing, the TTE will not be calculated.  
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7.6  Pooled analysis  

The primary analyses will be performed separately within each country and pooled effect 
estimates will be generated to improve statistical precision and allow inference across the 
Nordic region. Country-specific effect estimates will be produced for OS, TTD, TTNT. 

7.6.1  Meta-analysis framework 

Pooled estimates will be generated using meta‑analysis of country‑specific effect estimates, rather 

than pooling patient‑level data directly, to respect data localisation constraints. 

For each endpoint, country‑specific KM estimates, hazard ratios (HRs) and corresponding standard 
errors will be combined using: 

• Fixed‑effects meta‑analysis, assuming a common underlying treatment effect across 

countries, or 

• Random‑effects meta‑analysis (DerSimonian–Laird or restricted maximum 
likelihood), if between‑country heterogeneity is observed. 

 
The choice between fixed‑ and random‑effects models will be guided by heterogeneity assessments 
described below.  

7.6.2  Heterogeneity assessment 

Prior to conducting the pooled analysis, heterogeneity across the study countries will be assessed 
using: 

• Cochran’s Q statistic 

• I2 statistic and its 95% CI, representing the proportion of total variability attributable 
to heterogeneity rather than sampling error. 
 

Consistent with established guidance, I² values of approximately 25%, 50%, and 75% will be 
interpreted as indicating low, moderate, and high heterogeneity, respectively [15]. If substantial 
heterogeneity is identified (e.g., I² > 75%), pooled estimates will be interpreted cautiously, and 
country-specific results will be emphasised. 
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