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Simple Summary: The expected change in overall survival (OS) in patients with advanced non-small
cell lung cancer (NSCLC) after the clinical implementation of immune checkpoint inhibitor therapy
(ICI) has not been substantially investigated in large real-world cohorts outside randomized con-
trolled trials (RCTs). In this nationwide study, we compared OS before and after the implementation
of ICI and found that 3-year OS tripled from 6% to 18%. Patients receiving ICI had a lower OS than
demonstrated in RCTs, except for patients with performance status (PS) 0. More than a fifth of the
patients progressed early within the first six ICI cycles. Adverse prognostic factors were PS ≥ 1 and
metastases to the bone and liver.
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Abstract: Background The selection of patients with non-small cell lung cancer (NSCLC) for immune
checkpoint inhibitor (ICI) treatment remains challenging. This real-world study aimed to compare
the overall survival (OS) before and after the implementation of ICIs, to identify OS prognostic
factors, and to assess treatment data in first-line (1L) ICI-treated patients without epidermal growth
factor receptor mutation or anaplastic lymphoma kinase translocation. Methods Data from the
Danish NSCLC population initiated with 1L palliative antineoplastic treatment from 1 January 2013
to 1 October 2018, were extracted from the Danish Lung Cancer Registry (DLCR). Long-term survival
and median OS pre- and post-approval of 1L ICI were compared. From electronic health records,
additional clinical and treatment data were obtained for ICI-treated patients from 1 March 2017
to 1 October 2018. Results The OS was significantly improved in the DLCR post-approval cohort
(n = 2055) compared to the pre-approval cohort (n = 1658). The 3-year OS rates were 18% (95% CI
15.6–20.0) and 6% (95% CI 5.1–7.4), respectively. On multivariable Cox regression, bone (HR = 1.63)
and liver metastases (HR = 1.47), performance status (PS) 1 (HR = 1.86), and PS ≥ 2 (HR = 2.19) were
significantly associated with poor OS in ICI-treated patients. Conclusion OS significantly improved
in patients with advanced NSCLC after ICI implementation in Denmark. In ICI-treated patients,
PS ≥ 1, and bone and liver metastases were associated with a worse prognosis.

Keywords: real-world evidence; cancer immunotherapy; immune checkpoint inhibitors; anti-PD-1;
first-line treatment; non-small cell lung cancer; advanced lung cancer; clinical prognostic factors;
overall survival; Danish registry

1. Introduction

Lung cancer remains the leading cause of cancer-related death worldwide; in Den-
mark, lung cancer is one of the most common cancer types with an annual incidence of
approximately 5000 cases [1]. Non-small cell lung cancer (NSCLC) accounts for more than
80% of the cases; most Danish patients present with stage IIIB–IV disease at diagnosis
and have poor 5-year survival rates of 3% [2]. During the past 5 years, treatment with
immune-checkpoint inhibitors (ICIs) has transformed the advanced NSCLC treatment
landscape. Improved OS was observed in patients receiving ICIs in the second or later
lines of treatment [3–5]. Furthermore, in the first-line (1L) randomized controlled trials
(RCTs), KEYNOTE-024 and KEYNOTE-042, the median overall survival (mOS) improved
to 26.3 and 20 months with ICIs compared to 14.2 and 12.2 months with chemotherapy
(CTx), respectively [6–8]. These results led to the approval of 1L ICI treatment in Denmark
on 1 February 2017. Programmed Death-Ligand 1 (PD-L1) is currently used as a predictive
biomarker for ICI treatment. PD-L1 ≥ 50% is the cut-off for 1L ICI monotherapy based on
RCTs that enrolled patients with different PD-L1 cut-offs [5]. However, the efficacy of ICIs
in highly selected patients included in the RCTs may not be reproducible in patients treated
in a routine clinical setting because of the impact of patient-, provider-, and system-related
factors [9,10]. Therefore, real-world studies (RWS) on ICIs in consecutively treated patients
have focused on patient-related factors (age, Eastern Cooperative Oncology Group (ECOG)
performance status (PS) ≥ 2, and brain metastases) [11]. These studies indicate that patients
aged > 70 years have an mOS comparable to that of younger patients [12]. In addition,
patients with brain metastases have an mOS comparable to that of patients without brain
metastases [13,14]. By contrast, PS ≥ 2 has been associated with significantly reduced
mOS, independent of treatment line, and a systematic review demonstrated a pooled mOS
hazard ratio (HR) of 2.72 compared to PS 0–1 [15,16]. RWS indicate significantly reduced
response rates and impaired mOS in patients with bone metastases (BoM) compared to
those without [17,18]. This suggests a reduced ICI effect in patients with BM; however,
more data from RCTs and larger RWS are warranted. The expected change in overall
survival (OS) in patients with advanced NSCLC after the clinical implementation of ICIs
has only been sparsely investigated [19,20].
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This nationwide RWS aimed to compare the OS before and after the implementation
of 1L ICI in patients with advanced NSCLC without epidermal growth factor receptor
(EGFR) or anaplastic lymphoma kinase (ALK) molecular alterations. Furthermore, the aim
was to uncover prognostic factors for OS and report on treatment data in patients treated
with 1L ICI.

2. Material and Methods
2.1. Patients
2.1.1. Cohorts from the Danish Lung Cancer Registry (DLCR)

The DLCR, a part of the Danish Clinical Quality Program (National Clinical Registries),
includes data automatically transferred from other national registries [21,22]. From the
DLCR, baseline demographics and clinical data were extracted for patients with NSCLC,
without EGFR/ALK molecular alterations, who started 1L palliative antineoplastic treat-
ment from 1 March 2013 to 1 October 2018 (n = 6890) (Figure 1; Figure S1). This cohort
was separated into a DLCR pre-approval cohort, comprising patients who started treatment
before the approval of ICIs in any line (1 March 2013 to 1 August 2014; n = 1658), and a
DLCR post-approval cohort, comprising patients who started treatment after the approval
of 1L ICI in Denmark (1 March 2017 to 1 October 2018; n = 2055). To minimize the impact
of second-line ICI (implemented in Denmark in September 2015), patients who started
1L treatment between 2 August 2014 and 28 February 2017 (n = 3177), were excluded
(Figure 1).

Figure 1. Flowchart showing the generation of the Danish Lung Cancer Registry (DLCR) cohorts
before and after the approval of immune checkpoint inhibitors (ICIs). Treatment data from the
electronic health records (EHRs) were applied on the DLCR post-approval cohort to divide patients
into the DLCR-chemotherapy (CTx) and DLCR-ICI cohorts. Due to missing and inaccurate data in the
DLCR, 97 ICI-treated patients identified from institutional records were not registered in the DLCR.
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2.1.2. ICI Cohort Identified from Electronic Health Records (EHRs)

Data on PS and metastatic sites, and antineoplastic treatment details are lacking in
the DLCR. To obtain these data on the 1L ICI-treated patients, the nationwide ICI cohort
of consecutive patients initiating 1L ICI-treatment between 1 March 2017 and 1 October
2018 (n = 579) in all oncology departments administering ICIs in Denmark (n = 11) was
identified. EHRs were reviewed in order to obtain clinical and treatment data on the
ICI-treated patients.

2.1.3. Matching of the DLCR Post-Approval Cohort and the EHR-Identified ICI Cohort

Stratification according to systemic antineoplastic treatment in the DLCR post-approval
cohort was accomplished by matching with the EHR-identified ICI cohort. A match of 83%
was observed, and the ICI-treated patients in the DLCR post-approval cohort were identified
(DLCR-ICI cohort, n = 482). Thus, 97 patients identified from institutional records were not
included in the DLCR post-approval cohort (mismatch; Figure 1). According to the national
treatment guidelines at that time, the standard 1L treatment of the remaining patients in
the DLCR post-approval cohort was platinum-doublet CTx (DLCR-CTx cohort; n = 1573)
(Figure 1).

Hence, two different ICI cohorts were identified. The DLCR-ICI cohort that was used
in the analyses comparing the OS before and after the implementation of 1L ICI, and the
EHR-identified ICI cohort that was used in the detailed analyses of ICI-related clinical
outcomes and treatment data.

2.2. Data Management of the EHR-Identified ICI Cohort

Due to our study definition of 1L treatment (first palliative treatment after NSCLC
diagnosis or at relapse ≥ 6 months after curatively intended treatment), 12 patients (2%)
received nivolumab (3 mg/kg every 2 weeks). ICI doses were prescribed according to
Danish guidelines at the time, with a fixed pembrolizumab dose at 200 mg or 2 mg/kg
every 3 weeks for a maximum of 2 years. Individual ICI dose intensities (mg/kg/time)
were not recorded [23]. The reasons for ICI discontinuation were recorded, and the types
of immune-related adverse events (irAEs) leading to ICI discontinuation were recorded.
Additionally, hospitalization due to irAEs was recorded as a dichotomous variable (yes/no).
Radiologic assessments according to the Response Evaluation Criteria in Solid Tumors
were not consistently available. Therefore, the date of disease progression was defined
as the date of radiologically-verified progressive disease (PD). If no radiological PD was
evident, the date of PD was defined as the first clinical evidence of PD leading to ICI
discontinuation. The index date was defined as the date of the first ICI administration. For
patients still alive, the censoring date was 1 March 2020, and the date of last follow-up was
defined as the last EHR-documented patient contact. Time-to-event measures were OS,
progression-free survival (PFS), and time to treatment discontinuation (TTD).

2.3. Statistical Methods
2.3.1. The DLCR Cohorts

The chi-square test was used to test for differences in categorical baseline characteris-
tics between the pre- and post-approval cohorts, similarly to the DLCR-CTx and DLCR-ICI
cohorts. The TNM stage was not considered due to the large proportion of missing values
in the DLCR. Kaplan–Meier (KM) estimates were used to assess OS, and the log-rank test
was used to compare the estimated survival curves.

2.3.2. The EHR-Identified ICI Cohort

KM estimates were used to assess OS, PFS, and TTD, and log-rank tests were used
to test for differences according to baseline characteristics. In the survival analyses, the
Charlson Comorbidity Index Score (CCIS) was categorized as 0–1 and ≥2. Smoking status
was excluded from the analyses due to a limited number of “never smokers” and the
heterogenous smoking patterns in the “former smoking” group. TNM stage was excluded
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as a covariate from the survival analyses because of its interaction with metastatic sites.
The remaining baseline characteristics were included as covariates and, for each of them,
the assumption of proportional hazard function was assessed. Since the ECOG PS violated
the assumption, weighted univariable and multivariable Cox regressions were used [24].
Multivariable Cox regression analysis was extended with an interaction between sex and
histopathology. Survival analyses were not adjusted for age-related background mortality.
The median follow-up was calculated using the reverse KM estimate.

All analyses were performed using R version 4.0.2 (R Core Team, Vienna, Austria) [25].
The survival- and ggsurvplot-packages were used to construct the KM estimates, and the
coxphw package was used to perform the weighted Cox regressions.

3. Results
3.1. The DLCR Cohorts
3.1.1. Baseline Characteristics

Comparing baseline characteristics between the DLCR pre-approval (n = 1658) and
post-approval (n = 2055) cohorts showed a significant increase in the median age (from 68
to 70 years, p < 0.0001) (Table S1). Compared to the pre-approval cohort, the post-approval
cohort comprised a significantly higher proportion of female patients (50.2% vs. 46.9%,
p = 0.05) and adenocarcinomas (58.8% vs. 53.3%, p < 0.0001) (Table S1). Additionally, signif-
icant differences in TNM stage was found (p < 0.0001) before and after the implementation
of ICIs; however, large differences in missing values were also observed (the post-approval
cohort n = 246, the pre-approval cohort, n = 69) (Table S1). No differences in CCIS were
found (Table S1).

The DLCR-ICI cohort (n = 482) had a larger proportion of female patients than the
DLCR-CTx cohort (n = 1573) (58.3% vs. 47.7%, p < 0.0001) (Table S2). Significant differences
were found in the distribution of NSCLC histopathology, with a higher proportion of squa-
mous cell carcinomas in the DLCR-CTx cohort, and higher proportions of adenocarcinomas
and “other” in the DLCR-ICI cohort (Table S2).

3.1.2. OS before and after the Implementation of ICIs

Significant differences were seen in OS between the DLCR cohorts (p-value < 0.0001),
with notable differences in mOS, and 1-, 2-, and 3-year survival rates (Figure 2 and Table 1).
The greatest survival improvement was observed in patients receiving ICIs with a mOS
increase from 7.8 months (95% CI 7.4–8.2) to 19.0 months (95% CI 16.0–22.0), 1-year OS rate
from 31% to 64%, 2-year OS rate from 12% to 42% and 3-year OS rate from 6% to 29%.

Table 1. Survival of patients with advanced NSCLC treated with systemic antineoplastic treatment before and after the
introduction of ICIs.

DLCR Cohorts n (%) mOS (Months)
(95% CI)

1-Year OS (%)
(95% CI)

2-Year OS (%)
(95% CI)

3-Year OS (%)
(95% CI)

Pre-approval cohort 1658 (100) 7.8 (7.4–8.2) 31 (29–33) 12 (10–14) 6 (5–7)
Post-approval cohort 2055 (100) 11.0 (10.2–11.9) 48 (46–50) 27 (25–29) 18 (16–20)
CTx 1573 (77) 9.5 (8.9–10.3) 43 (40–45) 22 (21–25) 14 (12–17)
ICI 482 (23) 19.0 (16.0–22.0) 64 (60–68) 42 (38–47) 29 (24–35)

Median overall survival (mOS), 1-, 2-, and 3-year overall survival (OS) rates with 95% confidence interval (CI) before and after the approval
of ICI treatment (the pre-approval cohort 1 January 2013–1 August 2014 and the post-approval cohort 1 March 2017–1 October 2018).
NSCLC; non-small cell lung cancer; DLCR, Danish Lung Cancer Registry; n, number of patients; CTx, chemotherapy; ICI, immune
checkpoint inhibitor.

3.2. The EHR-Identified ICI Cohort
3.2.1. ICI Efficacy

The baseline characteristics of the EHR-identified ICI-treated patients (n = 579) are
presented in Table 2.
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Figure 2. Overall survival (OS) of patients in Denmark before and after the approval of first-line
immune checkpoint inhibitor (ICI). The survival of patients treated with chemotherapy (CTx) before
the approval (pre) was compared to survival of patients treated with either CTx or ICI after the
approval (post (CTx) and post (ICI)). DLCR, Danish Lung Cancer Registry.

Table 2. Baseline characteristics, ICI cohort.

Baseline Characteristics n (%)

All patients 579

Age, median years (range) 70 (45–88)
<75 441 (76)
≥75 138 (24)

Sex
Male 246 (42)
Female 333 (58)

ECOG performance status
0 194 (34)
1 295 (51)
≥2 90 (15)

CCIS
0 (none) 217 (37)
1 (mild) 169 (29)
2 (moderate) 103 (18)
3+ (severe) 90 (16)

Smoking status
Current 189 (33)
Former 343 (59)
Never 26 (4)
Unknown 21 (4)
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Table 2. Cont.

Baseline Characteristics n (%)

TNM stage and metastatic sites
III 109 (19)
IV a 470 (81)
Brain 38 (7)
Bone 162 (28)
Liver 63 (11)
Adrenal 86 (15)
Distant lymph nodes 174 (30)

NSCLC histopathology
Adenocarcinoma 409 (71)
Squamous cell carcinoma 135 (23)
Other b 35 (6)

PD-L1
Negative
≥1% and <50%

3 (0.5)
20 (3.5)

≥50% 552 (95.3)
Unknown 4 (0.7)

Prior treatment with curative intention
Surgery ± adj. CTx 39 (7)
CRT 46 (8)
Surgery and CRT 16 (3)
None 478 (82)

Prior palliative RT c

Yes 71 (12)
No 508 (88)

a Patients may be registered with more than one metastatic site; b ‘Other’ includes NSCLC NOS (not otherwise
specified) and adenosquamous carcinoma; c Prior palliative radiotherapy for NSCLC (primary lesion or metastatic
site). n, number of patients; ECOG, Eastern Cooperative Oncology Group; CCIS, Charlson Comorbidity Index
Score; TNM, tumor-node-metastasis classification of malignant tumors; NSCLC, non-small cell lung cancer; PD-L1,
programmed death-ligand 1; adj. CTx, adjuvant chemotherapy; CRT, chemoradiotherapy; RT, radiotherapy.

ICI was administered following the primary diagnosis in 477 (82%) patients. The
remaining patients received ICI after curatively intended surgery +/− adjuvant CTx
(n = 39; 7%), chemoradiotherapy (CRT) (n = 46; 8%), or both (n = 16; 3%). PD-L1 was
unknown or <50% in 27 patients (4.7%). The treatment data and reasons for treatment
discontinuation are shown in Table 3.

At the censoring date, 38 patients (7%) were still on ICI treatment. The median follow-
up period was 27.2 months (95% CI 26.7–28.2), and the median TTD was 4.8 months (95%
CI 4.1–5.5) (Table S3).

PD was the most common reason for ICI discontinuation (n = 250, 46%), and half
of the patients discontinued ICIs within six cycles (Figure S2). More reasons for ICI
discontinuation were irAEs only (28%), poor PS (11%), completion of 2 years ICI (7%), and
“other reasons” (9%) (Table 3). Following ICI treatment, systemic antineoplastic treatment
was administered to 179 patients (33%). Of these patients, 28% received ≥ 2 treatment lines.

3.2.2. Clinical Outcomes

The mOS was 18.3 months (95% CI 16.0–21.3); 15.2 (95% CI 13.0–18.3) in male and 21.5
(95% CI 18.0–25.1) in female patients. The mOS for patients with PS 0 was 28 months (95%
CI 21.5–NR) compared to the 14.6 (95% CI 12.7–19.0) and 12.8 months (95% CI 7.6–16.1) in
patients with PS 1 and PS ≥ 2, respectively. In patients with BoM, the mOS was 12.0 months
(95% CI 9.5–14.9) compared to the 21.5 months (95% CI 19.0–24.9) in patients without. The
mPFS was 8.2 months (95% CI 7.2–9.3); 7.1 (95% CI 6.0–8.5) in male and 8.8 (95% CI 7.9–11.8)
in female patients. The mPFS for patients with PS 0 was 11.0 months (95% CI 8.5–13.9)
compared to the 7.7 (95% CI 6.4–8.8) and 6.0 (95% CI 3.3–8.7) in patients with PS 1 and
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PS ≥ 2, respectively. In patients with BoM, the mPFS was 5.7 months (95% CI 4.4–7.8)
compared to the 9.4 months (95% CI 8.1–12.0) in patients without.

Table 3. ICI treatment and irAEs.

Treatment Characteristics n (%)

All patients 579
Median number of cycles (range) 7 (1–41)
Median days on treatment a (range) 127 (1–826)
Ongoing ICI treatment b 38 (7)
ICI discontinuation 541 (93)

ICI discontinuation due to c:
PD 250 (46)
Poor performance status 62 (11)
Two years of ICI d 39 (7)
IrAEs e 170 (31)
Pneumonitis 41 (8)
Hepatitis 31 (6)
Skin 10 (2)
Endocrinopathy 18 (3)
Diarrhea/colitis 37 (7)
Other f 52 (10)
IrAE only g 150 (28)
Other reasons 51 (9)

Hospitalization due to irAE 135 (23)
Grade 5 toxicity (death) 12 (2)

a Median time of ICI treatment = time to treatment discontinuation (TTD). b At date of censoring. c Each patient
could be registered with more than one cause of treatment discontinuation. d Patients who received at least
2 years of ICI treatment. e Each patient could be registered with more than one type of irAE as a cause of
treatment discontinuation. Percentage (in parentheses) describes the proportion of patients who stopped ICI
because of the specific irAE compared to all patients who discontinued ICI (n = 541) f “Other” are not specified
irAEs. g Proportion of patients with irAE as the only cause of treatment discontinuation. ICI, immune checkpoint
inhibitor; irAE, immune-related adverse event; n, number of patients; PD, progressive disease.

For information on mOS and mPFS according to all baseline characteristics see
Table S5.

In patients with PS 0–1, the estimated 3-year OS rate was 33% (95% CI 28–39) compared
to the 25% (95% CI 16–39) in patients with PS ≥ 2. Furthermore, the mTTD for patients
with PS ≥ 2 was 2.8 months (95% CI 1.4–4.2) (Table S3).

3.2.3. Prognostic Clinical Factors

KM estimates and log-rank tests showed that the OS was significantly reduced in male
patients and in patients with PS ≥ 1, BoM, and/or liver metastases, and in patients who
had received prior palliative RT (Table S4 and Figure S3). Baseline metastases in the brain,
adrenal glands, and/or distant lymph nodes, age ≥ 75 years, CCIS ≥ 2, or prior curative
treatment for NSCLC did not significantly affect OS (Table S5 and Figure S3). In the multi-
variable Cox regression analysis, PS 1 (HR = 1.86; 95% CI 1.44–2.39; p < 0.001) and PS ≥ 2
(HR = 2.19; 95% CI 1.5–3.18; p < 0.001), relative to PS 0, BoM (HR = 1.75; 95% CI 1.36–2.23;
p < 0.001), and liver metastases (HR = 1.44; 95% CI 1.0–2.07; p = 0.05) remained indepen-
dent of poor prognostic factors (Figure 3). Compared to patients with primary metastatic
disease, patients with a relapse after prior curative treatment (surgery ± adjuvant CTx,
curative CRT, or surgery + CRT) did not have a significantly improved OS.
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In the interaction analysis of sex and histopathology, male patients with squamous cell
carcinoma had significantly poorer survival than those with adenocarcinoma (HR = 1.70;
95% CI 1.18–2.47; p = 0.01). Univariable Cox regression results are given in Table S5.

4. Discussion

This nationwide Danish study was based on a consecutive cohort and demonstrated
a significantly improved 3-year OS rate of 29% in 1L ICI-treated NSCLC patients com-
pared to the 6% in those treated with 1L CTx before ICI implementation. However, more
patients with PS ≥ 2 may have been treated with 1L CTx than 1L ICI as the Danish ICI
recommendation applies to patients with PS 0–1 only. To our knowledge, this is the first
RWS of patients with NSCLC without EGFR/ALK molecular alterations that included
both large ICI cohorts and comparative cohorts since ICI treatment was implemented. An
increase in OS in CTx-treated patients was also observed, possibly due to subsequent ICI
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treatment, earlier diagnosis (including potential lead time bias), stage migration owing
to improved staging diagnostics, improved palliative care, changes in histopathological
subtypes, advances in molecular testing, and sex distribution over time [26,27]. Those
with PS ≥ 2 accounted for 15% of the ICI cohort in our RWS; however, these patients were
not included in previous RCTs. This may partly explain the lower 3-year OS rate and
mOS compared to those obtained in the KEYNOTE-024 and KEYNOTE-042 trials [6–8].
Furthermore, the poor OS of ICI-treated PS 1 patients in our study, could reflect a possible
misclassification of PS 2 patients as PS 1 patients because 1L ICI was approved only for
patients with PS 0-1. This issue complicates the comparison of PS data with other studies;
however, this potential bias is not addressed in other RWS. In contrast, the mOS of PS 0
patients in our study was 28 months, comparable to that of patients in the KEYNOTE-024
study [6,7]. In line with other ICI RWS, we found PS ≥ 2 and liver metastases to be poor
prognostic factors for OS [15–18,28]. Generally, the population of patients with PS 2 is het-
erogeneous and has worse clinical conditions due to comorbidities, higher tumor burden,
or both [28,29]. Patients with BoM accounted for 28% in our study and had significantly
worse mOS compared to patients without BoM. BoM has not been reported in RCTs and
is rarely reported in other RWS [17,18]. However, this information is essential because
the immune and skeletal systems are closely linked; for example, the receptor activator
of nuclear factor-κB ligand (RANKL) stimulation suppresses T-cell killing and enhances
immunosuppression in the bone tumor microenvironment [30,31]. Unfortunately, our RWS
did not include information on the administration of bone-modifying agents. Clinical
studies of the RANKL-inhibitor, denosumab, combined with ICIs are ongoing [32,33]. In
our study, prior curative treatment did not significantly affect OS. However, tumor burden
and the site of metastases at relapse, as well as the treatment strategy for oligometastatic
relapse could affect the OS in these patients.

The majority of patients in our study were female (58%), as opposed to other RCTs
and RWS, which reflects the higher proportion of female smokers in Denmark compared to
that in other countries [34,35]. Furthermore, the proportion of female patients with NSCLC
increased during the observed period.

A significant challenge with antineoplastic treatment (including ICIs) may be primary
tumor resistance to treatment. In our study, 22% of patients experienced PD within six
ICI cycles (i.e., 4.2 months of treatment). Various factors such as different PD-L1 intervals,
inter- and intra-tumoral PD-L1 heterogeneity, host-immune-related mechanisms, and
unidentified mutations such as STK11, along with currently unknown factors are possible
explanations for early PD [36–38]. Those patients could potentially derive benefit from
other 1L treatment options. Furthermore, pseudoprogression could be misinterpreted
as PD in some cases. To optimize response evaluation in ICI-treated patients, the use of
immune (i) RECIST could be implemented as a standard in the real-world setting as well
as in the RCTs [39]. Additionally, a standardization of response evaluation could improve
the comparability of ICI efficacy in RWS and RCTs.

RWS provide information on effectiveness in everyday clinical practice as they include
patient subgroups not reported or included in RCTs [9,11]. Furthermore, new hypotheses
can be generated from the RWS results. A major strength of this study is the substantial
nationwide cohort, which provides new information on large consecutive subgroups seen
in daily clinical practice, such as patients with PS ≥ 2, moderate-to-severe comorbidity,
organ metastases, and age > 75 years. Furthermore, in the Danish Healthcare System,
all patients have equal and free access to therapy, including ICIs (within the framework
of national guidelines), thus lowering the risk of selection bias. The limitations of our
study, and particularly related to the CTx-cohorts, are similar to those of other RWS with a
retrospective design, which is the lack of data completeness and data accuracy.

Based on our results, some main questions still need to be answered to optimize the
future ICI treatment of patients with advanced NSCLC. Primary resistance mechanisms in
patients with early PD need to be further explored. In future RCTs, a higher representation
of patients from daily clinical practice, and information on known prognostic factors such as
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metastatic load and location, is warranted. Prospective ICI investigations should focus on:
differences between RCTs and routine care; complementary tools to assess patients’ daily
living activities, frailty, and reasons leading to poor PS; possible differences between male
and female patients. Furthermore, the optimal registration and research use of real-time
clinical, molecular, and patient-reported data need to be established.

5. Conclusions

In this comprehensive nationwide study, we demonstrated that both the mOS and the
long-term survival of real-world patients with advanced EGFR- and ALK negative NSCLC,
treated with systemic antineoplastic treatment, has improved since the implementation of
ICIs in Denmark. The survival of ICI-treated patients was lower than demonstrated in the
RCTs, except for PS 0 patients. More than every fifth patient showed early PD within six
cycles of ICI, and this group of patients especially may benefit from alternative treatments,
if they could be identified upfront. PS ≥ 1, and bone and liver metastases were found
to be significantly associated with worse mOS. Sex, CCIS, and age ≥ 75 years did not
significantly affect the mOS.
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discontinuation due to progressive disease, Figure S3: Kaplan–Meier curves for the EHR-identified
ICI cohort according to age, bone metastases, performance status, and sex and histopathology, Table
S1: Comparison of baseline characteristics in the DLCR pre- and post-approval cohorts, Table S2:
Comparison of baseline characteristics in the post-approval DLCR-CTx and DLCR-ICI cohorts, Table
S3: Time to treatment discontinuation (TTD), Table S4: Median OS and PFS according to selected
baseline characteristics of ICI-treated patients, Table S5: Univariable Cox regression analysis.
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6. Reck, M.; Rodríguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csőszi, T.; Fülöp, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.;
et al. Pembrolizumab versus chemotherapy for PD-L1-positive non-small-cell lung cancer. N. Engl. J. Med. 2016, 375, 1823–1833.
[CrossRef]

7. Reck, M. WCLC 2019: KEYNOTE-024 Survival Update Shows Benefit with Pembrolizumab vs. Chemotherapy in Ad-
vanced NSCLC. Available online: https://ascopost.com/news/september-2019/keynote-024-survival-update/ (accessed on
18 May 2021).

8. Mok, T.S.K.; Wu, Y.-L.; Kudaba, I.; Kowalski, D.M.; Cho, B.C.; Turna, H.; Castro, G., Jr.; Srimuninnimit, V.; Laktionov, K.K.;
Bondarenko, I.; et al. Pembrolizumab versus chemotherapy for previously untreated, PD-L1-expressing, locally advanced or
metastatic non-small-cell lung cancer (KEYNOTE-042): A randomised, open-label, controlled, phase 3 trial. Lancet 2019, 393,
1819–1830. [CrossRef]

9. Singal, A.G.; Higgins, P.D.R.; Waljee, A.K. A primer on effectiveness and efficacy trials. Clin. Transl. Gastroenterol. 2014, 5, e45.
[CrossRef]

10. der Welle, C.M.C.-V.; The Santeon NSCLC Study Group; Verschueren, M.V.; Tonn, M.; Peters, B.J.M.; Schramel, F.M.N.H.; Klungel,
O.H.; Groen, H.J.M.; van de Garde, E.M.W. Real-world outcomes versus clinical trial results of immunotherapy in stage IV
non-small cell lung cancer (NSCLC) in the Netherlands. Sci. Rep. 2021, 11, 6306. [CrossRef] [PubMed]

11. Passaro, A.; Attili, I.; Morganti, S.; Del Signore, E.; Gianoncelli, L.; Spitaleri, G.; Stati, V.; Catania, C.; Curigliano, G.; de Marinis, F.
Clinical features affecting survival in metastatic NSCLC treated with immunotherapy: A critical review of published data. Cancer
Treat. Rev. 2020, 89, 102085. [CrossRef]

12. Luciani, A.; Marra, A.; Toschi, L.; Cortinovis, D.; Fava, S.; Filipazzi, V.; Tuzi, A.; Cerea, G.; Rossi, S.; Perfetti, V.; et al. Efficacy and
safety of anti-PD-1 immunotherapy in patients aged ≥ 75 years with non-small-cell lung cancer (NSCLC): An Italian, multicenter,
retrospective study. Clin. Lung Cancer 2020, 21, e567–e571. [CrossRef] [PubMed]

13. Bjørnhart, B.; Hansen, K.H.; Jørgensen, T.L.; Herrstedt, J.; Schytte, T. Efficacy and safety of immune checkpoint inhibitors in a
Danish real life non-small cell lung cancer population: A retrospective cohort study. Acta Oncol. 2019, 58, 953–961. [CrossRef]
[PubMed]

14. Hendriks, L.E.; Henon, C.; Auclin, E.; Mezquita, L.; Ferrara, R.; Audigier-Valette, C.; Mazieres, J.; Lefebvre, C.; Rabeau, A.; Le
Moulec, S.; et al. Outcome of patients with non–small cell lung cancer and brain metastases treated with checkpoint inhibitors. J.
Thorac. Oncol. 2019, 14, 1244–1254. [CrossRef]

15. Alessi, J.V.; Ricciuti, B.; Jiménez-Aguilar, E.; Hong, F.; Wei, Z.; Nishino, M.; Plodkowski, A.J.; Sawan, P.; Luo, J.; Rizvi, H.; et al.
Outcomes to first-line pembrolizumab in patients with PD-L1-high (≥50%) non-small cell lung cancer and a poor performance
status. J. Immunother. Cancer 2020, 8, e001007. [CrossRef] [PubMed]

16. Dall’Olio, F.G.; Maggio, I.; Massucci, M.; Mollica, V.; Fragomeno, B.; Ardizzoni, A. ECOG performance status ≥2 as a prognostic
factor in patients with advanced non small cell lung cancer treated with immune checkpoint inhibitors-A systematic review and
meta-analysis of real world data. Lung Cancer 2020, 145, 95–104. [CrossRef] [PubMed]

https://gco.iarc.fr/today/fact-sheets-populations
https://www.lungecancer.dk/rapporter/aarsrapporter/
http://doi.org/10.1056/NEJMoa1504627
http://doi.org/10.1056/NEJMoa1507643
http://doi.org/10.1016/S0140-6736(15)01281-7
http://doi.org/10.1056/NEJMoa1606774
https://ascopost.com/news/september-2019/keynote-024-survival-update/
http://doi.org/10.1016/S0140-6736(18)32409-7
http://doi.org/10.1038/ctg.2013.13
http://doi.org/10.1038/s41598-021-85696-3
http://www.ncbi.nlm.nih.gov/pubmed/33737641
http://doi.org/10.1016/j.ctrv.2020.102085
http://doi.org/10.1016/j.cllc.2020.05.004
http://www.ncbi.nlm.nih.gov/pubmed/32591311
http://doi.org/10.1080/0284186X.2019.1615636
http://www.ncbi.nlm.nih.gov/pubmed/31081424
http://doi.org/10.1016/j.jtho.2019.02.009
http://doi.org/10.1136/jitc-2020-001007
http://www.ncbi.nlm.nih.gov/pubmed/32753547
http://doi.org/10.1016/j.lungcan.2020.04.027
http://www.ncbi.nlm.nih.gov/pubmed/32417680


Cancers 2021, 13, 4846 13 of 13

17. Landi, L.; D’Incà, F.; Gelibter, A.; Chiari, R.; Grossi, F.; Delmonte, A.; Passaro, A.; Signorelli, D.; Gelsomino, F.; Galetta, D.; et al.
Bone metastases and immunotherapy in patients with advanced non-small-cell lung cancer. J. Immunother. Cancer 2019, 7, 316.
[CrossRef] [PubMed]

18. Cortellini, A.; Tiseo, M.; Banna, G.L.; Cappuzzo, F.; Aerts, J.G.J.V.; Barbieri, F.; Giusti, R.; Bria, E.; Cortinovis, D.; Grossi, F.; et al.
Clinicopathologic correlates of first-line pembrolizumab effectiveness in patients with advanced NSCLC and a PD-L1 expression
of ≥50. Cancer Immunol. Immunother. 2020, 69, 2209–2221. [CrossRef] [PubMed]

19. Wallrabenstein, T.; Del Rio, J.; Templeton, A.J.; Buess, M. Much has changed in the last decade except overall survival: A Swiss
single center analysis of treatment and survival in patients with stage IV non-small cell lung cancer. PLoS ONE 2020, 15, e0233768.
[CrossRef] [PubMed]

20. La, J.; Cheng, D.; Brophy, M.T.; Do, N.V.; Lee, J.S.; Tuck, D.; Fillmore, N.R. Real-world outcomes for patients treated with immune
checkpoint inhibitors in the Veterans Affairs system. JCO Clin. Cancer Inform. 2020, 4, 918–928. [CrossRef]

21. Jakobsen, E.; Rasmussen, T.R. The Danish Lung Cancer Registry. Clin. Epidemiol. 2016, 8, 537–541. [CrossRef]
22. Danish Lung Cancer Registry (DLCR). Available online: https://www.rkkp.dk/kvalitetsdatabaser/databaser/dansk-lunge-

cancer-register/ (accessed on 19 May 2021).
23. Freshwater, T.; Kondic, A.; Ahamadi, M.; Li, C.H.; De Greef, R.; De Alwis, D.; Stone, J.A. Evaluation of dosing strategy for

pembrolizumab for oncology indications. J. Immunother. Cancer 2017, 5, 43. [CrossRef]
24. Schemper, M.; Wakounig, S.; Heinze, G. The estimation of average hazard ratios by weighted Cox regression. Stat. Med. 2009, 28,

2473–2489. [CrossRef]
25. RCR Team. A Language and Environment for Statistical Computing. Available online: https://www.R-project.org/ (accessed on

19 May 2021).
26. Lortet-Tieulent, J.; Soerjomataram, I.; Ferlay, J.; Rutherford, M.; Weiderpass, E.; Bray, F. International trends in lung cancer

incidence by histological subtype: Adenocarcinoma stabilizing in men but still increasing in women. Lung Cancer 2014, 84, 13–22.
[CrossRef]

27. Sagerup, C.M.T.; Smastuen, M.; Johannesen, T.B.; Helland, Å.; Brustugun, O.T. Sex-specific trends in lung cancer incidence and
survival: A population study of 40,118 cases. Thorax 2011, 66, 301–307. [CrossRef]

28. Botticelli, A.; Cirillo, A.; Scagnoli, S.; Cerbelli, B.; Strigari, L.; Cortellini, A.; Pizzuti, L.; Vici, P.; De Galitiis, F.; Di Pietro, F.R.; et al.
The agnostic role of site of metastasis in predicting outcomes in cancer patients treated with immunotherapy. Vaccines 2020, 8, 203.
[CrossRef] [PubMed]

29. Facchinetti, F.; Mazzaschi, G.; Barbieri, F.; Passiglia, F.; Mazzoni, F.; Berardi, R.; Proto, C.; Cecere, F.L.; Pilotto, S.; Scotti, V.; et al.
First-line pembrolizumab in advanced non-small cell lung cancer patients with poor performance status. Eur. J. Cancer 2020, 130,
155–167. [CrossRef] [PubMed]

30. Jones, D.H.; Nakashima, T.; Sanchez, O.H.; Kozieradzki, I.; Komarova, S.V.; Sarosi, I.; Morony, S.; Rubin, E.; Sarao, R.; Hojilla, C.V.;
et al. Regulation of cancer cell migration and bone metastasis by RANKL. Nature 2006, 440, 692–696. [CrossRef] [PubMed]

31. Ahern, E.; Smyth, M.J.; Dougall, W.C.; Teng, M.W.L. Roles of the RANKL-RANK axis in antitumour immunity—Implications for
therapy. Nat. Rev. Clin. Oncol. 2018, 15, 676–693. [CrossRef] [PubMed]

32. Denosumab and Nivolumab Combination as 2d-Line Therapy in Stage IV NSC Lung Cancer with Bone Metastases (DENIVOS).
Available online: https://clinicaltrials.gov/ct2/show/NCT03669523?term=denosumab&cond=Lung+Cancer%2C+Nonsmall+
Cell&draw=2&rank=4 (accessed on 19 May 2021).

33. Evaluation of Denosumab in Combination with Immune Checkpoint Inhibitors in Patients with Unresectable or Metastatic
Melanoma (CHARLI). Available online: https://clinicaltrials.gov/ct2/show/NCT03161756?term=denosumab&cond=
Melanoma+Stage&draw=2&rank=1 (accessed on 19 May 2021).

34. Yang, F.; Markovic, S.N.; Molina, J.R.; Halfdanarson, T.R.; Pagliaro, L.C.; Chintakuntlawar, A.V.; Li, R.; Wei, J.; Wang, L.; Liu,
B.; et al. Association of sex, age, and Eastern Cooperative Oncology Group performance status with survival benefit of cancer
immunotherapy in randomized clinical trials: A systematic review and meta-analysis. JAMA Netw. Open 2020, 3, e2012534.
[CrossRef]

35. OECD. Smoking among Adults. Available online: http://dx.doi.org/10.1787/health_glance_eur-2016-22-en (accessed on 19 May 2021).
36. Aguilar, E.; Ricciuti, B.; Gainor, J.; Kehl, K.; Kravets, S.; Dahlberg, S.; Nishino, M.; Sholl, L.; Adeni, A.; Subegdjo, S.; et al. Outcomes

to first-line pembrolizumab in patients with non-small-cell lung cancer and very high PD-L1 expression. Ann. Oncol. 2019, 30,
1653–1659. [CrossRef]

37. Boyero, L.; Sánchez-Gastaldo, A.; Alonso, M.; Noguera-Uclés, J.F.; Molina-Pinelo, S.; Bernabé-Caro, R. Primary and acquired
resistance to immunotherapy in lung cancer: Unveiling the mechanisms underlying of immune checkpoint blockade therapy.
Cancers 2020, 12, 3729. [CrossRef]

38. Papillon-Cavanagh, S.; Doshi, P.; Dobrin, R.; Szustakowski, J.; Walsh, A.M. STK11 and KEAP1 mutations as prognostic biomarkers
in an observational real-world lung adenocarcinoma cohort. ESMO Open 2020, 5, e000706. [CrossRef]

39. Seymour, L.; Bogaerts, J.; Perrone, A.; Ford, R.; Schwartz, L.H.; Mandrekar, S.; Lin, N.U.; Litière, S.; Dancey, J.; Chen, A.;
et al. iRECIST: Guidelines for response criteria for use in trials testing immunotherapeutics. Lancet Oncol. 2017, 18, e143–e152.
[CrossRef]

http://doi.org/10.1186/s40425-019-0793-8
http://www.ncbi.nlm.nih.gov/pubmed/31752994
http://doi.org/10.1007/s00262-020-02613-9
http://www.ncbi.nlm.nih.gov/pubmed/32474768
http://doi.org/10.1371/journal.pone.0233768
http://www.ncbi.nlm.nih.gov/pubmed/32470017
http://doi.org/10.1200/CCI.20.00084
http://doi.org/10.2147/CLEP.S99458
https://www.rkkp.dk/kvalitetsdatabaser/databaser/dansk-lunge-cancer-register/
https://www.rkkp.dk/kvalitetsdatabaser/databaser/dansk-lunge-cancer-register/
http://doi.org/10.1186/s40425-017-0242-5
http://doi.org/10.1002/sim.3623
https://www.R-project.org/
http://doi.org/10.1016/j.lungcan.2014.01.009
http://doi.org/10.1136/thx.2010.151621
http://doi.org/10.3390/vaccines8020203
http://www.ncbi.nlm.nih.gov/pubmed/32353934
http://doi.org/10.1016/j.ejca.2020.02.023
http://www.ncbi.nlm.nih.gov/pubmed/32220780
http://doi.org/10.1038/nature04524
http://www.ncbi.nlm.nih.gov/pubmed/16572175
http://doi.org/10.1038/s41571-018-0095-y
http://www.ncbi.nlm.nih.gov/pubmed/30232468
https://clinicaltrials.gov/ct2/show/NCT03669523?term=denosumab&cond=Lung+Cancer%2C+Nonsmall+Cell&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03669523?term=denosumab&cond=Lung+Cancer%2C+Nonsmall+Cell&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03161756?term=denosumab&cond=Melanoma+Stage&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03161756?term=denosumab&cond=Melanoma+Stage&draw=2&rank=1
http://doi.org/10.1001/jamanetworkopen.2020.12534
http://dx.doi.org/10.1787/health_glance_eur-2016-22-en
http://doi.org/10.1093/annonc/mdz288
http://doi.org/10.3390/cancers12123729
http://doi.org/10.1136/esmoopen-2020-000706
http://doi.org/10.1016/S1470-2045(17)30074-8

	Introduction 
	Material and Methods 
	Patients 
	Cohorts from the Danish Lung Cancer Registry (DLCR) 
	ICI Cohort Identified from Electronic Health Records (EHRs) 
	Matching of the DLCR Post-Approval Cohort and the EHR-Identified ICI Cohort 

	Data Management of the EHR-Identified ICI Cohort 
	Statistical Methods 
	The DLCR Cohorts 
	The EHR-Identified ICI Cohort 


	Results 
	The DLCR Cohorts 
	Baseline Characteristics 
	OS before and after the Implementation of ICIs 

	The EHR-Identified ICI Cohort 
	ICI Efficacy 
	Clinical Outcomes 
	Prognostic Clinical Factors 


	Discussion 
	Conclusions 
	References

