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Purpose: Few studies have described real-world treatment patterns and survival before the 
widespread use of immune checkpoint inhibitors (ICIs). We aimed to describe anti-cancer 
treatment including the use of programmed cell death-1 and ligand-1 (PD-1/PD-L1) ICIs and 
overall survival (OS) in advanced cancer patients as a benchmarking real-world standard 
before widespread use of ICIs.
Patients and Methods: Using nationwide Danish medical registries, we assembled cohorts of 
Danish patients with advanced non-small cell lung cancer (NSCLC) (n=12,283), urothelial 
carcinoma (n=2504), epithelial ovarian cancer (n=1466), gastric adenocarcinoma (n=1457), 
and renal cell carcinoma (RCC) (n=1261) diagnosed between 1/1/2013 and 31/12/2017. We 
describe anti-cancer treatment and OS using proportions, medians, and Kaplan–Meier methods.
Results: Between 9% (ovarian cancer) and 25% (gastric adenocarcinoma) of patients did not 
receive anti-cancer treatment. The remaining patients received surgery, radiation therapy, 
and/or medical therapy. Chemotherapy was the most frequent medical therapy in all cohorts 
except for RCC (tyrosine kinase inhibitors). PD-L1/PD-1 ICIs were used in 7–8% of the 
NSCLC and RCC cohorts—mainly as second or higher line treatments. OS was longest in 
patients starting treatment with surgery (eg 25.6 months [95%-confidence interval (CI) 
=21.9–29.4] for NSCLC and 21.4 months [95%-CI=19.8–23.5] for urothelial carcinoma) 
and shortest for radiation therapy (eg 3.9 months [95%-CI=3.6–4.2] for NSCLC and 12.6 
months [95%-CI=9.2–17.5] for urothelial carcinoma). NSCLC patients starting with medical 
therapy had OS between these limits. Median OS for NSCLC patients starting treatment with 
PD-L1/PD-1 ICIs was 21.4 months (95%-CI=13.9-not estimable).
Conclusion: Most patients with advanced NSCLC, urothelial carcinoma, epithelial ovarian 
cancer, gastric adenocarcinoma and RCC had poor OS in an era where only a minority 
received PD-L1/PD-1 ICIs. This information on treatment patterns and survival is important 
as a benchmarking real-world standard before widespread use of ICIs.
Keywords: cancer, treatment, survival, immunotherapy, programmed cell death-1 immune 
checkpoint inhibitors, programmed cell death-ligand-1 immune checkpoint inhibitors

Introduction
Surgery, radiation therapy, chemotherapy, and targeted therapy are traditional treatment 
modalities for cancer.1,2 Immunotherapy is increasingly used as a primary treatment and 
in treatment-refractory advanced disease.3 The immune checkpoint inhibitors (ICIs) 
targeting programmed cell death 1 (PD-1) and programmed cell death ligand 1 (PD- 
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L1) block tumor-related downregulation of the immune sys-
tem, thereby enhancing anti-tumor immunity.4 The first PD-L1 
/PD-1 ICI was approved by the US Food and Drug adminis-
tration in 2014 and by the European Medicines Agency in 
2015 for advanced melanoma.3,5 Since then, these drugs have 
been approved for several cancers, including advanced non- 
small cell lung cancer (NSCLC), urothelial carcinoma, renal 
cell carcinoma (RCC), and gastric cancer, where PD-L1/PD-1 
ICIs demonstrate prolonged survival.3,6–8 PD-L1/PD-1 ICIs 
are now standard care in Denmark for subgroups of patients 
with NSCLC, urothelial carcinoma, and RCC (Supplementary 
Table S1). PD-L1/PD-1 ICIs are being evaluated as treatments 
for advanced ovarian cancer.9

Given this changing treatment landscape, it is impor-
tant to document the use of anti-cancer treatments in 
routine clinical care and overall survival across diverse 
cancers. This can function as a benchmark standard for 
evaluating the future treatment patterns and survival after 
the more widespread adoption of PD-L1/PD-1 ICIs into 
routine clinical care. This is particularly important because 
patients and treatment delivery often differ between rou-
tine clinical care and clinical trials.10 Therefore, we aimed 
to use Danish nationwide health registries to describe and 
graphically illustrate the real-world utilization and patterns 
of anti-cancer treatment, including the use of PD-L1/PD-1 
ICIs and overall survival among patients with advanced 
NSCLC, urothelial, ovarian, gastric, and renal cell cancer.

Materials and Methods
The Danish national health care system provides the entire 
Danish population with unrestricted access to tax- 
supported health care and free-of-charge treatment at 
hospitals.11 The Danish Cancer Registry has collected 
information since 194312 and the Danish National Patient 
Registry (DNPR) since 1977.13 All Danish residents are 
assigned a unique personal identification number, which 
can be used to link information in these registers and the 
Danish Civil Registration System, which records informa-
tion on immigrations and deaths for Danish residents.14,15 

We utilized these resources to perform this nationwide, 
register-based study including 5 epidemiological cohorts 
of cancer patients in Denmark as outlined below.

Population and Follow-Up
We selected five cohorts of patients with advanced cancer 
diagnosed between January 1, 2013 and December 31, 
2017 based on data from the Danish Cancer Registry on 
International Classification of Disease (ICD) version 10 

(ICD-10) codes, ICD-Oncology version 3 (ICD-O3) mor-
phology codes, and stage of cancer defined according to 
the 7th Edition of the American Joint Committee on 
Cancer (AJCC) Cancer Staging Manual using variables 
on tumor (T), node (N), and metastasis (M).12,16

We included NSCLC, epithelial ovarian cancer, gastric 
adenocarcinoma and RCC patients with AJCC stage III 
and IV at the time of diagnosis. For urothelial carcinoma, 
we included AJCC stage II, III, and IV (muscle-invasive 
and metastatic urothelial carcinoma) because the 
European Association of Urology divide their treatment 
guidelines for bladder cancer into ”Non-muscle-invasive 
bladder cancer” and “Muscle-invasive and metastatic 
bladder cancer”.17 Where information was missing on 
one or more of the TNM variables, we included patients 
if the available TNM information was sufficient to indi-
cate that the patient had at least AJCC stage III (stage II 
for urothelial carcinoma). The specific criteria for each 
cohort are outlined in Figure 1. The Danish Cancer 
Registry only registers information about the primary 
tumor at diagnosis; therefore, we could not include 
patients who progressed to advanced disease after 
diagnosis.

We followed all cohorts of patients from the date of 
diagnosis to death, emigration, new primary cancer, or last 
date with available data (December 31, 2018). We cen-
sored on new primary cancers, as this may affect subse-
quent treatment patterns and survival.

Patient Characteristics
We included gender, age, AJCC stage, year of cancer 
diagnosis, and Charlson co-morbidity index at the time 
of diagnosis. The Charlson co-morbidity index is 
a weighted index of comorbidities, which we calculated 
using ICD-8 and ICD-10 diagnoses in the DNPR from 
1977 until and including the date of inclusion in this 
study, excluding cancer diagnoses.18

We obtained information about tests for PD-L1 muta-
tions from the Danish National Pathology Registry.19,20

Anti-Cancer Treatment and Procedures
We retrieved information on anti-cancer treatments and pro-
cedures from the DNPR from the date of diagnosis until end 
of follow-up. We included therapeutic intent surgeries for 
each cancer and we defined radiation therapy and medical 
therapy (overall and subdivided into different types) using 
treatment codes from the DNPR (Supplementary Coding 
Appendix). The treatment codes included specific (eg 
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“treatment with cisplatin”) and non-specific codes (eg “cyto-
static treatment”). In addition to groups of specific medical 
therapy types (eg chemotherapy and tyrosine kinase inhibi-
tors), we included “unspecified medical therapy” consisting 
of non-specific codes and “other medical therapy” consisting 
of treatment codes indicating specific drugs or drug classes, 
which are uncommon treatments for the included cancers. 
We identified lines of medical therapy in the DNPR using 
a validated algorithm, which incorporated information on 
chemotherapy and targeted therapies (manuscript in prepara-
tion). We revised the algorithm to also include all the med-
ical therapies included in this study (revised algorithm 
published on GiTHub: https://github.com/BiankaDarvalics/ 
medical_therapy_line_algorithm/tree/1.0.0 [doi: 10.5281/ 
zenodo.5495900]).

We also outlined the number of patients who received 
at least one treatment with a PD-L1/PD-1 ICI (avelumab, 
atezolizumab, durvalumab, nivolumab, pembrolizumab).

Ethics
Under Danish law, ethical permission is not required for 
registry-based research. This study followed the EU 
General Data Protection Regulation. Data was obtained 
from the Danish Health Data Authority.

Statistical Methods
Analyses were performed separately for each cohort. First, 
we described the characteristics of the cohort, followed by 
the utilization of anti-cancer treatment and procedures and 
types of medical therapy using proportions, means, and 
medians as appropriate and illustrated graphically with hor-
izontally stacked bar charts, density plots, and bar charts. We 
created Sankey plots to illustrate patient transition through 
different types of treatments. These plots included surgery, 
radiation therapy and the most frequent medical therapy for 
each cohort, including the remaining medical therapies in the 

Figure 1 Flowchart of selection of the patients with advanced non-small cell lung cancer, urothelial carcinoma, epithelial ovarian cancer, gastric adenocarcinoma, or renal cell 
carcinoma included in the study. 
Notes: Stage was defined according to the 7th Edition of the AJCC Cancer Staging Manual. a) ICD-O3 morphology codes different from: 81,403, 80,703, 80,463, 80,133, 
82,303, 85,603, 80,833, 84,803, 82,603, 80,333, 80,123, 80,713, 82,503, 80,723, 81,233, 80,743, 80,323, 80,143, 80,763, 80,103, 80,203. b) ICD-O3 morphology codes 
different from: 81,203, 81,223, 81,313. c) Sixteen patients had two registrations with bladder or urothelial transitional cell carcinoma AJCC stage II, III, and IV in DCR, we 
excluded the latest of these registrations. d) ICD-O3 morphology codes different from: 80,103, 80,203, 80,703, 81,203, 81,403, 82,303, 82,403, 82,463, 82,493, 82,603, 
83,103, 83,803, 84,413, 84,503, 84,603, 84,613, 84,703, 84,743, 84,803, 84,903, 85,603. e) ICD-O3 morphology codes different from: 81,403, 81,433, 81,443, 81,453, 82,103, 
82,113, 82,603, 83,103, 84,803, 84,903, 82,303. f) ICD-O3 morphology codes different from: 83,103, 83,123. 
Abbreviations: AJCC, American Joint Committee on Cancer; DCR, Danish Cancer Registry; DCRS, Danish Civil Registration System; ICD-10, international classification 
of diseases tenth revision; ICD-O3, international classification of diseases-Oncology version 3; n, number of patients.
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“other medical therapy group”. However, we included PD- 
L1/PD-1 ICIs as a separate group for each cancer to show the 
extent of use as anti-cancer treatment. For the NSCLC cohort 
and urothelial carcinoma cohort, we also created Sankey 
plots separately for patients diagnosed in 2017 to show the 
use of PD-L1/PD-1 ICIs in more recently diagnosed patients.

We used Kaplan–Meier plots to illustrate overall survival 
since diagnosis with all-cause death from the Danish Civil 
Registration System as the event and censoring at the end of 
follow-up.21 We also used Kaplan–Meier plots of overall 
survival from the date of first anti-cancer treatment according 
to the main groups of the first anti-cancer treatment with 
enough patients to ensure anonymity. In supplemental ana-
lyses, we stratified these Kaplan–Meier plots by stage at 
diagnosis.

We used SAS version 9.4 for analyses and R version 
4.0.2 for visualizations.

Results
We included 18,971 cancer patients (Figure 1) which are 
characterized in Figure 2 and Supplementary Table S2. 
Treatment patterns and survival are described below by 
cohort.

NSCLC
Among 12,283 patients with AJCC stage III and IV 
NSCLC, 20% did not receive anti-cancer treatment, 
while around 60% received radiation therapy and medical 

therapy (mainly chemotherapy) at least once (Figure 3 and 
4, and Supplementary Table S3). Around 7% got PD-L1 
/PD-1 ICIs at least once with a median of 32 days from 
diagnosis to first treatment with PD-L1/PD-1 ICIs (quartile 
1-quartile 3=23-48; Figure 4 and Supplementary Tables S3 
and S4). Chemotherapy was the most frequent first anti- 
cancer treatment; 2% received PD-L1/PD-1 ICIs as the 
first anti-cancer treatment (Supplementary Figure S1). 
When restricting to patients diagnosed in 2017, 8% 
received PD-L1/PD-1 ICIs as the first treatment 
(Supplementary Figure S2). The median overall survival 
time from date of NSCLC diagnosis was 8.0 months 
(95%-confidence interval (CI)=7.8–8.3) but was consider-
ably longer for patients with stage III at diagnosis (17.0 
months; 95%-CI=16.2–17.9) compared with stage IV at 
diagnosis (5.7 months; 95%-CI=5.4–5.9; Figure 5 and 
Supplementary Table S6). The median overall survival 
from date of initiation of the first anti-cancer treatment 
was longest for patients with surgery as the first treatment 
(25.6 months; 95%-CI= 21.9–29.4) followed by patients 
with PD-L1/PD-1 ICIs (21.4 months; 95%-CI=13.9-not 
estimable) and shortest for patients who received only 
radiation therapy (3.9 months; 95%-CI=3.6–4.2; Figure 5 
and Supplementary Table S6). More patients with stage III 
received surgery as a first treatment compared with stage 
IV (Supplementary Table S5); for stage IV, the median 
survival was longer for patients receiving PD-L1/PD-1 
ICIs and tyrosine kinase inhibitors than for patients 

Figure 2 Patient characteristics. 
Notes: In the plots for age and follow-up time, the first quartile, median, and third quartile are indicated by vertical lines. Stage is defined according to the 7th Edition of the 
AJCC Cancer Staging Manual based on information on tumor size (T), node status (N), and metastasis (M). However, information on one or more of the TNM variables 
could be missing. If the available information indicated that the patient was at least stage II, it is indicated by “II+” and similar definition for “III+”. Exact numbers, proportions, 
and medians can be found in Supplementary Table S2 along with information on the year of diagnosis, and test for PD-L1 mutations. 
Abbreviations: AJCC, American Joint Committee on Cancer; n, number of patients.
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initiating treatment with surgery (Figure 6 and 
Supplementary Table S6).

Urothelial Carcinoma
Among the 2504 patients with AJCC stage II, III, and IV 
urothelial carcinoma, 13% did not undergo anti-cancer 
treatment (Figure 3). Around 76% of the patients received 
surgery, over half of whom did not receive any medical 
therapy either before or after the surgery (Figure 3 and 
Supplementary Table S3). Overall, 40% received medical 
therapy at least once, most often chemotherapy; 3% 
received PD-L1/PD-1 ICIs at least once (Figure 3, 
Figure 4, and Supplementary Table S3). Among patients 
initiating anti-cancer treatments, 75% started with surgery 
(Supplementary Figure S3). When restricting to patients 
diagnosed in 2017, approximately 3% received PD-L1 
/PD-1 ICIs as the second treatment (Supplementary 
Figure S4). The median overall survival time from the 
date of cancer diagnosis was 19.6 months (95%-CI 
=17.9–20.9), but considerably shorter for patients with 
stage IV at diagnosis (9.4 months; 95%-CI=8.3–10.6) 
compared with stage III patients (29.9 months; 95%-CI 
=22.5–40.5; Figure 5 and Supplementary Table S6). The 
median overall survival from the date of initiation of the 
first anti-cancer treatment was similar for patients starting 
with surgery (21.4 months; 95%-CI=19.8–23.5) or starting 
with chemotherapy (20.6 months; 95%-CI=15.4–23.3) but 

shorter for patients starting with radiation therapy (12.6 
months, 95%-CI=9.2–17.5; Figure 5 and Supplementary 
Table S6). However, stage III patients starting with che-
motherapy had a longer median survival than patients 
starting with surgery or radiation therapy (Figure 6 and 
Supplementary Table S6).

Epithelial Ovarian Cancer
Of the 1466 patients with AJCC stage III and IV epithelial 
ovarian cancer, 9% did not receive anti-cancer treatments, 
68% underwent surgery, and 87% received medical ther-
apy at least once with 28% receiving at least four lines 
(Figure 3 and Supplementary Table S3). Most patients 
received chemotherapy, 25% received angiogenesis inhi-
bitors, and less than 1% received PD-L1/PD-1 ICIs 
(Figure 4). About half of the patients had chemotherapy 
as the first anti-cancer treatment, while the other half 
underwent surgery, often followed by chemotherapy 
(Supplementary Figure S5). The median overall survival 
time from the date of cancer diagnosis was 40.2 months 
(95%-CI=34.0–44.6) for stage III and 22.9 months (95%- 
CI=20.6–26.4) for stage IV (Figure 5 and Supplementary 
Table S6). The median overall survival from the date of 
initiation of the first anti-cancer treatment was longer for 
patients starting with surgery (43.5 months; 95%-CI 
=39.4-not estimable) than for patients starting with 

Figure 3 Anti-cancer treatment and procedures. 
Notes: “Medical therapy before” indicates first administration of medical therapy before the first surgery or radiation therapy, respectively. “Medical therapy after” indicates 
first administration of medical therapy after the first surgery or radiation therapy, respectively. “Medical therapy” include chemotherapy, PARP inhibitors, HER-2 antibody, 
angiogenesis inhibitors, interferon-alfa/interleukin-2, PD-L1/PD-1 ICI, BCG, TKI, other targeted therapies, treatment with other antibodies, treatment with other 
immunomodulatory agents, and treatment with other biologically modified substances. 
Abbreviations: BCG, Bacille Calmette Guerin; HER-2, human epidermal growth factor receptor 2; ICI, immune checkpoint inhibitor; PARP, poly ADP ribose polymerase; 
PD-1, Programmed cell death receptor 1; PD-L1, Programmed cell death receptor ligand 1; TKI, tyrosine kinase inhibitor.
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Figure 4 Proportion of patients receiving the given medical therapy group at least once during follow-up. 
Notes: “Other specified medical therapy” include registrations with codes indicating specific drug types that are not included in any of the main groups eg other monoclonal 
antibodies or other interferons. “unspecified medical therapy” include registrations with codes not indicating any specific drug types eg “cytostatic treatment”, “biologically 
modified substances” etc. 
Abbreviations: BCG, Bacille Calmette Guerin; HER-2, human epidermal growth factor receptor 2; ICI, immune checkpoint inhibitor; IFN, interferon; IL, interleukin; PARP, 
poly ADP ribose polymerase; PD-1, Programmed cell death receptor 1; PD-L1, Programmed cell death receptor ligand 1; TKI, tyrosine kinase inhibitor.
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Figure 5 Kaplan–Meier plots of overall survival from date of diagnosis overall and according to AJCC stage and from date of initiation of first anti-cancer treatment or 
procedure according to type of first anti-cancer treatment or procedure. 
Notes: Kaplan–Meier curves treating dates of migration, new primary cancer, and end of follow-up as censoring events. The heading indicates from which date follow-up 
starts in each plot. The plot “From date of first anti-cancer treatment or procedure” includes only the most frequent types of first anti-cancer treatment or procedure for 
each type of cancer to ensure there is no violation of privacy. Supplementary Table S4 gives the number of days between diagnosis and initiation of the first anti-cancer 
treatment, Supplementary Table S5 gives the number of persons and events for the plots, and Supplementary Table S6 gives the median survival. 
Abbreviations: AI, angiogenesis inhibitor; AJCC, American Joint Committee on Cancer; Chemo, chemotherapy; HER-2, human epidermal growth factor receptor 2 antibody; PD-L1 
/PD-1, Programmed cell death receptor ligand 1/Programmed cell death receptor 1 immune checkpoint inhibitor; RT, radiation therapy; TKI, tyrosine kinase inhibitor.
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chemotherapy (22.2 months; 95%-CI=20.8–24.5; Figure 5 
and Supplementary Table S6).

Gastric Adenocarcinoma
Of the 1457 patients with AJCC stage III and IV gastric 
adenocarcinoma, 25% did not receive anti-cancer treatment, 
64% received medical therapy (mainly chemotherapy) at 
least once, and less than 1% received PD-L1/PD-1 ICIs 
(Figure 3 and 4). Chemotherapy was part of the first anti- 
cancer treatment given to 75% of the patients who initiated 
treatment (Supplementary Figure S6). The median overall 
survival time from the date of cancer diagnosis was 21.4 
months (95%-CI=18.6–23.4) for stage III and 5.9 months 
(95%-CI=5.1–6.3) for stage IV (Figure 5 and Supplementary 
Table S6). The median overall survival from date of initiation 
of first anti-cancer treatment was longest for patients starting 
with surgery (15.2 months; 95%-CI=11.7–18.0), but when 
stratifying by stage the median overall survival was longest 
for chemotherapy in stage III (25.4 months; 95%-CI=21.3– 
31.3) and longest for chemotherapy+HER-2 in stage IV 
disease (12.0 months; 95%-CI=8.5–16.2; Figure 5, 
Figure 6, and Supplementary Table S6).

RCC
Of the 1261 patients with AJCC stage III and IV RCC, 
10% did not receive anti-cancer treatment, 67% received 
surgery and 50% received medical therapy at least once – 
mainly tyrosine kinase inhibitors (Figure 3, Figure 4, 
Supplementary Table S3). Among the patients initiating 
anti-cancer treatments, 73% started with surgery 
(Supplementary Figure S7). PD-L1/PD-1 ICIs were given 
to 7% of the patients, mainly after initial treatment with 
surgery or other medical therapies (Figure 4, 
Supplementary Table S3, and Supplementary Figure S7). 
The median overall survival time from the date of cancer 
diagnosis was 35.1 months (95%-CI=30.8–42.2), but 
shorter for patients with stage IV (13.6 months; 95%-CI 
=11.8–16.2) compared with stage III disease (Figure 5 and 
Supplementary Table S6). The overall survival from the 
date of initiation of the first anti-cancer treatment was the 
longest for patients starting with surgery, where median 
survival was not reached during follow-up (Figure 5). 
Compared with this, the median survival was markedly 
shorter for patients starting with radiation therapy as first 
treatment (4.9 months; 95%-CI=3.6–7.0) and tyrosine 
kinase inhibitors (9.2 months; 95%-CI=6.9–11.8; 
Figure 5 and Supplementary Table S6).

Discussion
Across our panel of diverse advanced cancer cohorts, 
a considerable proportion of patients did not receive any 
anti-cancer therapy. The remaining patients received sur-
gery, radiation therapy, and/or medical therapy. The use of 
medical therapy was most intense in patients with epithe-
lial ovarian cancer and lowest in urothelial carcinoma. Use 
of PD-L1/PD-1 ICIs was rare, but largest among patients 
with NSCLC or RCC. A minority of these patients 
received PD-L1/PD-1 ICIs, mainly subsequent to other 
anti-cancer treatments. However, among NSCLC patients 
diagnosed in 2017, the proportion with PD-L1/PD-1 ICIs 
as first treatment increased. Patients undergoing surgery as 
the first anti-cancer treatment or procedure had the longest 
overall survival; those starting with radiation therapy had 
the shortest overall survival. Patients starting with medical 
therapy had overall survival between these limits varying 
by cohort and type of first medical therapy. In the NSCLC 
cohort, patients starting with PD-L1/PD-1 ICIs had 
the second longest median overall survival. However, 
when stratifying the survival curves by stage at diagnosis, 
the median survival was longer after medical therapy than 
after surgery in a few instances.

Strengths and Weaknesses
Several issues should be considered when interpreting our 
findings. We used nationwide registries, representing real- 
world clinical practice in Denmark with virtually complete 
coverage and follow-up.15 This study only included patients 
with advanced cancer at the time of diagnosis. We did not 
know if patients were treated with curative or palliative intent 
and information on cancer progression was not available. 
Patients who progress to an advanced stage after diagnosis 
may have different characteristics, treatment patterns, and 
survival compared with patients initially diagnosed with 
advanced stage. There was no information on number of 
lines of medical therapy in the DNPR. We therefore modified 
a previously validated algorithm to capture the lines of medical 
therapy (Sorup et al [manuscript in preparation]). Several 
aspects of the included registers have been validated;11,13 we 
note a high positive predictive value of treatment codes for 
medical therapy22,23 in the DNPR and diagnosis codes and 
morphology codes in the Danish Cancer Registry.24 However, 
the completeness of TNM codes in the Danish Cancer Registry 
is lower for older patients and/or those with extensive co- 
morbidity,25 which could lead to selection bias favoring 
younger and less co-morbid patients in the present study.
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Figure 6 Kaplan–Meier plots of overall survival from date of initiation of first anti-cancer treatment or procedure according to type of first anti-cancer treatment or 
procedure stratified by AJCC stage. 
Notes: Kaplan–Meier curves treating dates of migration, new primary cancer, and end of follow-up as censoring events. The plots include only the most frequent types of 
first anti-cancer treatment or procedure for each type of cancer to ensure there is no violation of privacy. Supplementary Table S5 gives the number of persons and events 
for the plots and Supplementary Table S6 gives the median survival. 
Abbreviations: AI, angiogenesis inhibitor; AJCC, American Joint Committee on Cancer; Chemo, chemotherapy; HER-2, human epidermal growth factor receptor 2 
antibody; PD-L1/PD-1, Programmed cell death receptor ligand 1/Programmed cell death receptor 1 immune checkpoint inhibitor; RT, radiation therapy; TKI, tyrosine kinase 
inhibitor.
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Comparison with Other Studies
Overall, our observed main anti-cancer treatment patterns 
reflect those reported elsewhere.26–30 A notable exception 
is a US-based study of patients with stage IV NSCLC 
diagnosed 2013–2016, where PD-L1/PD-1 inhibitors 
were most frequent in second- and third-line medical 
therapy.31 This may reflect later approval and a more 
restrictive introduction of PD-L1/PD-1 inhibitors in 
Denmark, where inclusion of new anti-cancer medical 
therapy in standard care has been based on national recom-
mendations since 2012.32,33 The stage IV urothelial cancer 
patients had similar median overall survival after the first 
chemotherapy as in a Dutch study.34

Interpretation
Overall, our findings highlight the chronic nature and poor 
prognosis of advanced cancer. Patients who received anti- 
cancer treatment transitioned through several treatment 
modalities, illustrating the limited effectiveness of current 
anti-cancer treatment. Furthermore, not all patients 
initiated anti-cancer treatment. We did not have any infor-
mation about reasons for non-treatment, but it could be 
related to very advanced disease and/or significant co- 
morbidities; a previous study found that non-treatment 
was related to patient preferences and contraindications 
against treatment.35 Immunotherapies, such as PD-L1 
/PD-1 ICIs may prolong survival with reduced 
toxicity.3,36 Our study highlights the gradual uptake of PD- 
L1/PD-1 ICIs into standard clinical care. PD-L1/PD-1 ICIs 
were first recommended in Denmark for a subgroup of 
NSCLC patients in 2015, followed by recommendations 
for subgroups of RCC patients in 2016 and urothelial 
carcinoma patients in 2017 (Supplementary Table S1). 
These explain the low uptake across our study cohorts. 
The NSCLC cohort included enough patients initiating 
treatment with PD-L1/PD-1 ICIs to estimate survival and 
showed one of the longest median survivals, although the 
interpretation was limited by the short follow-up. 
However, it is important to note that the differences in 
overall survival according to the first anti-cancer treatment 
cannot be interpreted as causal differences between differ-
ent treatments and could depend on subsequent treatments. 
Instead, these are likely to reflect disease severity, co- 
morbidities, and performance status of the patients, 
which determines treatment choice. For example, median 
survival was shorter in patients with radiation therapy as 
a first treatment, which may indicate its palliative intent.37

Conclusion
Most patients with advanced NSCLC, urothelial carcinoma, 
epithelial ovarian cancer, gastric adenocarcinoma and RCC 
received anti-cancer treatment; however, a considerable pro-
portion of the patients did not receive any anti-cancer treat-
ment. Chemotherapy was the most frequently used medical 
therapy in all cohorts except for RCC, where tyrosine kinase 
inhibitors were most frequent. PD-L1/PD-1 ICIs were most 
frequent in NSCLC and RCC cohorts and were mainly admi-
nistered after other anti-cancer treatments. The overall survi-
val was poor, but it varied by type of cancer, stage and first 
anti-cancer treatment. The survival estimates can be used as 
information on expected survival after diagnosis or initiation 
of different types of anti-cancer treatment in a real-world 
setting, under due consideration of differences related to set-
ting, patient population and characteristics, and time period.

This study demonstrates how real-world data can be 
used to document and illustrate treatment patterns and 
survival in standard cancer care. The results can serve as 
an important benchmark for evaluating the effectiveness of 
introducing PD-L1/PD-1 ICIs and other novel treatments 
into standard cancer care.
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